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(57) ABSTRACT 

Systems and methods for medical diagnosis or risk assess 
ment for a patient are provided. These systems and methods 
are designed to be employed at the point of care, such as in 
emergency rooms and operating rooms, or in any situation in 
Which a rapid and accurate result is desired. The systems and 
methods process patient data, particularly data from point of 
care diagnostic tests or assays, including immunoassays, 
electrocardiograms, X-rays and other such tests, and provide 
an indication of a medical condition or risk or absence 

thereof. The systems include an instrument for reading or 
evaluating the test data and softWare for converting the data 
into diagnostic or risk assessment information. 
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POINT OF CARE DIAGNOSTIC SYSTEMS 

RELATED APPLICATIONS 

[0001] This application is divisional of US. application 
Ser. No. 10/877,122 to Emory V. Anderson, Edward Nemec, 
Jerome Lapointe, Duane DeSieno, Ricardo Martinez, Gail 
MarZolf, Ronald Pong, Lynn Jones, Robert O. Hussa and 
AndreW Senyei, entitled “POINT OF CARE DIAGNOSTIC 
SYSTEMS,” ?led Jun. 25, 2004, Which is a continuation of 
US. application Ser. No. 09/717,478 to Emory V. Anderson, 
EdWard Nemec, Jerome Lapointe, Duane DeSieno, Ricardo 
MartineZ, Gail MarZolf, Ronald Pong, Lynn Jones, Robert 
O. Hussa and AndreW Senyei, entitled “POINT OF CARE 
DIAGNOSTIC SYSTEMS,” ?led Nov. 20, 2000, Which is a 
divisional of US. application Ser. No. 09/063,497, ?led Apr. 
20, 1998, and now US. Pat. No. 6,394,952, and a continu 
ation-in-part of US. application Ser. No. 09/017,901, now 
US. Pat. No. 6,267,722, ?led Feb. 3, 1998 to Emory V. 
Anderson, EdWard Nemec, Jerome Lapointe, Duane 
DeSieno, Ricardo MartineZ, Gail MarZolf, Ronald Pong, 
Lynn Jones, Robert O. Hussa and AndreW Senyei, entitled 
“POINT OF CARE DIAGNOSTIC SYSTEMS.” Priority 
under 35 U.S.C. ’120 is claimed to these applications. 

[0002] This application also is related to abandoned US. 
application Ser. No. 08/599,275 to Jerome Lapointe and 
Duane DeSieno, ?led Feb. 9, 1996, entitled “METHOD 
FOR DEVELOPING MEDICAL AND BIOCHEMICAL 
DIAGNOSTIC TESTS USING NEURAL NETWORKS,” 
abandoned US. application Ser. No. 08/798,306 to Jerome 
Lapointe and Duane DeSieno, ?led Feb. 7, 1997, entitled 
“METHOD FOR SELECTING MEDICAL AND BIO 
CHEMICAL DIAGNOSTIC TESTS USING NEURAL 
NETWORK-RELATED APPLICATIONS,” and US. appli 
cation Ser. No. 08/912,133, now US. Pat. No. 6,678,669, to 
Jerome Lapointe and Duane DeSieno, ?led Aug. 14, 1997, 
entitled “METHOD FOR SELECTING MEDICAL AND 
BIOCHEMICAL DIAGNOSTIC TESTS USING NEURAL 
NETWORK-RELATED APPLICATIONS.” This applica 
tion also is related to US. Pat. Nos. 5,096,830, 5,185,270, 
5,223,440, 5,236,846, 5,281,522, 5,468,619 and 5,516,702. 

[0003] The subject matter of each of these patents and 
each of US. application Ser. Nos. 10/877,122, 09/717,478, 
09/017,901, 08/599,275, 08/798,306 and 08/912,133 is 
herein incorporated herein by reference in its entirety. The 
subject matter of published International PCT application 
No. WO 97/29447, Which corresponds to US. application 
Ser. No. 08/ 912,133 also is herein incorporated in its entirety 
by reference thereto. Also incorporated by reference are 
design patent patents D434,153 and D432,244, based on 
design applications 29/086,781 and 29/086,799, respec 
tively, each ?led Apr. 20, 1998. 

FIELD OF THE INVENTION 

[0004] The present invention relates to systems and meth 
ods that aid in providing a medical diagnosis or risk assess 
ment for a patient using biochemical and historic patient 
data, including data from point of care diagnostic tests or 
assays, and processing the information to give an indication 
of a medical condition or risk. 
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BACKGROUND 

[0005] Evaluation of Immunoassay Data 

[0006] In diagnostic immunochromatographic assays, 
Where results are determined by a color change or the 
production of color, results are generally detected visually 
by human eye. As a result of the human perception and 
judgment involved, there is signi?cant variance among those 
interpreting such test results as to Whether a color change or 
other measurable signal has occurred, and the degree of such 
occurrence. Furthermore, there is a great deal of subjectivity 
involved in interpreting Whether immunoassay results are 
positive or negative. This is particularly pronounced Where 
the result is close to a threshold value. The variance is 
further enhanced When attempts are made to quantitate such 
assay test results. Accurate results may be critical for certain 
diagnostic assays. 

[0007] It is desirable to develop techniques that are objec 
tive in nature, and that reduce the error associated With 
interpreting immunochromatographic and other assay test 
results. Therefore, it is an object herein to provide systems, 
methods, devices and instruments for objectively assessing 
data from biochemical and other tests and to use such data 
for diagnosis and risk assessment. It also is an object herein 
to incorporate decision-support methodologies into such 
systems and thereby enhance the diagnostic and risk assess 
ment capabilities thereof. 

[0008] It also is an object herein to provide systems and 
methods for use in detecting and measuring fetal ?bronectin 
(fFN) levels in a patient sample and using such information 
to diagnose and assess risks of preterm labor, fetal mem 
brane rupture and other related disorders and conditions. 

SUMMARY 

[0009] Systems and methods for medical diagnosis or risk 
assessment for a patient are provided. These systems and 
methods are designed to be employed at the point of care, 
such as in emergency rooms, operating rooms, hospital 
laboratories and other clinical laboratories, doctor’s of?ces, 
in the ?eld, or in any situation in Which a rapid and accurate 
result is desired. The systems and methods process patient 
data, particularly data from point of care diagnostic tests or 
assays, including immunoassays, chemical assays, nucleic 
acid assays, calorimetric assays, ?uorometric assays, chemi 
luminescent and bioluminescent assays, electrocardiograms, 
X-rays and other such tests, and provide an indication of a 
medical condition or risk or absence thereof. 

[0010] The systems include an instrument for reading or 
evaluating the test data and softWare for converting the data 
into diagnostic or risk assessment information. In certain 
embodiments, the systems include a test device, such as a 
test strip, optionally encased in a housing, for analyZing 
patient samples and obtaining patient data. In particular 
embodiments, the device includes a symbology, such as a 
bar code, Which is used to associate identifying information, 
such as intensity value, standard curves, patient information, 
reagent information and other such information, With the test 
device. The reader in the system is optionally adapted to read 
the symbology. 

[0011] Further, the systems optionally include a decision 
support system or systems, such as a neural netWork, for 
evaluating the digitiZed data, and also for subsequent assess 
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ment of the data, such as by integration With other patient 
information, including documents and information in medi 
cal records. All softWare and instrument components are 
preferably included in a single package. Alternatively, the 
softWare can be contained in a remote computer so that the 
test data obtained at a point of care can be sent electronically 
to a processing center for evaluation. Thus, the systems 
operate on site at the point of care, such as in a doctor’s 
of?ce, or remote therefrom. 

[0012] The patient information includes data from physi 
cal and biochemical tests, such as immunoassays, and from 
other procedures. The test is performed on a patient at the 
point of care and generates data that can be digitiZed, such 
as by an electronic re?ectance or transmission reader, Which 
generates a data signal. The signal is processed using 
softWare employing data reduction and curve ?tting algo 
rithms, or a decision support system, such as a trained neural 
netWork, or combinations thereof, for converting the signal 
into data, Which is used to aid in diagnosis of a medical 
condition or determination of a risk of disease. This result 
may be further entered into a second decision support 
system, such as a neural net, for re?nement or enhancement 
of the assessment. 

[0013] In a particular embodiment, systems and methods 
for detecting and measuring levels of a target analyte in a 
patient sample, analyZing the resulting data, and providing a 
diagnosis or risk assessment are provided. The systems and 
methods include an assay device in combination With a 
reader, particularly a computer-assisted reader, preferably a 
re?ectance reader, and data processing softWare employing 
data reduction and curve ?tting algorithms, optionally in 
combination With a trained neural netWork for accurately 
determining the presence or concentration of analyte in a 
biological sample. The methods include the steps of per 
forming an assay on a patient sample, reading the data using 
a re?ectance reader and processing the re?ectance data using 
data processing softWare employing data reduction algo 
rithms. In a particular embodiment, the assay is an immu 
noassay. Preferred softWare includes curve ?tting algo 
rithms, optionally in combination With a trained neural 
netWork, to determine the presence or amount of analyte in 
a given sample. The data obtained from the reader then can 
be further processed by the medical diagnosis system to 
provide a risk assessment or diagnosis of a medical condi 
tion as output. In alternative embodiments, the output can be 
used as input into a subsequent decision support system, 
such as a neural netWork, that is trained to evaluate such 
data. 

[0014] In a preferred embodiment, the assay device is a 
lateral ?oW test strip, preferably, though not necessarily, 
encased in a housing, designed to be read by the reader, and 
the assay is a sandWich immunoassay. For example, in one 
embodiment thereof, a patient sample is contacted With an 
antibody for a selected target analyte indicative of a disease, 
disorder or risk thereof. The antibody is preferably labeled 
by conjugation to a physically detectable label, and upon 
contacting With the sample containing the target analyte 
forms a complex. The antibody-analyte complex is then 
contacted With a second antibody for the antigen, Which is 
immobiliZed on a solid support. The second antibody cap 
tures the antibody-analyte complex to form an antibody 
analyte-antibody sandWich complex, and the resulting com 
plex, Which is immobiliZed on the solid support, is 
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detectable by virtue of the label. The test strip is then 
inserted into a reader, Where the signal from the label in the 
complex is measured. Alternatively, the test strip could be 
inserted into the reader prior to addition of the sample. 
Additionally, the housing may include a symbology, such as 
a bar code, Which also is read by the reader and contains data 
related to the assay device and/or test run. The signal 
obtained is processed using data processing softWare 
employing data reduction and curve ?tting algorithms, 
optionally in combination With a trained neural netWork, to 
give either a positive or negative result, or a quantitative 
determination of the concentration of analyte in the sample, 
Which is correlated With a result indicative of a risk or 
presence of a disease or disorder. This result can optionally 
be input into a decision support system, and processed to 
provide an enhanced assessment of the risk of a medical 
condition as output. The entire procedure may be automated 
and/or computer-controlled. 
[0015] In certain embodiments, the re?ectance reader is 
adapted to read a symbology on the test device. The sym 
bology is preferably a bar code, Which can be read in the 
same manner that the test strip in the device can be read. In 
these embodiments, the reader head scans across a bar code 
in a stepWise fashion. The data collected from the bar code 
is transformed into integrated peak information and ana 
lyZed as alphanumeric characters, Which are related to 
information related to the particular device and/or test run or 
other information, including patient information. Any bar 
code from among the many knoWn in the industry can be 
employed. In preferred embodiments, Code 39 (a trademark 
of Interface Mechanism, Inc., LynnWood, Wash.; see, e.g., 
US. Pat. No. 4,379,224, US. Pat. No. 4,438,327, US. Pat. 
No. 4,511,259 or Code 128 bar codes (see, e.g., US. Pat. No. 
5,227,893) are used. 

[0016] In a particular embodiment, the analyte to be 
detected is fetal ?bronectin (fFN) and the result obtained is 
a positive or negative indication of pregnancy or the risk of 
certain pregnancy-related conditions or fertility and infer 
tility-related conditions, including ectopic pregnancy, pre 
term labor, pre-eclampsia, imminent delivery, term induc 
tion and fetal membrane rupture. Thus, provided herein is a 
rapid fFN test using a lateral ?oW test device. At the very 
least, this test provides the same clinically relevant infor 
mation as a fFN ELISA (an enZyme linked immunosorbent 
sandWich assay (ELISA)) test heretofore available in sig 
ni?cantly less time and at the point of care. The fFN 
immunoassay provided herein alloWs the user to test a 
cervicovaginal sWab sample in about 20 minutes. When 
practiced as described herein, additional information, such 
as a more accurate risk assessment or diagnosis, can be 

obtained. 

[0017] The system herein provides a means to detect and 
to quantitate concentrations of fFN throughout pregnancy 
and to assess the risk and detect conditions associated 
thereWith. Because of the sensitivity of the combination of 
the reader and devices provided herein, fFN may be moni 
tored throughout pregnancy, including times When it is not 
detected by less sensitive systems. 

[0018] The re?ectance reader and test strip device also are 
provided herein. Also provided herein are the neural nets for 
assessing the data. 

[0019] Amethod for classifying an image also is provided. 
The method includes the steps of reducing the image to a set 
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of derived parameters from Which the image can be recon 
structed Within a predetermined degree of tolerance; input 
ting the derived parameters into a classi?cation neural 
network; and determining the classi?cation of the image 
based on the output of the classi?cation neural netWork. The 
method of reducing the image to a set of derived parameters 
is achieved by de?ning a mathematical function that con 
tains a plurality of parameters representative of the image; 
and optimiZing the parameters of the function using a 
methodology that minimiZes the error betWeen the image 
and a reconstruction of the image using the function. 

[0020] In an alternative embodiment, the method of reduc 
ing the image to a set of derived parameters is achieved by 
inputting the image into a trained neural network, Where the 
inputs to the netWork represent the image, the hidden layer 
of the netWork is such that the number of hidden elements 
is smaller than the number of inputs to the netWork, and the 
outputs of the netWork represent reconstruction of the 
image; and setting the derived parameters to the output 
values of the trained neural netWork. 

[0021] In another alternative embodiment, the method of 
reducing the image to a set of derived parameters is achieved 
by de?ning a neural netWork in Which the inputs to the 
netWork are the coordinates of a point in the image, the 
hidden layer contains a plurality of elements, and the output 
of the netWork represents the reconstruction of the associ 
ated point in the image; training the neural netWork so that 
the error betWeen the netWork output and the image are 
minimiZed for all points in the image; and setting the derived 
parameters to the Weights of the hidden layer of the trained 
neural netWork. 

[0022] The neural netWorks and computer systems used in 
the methods also are provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1A is a top vieW of an assay test strip, such 
as an immunoassay test strip; 

[0024] 
FIG. 1; 

[0025] FIG. 2A is a perspective vieW of an assay device, 
including the assay test strip of FIG. 1A and FIG. 1B and 
housing assembly and shoWing a bar code, Which can 
optionally be af?Xed to the housing; 

[0026] FIG. 2B is a perspective vieW of an alternative 
embodiment of an assay device, including the assay test strip 
of FIG. 1A and FIG. 1B and housing assembly and shoWing 
a bar code, Which can optionally be affixed to the housing; 

FIG. 1B is a side vieW of the assay test strip of 

[0027] FIG. 3 is a perspective vieW of the assay device of 
FIG. 2B shoWing the individual components of the device; 

[0028] FIG. 4 is a top vieW of an eXemplary housing 
assembly for the assay test strip of FIG. 1; 

[0029] FIG. 5 is a side assembly vieW of the housing 
assembly of FIG. 4; 

[0030] FIG. 6 is a top vieW of an embodiment of an assay 
reader and an assay device, inserted therein, in accordance 
With an exemplary embodiment of the reader; 

[0031] FIG. 7 is a perspective vieW of portion of the assay 
device of FIG. 2A shoWn inserted into a cassette slot of a 
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loWer housing and eXtending to a reader head assembly 
Within an exemplary embodiment of an assay reader; 

[0032] FIG. 8 is a top vieW of the loWer housing of the 
assay reader of FIG. 7 With the assay device inserted therein 
and a stepper motor shoWn positioned relative to the assay 
device as is When the assay device is fully inserted into the 
cassette slot of the reader; 

[0033] FIG. 9 is a side vieW of the loWer housing of the 
reader device of FIG. 7 With the assay device of FIG. 2A 
fully inserted With the stepper motor shoWn positioned 
relative to the fully inserted assay device, With a reader head 
shoWn positioned in a loWered position over a test opening 
of the assay device, and With a carriage Wheel shoWn 
engaged by the assay device so as to loWer the reader head 
into its loWered position therein; 

[0034] FIG. 10 is a side vieW of a reader head assembly 
such as is found in the reader device of FIG. 6; 

[0035] FIG. 11 is a side vieW of a reader head of the reader 
head assembly of FIG. 10; 

[0036] FIG. 12 is a reverse angle side vieW of the reader 
head assembly of FIG. 10; 

[0037] FIG. 13 is a reverse angle side vieW of the reader 
head of FIG. 11; 

[0038] FIG. 14 is a side vieW of the reader head assembly 
of FIG. 10, having been actuated so as to pivot the reader 
head assembly into a raised position suitable for insertion 
and removal of the assay device into and from the reader 
head assembly Within the assay reader; 

[0039] FIG. 15 is an end vieW of the reader head of FIG. 
11; 

[0040] FIG. 16 is an end vieW of the reader head assembly 
of FIG. 10; 

[0041] FIG. 17 is a cut-aWay vieW of the reader head 
assembly of FIG. 11 With ?rst and second light emitting 
diodes, a photodetector, corresponding ?beroptic bundles 
and an aperture at a loWer end thereof depicted; 

[0042] FIG. 18 is a partial closeup cross-sectional vieW of 
a reader head tip of the reader head of FIG. 17 shoWing the 
aperture and ends of ?beroptic ?bers of the ?beroptic 
bundles of FIG. 17; 

[0043] FIG. 19 is a closeup bottom vieW of the aperture of 
the reader head of FIGS. 17 and 18 illustrating a sigmoidal 
pattern for positioning individual ?beroptic ?bers (?beroptic 
conductors); 
[0044] FIG. 20 is a closeup end vieW of the corresponding 
?beroptic bundle at the ?rst light emitting diode of FIG. 17 
from Which the ?beroptic bundle conducts light from the 
?rst light emitting diode; 

[0045] FIG. 21 is a schematic diagram illustrating a 
process by Which an assay test strip is analyZed so as to 
determine an amount of background light at a control region 
of the assay test strip; 

[0046] FIG. 22 is a schematic diagram illustrating a 
process by Which an assay test strip is analyZed so as to 
determine an amount of re?ection resulting from a ?rst 
illumination of a control portion of the assay test strip; and 
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[0047] FIG. 23 is a schematic vieW diagram illustrating a 
process by Which an assay test strip is analyzed so as to 
determine an amount of re?ection resulting from a second 
illumination of a control portion of the assay test strip; 

[0048] FIG. 24 is a side vieW of an exemplary embodi 
ment of the reader that is adapted for reading a bar code; and 

[0049] FIG. 25 is an example of a bar code in accordance 
With an exemplary embodiment of the assay device. 

DETAILED DESCRIPTION 

De?nitions 

[0050] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as is com 
monly understood by one of skill in the art to Which this 
invention belongs. All patents and publications referred to 
herein are, unless noted otherWise, incorporated by reference 
in their entirety. In the event a de?nition in this section is not 
consistent With de?nitions elseWhere, the de?nition set forth 
in this section Will control. 

[0051] As used herein, point of care testing refers to real 
time diagnostic testing that can be done in a rapid time frame 
so that the resulting test is performed faster than comparable 
tests that do not employ this system. For example, the 
exempli?ed fFN immunoassay, is performed in less time 
than the fFN ELISA assay (i.e., less than about 3 to 4 hours, 
preferably less than 1 hour, more preferably less than half an 
hour). In addition, With the method and devices provided 
herein, it can be performed rapidly and on site, such as in a 
doctor’s of?ce, at a bedside, in a stat laboratory, emergency 
room or other such locales, particularly Where rapid and 
accurate results are required. The patient can be present, but 
such presence is not required. Point of care includes, but is 
not limited to: emergency rooms, operating rooms, hospital 
laboratories and other clinical laboratories, doctor’s of?ces, 
in the ?eld, or in any situation in Which a rapid and accurate 
result is desired. 

[0052] As used herein, an anti-fF N antibody is an antibody 
that binds selectively With fFN. Such antibodies are knoWn 
to those of skill in the art and also may be readily isolated. 

[0053] As used herein, a test strip refers to any means on 
Which patient test data or other data is generated, recorded 
or displayed in a manner that forms an image or from Which 
an image can be generated. Such strips, include, but are not 
limited to, immunochromatographic test strips, such as 
lateral ?oW devices, X-ray ?lms, such as X-rays and ?lms 
produced from sequencing gels, EKG printouts, MRI results 
and other such means that generate or from Which an image 
as de?ned herein can be generated. The strip is preferably 
adapted for scanning or reading by a reader, preferably the 
reader provided herein. Although referred to as a “strip,” it 
can be of any shape or geometry, including rectangular, three 
dimensional, circular, and so forth. 

[0054] As used herein, a sigmoidal pattern (also referred to 
herein as sigmoidal-like; see, e.g., FIG. 19) With reference 
to the ?beroptics refers to the S-shaped or snake-like pattern 
of illumination selected for maximiZing illumination across 
the lines on the test strip. The pattern is not strictly a 
sigmoidal shape, but refers to a pattern such as that depicted 
in FIG. 19, Which pattern provides a means for adding more 
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area to any reading. Any other pattern that achieved this 
result is encompassed Within this expression. 

[0055] As used herein, quantitative results are results that 
are absolute or relative values; qualitative results are typi 
cally negative or positive type results. 

[0056] As used herein, fetal restricted antigens refers to 
antigen that are present in pregnant Women uniquely, or in 
substantially elevated amounts compared to non-pregnant 
Women in maternal serum, plasma, urine, saliva, sWeat, tears 
and other bodily ?uids. 

[0057] As used herein, fetal ?bronectin is a fetal restricted 
antigen found in placenta, amniotic ?uid and fetal connec 
tive tissue. It differs structurally from adult ?bronectins. 
Fetal ?bronectin is not present in signi?cant quantities in 
maternal plasma or serum. Fetal ?bronectin may be captured 
With a general binding antibody, such as an anti-?bronectin 
antibody, or an anti-fetal restricted antigen antibody, such as 
anti-fetal ?bronectin antibody. 

[0058] As used herein, an immunoassay is de?ned as any 
method using a preferential binding of an antigen With a 
second material, a binding partner, usually an antibody or 
another substance having an antigen binding site, Which 
binds preferentially With an epitope of the fetal restricted 
antigen. Preferential binding, as used herein, refers to bind 
ing betWeen binding partners that is selective and generally 
speci?c, and demonstrates less than 10%, preferably less 
than 5%, cross-reactive nonspeci?c binding. The immunoas 
say methods provided herein include any knoWn to those of 
skill in the art, including, but not limited to, sandWich, 
competition, agglutination or precipitation, for example. 

[0059] As used herein, a solid support refers to the mate 
rial to Which the antibody is linked. A variety of materials 
can be used as the solid support. The support materials 
include any material that can act as a support for attachment 
of the molecules of interest. Such materials are knoWn to 
those of skill in this art. These materials include, but are not 
limited to, organic or inorganic polymers, natural and syn 
thetic polymers, including, but not limited to, agarose, 
cellulose, nitrocellulose, cellulose acetate, other cellulose 
derivatives, dextran, dextran-derivatives and dextran 
copolymers, other polysaccharides, glass, silica gels, gelatin, 
polyvinyl pyrrolidone, rayon, nylon, polyethylene, polypro 
pylene, polybutlyene, polycarbonate, polyesters, polya 
mides, vinyl polymers, polyvinylalcohols, polystyrene and 
polystyrene copolymers, polystyrene cross-linked With divi 
nylbenZene or the like, acrylic resins, acrylates and acrylic 
acids, acrylamides, polyacrylamides, polyacrylamide 
blends, copolymers of vinyl and acrylamide, methacrylates, 
methacrylate derivatives and copolymers, other polymers 
and co-polymers With various functional groups, latex, butyl 
rubber and other synthetic rubbers, silicon, glass, paper, 
natural sponges, insoluble protein, surfactants, red blood 
cells, metals, metalloids, magnetic materials, or other com 
mercially available media. 

[0060] As used herein, a reader refers to an instrument for 
detecting and/or quantitating data, such as on test strips. The 
data may be visible to the naked eye, but does not need to 
be visible. 

[0061] As used herein, a re?ectance reader refers to an 
instrument adapted to read a test strip using re?ected light, 
including ?uorescence, or electromagnetic radiation of any 










































