a’ European Patent Office

Europaisches Patentamt ‘ ‘llm

Office européen des brevets @) Publication number: 0 550 396 A2
®) EUROPEAN PATENT APPLICATION
1) Application number : 92850310.1 6D Int. c1.: GO1N 21/35

@2) Date of filing : 23.12.92

Priority : 03.01.92 SE 9200023 @2 Inventor : Eckerbom, Anders
Tennisvédgen 20

$-161 51 Bromma (SE)
Inventor : Hamilton, Carl
Stavangergatan 26

S$-164 33 Kista (SE)

Date of publication of application :
07.07.93 Bulletin 93/27

Designated Contracting States : Inventor : Zyzanski, Robert
ATBECHDEDKES FRGB GRIEIT LILU MC Skyttevagen 4
NL PT SE $-134 00 Gustavsberg (SE)

@ Applicant : ARTEMA MEDICAL AB Representative : Nasman, Rune B G et al
Rissneleden 136 Allied Attorneys Chemical AB Box 27097
$-172 48 Sundbyberg (SE) $-102 51 Stockholm (SE)

EP 0 550 396 A2

Device for gas analysis.

Described is a device for a gas analysis, for
determination of the content of two or more
gases in a gas flow, comprising at least one
source (3) for emission of two or more ray paths
(2) of radiation of a detectible wavelength, a
cuvette device having an inlet (18) and an outlet
(19) for the gas flow, a filter (23) for transmis-
sion of radiation of a characteristic wavelength
for the respective gas and a detector device
comprising a plurality of detectors (22) for con-
version of the radiation into an electrical signal,
characterized in, that the cuvette device com-
prises a block (1) with a number of through-
going cuvettes (14) in each of the ray paths,
which cuvettes are interconnected by channels
(15,16,17) which connect the ends of the cuvet-
tes, to the formation of an unbroken conduit for
the gas flow from the inlet to the outlet, and in
that a first (12) and a second (13) cuvette win-
dow, which cuvette windows are transparent for
the radiation to be detected, are arranged to the
block over each end of the cuvette device in the
ray path from the source, adjacent to which
second cuvette window the detectors are ar-
ranged.
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The present invention relates to a device for a gas
analysis, for assay of the content of two or more gas-
es in a gas-flow. Such a device will be used in various
fields of technique, and is particularly useful in med-
ical care, for analysis of respiratory gases.

When a patient is laid in a respirator on surgery
(anaesthesia) or in diseases which inhibit the normal
breathing of the patient (intensive care), the normal
control functions of the body are eliminated. These
control functions normally control the breathing to-
wards an equilibrium of gases dissolved in the blood
(blood gases). For example, on physical effort,
stress, changed metabolism and disease, said equi-
librium is shifted, something which the body controls
by changing frequency of breathing and/or tidal vol-
ume. For the operator of the respirator to be able to
imitate this control function, information is required
about the blood gas concentrations of the patients.
Since the alveoles in the lungs are in close contact
with the blood, and analysis of the respiratory gases
gives a good estimate of the blood gas concentra-
tions, and thereby important information for the treat-
ment of the patient.

State of the art

The patient gas analysis devices which are cur-
rently on the market mainly rely on the measuring
principles mass spectroscopy, Raman scattering, in-
frared (IR) spectroscopy and crystal adsorption tech-
nique.

A device for gas analysis relying on IR spectro-
scopy, employs the fact that many gases absorb IR
radiation with a wavelength specific for thegas. The
IR radiation in this instrument is generated by a
source which transmits light in a broad spectrum,
while the desired wavelength is filtered out by an opt-
ical band pass filter. With a detector, the radiation en-
ergy is converted into a proportional electric signal.
For reasons of measuring technique one usually de-
sires an intermittent flow of light which gives an alter-
nating current signal from the sensor, obtained by in-
troducing a shutter wing "chopper" into the ray path
of the sensor. The choice of wavelength of analysis
for a given analyte is very important, since it strongly
effects the accuracy and response time of the meas-
uring system. In practice the choice of wavelength of
analysis is controlled by factors such as the adsorp-
tion of the analyte, and whether filters and detectors
are commercially available for the chosen wave-
length.

In a clinical context it is desired to monitor the
concentration of carbon dioxide (CO,), oxygen (O,),
laughing gas (N,O) and in certain cases halogenated
anaesthetics such as Halothane, Enflurane and Iso-
flourane. Due to this, with the increasing market in-
terest for gas analysis, there has been a natural de-
velopment towards instruments which can measure
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several gases. The halogenated anaesthetics have
chemical similarities which cause them to have sev-
eral overlapping absorption peaks in the IR spectrum.
Together with the fact that only one anaesthetic is
used at the time, this makes it possibly to measure
the usual anaesthetics with one and the same sen-
sor. In the case where one wishes that the instrument
should be able to automatically identify which anaes-
thetic is used, the anaesthetics however have to be
measured on at least two wavelengths. Oxygen has
no noticeable IR absorption, something which has
commanded other measuring techniques for this gas.

Usually there is a need for devices for multiple
gas analysis with two to four measuring wavelengths.
On design of such a device for gas analysis, a number
of methods have developed. Most common is so
called time multiplexing, which is founded on sequen-
tial measuring of the adsorption for the respective wa-
velength. One can substitute for the shutter wing a fil-
ter wheel where the various band passage filters are
mounted. The problem with this method is however
that the filter wheel has to be put under thermostat
control, since IR filters are strongly temperature sen-
sitive. Another problem is that the filter wheel has to
be completely symmetrical and must not be warped,
since a change of the incoming angle also changes
the filter characteristic. Another principle for multiple
gas sensors is founded on the so called room multi-
plexing. This principle is shown by EP-A2-0,307,625,
which describes an optical analyzer where radiation
which passes through a measuring cell (cuvette),
through which the sample gas is passing, is subse-
quently divided into three ray paths, for example with
athree part mirror, whereupon each of these passes
through one filter each and is detected in one detector
each. The technique thus known is incorporated here-
in by reference, in particular with regard to detectors
and wavelengths employed. However, a complicated
device is obtained according to the art thus known,
with high requirements for precision and a risk of
measuring deviation by temperature deviation in the
mirror.

Description of the invention

An object of the invention is to avoid the draw-
backs with known constructions, and achieving at an
analysis device with a simple construction, short re-
sponse time and good measuring accuracy. Afurther
object is achieving at a device for a gas analysis with
a compact design, without departing from the require-
ments of measuring accuracy, in particular for gases
with a low absorbency.

According to the invention a device for a gas ana-
lysis is provided, for determination of the content of
two or more gases in a gas flow, comprising at least
one source for emission of two or more ray paths of
radiation of a detectible wavelength, a cuvette device
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having an inlet and an outlet for the gas flow, a filter
for transmission of radiation of a characteristic wave-
length for the respective gas and a detector device
comprising a plurality of detectors for conversion of
the radiation into an electrical signal. The device for
a gas analysis is characterized in that the cuvette de-
vice comprises a block with a number of through-
going cuvettes in each of the ray paths, which cuv-
ettes are interconnected by channels which connect
the ends of the cuvettes, to the formation of an un-
broken conduit for the gas flow from the inlet to the
outlet, and in that a first and a second cuvette window,
which cuvette windows are transparent for the radia-
tion to be detected, are arranged at the block over
each end of the cuvette device in the ray path from
the source, adjacent to which second cuvette window
the detectors are arranged.

The device according to the invention may make
part of a monitoring device described in Swedish pa-
tent application No. 9103636-8, the contents of which
are incorporated herein by reference.

According to a preferred embodiment of the in-
vention, the connecting channels are taken up linear-
ly or curve-shaped in the surface of the cuvette block,
and thus substantially perpendicular to the direction
of the ray path. ltis also possible to arrange the chan-
nels as bores connecting the ends of the cuvettes
along space diagonals. The channels are however
preferably, for reasons of manufacturing technique
and for facilitating the flow of gas, taken up, for exam-
ple cut, as grooves in the surface of the cuvette block,
and the channels are thereby additionally limited in
the sideways direction by the cuvette window, which
thus makes up one of the walls of the channels.

It is further preferred to arrange the cuvettes
around a central axis in the cuvette block, which axis
is parallel to the direction of the ray path, whereby
preferably the central axis is co-axial with the rota-
tional axis of a cutter wing, which intermittently breaks
the ray path. The cuvettes, and thereby all elements
pertaining to the respective ray path is thereby pre-
ferably placed symmetrically around this central axis.
With for example an opening angle of the cutter wing
of 90°, with four symmetrically placed cuvettes, meas-
uring values can simultaneously be obtained from two
cuvettes, and measuring values from the two others
are obtained phase-shifted synchronously therewith.

The number of cuvettes may be adapted to the
number of gases which are tobe analyzed and/or the
number of wavelengths of analysis which are re-
quired. In a corresponding manner the number of de-
tectors may be selected. However, when less gas-
es/wavelengths of analysis are needed than the num-
ber of cuvettes in an available device according to the
invention, one or more cuvettes may be left unused.
In a corresponding manner one or more detectors
may be removed or left unused. Thus, the number of
cuvettes is preferably four or a multiple thereof.
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According to a further preferred embodiment of
the invention the detectors are pyro-electric detec-
tors.

The detector device preferably comprises a tem-
perature-controlled plate on which the detectors are
attached.

It is further preferred that the filters for transmis-
sion of radiation of a characteristic wavelength are at-
tached to the respective detector.

Preferably the device for gas analysis according
to the invention has a signal processing means
wherein the signals are filtered by software and the
filtration is done adaptively, based on the appearance
of the measuring signal.

The invention is further described with a refer-
ence to enclosed drawings, wherein

Fig. 1 is a schematic exploded view of a device

for gas analysis according to a preferred embodi-

ment of the invention, and

Fig. 2 shows a cuvette device making part of the

device for a gas analysis according to Fig. 1.

Indications of the material for the different parts
below refers to materials which are selected as par-
ticularly useful, but other materials may be selected
by one skilled in the art.

In the drawings, a cuvette block is denoted 1. This
has, in the chosen design, the shape of an right-
angled block of aluminium, with a square cross sec-
tion perpendicular to the direction of a ray path 2. The
ray path begins in a source 3 for infrared light, con-
cealed in the drawing, out of four such sources in total
mounted on a circuit board 4. From each of the sourc-
es one ray path, not shown, runs parallel to ray path
2, which further ray path may pass through similar
parts named below and have its end in similar a de-
tector as ray path 2. These ray paths are in the cor-
ners of a square.

On the card 4, an electric motor 5 is placed for ro-
tation of a cutter wing 6 which has two diagonally op-
posite wing elements of phosphorus bronze with a
90° centre angle. The cutter wing opens in the posi-
tion shown for ray path 2 and for the diagonally op-
posite ray path, while it breaks the other two ray
paths. Before the cutter wing, the ray path passes a
focusing block shaped as an aluminium block with
bores 8 for the four ray paths.

A distance plate 9 of plastic material (DELRIN)
gives a temperature barrier between means placed
before and after, and is a square slice having a circu-
lar opening 10 where the cutter wing 6 rotates.

The cuvette block 1 has in each of its square sur-
faces a circular recess 10, 11, in each of which the
first 12 and a second 13 cuvette window of calcium
fluoride CaF, may be placed, to sealing contact with
the bottom surface of the respective recess. In the
cuvette block four cuvettes 14a, 14b, 14c, 14d are
placed in the respective ray path, and designed as
through-going bores having their axes substantially
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in the respective ray path. The ends of the bores are
sealed by the cuvette windows. In the bottom of the
recess 10 two channels 15 and 16 are cut, which con-
nect the cuvette 14a with 14b and 14c with 14d, re-
spectively. Similarly a channel 17 is cut in the bottom
of the recess 11 connecting the cuvette 14b with 14c.
A pipe shaped inlet conduit 18 opens in the cuvette
14a close to the end thereof facing window 13, and
close to the end of the cuvette 14d facing the same
window, a pipe shaped outlet conduit 19 exits.

The cuvette widows 12 and 13 respectively, seal
the open sides of channels 15 and 16, and 17, respec-
tively. Thus a closed conduit is formed between ele-
ments 18, 14a, 15, 14b, 17, 14c, 16, 14d and 19.

In an embodiment given by means of example the
inner diameters of the inlet and outlet conduits is 1
mm, the diameter of the cuvettes is 2 mm, and the
width of the channels parallel to the respective cuv-
ette glass is 1 mm, and their depths are 0.5 mm. The
length of the cuvettes is 4.8 mm.

Adistance block 20 of aluminium is placed imme-
diately after the cuvette block. This has four holes in
register with the four ray paths. In the holes, four de-
tector holders 21a, 21b, 21¢, 21d fit, placed on a heat-
ing block provided with a device, not shown, for hold-
ing detectors placed thereon at a constant elevated
temperature. On the holder 21a a detector 22a for in-
frared light is attached, covered by a filter 23a, trans-
mitting a wavelength which can be used for determi-
nation of concentration of a gas in sample gas flow,
which is let in through the inlet conduit 18. Corre-
sponding detectors 22b, 22¢, 22d, but for different wa-
velengths are arranged on holders 21b, 21¢ and 21d.

The heating block can preferably be placed flatly
against a circuit board provided with terminals for the
detectors.

Finally, a temperature insulating frame 24 of poly-
mer foam is designed to cover the heating block, the
distance block and the cuvette block, in the assem-
bled position of the device. Said frame has recesses
25, 26 for conduits 18, 19. Four screws 27 are ar-
ranged to hold the device gas analysis together,
through corresponding holes. As an example of the
outer dimensions of the device for analysis, the side
of its square cross section may be 37 mm and the
length in the direction of the ray path 32.5 mm, the
motor 5 for the cutter wing not counted.

According to the preferred embodiment of the in-
vention, up to four different wavelengths of analysis
may be handled. The special cuvette block, which
contains four separate cuvettes with connecting
channels, makes it possible to reduce the size of the
gas analysis device to less than half of the corre-
sponding previously known constructions. The com-
pact design means that the light scattering between
the light source and the detector is reduced to a mini-
mum, while a sufficient length of the cuvettes is main-
tained for achieving sufficient absorbency. A device
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for a gas analysis can, by its small size and small con-
sumption of power, be mounted directly on the circuit
board which handles the desired measurement and
control.

Traditionally, IR measuring of gases for anaes-
thesia has required a long optical wavelength in the
measuring cuvette. This is due to the fact that gases
for anaesthesia have a relatively weak absorption in
the wavelength field which available detectors per-
mit. In later years however, pyro-electric detectors,
which have a broader active spectrum, become more
and more inexpensive. The pyro-electric detectors,
however, have a higher intrinsic noise than traditional
lead-selenide detectors. The noise problems caused
by the detector can be handled by filtering the meas-
uring signal. With strong filtering, one however risks
that important curve information is lost, something
which is not acceptable from a clinical point of view.
To solve this problem, devices for a gas analysis have
been provided with an adaptive digital filter realized
in software. The adaptive filter "looks" at the meas-
uring signal and selects a degree of filtration depend-
ing on the derivative of the curve - when the meas-
uring signal is constant a stronger filter is selected
than when the measuring signal varies. The chosen
algorithm can comprise a number, for example five
different so called finite impulse response (FIR) filter
or infinite impulse response (IIR) filters, which the mi-
cro processor selects based onthe appearance of the
measuring signal. Adaptive filters in software are
well-known to one skilled in the field of computerized
measuring technique, and is described for example
by Alan V. Oppenheim and Roland W. Shafer in Digital
Signal Processing (Prentice Hall International, Lon-
don 1975), and by Sven Eriksson and Lars Wanham-
mar: Tidsdiskreta filter del 1-3, (Time discreet filters
part 1-3, in Swedish) Linkdpings Tekniska Hégskola
1978.

The measuring signal obtained from the detectors
can most closely be described as a triangle wave, the
derivative of which being proportional to the radiation
energy denoted |, transmitted through the measuring
cuvette. To be able to compute this derivative, the mi-
cro processor has to enter into and convert the meas-
uring signal analogue-to-digital, synchronously with
the same. The measuring value thus obtained has
thereupon to be put in relation to transmitted energy
of radiation through the measuring cuvette without
the measured gas, denoted ly. According to Lambert-
Beer’s law the following then applies. A = log(l¢/l) o
clwhere | = optical wavelength the measuring cuvette
and ¢ = the concentration of the gas. (The sign a de-
notes "is proportional to".) |, is, apart from tempera-
ture drift etc, constant for the device for a gas analysis
and is computed by the microprocessor now and then
shifting the pneumatics in the instrument thus that a
different gas is lead into the measuring cuvette. After
logarithmation according to Lambert-Beer’s law, a
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measuring value is obtained proportional to the con-
centration of the gas. For achieving at a correctly cali-
brated measuring value, the program also has to com-
prise routines for calibration, compensation of pres-
sure and other corrections.

Claims

1. A device for a gas analysis, for determination of
the content of two or more gases in a gas flow,
comprising at least one source (3) for emission of
two or more ray paths (2) of radiation of a detect-
ible wavelength, a cuvette device having an inlet
(18) and an outlet (19) for the gas flow, a filter
(23) for transmission of radiation of a character-
istic wavelength for the respective gas and a de-
tector device comprising a plurality of detectors
(22) for conversion of the radiation into an elec-
trical signal, characterized in, that the cuvette
device comprises a block (1) with a number of
through-going cuvettes (14) in each of the ray
paths, which cuvettes are interconnected by
channels (15,16,17) which connect the ends of
the cuvettes, to the formation of an unbroken
conduit for the gas flow from the inlet to the out-
let, and in that a first (12) and a second (13) cuv-
ette window, which cuvette windows are transpar-
ent for the radiation to be detected, are arranged
to the block over each end of the cuvette device
in the ray path from the source, adjacent to which
second cuvette window the detectors are ar-
ranged.

2. A device for gas analysis according to claim 1,
characterized in, that the connecting channels
(15,16,17) are substantially perpendicular to the
direction of the ray path.

3. A device for gas analysis according to claim 2,
characterized in, that the channels are taken up
as grooves in the surface of the cuvette block,
and that each channel is thereby additionally lim-
ited in the sideways direction by one of the cuv-
ette windows.

4. A device for gas analysis according to one or
more of the preceding claims, characterized in,
that the cuvettes are arranged around a central
axis in the cuvette block, which axis is parallel to
the direction of the ray path.

5. A device for gas analysis according to claim 4,
characterized in, that the central axis is co-axial
with the rotational axis of a cutter wing, which in-
termittently breaks the ray path.

6. A device for gas analysis according to one or
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10.

more of the preceding claims, characterized in,
that the number of cuvettes is four or a multiple
thereof.

A device for gas analysis according to one or
more of the preceding claims, characterized in,
that the detectors are pyro-electric detectors.

A device for gas analysis according to one or
more of the preceding claims, characterized in,
that the detector device comprises a tempera-
ture-controlled plate on which the detectors are
attached.

A device for gas analysis according to one or
more of the preceding claims, characterized in,
that the filters for transmission of radiation of a
characteristic wavelength are attached to the re-
spective detector.

A device for gas analysis according to one or
more of the preceding claims, characterized in
comprising a signal processing means wherein
the signals are filtered by software and the filtra-
tion is done adaptively, based on the appearance
of the measuring signal.
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