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in relatively untrained hands. For optimum effective- ness, a real-time
system would require minimum skill The invention relates to a disposable
sensing de-  to operate, while offering maximum speed for testing, vice,
adapted for insertion into a reading apparatus,  high accuracy and
reliability, and cost effective oper- for sensing at least one component
concentration in   5   ation, through maximum automation. Ideally, a suc- a
fluid sample, comprising: a housing; at least one  cessful device would
eliminate operatortechnique as sensor located in a sensor region within the
housing;  a source of error by eliminating the need for manual sample
retaining means within the housing, for retain-  intervention. ing the
sample out of contact with the sensor, prior to  Several prior art devices,
while functional, have sensing; sample collection means within the housing
10  nonetheless failed to offer a complete solution. For including an
orifice for drawing the sample into the  example, the system disclosed in
US-A- 4 301 412 sample retaining means; a sample conduit connect-    and 4
301 414 to Hill, et al., employs a disposable ing the sample retaining
means with the sensor.     sample card carrying a capillary tube and two
elec- It relates equally to a system for sensing at least  trodes. The
sample card is inserted into an instrument one component concentration in a
fluid sample, com-  15  to read the electrical potential generated at the
eleo- prising a reading apparatus and a disposable sensing  trodes. While
simple conductivity measurements can device, the disposable sensing device
including: at  be made with this system, there is no provision forthe least
one sensor, sample retaining means for retain-  full range of tests which
would be desired by a physl- ing the fluid sample out of contactwith the
sensor pri-  cian. Similarly; the device of US-A- 4 756 884 to Hill- or to
sensing; sample collection means including an   20   man, et al., provides
limited testing with a transparent orifice for drawing the sample into the
sample retain-  plastic capillary flow card which permits external opt- ing
means; a sample conduit connecting the sample   ical detection of the
presence of an analyte. In partic- retaining means with the sensor.
ular, Hillman discloses a three chambers structure, including a receiving
chamber, a reaction chamber, Background of the invention
25  and an effluent chamber, connected in sequence by two capillaries.
Interrupted flow through the se- The testing of blood or other body fluids
for exclu-  quence of chambers may be achieved by the use of sive domain of
large, well-equipped central laborator-  a vent connected to the second
capillary. ies. While such laboratories can offer efficient, reli-  Some
prior art devices of more general utility suf- able, and accurate testing
of a high volume of fluid  30  fer the disadvantage that excessive manual
interven- samples, using a wide range of simple through com-  tion is
necessary in the testing process. For example, plex procedures, they cannot
immediate results. A    US-A- 4 654 127 to Baker, et al., shows a single
use physician typically must collect samples, transport  sensing device
having species-selective sensors in a them to a private laboratory, wait
for the samples to  test chamber. Baker discloses a device having a ro- be
processed by the laboratory, and wait still longer  35  tatable cylindrical
chambervertically divided to hold a forthe resultsto be communicated,
producing delays   sample on one side and a calibrantfluid on the other.
often reaching several days between collection of the  A capillary passage
provides a flow path to a single sample and evaluation of the sample and
evaluation   sensor. When the cylinder is rotated to the callbrant of the
test results. Even in hospital settings, the han-  position, the calibrant
is permitted to flow, and when dling of the sample from the patient's
bedside to the   40  the cylinder is rotated to the sample test position,
the hospital laboratory, the workload and throughput of  sample is
permitted to flow. In each case, gravity the laboratory, and the compiling
and communicating  drives the flow. The device is inserted into a bench in-
of the results can produce significant delays. A need  strument capable of
receiving electrical signals from exists for testing apparatus which would
permit a    the sensor. physician to obtain immediate results while examin-
45  The operator must manually fill a sample cham- ing a patient, whether
in the physician's office, in the  ber with the sample to be tested,
manually input data hospital emergency room, or at the patient's bedside
to a reading instrument through a keyboard, and re- during hospital daily
rounds.                        spond to a prompt from the instrument by
closing the Traditional laboratory equipment is not readily  sample
chamber, manually rotating a cylindrical re- adaptable to this end. The
size, expense, and corn-  50  servoir to dispense calibrant onto the
sensors, and plexity of such equipment is prohibitive in itself, but a
then manually inserting the device into the reading in- difficulty of equal
magnitude is the skill level required  strument. When prompted by the
instrument, a fur- to operate such equipment. Highly-trained laboratory
ther manual rotation of the reservoir releases the technicians must perform
the measurements in order   sample to the sensors. Although equipment of
this to assure the accuracy and reliability, and hence the   55  sort is
capable of performing a useful range of tests, usefulness, of the results.
To be effective, a real-time  the high number of manual operations involved
in in- analysis device must overcome this limitation, by pro-  teracting
with the instrument produces a correspond- viding fool-proof operation for
a wide variety of tests  ingly high number of opportunities for operator
error 2    



3                   EP 0 434 742 B1                 4 in timing or
technique, which may have a detrimental  When the air bladder is depressed,
the air is forced impact on the trustworthiness of the measurements  down a
fourth conduit into the second conduit. performed.
In operation, a fluid sample is drawn into the sec- ond conduit by
capillary action by putting the orifice SUMMARY OF THE INVENTION
5   at one end of the conduit in contact with the sample. After the sample
fills the second conduit, the orifice According to the invention, the
disposable sens-  is sealed off. The pouch containing the calibrant fluid
ing device comprises sample displacement means for  is then pierced by
depressing the disc down on the automatically displacing the sample by
actively forc-  pouch which causes the pin to pierce the other side ing the
sample through the sample conduit and into  10  of the pouch. Once the
pouch is pierced, the callbrant contact with the sensor to permit sensing,
the auto-  fluid flows from the cavity through the first conduit to matic
displacement of the sample being under the   the third conduit and across
the sensors atwhich time control of the reading apparatus. Correspondingly,
the sensor calibration is performed. Next, the airblad- the
systemforsensing at least on component concen-  der is depressed forcing
air down the fourth conduit tration in a fluid sample is characterized e.g.
in that it  15  to one end of the second conduit which forces the comprises
sample displacement means for automat-   sample out the other end of the
conduit, past the ca- ically displacing the sample through the sample con-
pillary break, and intothethirdconduitandacrossthe duit and into contact
with the sensor to permit sens-  sensors where measurements are performed.
As this ing; and in that the reading apparatus includes: re-  is done, the
calibration fluid isforcedoutthethird con- ceiving means for receiving the
disposable sensing   20  duit into the second cavity where it is held. Once
the device; control means for controlling the automatic  measurements are
made, the disposable device can displacement of the sample by the sample
displace-  be discarded. ment means; and signal means for receiving
informa-    The hand-held reader includes an opening in tion from the
sensor (see also wording of claim 1).  which the disposable device is
received, and a series In accordance with the preferred embodiments of  25
of ramps which control the testsequence and theflow the present invention,
a disposable device is provided  of the fluid across the sensors. As the
disposable de- for performing a variety of measurements on blood or  vice
is inserted into the reader, the reader ruptures other fluids. The
disposable device is constructed to  the pouch of calibrant fluid by
depressing the hinged serve a multiplicity of functions including sample
col-  disc. The reader then engages the electrical contacts lection and
retention, sensor calibration and meas-  30  on the disposable device,
calibrates the sensors, de- urement. In operation, the disposable device
may be  presses the air bladder to force the fluid sample inserted into a
hand-held reader which provides the  across the sensors, records the
electric potentials electrical connections to the sensors and automati-
produced by the sensors, calculates the concentra- cally controls the
measurement sequence without op-  tion of the chemical species tested and
displays the erator intervention.                         35  information
for use in medical evaluation and diagno- In an exemplaryembodimentof the
invention, the  sis. disposable device includes upper and lower housing
Thus, for example, to measure the pH of a pa- members in which are mounted
a plurality of sensors  tient's blood, the physician or technician pricks
the and electrical contacts and a pouch containing a cal-  patient's finger
to draw a small amount of blood. The ibrant fluid. The sensors generate
electric potentials  40  physician then puts the orifice of the device into
the based on the concentration of specific ionic species  blood, drawing
the blood into the device through ca- in the fluid sample tested. A double
sided adhesive  pillary action. The physician then seals off the orifice
sheet is situated between the upper and lower hous-  and inserts the device
into the reader. Upon insertion, ing members to bond the housing members
together   a sequence of events is automatically initiated by the and to
define and seal several cavities and conduits  45  reader without
intervention from the physician. The in the device,
reader automatically causes the calibrantpouch to be Afirst cavity is
located at the center of the device  punctured so that the calibrant fluid
flows over the having a pin at the bottom of the cavity and a hinged
sensors, activating the sensors and providing the disc at the top of
cavity. A sealed pouch containing  necessary fluid for calibration. The
electrical con- callbrant fluid resides in the cavity and a first conduit
50  tacts of the device are then automatically connected leads from this
cavity toward the sensors. A second  to the reader and the calibration
measurements are conduit has an orifice at one end for the receipt of a
automatically made. The reader then automatically fluid sample while the
other end of the tube termin-  depresses the air bladder in the disposable
device ates at a capillary break. A third conduit leads from  causing the
sample to flow over the sensors. The the capillary break across the sensors
to a second   55  electric potentials generated by the sensors are read
cavity which serves as a sink. The first conduit joins  and the
concentration of the chemical species Is au- the third conduit after the
capillary break and before  tomatically calculated. The result is displayed
or out- the sensors. Athird cavity functions as an air bladder.  put to a
printer for the physician to utilize. 3    



5                   EP 0 434 742 B1                      6 Upon completion
of the process, the physician re-  Detailed Description of the Preferred
Embodiments moves the device from the reader and simply dis- poses it. The
reader is then ready to perform another   Referring to Fig. 1, the system
300 of the present measurementwhich is initiated by the insertion of an-
invention comprises a self-contained disposable other disposable device.
5   sensing device 10 and a reader 150. A fluid sample While use of the
invention is particularly advan-  to be measured is drawn into device 10
and device 10 tageous In the medical environment and will be de-  is
inserted into the reader 150 through a slotted open- scribed in that
context, It will be appreciated that the  ing 360. Measurements performed
by the reader are invention may be practiced in any situation where it
output to a display 366 or other output device, such Is desired to perform
chemical analyses of fluid sam-  10  as a printer. pies at speeds which
approach real-time.                The disposable device 10 contains
sensing ar- rays 66 (Fig. 3) and several cavities 18, 20, 22 and Brief
Description of the Drawings                    conduits 220, 224, 228, 234
(Figs. 2, 3, 4A and 4B) which perform sample collection, provide reagents
Fig. I isan isometric viewof a disposable sensing   15  for use in
measurement and sensor calibration, and device and reader according to the
invention;    transport fluids to and from the sensors. Note that Fig. 2 is
a schematic illustration of a disposable  whenever the same reference
numeral appears In device Illustrating the interconnection of conduits
more than one figure, it designates a corresponding and cavities;
structure in each figure. Fig. 3 is an exploded isometric view of a dispos-
20  As shown in Figs. 2, 4A, and 6, a first cavity 18 able sensing device
according to the invention.  is located in the center of the device 10 and
has a pin Fig. 4A is a top view of the interior of the lower  40 at the
bottom of the cavity 18 and a hinged disc housing member of a preferred
embodiment;        102 at the top of the cavity. A sealed pouch 60 con-
Fig. 4B isa bottom viewof the interiorof the upper  taining fluid to
calibrate the sensors resides in the housing member of a preferred
embodiment;   25  cavity 18 and a first conduit 220 (Fig. 2) leads from
Fig. 5 is a cross-sectional view along lines 5-5 of  cavity 18. A second
conduit 224 (Figs. 2,5) has an or- the disposable sensing device
illustrated in Fig.  if ice 108 (Fig. 4A) at one end forthe receiptof a
fluid 1;                                               sample while the
other end terminates at a capillary Fig. 6 is a cross-sectional view along
lines 6-6 of  break 222. A third conduit 228 (Fig. 2) leads from the the
disposable sensing device illustrated in Fig.  30  capillary break 222 past
the sensing arrays 66 to a 1;
second cavity 20 which serves as a sink. The first Fig. 7 is a
cross-sectional view along lines 7-7 of  conduit enters the third conduit
between the capillary the disposable sensing device illustrated in Fig.
break and the sensing arrays. Athird cavity 22 serves 1;
as an air bladder 229, when the air bladder 229 is de- Fig. 8 is a
cross-sectional view along lines 8-8 of  35   pressed, air is forced down a
fourth conduit 234 into the disposable sensing device illustrated in Fig.
the second conduit 224. 1;
In operation, a fluid sample is drawn intothesec- Fig. 9 is a
cross-sectional view along lines 9-9 of  ond conduit 224 by capillary
action by putting the or- the disposable sensing device illustrated in Fig.
if ice 108 at one end of the conduit 224 in contact with 1;
40  sample. After the samplefills the second conduit224, Fig. 10 is a
cross-sectional view along lines 10-  the orifice 108 is sealed.
Optionally, reagents may be 10 of the disposable sensing device illustrated
in  mixed into the sample fortesting. Thereagent may be Fig. 1;
mixed into the sample by pouring the reagent into the Fig. 11 is a top view
of a disposable sensing de-  second conduit through the orifice. The
reagent may vice partially inserted into a reader;      45  optionally be
placed on an adhesive sheet which bor- Fig. 12 is a cross-sectional view of
a reader with  ders the conduits. Dry reagents may be placed in any a
disposable sensing device partially inserted;  of the cavities or conduits,
or even in the sensor Fig. 13 is a cross-sectional view of a reader with
chamber, as appropriate for the measurements to be a disposable sensing
device fully inserted;      performed. Figs. 14A, Bare cross-sectional
views of two con-  50  The reagent pouch 60 is pierced by depressing
figurations for a penetrating point carried within  the disc 102 down on
the pouch 60 which causes pin a reagent pouch;
40 to pierce the other side of the pouch 60. The re- Fig. 15 is a
perspective view showing a hinged   agent in pouch 60 is chosen to suitthe
measurements snap-on cap; and                                 to be
performed; for simplicity of description, it will be Fig. 16 is a
cross-sectional view showing an im-  55   assumed that a calibrant fluid is
to be used to call- bedded glass capillary.                          brate
sensors prior to measurement, and that pouch 60 isf illed with
calibrantfluid. However, thoseskilled in the art will recognize that a
calibrant will not be 4    



7                   EP 0 434 742 B1                   8 needed for all
measurements, and that some meas-   side of the device where the sensing
arrays 66 are lo- urements may require the presence of another aqu-  cated.
The first groove 24 forms first conduit 220 (Fig. eous reagent which may be
conveniently stored in   2) which permits the calibrant fluid to flow out
of the pouch 60.                                          first cavity 18.
After the pouch is pierced, calibrant fluid flows   5  Second cavity 20 is
defined inthe interiorsurface from thecavity 18 through thefirst conduit
220 to the  of the lower housing member 12, preferably in close third
conduit 228 and across the sensors 66 at which  proximity or adjacent to
receptacles 16, to receive the time the sensor calibration is performed.
Next, the air  overflow of fluids from the third conduit 228. An air
bladder 229 is depressed forcing air down the fourth  vent 21 relieves air
pressure in cavity 20. Although the conduit 234 to one end of the second
conduit 224  10  air vent 21 is illustrated as located on a side surface
which forces the sample out the other end of the con-  of the lower housing
member 12, it may also be locat- duit 224, past the capillary break 222 and
across the  ed on the top exterior surface of the upper housing sensors
where measurements are performed. As this  member 90. Thus, if the air vent
21 and orifice 108 are is done, the calibration fluid is forced out of the
third  both located on the exterior surface of the upper conduit 228 into
the second cavity 20 where it is held.  is  housing member 90, the air vent
21 and orifice 108 Referring to Fig. 3, disposable sensing device 10  may
be sealed simply with a single piece of adhesive may be formed of five
primary parts: a lower housing  tape. member 12, a calibrant pouch 60,
sensing arrays 66,    Third cavity 22 is defined in the interior surface an
adhesive sheet 74 and an upper housing member   of the lower housing member
12. This cavity 22 is 90. The calibrant pouch 60 is situated in a cavity 18
20  used to store air and functions as an air bladder 229 located on the
lower housing member 12. Similarly,  that is formed when tne adhesive sheet
74 is placed sensing arrays 66 are mounted in two sensor recep-  on the
internal surface of the lower housing member tacles 16. Receptacles 16
contain adhesive to fasten  sealing the cavity. Although the cavity 22 may
be of the sensing arrays 66 to the lower housing member  any shape, it may
conveniently be made rectangular. 12. The adhesive sheet 74 includes a
layer of adhe-  25  A second groove 26 is connected tothe third cav- sive
on both sides to adhere the lower housing mem-  ity 22 and extends outward
in a handle 27 in housing ber 12 to the upper housing member 90 and has a
12 to connect to a groove 92 (Fig. 4B) located on the plurality of
apertures 76, 78, 80, 82, 84, 86 which will  interior of upper housing
member 90. When adhesive be discussed below. The adhesive sheet 74 further
sheet 74 is in place, the groove 26 forms the fourth functions to seal and
define several conduits and   30  conduit 234 which provides the outletfor
the airfrom containment areas formed when the device is assem-  cavity 22.
bled.                                                  As stated
previously, sensor receptacles 16 are Fig.4Ais a top viewof the lower
housing member  located on the interior of the lower housing member 12. As
shown therein, the lower housing member 12  12. The receptacles 16 provide
the location forsens- provides a plurality of cavities 18, 20, and 22, an
air  35  ing arrays 66 and assist in their placement. Preferably vent 21,
grooves 24, 26, notches 28, 30, 32, 34, 36,  the receptacles 16 are
approximately the same size 38, a pin 40 and receptacles 16 and 48. The
lower  as the sensing arrays 66. Within sensor receptacles housing member
may be constructed using a trans-   16 are adhesive receptacles 48, where
adhesive is lucent material that permits visual inspection of the  placed
to adhere the sensing arrays 66 to the lower fluid drawn into the device.
40  housing member 12. First cavity 18 is of a size and shape such that the
Sensing arrays 66 measure the specficchemical calibrant pouch 60 fits into
the cavity 18 and the sur-  species in the fluid sample being tested.
Preferably face of the pouch conforms with the internal surface  each of
the sensing arrays comprises an array of con- of the lower housing member
12. Preferably the first  ventional electrical contacts 70, an array of
electro- cavity 18 is approximately the same size and shape   45  chemical
sensors 68 and circuitry for connecting in- as the calibrant pouch 60.
Aflat region 44 surrounds  dividual sensors to individual contacts. The
electro- cavity 18 and is sized to receive a flange 61 which  chemical
sensors 68 are exposed to and react with supports and shapes pouch 60.
the fluid sample to be measured generating electrical On the bottom of the
first cavity 18 is pin 40 which  potentials indicative of the measurements
being per- is used during processing to pierce pouch 60 and   50  formed.
The electrical potentials are output on the thereby release the calibrant
fluid. Preferably the pin  electrical contacts 70 which connect to an
electrical 40 is conical in shape and located in the center of the
connector of reader 150 for the transmission of eleo- cavity 18.
Alternatively, a point for penetrating the  trical potential values. The
reader then performs the pouch may be enclosed within the pouch itself.
Fig-  necessary calculations to display the concentration ures 14 A, B show
two suitable configurations for a   55   of the results of the measurement.
rupturing point 41 so enclosed.                        Preferably, the
electrochemical sensors 68 are A first groove 24 is defined extending from
the  constructed dry and when the calibrant fluid flows flrstcavity 18 to
the outer edge of flat region 44 on the  over the electrochemical sensors
68 the sensors 5    



9                   EP 0 434 742 B1                 10 easily "wet up" and
are operational and stable for cal-  Referring to Fig. 4B, the upper
housing member ibration and composition measurements. These char-  90
comprises grooves 92, 94, a cavity 96, apertures acteristics provide many
packaging and storage ad-  98, 100, a disc 102, wedge 104, tab 106, orifice
108, vantages including a long shelf life.              flange 110 and
notches 112,114, 116,118. The upper Although any type of sensor can be used
which   5   housing member 90 may be constructed of the same can fitwithin
the spatial constraints of the device 10,  translucent material as the
lower housing member 12 it is most preferred that the electrochemical
sensing  so the fluids may be visually observed in the device. arrays are
thin-film devices which are suitable for mi-  Third groove 92 forms the
second conduit 224 crofabrication. Examples of microfabrication of such
with adhesive sheet 74 and is used to store the fluid devices are described
in U.S. Patent No. 4,739,380.   10  sample to be tested. The groove 92 is
positioned such Notches 28,30,32 and 34 are utilized to code de-  that the
distal end of the second groove 26, located vice 10 to automatically
indicate to reader 150 the ion-  on the internal surface of the lower
housing member Ic species to be analyzed. In particular, disposable de-
12, meets one end of groove 92 thereby connecting vices having different
notch patterns but otherwise  the third cavity 22, which forms the air
bladder 229, the same physical shape are used for different types   15  to
the second conduit. The ingress of air from the air of tests. This method
of coding and the interrelation-  bladder into the second conduit 224
forces the sam- ship between the notches and the electrical connec-  pie
out the other end of the conduit 224, as will be dis- tor are described in
U.S. Patent No. 4,954,087. The  cussed subsequently. The groove 92 has a
length notches function as a key means which engages with  and diameter to
form a capillary such that the fluid the movable portions of the electrical
connector in  20  sample enters the conduit 224 through capillary ac-
reader 150. These portions detect the placement of  tion and is large
enough to store an amount of the the notches so that the appropriate
circuitry in the  sample sufficient to perform the measurements re-
readercan determine therefrom the chemical species  quired. to be analyzed
from the electrical potentials received  A flange 110 extends along one
side of the upper from the electrical contacts 70 on the device 10.  25
housing member 90 to engage and mate with the low- Thus, the disposable
device and reader of the present  er housing member 12. A tab 106 is also
used to mate invention automatically determine the test(s) to be  the
upperand lowerhousing members 12,90. Thetab perforrned.
106 is located on the interior surface and is positioned Concentric
circular notches 36 and 38 are used  to snugly fit into the second cavity
20. The height of to align the device when placed in the system. The   30
the tab 106 is less than the depth of the cavity 20 to notches 36, 38
provide the necessary registration of  permit the flow of fluid through the
cavity. the electrical contacts 70 with the electrical connec-  An orifice
108 is located approximately atthe one tor in the reader 150 to achieve
electrical contact and  end of the third groove 92 for the uptake of the
fluid communication. Although the notches 36 and 38 are  sample into the
second conduit 224 formed by groove illustrated as concentric circular
notches, the notches  35  92. Although Fig. 4B illustrates an orifice 108
located 36 and 38 may be of any size and shape so as to en-  on a flange
110, the orifice may also be located on the able the alignment of the
device in the system.    upper surface of the upper housing member 90. It
is In this embodiment, pouch 60 is a sealed pouch  preferred that the
orifice 108 be triangular in shape containing calibrant fluid to calibrate
the sensing ar-  with one of the sides of the triangle forming a slotted
rays. The pouch has a flange portion 61 which shapes  40  opening on the
flange 110 and a cornerof the triangle and supports the pouch 60 and is
made of a material  forming an opening in the second conduit 224. Aplur-
which is strong enough to store the calibrant fluid but  ality of shallow
notches 112, 114, 116, 118 may also can be punctured by pin 40 when
required to release  be located adjacent to orifice 108 to provide an un-
the fluid to calibrate the sensing arrays. Since the cal-  even surface on
handle 27 for better gripping. lbrant fluid is self-contained in each
device, the sens-  45  At the other end of groove 92 is fourth cavity 96.
Ing arrays are automatically calibrated prior to per-  This cavity 96
functions as a capillary break 222. forming each test thereby assuring the
accuracy of  Thus when a fluid sample enters the conduit formed the
measurements.                                  by groove 92 through orifice
108, the sample moves Pouch 60 may be conveniently formed as a foil
through and fills the conduit until the sample reaches pack. By using a
multi-layer metal and plastic lamin-  50  the capillary break. The
capillary break serves to con- ate for the foil, the pack may be shaped
pneumatical-  tain the sample of the composition in the conduit until ly,
or may be mechanically formed using male and fe-  the sample is forced
across the capillary break by the male dies. Hermetic sealing of the
calibrant, or other  ingress of air from the air bladder 229. reagent, may
be easily accomplished by heat sealing    A fourth groove 94 is connected
to cavity 96 and the pack. The resulting structure provides good shelf  55
extends across the sensor area to terminate above life for the disposable
sensing device, while permit-  the second cavity 20 located on the lower
housing ting rupture, deformation, and evacuation of the con-  member 12.
As a result, when the upper and lower tents through cooperation with the
reader.         housing members 12,90 are mated together, the third 6    



11                  EP 0 434 742 B1                  12 conduit 228formed
by groove 94 and adhesive sheet  quently curing the adhesive.
Alternatively, a com- 74 begins at the fourth cavity 96 and extends across
pressible elastomeric material, coated with appropri- the electrochemical
sensing arrays 68 and ends at  ate adhesives, may be used. Furthermore, the
adhe- second cavity 20 which receives the overflow of flu-  sive sheet may
optionally have reagents placed on ide. Furthermore, as described above,
the first con-   5  one or both of the surfaces which react with the sam-
duit 220 formed by the first groove 24 connects to  ple to prepare the
sample for measurement. conduit 228 when the upper and lower housing mem-
Referring to Fig. 3, third aperture 76 is positioned bers are mated
together, such that the calibrant fluid  to align with the distal end of
conduit234 and one end flows through conduit 220 to the third conduit 228
and  of conduit 224 to permit air to flow from conduit 234 across the
sensing arrays 68 to calibrate the sensing   10  into conduit 224. Fourth
aperture 78 is positioned to arrays.
align with the distal end of conduit 220 and a portion A first aperture 98
aligns with the third cavity 22  of groove 94 between capillary break 222
and the when the upper and lower housing members are mat-  sensing arrays
to permit the calibrant fluid to flow ed together. In the preferred
embodiment, the aper-  from the first conduit 220 to the third conduit 228.
ture is oblong in shape and has approximately the   15  Fifth and sixth
apertures 80 and 82 expose the elec- same width as cavity 22 but is shorter
in length.  trochemical sensing arrays 68 to fluid in conduit 228 Asecond
aperture 100 concentrically aligns with  while sealing and protecting the
electrical contacts 70 the first cavity 18 when the upper and lower housing
from fluid damage. Seventh aperture 84 is positioned members are mated
together. Preferably the aperture  to align with the distal end of groove
94 and cavity20 is approximatelycircular in shape and about the same   20
to permit fluid to flow from the third conduit 228 to size as first cavity
18, and has a notch portion 101  cavity 20. Advantageously, aperture 84
also aligns along one edge.                                    with tab 106
which f its through it into cavity 20. Eighth A disc member 102 is located
within the second  aperture 86 is positioned to align with aperture 100
aperture 100. Preferably the disc 102 is concentrical-  and preferably is
approximately the same size as ly located within aperture 100 and is
attached to the   25  aperture 100 so as to permit the movement of disc
upper housing member 90 by a hinge member 103.     102 through the aperture
100. The disc 102 Is smallerthan aperture 100 and is pre-   When device 10
is assembled, the adhesive sur- ferably circular in shape. The hinge member
103 per-  faces of sheet 74 forms fluid-tight bonds with interior mits the
disc 102 to move up and down through the
surfacesofupperandlowerhousingmembers90,12. aperture 100. In addition, it
is preferred that a wedge   30   As a result, grooves 26,92 and 94 are
covered toform 104 be mounted on the exterior of the disc 102. As will
conduits 234, 224 and 228, respectively; and cavities be explained below,
the wedge 104 is utilized during  20 and 22 are covered to form a
fluid-tight reservoir processing to depress the disc 102 through the aper-
and air chamber 229, respectively. At the various ture 100 and onto pouch
60 causing the pouch 60 to  apertures, seals are formed which prevent fluid
flow press againstthe pin 40 to puncture the pouch 60 and   35  beyond the
cross-sectional area of the aperture. release the calibrant fluid. In
addition, it is preferred  As shown in Fig 11, a cap 89 is used to coveror-
that an indentation 105 be provided on the interior of  if ice 108 after
the sample is received in the second disc 102 such that the top portion of
pin 40 enters the  conduit 224 to seal the orifice 108 and insure that the
indentation when the disc 102 is pressed through the  sample stored in the
conduit 224 does not flow out of aperture 100.
40  the orifice 108. The cap 89 is preferably constructed The exterior of
upper housing member 90 may     of a flexible material that fits easily
butfirmly overthe optionally provide for maintaining the sample ata con-
orif ice 108. Alternatively, a screw-on cap may be pro- stant temperature
which is desirable for consistent  vided, with the necessary threads being
placed on measurements. This may be achieved with a thermal-  the end of
the device. Another alternative is illustrat- ly conductive material which
contacts or is adjacent to  45  ed in Fig. 15, where a snap-on cap 89 is
hinged to the the third conduit 228.                             device for
convenience. As discussed above, adhesive sheet 74 fastens      The
advantages of the self-contained device of the lower and upper housing
members 12, 90 togeth-  the present invention will be evident in the
following er, seals the grooves to form conduits and seals the  description
of the process flow. third cavity to form air bladder 229. The adhesive
50  To test, for example, a patients blood, the physi- sheet 74 is
preferably constructed using a flexible  cian or technician pricks the
patients finger to draw material, formed to the same shape as the lower and
a small amount of blood and places the orifice 108 of upper housing members
and containing a plurality of  disposable device 10 on the blood formed on
the sur- apertures 76, 78, 80, 82, 84 and 86. The adhesive  face of the
patient's finger. The blood is automatically sheet 74 may be a preformed
sheet of double-sided  55   drawn into the second conduit 224
bycapillaryaction. adhesive or may be formed by applying a liquid or  Blood
fills the conduit 224 up to the capillary break semi-liquid form of an
adhesive on the internal sur-  222. Optionally, reagents are mixed with the
blood face of one or both housing members and subse-     sample in order
perform certain measurements. The 7    



13                  EP 0 434 742 B1                 14 reagent may be
inserted through the orifice 108 or  ed in the slotted opening 360 as
further illustrated in may be placed on the adhesive sheet 74 prior to the
Figs. 11, 12 and 13, the wedge 104 on the disc 102 assembly of the device.
The physician or technician  engages a first ramp member 400 which causes
the places a cap 89 over orifice 108, sealing the conduit  disc 102 to
press, downward on calibrant pouch 60 224 and inserts the device containing
the blood sam-   5   whereby the pouch 60 presses on pin 40 causing the ple
into the readerof the present invention which per-  pin 40 to pierce the
pouch 60, releasing the calibrant forms the following steps.
fluid. A cavity area 402 is provided at the end of ramp As the disposable
device is inserted into the read-  member 400 to permit the disc 102 to
spring back to er, the reader depresses the disc 102, pressing cali-  its
original position as shown in Fig. 12, once the de- brant pouch 60 onto pin
40, thereby causing the pin  10  vice 10 is fully inserted into the reader
150. When the 40 to puncture the opposite side of the pouch 60. The  device
is inserted, the front of the device hits a switch calibrant fluid flows
out of the pouch 60 through the  435 which engages the lead screw
motormechanism. first conduit 220, into the third conduit 228 and across
The lead screw motor mechanism (not shown) the electrochemical sensing
arrays 68 where meas-  which is engaged upon insertion of the disposable
urements are taken to calibrate the sensing arrays.  15  sensing device 10,
turns a lead screw445. The motor Once the sensing arrays are calibrated,
the reader  moves the lead screw mechanism 440from its firstor depresses
the air bladder 229 formed by cavity 22  rest position, as illustrated in
Fig. 12, forward towards and adhesive sheet 74 forcing air down the fourth
the slotted opening 360 of the reader 150. conduit 234 and into the second
conduit 224. The air   As the lead screw mechanism moves, ramp forces the
blood sample across the capillary break   20  members 450 and 460 of the
lead screw mechanism 222 and into the third conduit 228. The blood sample
440 engage respectivelywith ramp members420 and flows overthe
electrochemical sensing arrays 68 and  430. Ramp member 420 is attached to
tab member forces the calibrant fluid in the conduit 228 to over-  422
which is positioned to move downward todepress flow out of the conduit 228
and into the waste reser-  the air bladder 229, in disposable device 10.
Ramp voir defined by cavity 20. The measurements are tak-  25:  430 is
attached to electrical connector 434 having en of the blood sample which
contacts the electro-  electrical contacts 432 and signal amplifier 433.
Pre- chemical sensors 68 and electrical potentials indica-  ferably the
electrical connector434 includes a means tive of the concentration of the
chemical species are  for determining the tests to be performed from the
outputon the electrical contacts 70. The electrical po-  placement of
notches 28,30,32,34 on device 10. The tentials are transmitted to the
reader through an elec-  30  electrical contact 432 are positioned to move
down- trical connector and the reader performs the calcula-  ward to touch
the electrical contacts 70 on device 10. tions to determine the
concentration of the ionic spe-  The relative ti ming and sequence of the
movement of cies sensed. This information is output to a display de-  tab
member 422 and electrical connector 434 is con- vice or printer for use by
the physician to perform  trolled by the reader 150. The electrical
connector medical analysis or diagnosis.                35  434 is pressed
down first to connect to the electrical Referring to Fig. 1, in a preferred
embodiment,  contacts 70 on the device 10. Once the reader 150 the reader
150 of the present invention is a hand held  has determined that the
sensing arrays 66 are provid- device comprising an opening 360 for the
insertion of  ing stable and calibrated output tab member 422 is a
self-contained sensing device, a display 366, pro-  pressed downward. gram
keys 370 and input/output port 380.     40     Thus, as the lead screw
mechanism 440 moves Preferably the display generates bar graphs indi-
forward towards the slotted opening 360, ramp mem- cative of the
concentration of the species detected for  ber 460 engages ramp member 430
and ramp mem- quick and easy analysis by the physician. The in-  ber 450
engages ramp 450. Ramp member 460 for- put/output port 380 is used to
connect to an external  ces the electrical contact 432 of connector 439 to
device such as a printer, for a printed output, a storage   45  touch the
electrical contact portion 70 of the device 10 device for storage of the
data, or a computer which  forming an electrical connection between the
device may perform further analysis. The input/output port  sensing arrays
66 and the reader 150. The lead screw 380 may transmit data optically or
electrically. Prefer-  mechanism is then stopped. The calibrant fluid re-
ably the input/output port is compatible with a stan-  leased when the
device 10 was insertedflows across dard computer peripheral interface for
laboratory  50  the electrochemical portion 68 of sensing arrays 66
equipment.                                         which "wets up" the
sensing arrays 66 bringing the The reader controls the sequence of
operations  sensing arrays into operation. The signals from elec- in the
self-contained disposable sensing device 10.  trical contacts 70 are
received through electrical con- As illustrated in Figs. 11-13, the control
mechanism  tacts 432 and amplified by amplifiers 433 for subse-
forreadingthedisposablesensingdevice 10 compris-  55   quent processing in
the reader 150. The reader es ramp members 400, 420, 430 and lead screw
checkstheelectrical signalsoutputbysensingarrays mechanism 440.
66 and signals the lead screw mechanism 440 to con- When the disposable
sensing device 10 is insert-  tinue moving forward once the electrical
signals out- 8    



15                  EP 0 434 742 B1                  16 put by sensing
arrays 66 have stabilized and the     correction of defects such as air
bubbles, mixing of sensing arrays are calibrated. The mechanism 440     the
sample with reagents, and display of the results continues to move causing
ramp member 450 to de-     can all be performed rapidly and automatically,
elim- press tab member 422 on the air bladder 229 forcing  inating the
inaccuracies which may result from reli- the airstored in the air
bladder229 into the fourth con-   5   ance on operator intervention. duit
234 tothe second conduit 224. The airforces the     While the invention has
been described In con- fluid sample out of the second conduit 224, through
junction with specific embodiments, it is evident that the capillary break
22, into the third conduit 228 and  there are numerous variations in the
invention which across the electrochemical sensors 68, from which    will
be apparent to those skilled in the art in light of the measurements can be
made.                   10  the foregoing description. Once the measurement
information is taken by the reader 150 the lead screw mechanism 440 revers-
es direction to its initial position and tab member 422  Claims and
electrical connector 424 are retracted. At this point the sensing device is
removed by the physician   15  1. A disposable sensing device (10), for
sensing at and disposed of.                                        least
one component concentration in a fluid Several particularly useful
variations on the ba-   sample, adapted for insertion into a reading ap-
sic themes setforth above are possible. For example,    paratus (150)
having receiving means (360) for in some applications, it may be desirable
to exploit the  receiving the disposable sensing device and sig-
characteristics of glass capillary tubes rather than re-  20  nal means
(432, 433, 434) for receiving informa- lying uponcapillariesformedfrom the
structure of the     tion from the disposable sensing device, com- devios
itself. To that end, a glass capillary tube may  prising: be imbedded in
the structure, as illustrated in Fig. 16.   - at least one sensor (68);
Aglass capillary tube 52 has been substituted for the      - sample
retaining means (224, 222) for re- second conduit 224. Atip seal 53 is
fitted, and a screw   25  taining the sample out of contact with the cap 89
completes the structure. Air passage 54 com-         sensor, prior to
sensing; municates with fourth conduit 234, to permit the air       - a
sample conduit (228) connecting the sam- bladder to force the sample toward
the sensors.              ple retaining means with the sensor Another
alternative involves controlling the flow              characterized in
that it further com- of calibrant and sample fluids for optimizing the   30
prises: measurement process. One of the sensors in array 66        - a
housing (12, 90), said sample retaining may be, for example, a conductivity
sensor, which            means (224, 222) and said sample conduit may be
used by the reader to detect the arrival of flu-    (228) being located
within the housing (12, ids at the array. A conductivity change may be
antici-       90), and the sensor (68) being located in a pated when the
calibrant first arrives, when the sam-   35   sensor region within the
housing (12, 90); pie later arrives, or when an air bubble appears over
- sample collection means within the hous- the sensors. If the reader
determines that an air bub-      ing, including an orifice (108) for
drawing ble has reached tne sensing array, the lead screw           the
sample into the sample retaining mechanism can be used to move the
disposable de-             means; vice, in cooperation with appropriate
ramps in the   40   - sample displacement means (22) for auto- reader, to
further deform the calibrant pouch, or com-      matically displacing the
sample by actively press the air bladder, and ensure that fluid is dis-
forcing the sample through the sample con- placed across the sensor to
purge the bubble. Re-            duit and into contact with the sensor to
per- moval of the bubble can be similarly sensed, so that         mit
sensing, the automatic displacement of the reader can perform measurements
with ample  45          the sample being under the control of the certainty
that the proper fluids are over the sensing        reading apparatus. aray.
This process may be executed in a completely automatic fashion, so that no
operator intervention is  2. A disposable sensing device as in claim 1,
where- necessary to detect or to correct difficulties such as  in at least
one of sample retaining means and the air bubbles in the fluids, thus
enhancing the reliability  50  sample conduit contains a dry reagent. of
the measurements. Devices according to the invention permit a wide  3. A
disposable sensing device as in claim 1 or 2, variety of measurements to be
performed with mini-      wherein the sensor region contains a dry reagent.
mal demands on the operator. The operator need only select an appropriate
disposable device for the in-  55   4. A disposable sensing device as in
one of claims tended tests, collectthe sample, and insertthe device   1 to
3, further comprising: into the reader. Release of calibrant for the
sensors,     - a cavity (18) within the housing forretaining timing of
sample fluid arrival and of measurement,           an aqueous reagent out
of contact with the 9    
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S   * put by sensing arrays 66 have stabilized and the     correction of
defects such as air bubbles, mixing of sensing arrays are calibrated. The
mechanism 440     the sample ein win reagents, and display of the results
continues to move causing ramp member 450 to de-     can all be performed
rapidly and automatically, elim- press tab member 422 on the air bladder
229 forcing  inating the inaccuracies which may result from reli- the
airstored in the air bladder229 into the fourth con-   5   ance on operator
intervention. duit234 to the second conduit 224. The air forces the
While the invention has been described in con- fluid sample out of the
second conduit 224, through  junction with specific embodiments, it is
evident that the capillary break 22, into the third conduit 228 and  there
are numerous variations in the invention which across the electrochemical
sensors 68, from which    will be apparent to those skilled in the art In
light of the measurements can be made.                   10  the foregoing
description. Once the measurement information is taken by the reader 150
the lead screw mechanism 440 revers- es direction to its initial position
and tab member 422  Claims and electrical connector 424 are retracted. At
this point the sensing device is removed by the physician   15  1. A
disposable sensing device (10), for sensing at and disposed of.
least one component concentration in a fluid Several particularly useful
variations on the ba-    sample, adapted for insertion into a reading ap-
sic themessetforth above are possible. Forexample,       paratus (150)
having receiving means (360) for in some applications, it may be desirable
to exploit the  receiving the disposable sensing device and sig-
characteristics of glass capillary tubes rather than re-  20  nal means
(432, 433, 434) for receiving informa- lying uponcapillariesformedfrom
thestructure of the      tion from the disposable sensing device, com-
device itself. To that end, a glass capillary tube may   prising: be
imbedded in the structure, as illustrated in Fig. 16.    - at least one
sensor (68); Aglass capillary tube 52 has been substituted for the       -
sample retaining means (224, 222) for re- second conduit224.Atipseal 53 isf
itted, and ascrew   25      taining the sample out of contact with the cap
89 completes the structure. Air passage 54 com-          sensor. prior to
sensing; municates with fourth conduit 234, to permit the air        - a
sample conduit(228) connectingthesam- bladder to force the sample toward
the sensors.               ple retaining means with the sensor Another
alternative involves controlling the flow               characterized in
that it further com- of calibrant and sample fluids for optimizing the   30
prises: measurementprocess. Oneof the sensors in array 66           - a
housing (12, 90), said sample retaining may be, for example, a conductivity
sensor, which             means (224, 222) and said sample conduit may be
used by the reader to detect the arrival of flu-       (22S being located
within the housing (12, ids at the array. A conductivity change may be
antici-         90) and the sensor (68) being located in a pated when the
calibrant first arrives, when the sam-   35    sensor region within the
housing (12, 90); pie later arrives, or when an air bubble appears over
- sample collection means within the hous- the sensors. If the reader
determines that an air bub-        ing. including an orifice (108) for
drawing ble has reached tne sensing array, the lead screw            the
sample into the sample retaining mechanism can be used to move the
disposable de-              means: vice, In cooperation with appropriate
ramps in the   40     - sample displacement means (22) for auto- reader, to
further deform the calibrant pouch, or com-        matically displacing the
sample by actively press the air bladder, and ensure that fluid is dis-
forcing the sample through the sample con- placed across the sensor to
purge the bubble. Re-             duit and into contact with the sensor to
per- moval of the bubble can be similarly sensed, so that          mit
sensing, the automatic displacement of the reader can perform measurements
with ample  45           the sample being under the control of the
certainty that the proper fluids are over the sensing        reading
apparatus. array. This process may be executed in a completely automatic
fashion, so that no operator intervention is  2. A disposable sensing
device as in claim 1, where- necessary to detect or to correct diff
iculties such as  in at least of  sample retaining means and the air
bubbles in thefluids, thus enhancing the reliability  50  sample circuit
contains a dry reagent. of the measurements. Devices according to the
invention permit a wide  3. A disposable  sensing device as in claim 1 or
2, variety of measurements to be performed with mini-       wherein the
sensor region contains a dryreagent. mal demands on the operator. The
operator need only select an appropriate disposable device for the in-  55
4. A disposable sensing device as in one of claims tended tests, collect
the sample, and insert the device  1 to 3, further comprising: into the
reader. Release of calibrant for the sensors.      - a cavity (18) within
the housing for retaining timing of sample fluid arrival and of
measurement.           an aqueous reagent out of contact with the 9    



17                  EP 0 434 742 B1                 18 sensor, and
- sealing means (89) to prevent escape of flu- - an aqueous reagent conduit
(220) for con-          ids through the sample collection means. necting
the cavity with the sensor. 17. A disposable sensing device as in one of
claims 5. Adisposable sensing device as in claim 4, where-   5  1 to 16,
wherein the housing comprises first and in the aqueous reagent conduit
includes a dry re-  second members (12, 90) bonded together by a agent.
flexible membrane (74). 6. A disposable sensing device as in claim 4 or 5,
18. A disposable sensing device as in claim 16 and further comprising:
10       17, wherein the air bladder is formed by a cham- - a sealed
deformable aqueous reagent            ber within the housing enclosed by
the flexible pouch (60) within the cavity for retaining the  membrane.
aqueous reagent; and - rupturing means (40) for permitting aqu-   19. A
disposable sensing device as in claim 18 eous reagent to leave the pouch.
15      wherein the sensor includes an electrical contact for connection
with the reading apparatus, and 7. A disposable sensing device as in claim
6 further  the flexible membrane further provides isolation comprising
deforming means (104, 102) for de-      of the electrical contact from
exposure to fluids forming the pouch to displace the aqueous re-
within the device. agent through the aqueous reagent conduit into  20
contact with the sensor.                         20. A disposable sensing
device as in claim 16 wherein the sealing means includes a screw-on 8. A
disposable sensing device as in claim 6 or 7,     cap (89-Fig. 16.) wherein
the rupturing means includes a pin (40) within the cavity.
25  21. A disposable sensing device as in claim 16 wherein the sealing
means includes a hinged 9. A disposable sensing device as in claim 6 or 7,
snap-on cap (89-Fig.15). wherein the rupturing means includes a penetrat-
ing point (41) within the pouch.                22. A disposable sensing
device as in one of claims 30     1 to 21, wherein the sample collecting
means and 10. A disposable sensing device as in one of claims    sample
retaining means include a capillary tube 6 to 9, wherein the pouch is a
foil pack formed of  (52). metal-plastic laminate and heat sealed. 23. A
disposable sensing device as in claim 23 11. A disposable sensing device as
in claim 10  35     wherein the capillary tube is a glass capillary wherein
the pouch is pneumatically formed.         tube (52) imbedded in the
housing. 12. A disposable sensing device as in claim 10     24. A
disposable sensing device as In one of claims wherein the pouch is
mechanically formed           4 to 23, wherein the aqueous reagent is a
call- 40    brant for the sensor. 13. A disposable sensing device as in one
of claims 1 to 12, wherein the sample displacement means  25. A disposable
sensing device as in one of claims includes a deformable chamber (22) for
forcing     1 to 24, further comprising a ventable (21) cham- the sample
through the sample conduit.             ber (20) for receiving overflow
fluids from the 45    sensor. 14. Adisposable sensing device as in one of
claims 1 to 13, wherein the sensor is an electrochemical  26. A disposable
sensing device as in one of claims sensor (68).
7 to 25, further comprising fluid detecting means (66) adapted to detect
the arrival of fluid at the 15 A disposable sensing device as in claim 14
so      sensor for providing information to the reading wherein the
electrochemical sensor is a thin-film  apparatus for use in controlling the
displacement chip device.                                       of the
aqueous reagent. 16 A disposable sensing device as in one of claims  27. A
system for sensing at least one componentcon- 1 to 12, wherein the sample
displacement means  55  centration in a fluid sample, comprising a reading
includes:                                          apparatus and a
disposable sensing device ac- - an air bladder (22) within the housing con-
cording one of claims 1 to 26, characterized in nected to the sample
retaining means; and      that the reading device comprises control means
10    19                  EP 0 434742 B1                 20   *   C    L
M  S   * (400,420,430, 440) for controlling the automatic     - mindestens
einem Sensor (68); displacement of the sample by the sample dis-        -
ProbenrOckhaltevorrichtung (224,222), die 



placement means.                                       die Probe vor dem
Abtasten von dem Sen- sor fernhalt; 28. Asystem as in claim 27 wherein:
5          - einer Probenleitung (228), die die Proben- - the sample
displacement means of the dis-         ruckhaltevorrichtung mit dem Sensor
ver- posable sensing device includes an air             bindet, bladder
connected to the sample retaining          dadurch gekennzeichnet, dal, er
desweite- means; and                                         ren umfalt: -
the control means of the reading apparatus   10  - ein Gehduse (12, 90),
wobel besagte Pro- includes compression means (422) for com-
benrOckhaltevorrichtung (224,222) und be- pressing the air bladder.
sagte Probenleitung (228) In dem Gehause (12, 90) angeordnet sind und der
Sensor 29. A system as in claim 27 or 28,whereinthedispos-
(68) in einem Sensorbereich innerhalb des able sensing device includes:
15           GehAuses (12, 90) angeordnet ist; - a cavity for retaining an
aqueous reagent        - Probenauffangvorrichtung Innerhalb des out of
contact with the sensor;                    Gehauses, einschlielllich einer
6ffnung - an aqueous reagent conduit for connecting         (108) zum
Ziehen der Probe in die Proben- the cavity to the sensor, and
rOckhaltevorrichtung; - aqueous reagent displacement means for  20       -
Probenentfernungsvorrichtung (22) zurau- displacing the aqueous reagent
from the            tomatischen Entfernung der Probe durch cavity through
the aqueous reagent conduit         aktives Pressen der Probe durch die
Pro- to the sensor,                                     benleitung und
Zwingen der Probe zum - and the reading apparatus includes actuat-
Kontakt mit dem Sensor, um ein Abasten zu ing means (400) for actuating the
aqueous   25     erm6glichen, wobei die automatische Ent- reagent
displacement means of the dispos-         fernung der Probe unter der
Steuerung des able sensing device when the disposable            Leseger~ts
erfolgt. sensing device is received by the reading apparatus.
2. Ein Einmalsensor gemri Anspruch 1, dadurch 30      gekennzeichnet, dal
mindestens eine der Pro- 30. Asystem as in one of claims 27 to 29, wherein:
benruckhaltevorrichtungen sowie die Probenlei- - the sensorof the
disposable sensing device   tung ein Trockenreagenz enthalt. is
electrochemical; and - the signal means of the reading apparatus  3. Ein
Einmalsensor gemaB Anspruch 1 oder2, da- includes an electrical connector
(434) for  35  durch gekennzeichnet, daR die Sensorregion ein receiving an
electrical signal from the sen-  Trockenreagenz enthdlt. sor. 4. Ein
Einmalsensor gemrnll einem dem Anspriche 31. Asystem as in one of claims 27
to 30, wherein.    1 bis 3, dadurch gekennzeichnet, daferdeswel- - the
disposable sensing device includes  40   teren beinhaltet: coding means
(28, 30, 32, 34) for indicating     - einen Hohlraum (18) innerhalb des
Gehau- what component concentration is to be              ses, um ein
walriges Reagenzzusammeln sensed; and
und von dem Sensor fernzuhalten; und - the reading apparatus includes test
deter-       - eine Leitung fOr walariges Reagenz (220), mining means (434)
for receiving the indica-  45   die den Hohlraum mit dem Sensor verbin-
tions of the coding means.                         det. 5. Ein Einmalsensor
gemal3 Anspruch 4, dadurch Patentansprruche
gekennzeichnet, daB die Leitung far wfiriges 50      Reagenz ein
Trockenreagenz enthalt. 1. Ein Einmalsensor (10) zur Erkennung der Kon-
zentration von mindestens einem Bestandteil in  6. Ein Einmalsensor gemrn
Anspruch 4 oder 5. da- einer Fluidprobe, zugeschnitten fOr den Einsatz
durch gekennzeichnet, daft er desweiteren um- In ein Lesegerat (150), das
eine Aufnahmevor-     fa t: richtung (360) zur Aufnahme des Einmalsensors
55    - einen abgedichteten verformbaren Beutel und eine Signaleinrichtung
(432, 433, 434) zum         fur wAlriges Reagenz (60) Innerhalb des Empfang
von Informationen seitens des Einmal-          Hohlraums zur Speicherung
des waBrigen sensors aufweist, bestehend aus:
Reagenz; und 11    21                  EP 0 434 742 B1                 22
*   C    L   M  S   * - Berstvorrichtung (40), um es dem warigen   17. Ein
Elnmalsensor gemaBll einem derAnspruche I Reagenz zu gestatten, den Beutel
zu ver-       bis 16, dadurch gekennzeichnet, daB das Gehau- lessen.
se ein erstes und ein zweites Glied (12, 90) bein- 



haltet, die Libereineflexible Membran (74) mitein- \j   7. Ein Einmalsensor
gemraB Anspruch 6, desweite-    5  ander verbunden sind. ren umfessend eine
Verformungseinrichtung (104, 102) zur Verformung des Beutels, um das   18.
Ein Einmalsensor gemrB Anspruch 16 und 17, wMrige Reagenzdurch die Leitung
fOr wAriges        dadurch gekennzeichnet, daB die Luftblase Reagenz zu
pressen und zurn Kontakt mit dem        durch eine Kammer innerhalb des
Gehauses go- Sensorzu zwingen.                          10      bildet
wird, eingeschlossen von derder flexiblen Membran. 8. Ein Einmalsensor
gemaB Anspruch 6 oder 7, da- durch gekennzeichnet, daB die Berstvorrichtung
19. Ein Einmalsensor gemaB Anspruch 18, dadurch einen Stift(40) innerhalb
des Hohiraums umfalit.   gekennzeichnet, daB der Sensor einen eledtrl- 15
schen Kontakt fur den Anschlug an das Lesege- 9. Ein Einmalsensor gemaB1
Anspruch 6 oder 7, da-     rat aufweist und dal3 die flexible Membran des-
durch gekennzeichnet, daf die Bersteinrichtung     weiteren fMr eine
Isolierung des elektrischen einen Penetrationspunkt (41) in dem Beutel um-
Kontakts sorgt, so daB dieser Fluids Innerhalb fa~t.
der Vorrichtung nicht ausgesetzt bst 20 10. Ein EinmalsensorgemaB einem
derAnsprOche 6     20. Ein Einmalsensor gemaB Anspruch 18, dadurch bis 9,
dadurch gekennzeichnet, daB der Beutel      gekennzeichnet, dal3 die
Dichtungsvorrichtung ein aus Metall-Kunststoff-Laminat hergesteliter,
einen SchraubverschluB (89 - Abb. 16) umfaSt. hitzeversiegelter Folienpack
ist. 25   21. Ein Einmalsensor gemaR  Anspruch 16, dadurch 11. Ein
Einmalsensor gemalB Anspruch 10, dadurch       gekennzeichnet, daB die
Dichtungsvorrichtung gekennzeichnet, dalR der Beutel pneumatisch ge-
einen Scharnier-Schnappverschluli (89 - Abb. formt wird.
15) umfalt. 12. Emn Einmalsensor gemaBi Anspruch 10, dadurch   30  22. Ein
Einmalsensor gemaBl einem derAnspriiche I gekonnzeichnet, daft der Beutel
mechanisch ge-     bis 21, dadurch gekennzeichnet, daB die Proben- formt
wird.                                        sammelvorrichtung und die
Probenrfickhaltevor- richtung ein Kapillarrohr (52) umfassen. 13 Ein
EinmalsensorgemAiR einem derAnsprOche 1 bis 12, dadurch gekennzeichnet, daB
die Proben-  35  23. Ein Einmalsensor gemaB Anspruch 23, dadurch
entfernungsvorrichtung eine verformbare Kam-  i    gekennzeichnet, daBi es
sich be! dem Kapillarrohr mer (22) beinhaltet, die die Probe durch die Pro-
um ein Kapillarrohr aus Glas (52) handelt, des in benleitung preot.
das Gehfuse eingebettet ist. > 14 EinEinmalsensorgemaPeinemderAnspruche1
40  24. EinEinmalsensorgemal elinemderAnsprfche4 bis 13, dadurch
gekennzeichnet, daB der Sensor     bis 23, dadurch gekennzeichnet, dal es
sich be! Bin elektrochemischer Sensor (68) ist.             dem waBrigen
Reagenz um ein Kalibrierungsmit- tel fOr den Sensor handelt. 15. Ein
Elnmalsensor gemraR Anspruch 14, dadurch gekennzoichnet, dalB es sich bei
dem elektroche-  145  25. Ein Einmalsensor gemfiB einem derAnsprOche I
mischen Sensor um einen Dunnschicht-Chip           bis 24, dadurch
gekennzeichnet, daM er deswel- handelt.
teren eine ablagbare (21) Kammer (20) zur Auf- nahme von Oberlaufenden
Fluids von dem Sen- 16 Ein Einmalsensorgernmfi elnern derAnsprOche I
sor umfasst. bis 12, dadurch gekennzeichnet, daB die Proben-  50
entfernungsvorrichtung folgendes umfalgt:       26. Emn Einmalsensor gemrfi
einem derAnsprOche 7 - eine Luftblase (22) innhalb des Gehfuses,      bis
25, dadurch gekennzeichnet, daB er deswei- verbunden mit der
Probenrickhaltevorrich-     teren eine Fluiderfassungsvorrichtung (66) urn-
tung; und                                     falit, die dafur
zugeschnitten ist, das Eintreffen - Dichtungsvorrichtung (89), um emn
Entwei-  55  von Fluid beim Sensorzu erkennen, um dem Le- chen von Fluids
durch die Probensammel-       segerft Informationen zu liefern, die es zur
vorichtung zu unterbinden.                     Steuerung der Entfernung des
w3Brigen Rea- genz nutzt. 12    23                  EP 0 434 742 B1
24    *   C    L   M  S    * 27. Ein System zur Erkennung der Konzentration
Revendications von mindestens einem Bestandteil in einer Fluid- probe,
umfassend ein Lesegerat und einen Ein-    1. Un dispositif de
detectionjetable (10) pourd~tec- malsensorgemila elnem derAnspruche 1 bis
26,        ter la concentration d'au moins un composant dadurch
gekennzeichnet, daR das Lesegerfit ei-   5
dansunechantillondefluide,adaptepouritrein- 



ne Steuerungseinrichtung (400, 420, 430, 440)       ser6 dans un appareil
de lecture (150) compre- zurSteuerung derautomatischen Entfernung der
nant des moyens de reception (360) pour rece- Probe durch die
Probenentternungsvorrichtung        voir le dispositif de detection jetable
et des umfast.                                              moyens de
signalisation (432, 433, 434) pour re- 10      cevoir des informations du
dispositif de d6tection 28. En System gemfil Anspruch 27, dadurch ge-
jetable, comprenant: kennzeichnet, dal&:
- au moins un capteur (68); - die Probenentfernungsvorrichtung des Ein-
- des moyens de stockage d'echantillon malsensors sine Luftblase umfalM,
die mit           (224,222) pour conserver l'chantillon hors der
ProbenrOckhaltevorrichtung verbunden   15       de contact du capteur,
avant la detection; et; und                                            - un
canal d'echantillon (228) reliant les - die Steuerungseinrichtung des
Lesegerats            moyens de conservation d'6chantillon au eine
Druckeinrichtung (422) zur Kompri-              capteur mierung der
Luftblase umfaRt.                             caracterise en ce qu'il
comprend en 20           outre: Y>    29. Ein System gemaB Anspruch 27 oder
28, da-             - un boTtier (12, 90), lesdits moyens de durch
gekennzeichnet, daBs der Einmalsensor fol-         stockage d'echantillon
(224, 222) et ledit gendes umfalt:
canal d'echantillon (228) etant loges dans - eonen Hohlraum, um ein
w5airiges Reagenz            le bottier (12, 90) et le capteur (68) etant
il- von dem Sensor fernzuhalten;           25           tue dans une zone
de d6tection A l'int6rbeur - eine Leitung furwfilriges Reagenz, die den
du boatier (12, 90); Hohiraum mit dem Sensor verbindet; und             -
des moyens de collects d'6chantillon dans - elne Entfernungseinrichtung fOr
wal1riges           le boitier, comprenant un orifice (108) pour Reagenz,
um das wfilrige Reagenz aus                introduire l'echantillon dans
les moyens de dem Hohiraum und durch die Leitung fur  30          stockage
d'echantillon; walriges Reagenz hin zurn Sensor zu pres-          - des
moyens de deplacement d'Achantillon sen;
(22)  pour deplacer automatiquement - und daB das Lesegerat ein Stellorgan
(400)          I'bchantillon  en  refoulant activement beinhaltet, das die
Entfernungseinrichtung           I'echantillon a travers le canal
d'echantillon frir wiBriges Reagenz des Einmalsensors  35          et en le
mettant en contact avec le capteur bei Aufnahme des Einmalsensors durch
pour permettre la detection, le deplace- das Lesegerat betatigt.
ment automatique de l'echantillon 6tant sous le contr6le de l'appareil de
lecture. 30. Ein System gema6 elnem der Anspruche 27 bis JU       29,
dadurch gekennzeichnet, daB             40  2. Un dispositif de d6tection
jetable selon la reven- - der Sensor des Einmalsensors ein elektro-
dication 1 dans lequel, au moins, l'un des moyens chemischer Sensor ist;
und                      de stockage d'echantillon et le canal d'Achantil-
- die Signaleinrichtung des Lesegerats einen     Ion contiennent un r6actif
sec. elektrlschen Steckverbinder (434) zum Empfang sines elektrischen
Signals sei-  45  3. Un dispositif de dbtection jetable selon la reven-
tens des Sensors umfalit.                       dication 1 ou 2, dans
lequel la zone de detection contient un rbactif sec. 31. Ein System gemaRn
einem der Anspruche 27 bis 30, dadurch gekennzeichnet, daB
4. Un dispositif de detection jetable selon l'une des - der Einmalsensor
sine Kodiereinrichtung   50    revendications 1 a 3 comprenant en outre:
(28,30,32,34) urnfalt, die anzeigt, welche         - une cavitb (18) dans
le boftier pourconser- Bestandteilkonzentration  erfaBt werden
ver un reactif aqueux hors de contact du soll; und
capteur; et - des Lesegerat sine prufungsbestimmende             - un canal
de reactif aqueux (220) pour reller Einrichtung (434) umfalt, die die
Angaben   55      la cavitb au capteur. der Kodiereinrichtung empfangt. 5.
Un dispositif de dbtection jetable selon la reven- dication 4, dans lequel
le canal de reactif aqueux 13    25                  EP 0 434 742 B1
26        *    C   L   M  S  * comprend un r6actifsec.
16. Un dispositif de detection jetable selon l'une quelconque des
revendications 1 a 12, dans le- 6. Un dispositif de detection jetable selon
la reven-   quel les moyens de deplacement d'echantillon dication 4 ou 5,
comprenant en outre:               comprennent: - une poche de reactif
aqueux dbformable  5        - dans le boTiter, une vessie pneumatique 



6tanche (60) dans la cavit6 de stockage de           (22), relibe aux
moyens de stockage r6actif aqueux; et
d'echantillon; et - des moyens de rupture ou de perforation           - des
moyens d'dtanch6it6 (89) pour emp- (40) pour permettre au reactif aqueux de
cher que les fluides ne s'6chappent a tra- sortie de la poche.
10            vers les moyens de collecte d'6chantillon. 7. Un dispositif
de detection jetable solon la reven-  17. Un dispositif de detection
jetable selon l'une dlcatbon 6 comprenant en outre des moyens de
quelconque des revendications I a 16, dans le- deformation (104, 102) pour
dWormer la poche         quel le boitier comprend des premier et second
afin de d6placer le r6actif aqueux A travers le ca-  15  elbments (12, 90)
relies mutuellement par une nal de r6actif aqueux, en contact avec le
capteur.  membrane souple (74). S. Un dispositif de detection jetable solon
la reven-  18. Un dispositif de dbtection jetable selon les reven- dication
6 ou 7, dans lequel les moyens de rup-      dications 16 et 17, dans lequel
la vessie pneuma- ture ou de perforation comprennent une pointe  20
tique est formee par une chambre a l'intrbur du (40) dans la cavite.
bottler, entourbe par la membrane souple. 9. Un dispositif de detection
jetable selon la reven-  19. Un dispositif de detection jetable solon la
raven- dication 6 ou 7, dans lequel les moyens de rup-      dication 18,
dans lequel le capteur comprend un ture ou de perforation comprennent une
pointe  25    contact electrique de raccordement a l'appareil de
perforation (41) dans la poche.                   de lecture, et la
membrane souple assure en ou- tre lisolement du contact electrique a
'exposition 10. Un dispositif de detection jetable selon l'une      aux
fluides A l'interieurdu dispositif. quelconque des revendications 6 a 9,
dans lequel la poche estun emballage en feuille constitu6 par  30  20. Un
dispositif de detection jetable selon la raven- un stratifi6 m6tal-matiere
plastique soude A         dication 16, dans lequel les moyens d'6tanch6ite
chaud.                                               comprennent un
capuchon A visser (89, figure 16). 11. Un dispositif de d6tection jetable
selon la reven- dication 10, dans lequel la poche est faconnee   35   21.
Un dispositif de detection jetable solon la reven- pneumatiquement.
dication 16, dans lequel les moyens d'6tanch6itM comprennent un capuchon A
enclenchement ar- 12. Un dispositif de detection jetable salon la reven-
ticule (89, figure 15). dication 10, dans lequel la poche est faconnbe
mecaniquement.                             :40  22. Un dispositif de
detection jetable solon l'une quelconque des revendications 1 A 21, dans
lo- 13 Un dispositif de detection jetable selon 'une        quel les moyens
de collecte d'echantillon et les quelconque des revendications I A 12, dans
le-       moyens de stockage d'echantillon comprennent quel les moyens de
deplacement d'echantillon         un tube capillaire (52). comprennent une
chambre deformable (22) pour  45 refouler l'echantillon A travers le canal
d'echan-  23. Un dispositif de detection jetable solon la reven- tillon.
dication 23, dans lequel le tube capillaire eat un tube capillaire en verre
(52) enrob6 dans le bo- 14. Un dispositif de d6tection jetable selon 'une
tier. quelconque des revendications 1 A 13, dans le-  50 quel le capteur
est un capteur electrochimique   24. Un dispositif de dbtection jetable
solon l'une (68).                                                quelconque
des revendications 4 A 23, dans le- quel le reactif aqueux est un fluide
d'6talonnage 15. Un dispositif de d6tection jetable solon la reven-  pour
le capteur. dication 14, dans lequel le capteur electrochimi-  55 quo est
un composant ultra-mince realise en      25. Un dispositif de detection
jetable solon l'une tochnologie ultra-mince.
quelconque des revendications I A 24, compre- nant en outre une chambre
(20) a purge (21) pour 14    27                  EP 0 434 742 B1
28  *    C   L   M  S   * recevoir le fluide de trop-plein du capteur.
31. Un systeme selon 'une des revendications 27 A 30, dans lequel: 26. Un
dispositif de d6tection jetable selon l'une        - le dispositif de
detection jetable comprend quelconque des revendications 7 a 25, compre-
des moyens de codage (28,30,32,34) pour nant en outre des moyens de
detection de fluide   5   indiquer la concentration de composantqui (66)
adapt6s pour d6tecter l'arrivee de fluide au       doit etre detectee; et
capteur pourfournir des informations a l'appareil     - I'appareil de
lecture comprend des moyens de lecture, utilisables pour reguler le
deplace-        dedeterminationdetest(434)pourrecevoir 



ment du r6actif aqueux.                                 les indications des
moyens de codage. 10 27. Un systeme de detection de la concentration d'au
moins un composant dans un echantillon de flul- de, comprenant un appareil
de lecture et un dis- positif de d6tectionjetable selon l'une des reven-
dications I A 26, caracterise en ce que le dispo-  15 sitif de lecture
comprend des moyens de commande (400,420,430,440) pour commander le
d6placoment automatique de l'echantillon par lee moyens de d6placement
d'echantillon. 20 28. Un systeme selon la revendication 27, dans le- quel:
- les moyens de d6placement d'6chantillon du dispositif de detection
jetable compren- nent une vessie pneumatique reliee aux   25 moyens de
stockage d'echantillon; et - les moyens de commando de l'appareil de
lecture comprennent des moyens de compression (422) pour comprimer la ves-
sle pneumatique.                      30 29. Un systeme selon la
revendication 27 ou 28, dans lequel le dispositif de detection jetable
comprend: - une cavite pour retenir un reactif aqueux   35 hors de contact
avec le capteur; - un canal de reactif aqueux pour relier la ca- viM au
capteur; et - des moyens de deplacement de reactif aqueux pour deplacer le
reactif aqueux a   40 partir de la cavite, A travers le canal de reactif
aqueux, jusqu'au capteur; - et I'appareil de lecture comprend des moyens
d'actionnement (400) pour action- ner les moyens de deplacement de reactif
45 aqueux du dispositif de detection jetable lorsque le dispositif de
detection jetable est logA dans l'appareil de lecture. 30. Un systeme selon
l'une des revendications 27 a   50 29, dans lequel: - le capteur du
dispositif de detection jetable eat electrochimique; et - lee moyens de
signalisation de l'appareil de lecture comprennent un connecteur electri-
55 quo (434) pour recevoir un signal electrique du capteur. 15    


