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(57) ABSTRACT 

A sample analyzing system includes at least one sensor 
located at least partially Within a sample retaining area. In 
addition, the sensor has at least one edge de?ning a sample 
detection location. This sample detection location de?nes an 
area Within Which the sensor is capable of detecting a 
presence or an absence of the sample. The system analyzes 
sample data by ?rst introducing the sample into the sample 
retaining area and then mixing a reagent With the sample to 
commence formation of a reagent product. After mixing and 
upon detecting the absence of the sample from the sample 
detection location by the at least one sensor, an edge of the 
sample is moved past an edge of the at least one sensor and 
into the sample detection location. Then, upon detecting the 
presence of the sample in the sample detection location by 
the at least one sensor, the edge of the sample is moved past 
the edge of the at least one sensor and out of the sample 
detection location. Additionally, betWeen oscillations, data 
may be collected by one or more sensors. By repeating these 
steps, an accumulation of material on or about the at least 
one sensor may be prevented. 
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SYSTEM, METHOD AND COMPUTER 
IMPLEMENTED PROCESS FOR ASSAYING 

COAGULATION IN FLUID SAMPLES 

FIELD OF THE INVENTION 

[0001] The present invention relates to a system, method 
and computer implemented process for conducting a variety 
of assays. More particularly, the instant invention relates to 
a system, method and computer implemented process for 
use in analyzing ?uid samples. The invention relates even 
more particularly to calculating or collecting a sample 
transformation time or any of a variety of sample informa 
tion by moving a sample over a sensor, during data collec 
tion, to dissolve a reagent or to prevent the accumulation of 
unWanted material on or about the sensor surface. 

BACKGROUND OF THE INVENTION 

[0002] Numerous procedures and techniques eXist for ana 
lyZing and testing blood and other body ?uids. To name one, 
coagulation techniques may be used to collect a Wide variety 
of information from given samples of blood. While some of 
these procedures are relatively simple, others can be more 
sophisticated and require multiple steps or preparations. For 
instance, many procedures involving blood samples require 
the addition of reagents to commence the formation of clots 
or other steps to prepare the sample for data collection and 
to account for the unique characteristics of blood. 

[0003] For eXample, keeping blood in a ?uid state, termed 
hemostasis, requires a subtle balance of pro- and anticoagu 
lants. In the human body, procoagulants prevent excessive 
bleeding by blocking blood ?oW from a damaged vessel, 
Whereas anticoagulants prevent clots from forming in the 
circulating system Which could otherWise block blood ves 
sels and lead to myocardial infarction or stroke. 

[0004] The biochemical sequence leading to a blood clot 
is termed the coagulation cascade. This mechanism is based 
on catalytic conversion of ?brinogen, a soluble plasma 
protein, to insoluble ?brin. The enZyme catalyZing this 
reaction is thrombin, Which does not permanently circulate 
in the blood in an active form but eXists as prothrombin, the 
inactive precursor of thrombin. Conversion to thrombin 
occurs in the presence of calcium ions and tissue thrombo 
plastin. This mechanism is knoWn as the eXtrinsic pathWay. 
A second, more complex, intrinsic pathWay is activated by 
clotting factors associated With platelets. 

[0005] Diagnosis of hemorrhagic conditions such as 
hemophilia, Where one or more of the tWelve blood clotting 
factors may be defective, can be achieved by a Wide variety 
of coagulation tests. In addition, several tests have been 
developed to monitor the progress of thrombolytic therapy. 
Other tests have been developed to signal a prethrombolytic 
or hypercoagulable state, or to monitor the effect of admin 
istering protamine to patients during cardiopulmonary 
bypass surgery. HoWever, the main value of coagulation 
tests is in monitoring oral and intravenous anticoagulation 
therapy. Three of the key diagnostic tests are activated 
partial thromboplastin time (APTT), prothrombin time (PT), 
and activated clotting time (ACT). 

[0006] An APTT test evaluates the intrinsic and common 
pathWays of coagulation. For this reason APTT is often used 
to monitor intravenous heparin anticoagulation therapy. Spe 
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ci?cally, it measures the time for a ?brin clot to form after 
the activating agent, calcium, and a phospholipid have been 
added to the citrated blood sample. Heparin administration 
has the effect of suppressing clot formation. 

[0007] A PT test evaluates the eXtrinsic and common 
pathWays of coagulation and, therefore, is used to monitor 
oral anticoagulation therapy. The oral anticoagulant couma 
din suppresses the formation of prothrombin. Consequently, 
this test is based on the addition of calcium and tissue 
thromboplastin to the blood sample. 

[0008] An ACT test evaluates the intrinsic and common 
pathWays of coagulation. It is often used to monitor antico 
agulation via heparin therapy. The ACT test is based on 
addition of an activator to the intrinsic pathWay to fresh 
Whole blood to Which no eXogenous anticoagulant has been 
added. 

[0009] The standard laboratory technology for coagulation 
tests typically uses a turbidimetric method. For analysis, 
Whole-blood samples are collected into a citrate vacutainer 
and then centrifuged. The assay is performed With plasma to 
Which a sufficient eXcess of calcium has been added to 
neutraliZe the effect of citrate. For a PT test, tissue throm 
boplastin is provided as a dry reagent that is reconstituted 
before use. This reagent is thermally sensitive and is main 
tained at 4 degrees C. Aliquots of sample and reagent are 
transferred to a cuvette heated at 37 degrees C., and the 
measurement is made based on a change in optical density. 

[0010] As an alternative to the turbidimetric method, 
Beker et al. (See, Haemostasis (1982) 12:73) introduced a 
chromogenic PT reagent (Thromboquant PT). The assay is 
based on the hydrolysis of p-nitroaniline from a modi?ed 
peptide, Tos-Gly-Pro-Arg-pNA, by thrombin and is moni 
tored spectrophotometrically. 

[0011] Coagulation monitors are knoWn for the analysis of 
Whole blood. For eXample, a unit-use cartridge has been 
described in US. Pat. No. 4,756,884 in Which dry reagents 
are placed into the analyZer Which is then heated to 37 
degrees C. before a drop of blood is introduced. The sample 
is miXed With the reagent by capillary draW. The detection 
mechanism is based on laser light passing through the 
sample. Blood cells moving along the ?oW path yield a 
speckled pattern speci?c to unclotted blood. When the blood 
clots, movement ceases producing a pattern speci?c to 
clotted blood. 

[0012] An automatic coagulation timer has been described 
Which measures the activated clotting time (ACT) in blood 
samples from patients during cardiopulmonary bypass. The 
sample is added to a cartridge Which incorporates a stirring 
device onto Which the clot forms. Motion of the stirring 
device is controlled by a photo optical detector (See, Keeth 
et al., Proceedings Am. Acad. Cardiovascular Perfusion 
(1988) 9:22). 
[0013] US. Pat. No. 4,304,853 discloses the use of a 
substrate Which produces an electroactive product on reac 
tion With the enZyme thrombin. Asensor is used to detect the 
electroactive product. The disclosure does not include a 
single-use cartridge and does not disclose the use of a second 
sensor to monitor the location of the sample. 

[0014] US. Pat. No. 4,497,744 discloses a turbidometric 
method for assaying coagulation. Plasma containing an 



US 2002/0177958 A1 

excess of citrate is used in the test. A reagent Which induces 
clotting is added, the sample is placed in a turbidometer, and 
coagulation is indicated by an increase in the turbidity of the 
sample. 

[0015] Us. Pat. No. 5,096,669, incorporated herein by 
reference, includes the general format for use of a cartridge 
and analytZer for blood chemistry testing such as potassium 
and glucose blood levels and the use of a pump to move a 
sample ?uid to a sensor region in a single direction. 

[0016] Us. Pat. No. 5,200,051, incorporated herein by 
reference, discloses ef?cient methods of microfabrication of 
sensor devices for analysis of analytes. 

[0017] Us. Pat. No. 5,302,348 discloses a blood coagu 
lation test apparatus in Which blood is forced to traverse a 
capillary conduit. When the time for traverse exceeds the 
previous time by a certain percentage, coagulation is deemed 
to have occurred. The apparatus includes an unclosed entry 
port Which is connected to tWo conduits, the ?rst receiving 
the sample to be assayed, the second receiving over?oW 
sample. 

[0018] US. Pat. Nos. 5,447,440 and 5,628,961, both 
incorporated herein by reference, disclose a single-use car 
tridge and reader used in coagulation assays. The condition 
of the sample is determined by its ?oW properties as 
detected, for example, by a conductivity sensor. 

[0019] Us. Pat. No. 5,526,111 discloses a method for 
calculating a coagulation characteristic of a sample of blood, 
a blood fraction, or a control. This method uses a backwards 
looking approach to determine a slope of an envelope at each 
of a number of stored envelope values from Which the 
coagulation characteristic is determined. HoWever, this 
method uses a ?xed or predetermined sampling time and 
recti?es stored sample values to provide its envelope values. 
In addition, this method requires storing the envelope values 
as Well as the sampled signal values. 

[0020] Us. Pat. Nos. 5,916,522 and 5,919,711 disclose a 
device Which uses ion-speci?c electrodes to measure ionic 
activity of ?uids including bodily ?uids. The ?uids are 
metered and transported Within the device by centrifugation 
and pressuriZation of the device. 

[0021] As evident from the above discussion, the majority 
of blood tests require the addition and dissolution of some 
sort of reagent into the sample before data collection can 
commence. Thus, a need exists for a system, method, and 
computer implemented process Which can be used to ef? 
ciently and effectively introduce and dissolve a reagent into 
a sample. Furthermore, as generally true With other types of 
medical procedures, the speed and time required to complete 
the tests are of paramount importance. Thus, a need exists 
also for a system and method Which can dissolve or distrib 
ute a reagent into a blood sample in a relatively short amount 
of time. 

[0022] Also, the compactness and smaller physical siZe of 
today’s testing devices has directly resulted in limits on the 
amount of reagent Which may be stored in a sampling 
device. Consequently, a need exists for a system, method, 
and computer implemented process Which can make use of 
a limited amount of reagent Without placing restrictions on 
the amount of blood to be sampled. In this manner, a 
relatively small amount of reagent may be used With 
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samples of any volume. On a related note, in situations 
Where limited amounts of reagent are dissolved in relatively 
larger amounts of sample, a need also exists for a system, 
method and computer implemented process Which is capable 
of collecting data from only those portions of sample 
containing the highest amounts of reagent. 

[0023] In addition, since data collection can be adversely 
affected by the accumulation of undesirable material con 
tained in blood—a problem familiar to those skilled in the 
art of collecting electrical and electrochemical measure 
ments in biological ?uids, a need exists also for a method, 
system and computer implemented process Which is capable 
of preventing such an accumulation in the data collection 
region of the analyZing device. 

SUMMARY OF THE INVENTION 

[0024] Thus, to address these and other needs of the prior 
art, it is an object of the present invention to provide a novel 
system, method and computer implemented process for use 
in analyZing ?uid samples by, for example, reciprocatingly 
and repeatedly moving a sample over a sensor for purposes 
of calculating a sample transformation time. 

[0025] It is also an object of the present invention to 
provide a technique Which can be used to ef?ciently and 
effectively mix and dissolve a reagent into a sample. 

[0026] It is another object of the present invention to 
provide a technique Which can dissolve or distribute a 
reagent into a ?uid sample in a relatively short amount of 
time. 

[0027] It is yet another object of the present invention to 
provide a technique Which can make use of a limited amount 
of reagent Without placing restrictions on the amount of ?uid 
to be sampled. 

[0028] It is still another object of the present invention to 
provide a technique Which is capable of collecting data from 
only those portions of sample containing the highest 
amounts of reagent. 

[0029] Further yet, it is another object of the present 
invention to provide a technique Which is capable of pre 
venting an accumulation of unWanted material in a data 
collection region of an analyZing device. 

[0030] To meet these and other objects, the present inven 
tion contemplates providing a method, system and computer 
readable medium storing instructions for using a sample 
analyZing device having a sample retaining area for holding 
a sample and at least one sensor located at least partially 
Within the sample retaining area. In this embodiment, the at 
least one sensor has at least one edge Which de?nes a sample 
detection location and is capable of detecting a presence or 
an absence of the sample in the sample detection location. 
The invention further includes: (a) introducing the sample 
into the sample retaining area; (b) mixing a reagent With the 
sample to commence formation of a reagent product; (c) 
upon detecting the absence of the sample from the sample 
detection location by the at least one sensor, moving an edge 
of the sample past an edge of the at least one sensor into the 
sample detection location so that at least a substantial 
portion of the sample is located therein; (d) upon detecting 
the presence of the sample in the sample detection location 
by the at least one sensor, moving the edge of the sample 
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past the edge of the at least one sensor and out of the sample 
detection location so that less than a substantial portion of 
the sample is located therein; and (e) preventing an accu 
mulation of material on or about the at least one sensor by 

repeating steps (c)-(d) until passage of a predetermined 
period. 

[0031] In another embodiment, the present invention con 
templates providing a system, method and computer read 
able medium storing instructions for using a sample analyZ 
ing device having a sample retaining area for holding a 
sample and at least one sensor having a sensing surface 
located at least partially Within the sample retaining area. In 
this embodiment, the at least one sensor is capable of 
detecting a presence of the sample When the sample is in 
contact With the sensing surface and of detecting an absence 
of the sample When the sample is not in contact With the 
surface. This embodiment further includes: (a) introducing 
the sample into the sample retaining area; and at least one of 
steps (b) and (c); (b) mixing a reagent by moving an 
air-liquid boundary of the sample through a reagent mixing 
region of the sample retaining area until the reagent is at 
least substantially dissolved in a vicinity of the air liquid 
boundary of the sample to form a reagent rich portion of the 
sample; and (c) preventing an accumulation of material on 
the sensing surface by moving an air-liquid boundary of the 
sample over the sensing surface until completion of a sample 
analysis; and Wherein the reciprocating movement includes 
moving the sample toWard the sensing surface until the 
sensor detects the presence of the sample, and moving the 
sample aWay from the sensing surface until the sensor 
detects the absence of the sample. 

[0032] In yet another embodiment, the present invention 
contemplates providing a system, method and computer 
readable medium storing instructions for calculating a 
sample transformation time by utiliZing a device comprising 
a sample retaining area and a sensor located at least partially 
Within the sample retaining area to form a data collection 
region. In this embodiment, the data is collected from the 
sample When the sample is moved into the data collection 
region. This embodiment further includes: (a) introducing 
the sample into the device; (b) mixing a reagent With the 
sample to commence formation of a reagent product and 
transformation of the sample; (c) moving the sample into the 
data collection region; (d) collecting data by the sensor When 
the sample is moved into the data collection region; (e) 

moving the sample out of the data collection region; repeating steps (c)-(e) until a sufficient predetermined trans 

formation is detected from the data collected in step (d); (g) 
extracting reagent product information from the data col 
lected in the collecting step (d); (h) calculating the trans 
formation time by utiliZing the reagent product information 
extracted in the extracting step (g); and Wherein the move 
ment steps (c) and (e) prevent the accumulation of material 
on or about the sensor. 

[0033] There has thus been outlined, rather broadly, the 
more important features of the invention in order that the 
detailed description thereof that folloWs may be better 
understood, and in order that the present contribution to the 
art may be better appreciated. There are, of course, addi 
tional features of the invention that Will be described here 
inafter and Which Will form the subject matter of the claims 
appended hereto. 
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[0034] In this respect, before explaining at least one 
embodiment of the invention in detail, it is to be understood 
that the invention is not limited in its application to the 
details of construction and to the arrangements of the 
components set forth in the folloWing description or illus 
trated in the draWings. The invention is capable of other 
embodiments and of being practiced and carried out in 
various Ways. Also, it is to be understood that the phrase 
ology and terminology employed herein are for the purpose 
of description and should not be regarded as limiting. 

[0035] As such, those skilled in the art Will appreciate that 
the conception, upon Which this disclosure is based, may 
readily be utiliZed as a basis for the designing of other 
structures, methods and systems for carrying out the several 
purposes of the present invention. It is important, therefore, 
that the claims be regarded as including such equivalent 
constructions insofar as they do not depart from the spirit 
and scope of the present invention. 

[0036] Further, the purpose of the foregoing abstract is to 
enable the Us. Patent and Trademark Office and the public 
generally, and especially the scientists, engineers and prac 
titioners in the art Who are not familiar With patent or legal 
terms or phraseology, to determine quickly from a cursory 
inspection the nature and essence of the technical disclosure 
of the application. The abstract is neither intended to de?ne 
the invention of the application, Which is measured by the 
claims, nor is it intended to be limiting as to the scope of the 
invention in any Way. 

[0037] These together With other objects of the invention, 
along With the various features of novelty Which character 
iZe the invention, are pointed out With particularity in the 
claims annexed to and forming a part of this disclosure. For 
a better understanding of the invention, its operating advan 
tages and the speci?c objects attained by its uses, reference 
should be had to the accompanying draWings and descriptive 
matter in Which there is illustrated preferred embodiments of 
the invention. 

[0038] Other objects of the present invention Will be 
evident to those of ordinary skill, particularly upon consid 
eration of the folloWing detailed description of the preferred 
embodiments. 

NOTATIONS AND NOMENCLATURE 

[0039] The detailed descriptions Which folloW may be 
presented in terms of program procedures executed on 
computing or processing systems such as, for example, a 
computer or netWork of computers. These procedural 
descriptions and representations are the means used by those 
skilled in the art to most effectively convey the substance of 
their Work to others skilled in the art. 

[0040] Aprocedure is here, and generally, conceived to be 
a self-consistent sequence of steps leading to a desired 
result. These steps are those requiring physical manipula 
tions of physical quantities. Usually, though not necessarily, 
these quantities take the form of electrical or magnetic 
signals capable of being stored, transferred, combined, com 
pared and otherWise manipulated. It proves convenient at 
times, principally for reasons of common usage, to refer to 
these signals as bits, values, elements, symbols, characters, 
terms, numbers, or the like. It should be noted, hoWever, that 
all of these and similar terms are to be associated With the 
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appropriate physical quantities and are merely convenient 
labels applied to these quantities. 

[0041] Further, the manipulations performed are often 
referred to in terms, such as adding or comparing, Which are 
commonly associated With mental operations performed by 
a human operator. No such capability of a human operator 
is necessary, or desirable in most cases, in any of the 
operations described herein Which form part of the present 
invention; the operations are machine operations. Useful 
machines for performing the operation of the present inven 
tion include general purpose digital computers or similar 
devices. 

BRIEF DESCRIPTION OF THE FIGURES 

[0042] FIG. 1 depicts a cross-sectional plan vieW of one 
example of a system capable of implementing and utiliZing 
the techniques of the present invention; 

[0043] FIG. 2 depicts a cross section of a sample entry 
port of the system of FIG. 1; 

[0044] FIG. 3 depicts a cross section of a sample retaining 
area of the system of FIG. 1; 

[0045] FIG. 4 depicts a perspective vieW of an over?oW 
chamber of the system of FIG. 1; 

[0046] FIG. 5 depicts a conductimetric and amperometric 
sensor of the system of FIG. 1; 

[0047] FIGS. 6A-6C depict an oscillating movement of a 
sample in an analysis location of the system of FIG. 1; 

[0048] FIG. 7 depicts an example of an overvieW of a 
coagulation procedure implementable by the system of FIG. 
1; 
[0049] FIG. 8 depicts a data collection step of the proce 
dure of FIG. 7; 

[0050] FIGS. 9A-9C depict an information extraction step 
of the procedure of FIG. 7; 

[0051] FIG. 10 depicts yet another example of a system 
capable of implementing and utiliZing the techniques of the 
present invention; 

[0052] FIG. 11 depicts a block diagram representation of 
the major components of the system of FIG. 10; and 

[0053] FIG. 12 depicts an example of a memory medium 
readable by the computing system of FIG. 10 and of storing 
computer instructions, in accordance With the principles of 
the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0054] In accordance With the principles of the present 
invention, a method, system and computer readable medium 
for using a sample analyZing device are disclosed. More 
particularly, the present invention includes using a sample 
analyZing device Which has a sample retaining area formed 
therein and at least one sensor located at least partially 
Within the sample retaining area. The sensor, in turn, is 
capable of detecting a presence or an absence of the sample 
Within a sample detection location de?ned by the sensor 
edges. Advantageously, the present invention includes mix 
ing a reagent by moving an air-liquid boundary, or edge, of 
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the sample through a reagent mixing region of the sample 
retaining area to dissolve the reagent Within the vicinity of 
the air-liquid boundary. Additionally, the present invention 
also includes preventing the accumulation of material on or 
about the sensor by moving, upon detection of the absence 
of the sample from the sample detection location, an edge of 
the sample past an edge of the sensor and into the sample 
detection location. Similarly, upon detection of the presence 
of the sample in the sample detection location, the invention 
includes moving the edge of the sample back past the edge 
of the sensor and out of the sample detection location. Thus, 
in the above manner, various tests, for instance blood 
coagulation tests or immunoassays, may be efficiently and 
effectively performed. 

[0055] In accordance With the principles of the present 
invention, one example of a system capable of implementing 
and utiliZing the present invention is depicted in FIG. 1. 
Furthermore, in addition to the example depicted in FIG. 1, 
the techniques of the present invention are ?exible enough 
so that they may be implemented and utiliZed in numerous 
other devices. For instance, US. Pat. Nos. 5,628,961; 5,447, 
440; and 5,096,669; and US. Provisional Application No. 
60/164,935, all of Which are incorporated herein by refer 
ence, are directed to various devices for assaying viscosity 
changes in ?uid samples and for performing real time ?uid 
tests, and serve as other examples capable of implementing 
and utiliZing the techniques of the present invention. 

[0056] Referring to FIG. 1, a cross sectional vieW of a 
cartridge or housing 10 implemented according to the prin 
ciples of the present invention is depicted. A sample entry 
port 12 alloWs introduction of a sample into the housing and 
is surrounded by a circumferential excess sample Well 14. A 
snap cover 38 encloses the sample entry port 12 With the 
formation of an air-tight seal. Fluidically connected to the 
sample entry port 12, at one end, is a sample holding 
chamber or sample retaining area 20. Located at the other 
end of the sample retaining area 20 is a capillary stop 22. A 
pre-sensor channel 24 leads from the capillary stop 22 to an 
analysis location 31. In addition, a hydrophobic layer 26 is 
positioned betWeen the pre-sensor channel 24 and the analy 
sis location 31. A reagent and/or a substrate 30 may be 
deposited or introduced into the system at analysis location 
31. Although the reagent 30 is depicted as being doWnstream 
of sensors 28 and 29, it is possible to position the reagent 30 
upstream of sensors 28 and 29 so that a sample passes 
through the reagent 30 before reaching the sensors. Further 
more, in communication With the analysis location 31 are 
one or more conductimetric sensors 28, one or more ampero 

metric sensors 29, and one or more reference sensors 32. 

Also in communication With the analysis location 31 is a 
Waste tube 34. 

[0057] Asample may be moved Within the system through 
use of a ?exible diaphragm pump 36. Pump 36 facilitates 
movement of the sample by pumping air throughthe air tube 
18, through over?oW chamber 16, and ?nally into sample 
retaining area 20. Furthermore, although the pump in FIG. 
2 is depicted as being a ?exible diaphragm pump, any 
suitable pump or the like may be used, such as piston and 
cylinder, electrodynamic, or sonic. 

[0058] In accordance With the principles of the present 
invention, FIG. 2 depicts a cross-sectional vieW of the 
sample entry port area of the cartridge or housing 10. More 
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speci?cally, a Wall or tape or ?lm 42 is shown interposed 
between an upper housing 40 and a loWer housing of the 
cartridge. In this regard, tape 42 has an adhesive layer on 
each side and adheres to the top 40 and base 44 sides of the 
cartridge. In this particular illustration, the sample entry port 
12 as Well as the sample retaining area 20 and circumfer 
ential Well 14 are shoWn ?lled With sample 46. 

[0059] FIG. 3 depicts a cross-sectional vieW of the con 
junction of the sample retaining area 20, the pre-sensor 
chamber 24, and the capillary stop 22. As depicted in FIG. 
3, sample holding chamber 20 and pre-sensor channel 24 are 
formed or molded respectively in base 44 and base 40. The 
tape 42, in turn, forms the top Wall of the sample holding 
chamber 20 and the bottom Wall of the pre-sensor chamber 
24. Tape 42 is pierced to form a capillary bore or through 
hole 22 and functions as a capillary stop by restricting ?oW 
betWeen the sample holding chamber 20 and the pre-sensor 
chamber 24. Although the capillary stop of FIG. 3 is a 
circular bore or through-hole, other suitable shapes for the 
capillary stop include rectangular and various irregular 
shapes. If rectangular in shape, one example has a smallest 
dimension of about 100 microns to about 400 microns. In 
such examples, the largest dimension of the capillary stop is 
about 100 microns to about 1000 microns. 

[0060] FIG. 4 depicts a perspective vieW of the over?oW 
chamber 16. In particular, the over?oW chamber 16 is 
located directly above the sample retaining area and has a 
bottom Wall formed by tape 42. An ori?ce 48 in the tape 42 
?uidically connects the over?oW chamber 16 to the sample 
holding chamber 20. The ori?ce may be any of a circular, 
rectangular, or irregular shape. The over?oW chamber is 
constructed in the form of a box With relatively loW Walls. 
Air tube 18 delivers air from the pump 36 to the over?oW 
chamber 16. The volume of the over?oW chamber is in the 
range of 0.2 microliters to 1 milliliter. Apreferred volume of 
the over?oW chamber is in the range of 1 microliter to 10 
microliters. The diameter of the circular ori?ce ranges from 
about 100 microns to about 1000 microns. 

[0061] The capillary stop is designed to have a suf?cient 
resistance to stop capillary draW into the pre-sensor channel, 
but not suf?cient to resist sudden pressure changes that occur 
as the cartridge closure is snapped shut. To reduce the force 
at the capillary opening at this point, tWo “over?ow” fea 
tures are incorporated Within the cartridge. The ?rst is the 
over?oW Well 14 in FIGS. 2 and 3. As the snap closure is 
shut, some excess sample is pushed into the Well rather than 
into the cartridge. The second feature used to address 
over?oW is ori?ce 48 or pressure vent, depicted in FIG. 4, 
through Which excess sample may ?oW into the over?oW 
chamber 16. 

[0062] As previously discussed, the over?oW chamber 16 
is a loW volume chamber formed in the cartridge top side 
and located above the sample retaining area, separated from 
the chamber by a tape 42 Wall. The ori?ce 48 in the tape 42 
alloWs How of excess sample into the over?oW chamber and 
has a greater area than the opening of the capillary stop. As 
a result, ori?ce 48 has a loWer ?oW resistance than the 
capillary stop mentioned above. 

[0063] The over?oW chamber 16 above the tape opening 
or ori?ce 48 has relatively loW Walls so that once sample is 
pushed through this hole, it contacts the corona-treated 
plastic and is draWn into the chamber. The sample displaced 
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as the cartridge is closed is therefore trapped Within this 
chamber. When the air bladder is compressed, air is forced 
through the air pipe 18 into the over?oW chamber 16. The 
high surface area to volume ratio of this region encourages 
sample shear so that the air pushes a path through the excess 
sample leaving the excess sample on the Walls of the 
over?oW chamber. 

[0064] FIG. 7 depicts a conductimetric sensor 28 and an 
amperometric sensor 29 located on a sensor chip. This 
sensor chip, in turn, is positioned at least partially Within 
sample retaining area 20. More speci?cally, sensor 28 
includes tWo parallel bars or electrodes Which together 
constitute a sensor surface. The electrodes are oriented, in 
this example, perpendicularly to the length of the sample 
retaining area or sensor channel. In addition, edges of the 
sensor surface de?ne a sample detection location Within 
Which sensor 29 is capable of detecting the presence or the 
absence of a sample by measuring a conductivity (or alter 
natively an electrical resistance) betWeen the tWo electrodes. 
By doing so, the sensor 28 may monitor the relative position 
of the ?uid front. At the extremes, an open circuit reading 
indicates that the ?uid has been pushed off the sensor (i.e., 
the sample is not contiguously covering the electrodes) and 
a closed circuit reading, on the other hand, indicates the 
sensor is covered With ?uid (i.e., the sample is contiguously 
covering the electrodes). As Will be discussed in greater 
detail beloW, movement of the sample, forWard and back 
Ward, and at a speci?ed velocity may be controlled through 
use of sensor 28. 

[0065] In addition to including sensor 28, the present 
invention may optionally include an amperometric or poten 
tiometric sensor 29. In this example, sensor 29 may be 
capable of applying a potential and measuring a current 
through use of its antenna shaped electrode 31. 

[0066] Further, although the sensors in this particular 
discussion are amperometric and conductimetric sensors, 
other sensors, for example, any type of electrochemical or 
potentiometric sensor or the like, may be used. For example, 
a sensor capable of detecting ion species such as Na+ and K+ 
may be used. Further, although the sensors in the instant 
example are depicted as being positioned doWnstream of the 
sample retaining area, both of sensors 28 and 29 may be 
located anyWhere Within the ?uid conduit. 

[0067] In the example shoWn in FIG. 7, a potential may be 
applied to the amperometric sensor 29 With the generation of 
an electrochemical signal, Wherein the signal is proportional 
to the concentration of the product in the ?uid sample. The 
amperometric sensor has an applied potential of approxi 
mately +0.4 V versus a silver-silver chloride electrode and, 
in another preferred embodiment, the amperometric sensor 
has an applied potential of approximately +0.1 V versus a 
silver-silver chloride electrode. The signal generated by the 
enZyme reaction product at approximately +0.1 V is distin 
guishable from the signal generated by the unreacted sub 
strate at approximately +0.4 V. 

[0068] Sample. 
[0069] The coagulation assays commonly performed With 
the present invention use, for example, a sample of blood, or 
a sample of a blood derivative such as blood containing an 
additive or diluent, plasma, serum, or plasma or serum 
containing an additive or diluent. 
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[0070] Sample Introduction. 

[0071] The sample may be deposited into the system 
through the sample entry port 12 shoWn in FIGS. 1 and 2. 
The entry port 12 is designed so that capillary forces draW 
a drop of a sample through the port of the system and toWard 
the sample holding chamber. In particular, this draWing 
action is caused by the geometry and high surface energy of 
the plastic conduit of the system. The high surface energy is 
achieved With a corona treatment or equivalent treatment, 
such as an ion-plasma treatment, before assembly. Once 
blood reaches the sample retaining area, the geometry and 
corona-treated surface of the conduit cause the blood to pass 
along its length up to the capillary stop. As one eXample, the 
upper limit of the cross-sectional area of the sample retain 
ing area is that Which Would prevent capillary draW if the 
system Were to be held upright as it is ?lled. Also in this 
eXample, the loWer limit of the cross-section is set to the 
sample volume required for testing and the reproducibility 
required of this volume. As one eXample, the sample holding 
chamber contains 19 microliters With a cross-sectional area 
of 0.0075 cm2. In other embodiments the volume of the 
metered ?uid sample is in the range of 1 microliter to 1 
milliliter. Apreferred volume of the metered ?uid sample is 
in the range of 15 microliters to 50 microliters. 

[0072] Metering the Fluid Sample. 

[0073] The reproducibility of the volume of sample moved 
into the sensor channel for miXing may affect the reproduc 
ibility of the ?nal concentration of dissolved reagent in the 
blood. In one embodiment, the sample, for instance blood, is 
initially moved into the analysis location 31. The blood 
sample is then moved forWard by air from pump 36 via air 
pipe 18. The volume of the metered ?uid sample Will be 
approximately the volume of the holding chamber 20 
betWeen the ori?ce 48 in the Wall of the holding chamber 
and the capillary stop 22. The volume of blood that is moved 
depends primarily on the volume of blood in front of the 
ori?ce, and secondarily on the surface area-to-volume ratio 
of the sample-holding chamber. Other factors include the 
sample hematocrit (the percent of the blood volume com 
prised of red blood cells), and the ?uid speed. These latter 
three parameters determine the volume of sample that Will 
remain on the Walls of the sample retaining area as the 
chamber is evacuated. The ?uid Will be metered most 
precisely at loW velocity from a chamber With a loW surface 
area-to-volume ratio. The loWer limit on the sample holding 
chamber cross-sectional area is determined by the alloWable 
variation in the volume loss to shear at the necessary ?uid 
speed. 

[0074] To ?ll the sample holding chamber, a suf?cient 
capillary draW is utiliZed to provide an adequate amount of 
sample. In addition, a stop feature is provided to prevent a 
sample from over?oWing into the pre-sensor channel. As 
discussed above, capillary stop 22 is formed by a small bore 
or through-hole in the tape gasket 42 betWeen overlapping 
sections of the sample holding chamber 20 and the pre 
sensor channel 24. The capillary stop 22 that is formed is 
relatively small and has, for eXample, a thickness equal to 
that of the tape 42. Although this may decrease the resistance 
of the capillary and thereby decrease its effectiveness in 
stopping the ?uid, it also minimiZes the high shear Zone 
through Which the sample must pass before entering the 
pre-sensor channel. The loW volume high-shear region mini 
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miZes the loss of sample to the Walls of the capillary and 
decreases the potential for the inclusion of entrapped air 
segments as the back end of the moving ?uid eXits the 
capillary region. 

[0075] Movement of Sample. 

[0076] To move the sample, pump 36 is activated to force 
air through air pipe 18 into over?oW chamber 16 to force a 
metered amount of sample from the sample retaining area 20 
through the pre-sensor channel 24 and into the analysis 
location 31. In addition, an even ?oW is effected by ensuring 
that the surface energy of the conduit is equal on all of its 
sides (i.e., by using materials having equivalent surface 
energy or by treating the surfaces to ensure uniformity), 
thereby preventing the formation of air bubbles Within the 
sample. 

[0077] Reagent. 
[0078] Depending on the test or analysis to be performed, 
a variety of components may be included in the reagent, 
some of Which may contribute to rapid redissolving of the 
reagent by the ?uid sample. These include a Water-soluble 
polymer, gelatin, agarose, a polysaccharide, polyethylene 
glycol, polyglycine, a saccharide, sucrose, an amino acid, 
glycine, a buffer salt, sodium phosphate, HEPES buffer, or 
a dye molecule. In addition materials suitable for inducing 
coagulation via an eXtrensic pathWay may be used including 
celite, kaolin, diatomaceous earth, clay, silicon dioXide, 
ellagic acid, natural thromboplastin, recombinant thrombo 
plastin, phospholipid, and miXtures thereof. Furthermore, 
liquid reagents as Well as solid reagents may be used. 
Finally, the reagent may be initially located in the reagent 
area, or introduced at any convenient time and at any desired 
location during testing. 

[0079] Thrombin-Substrate Reaction. 

[0080] In one eXample, the substrate used in the electro 
genic assay has an amide linkage that mimics the thrombin 
cleaved amide linkage in ?brinogen. Speci?cally, the sub 
strate may be a tosyl-glycyl-prolinyl-arginyl-, H-D 
phenylalanyl-pipecolyl-, or benZyl-phenylalanyl-valyl 
arginyl-moiety attached to a N-phenyl-p-phenylenediamine 
or N-[p-methoXyphenyl-]-p-phenylenediamine moiety. 
Thrombin cleaves the amide bond at the carboXy-terminus 
of the arginine residue or pipecolyl residue because the bond 
structurally resembles the thrombin-cleaved amide linkage 
in ?brinogen. The product of the thrombinsubstrate reaction 
is the electrochemically inert tosyl-glycyl-prolinyl-arginyl-, 
H-D-phenylalanylpipecolyl-, or benZyl-phenylalanyl-valyl 
arginyl- and the electroactive compounds N-phenyl-p-phe 
nylenediamine or N-[p-methoXyphenyl-]-p-phenylenedi 
amine. The tripeptide sequence is used because it renders the 
substrate virtually non-reactive With blood proteases other 
than thrombin and the reactivity of thrombin With the 
arginine amide linkage in the molecule is very similar to its 
reactivity With the target amide linkage in ?brinogen. When 
the substrate is present in a blood or blood derivative 
sample, generated thrombin simultaneously converts it and 
?brinogen to their cleavage products. The electrochemical 
species reaction product may be detected by, for eXample, an 
electrochemical sensor. 

[0081] There are a Wide variety of suitable electrogenic 
materials Which exhibit reversible or quasi-reversible elec 
trochemical reactions Which may be assayed using the 




















