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(57) ABSTRACT 

A method and apparatus of diagnosing a cardiac disease 
state in as little as tWo minutes involving the utilization of 
an evanescent Wave assay system in conjunction With a data 
acquisition and analysis procedure that monitors the preci 
sion of assay results in real time (i.e., While data is being 
acquired). The method includes diagnosing a disease state 
using a diagnostic procedure (e.g., an immunoassay) 
Wherein the testing device informs the person conducting the 
test of the results of the test as soon as reliable test data is 
obtained (generally, <5% variation in the reaction rate of the 
assay). After Which point, the diagnostic procedure may be 
terminated. 
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DIAGNOSTIC DEVICE AND METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional of application Ser. 
No. 08/933,203, ?led Sep. 18, 1997, now US. Pat. No. 
6,222,619, issued Apr. 24, 2001. 

TECHNICAL FIELD 

[0002] The invention generally relates to diagnostic 
devices and, more particularly, to a point-of-care diagnostic 
device useful in the quick differential diagnosis of a myo 
cardial infarction or similar event in a subject. 

BACKGROUND 

[0003] Various cardiac markers are used in the diagnosis 
of cardiac function and disease. Among these markers is 
troponin. Troponin is a protein complex Which regulates the 
contraction of striated muscle. The troponin protein complex 
includes three distinct proteins. The ?rst is troponin I Which 
is an inhibitory sub-unit. The second is troponin C Which is 
a calcium binding sub-unit. The third is troponin T, a 
sub-unit Which attaches the troponin protein complex to 
tropomyosin on the thin ?lament of the striated muscle. 

[0004] Troponin I is believed to exist in three isoforms, 
one of Which exists in cardiac muscle, While the other tWo 
exist in skeletal muscle. The skeletal muscle isoforms are 
nearly identical, and have molecular Weights of about 
19,800 Daltons. Structurally, the cardiac isoform of troponin 
I is about 60% similar to the skeletal isoforms, and has a 
molecular Weight of about 22,500 Daltons. 

[0005] After the onset of an acute myocardial infarction, 
the cardiac isoform of troponin I is measurable in the serum 
after four to six hours. Peak serum concentrations are 
reached after tWelve to eighteen hours after the acute myo 
cardial infarction. Unlike other cardiac markers (e.g., CK 
MB and myoglobin), troponin I levels may remain elevated 
in the serum for several days before returning to normal. 
Because of these characteristics, the cardiac isoform of 
troponin I is used in the diagnosis of acute myocardial 
infarction. 

[0006] For example, the OPUS Troponin I from Behring 
Diagnostics, Inc. of WestWood, Mass. is a ?uorogenic 
enZyme-linked immunoassay (“ELISA” or “EIA”) for the 
quantitative measurement of troponin I in serum and hep 
ariniZed plasma. This assay uses tWo goat polyclonal anti 
bodies that are puri?ed to recogniZe different polypeptide 
segments believed to be unique to the cardiac isoform of 
troponin I. 

[0007] As detailed in US. Pat. No. 5,604,105, issued Feb. 
18, 1997 to JackoWski (“the J ackoWski patent”), speed is of 
the utmost importance in obtaining a reliable diagnosis of an 
acute myocardial infarction. The choice and ef?cacy of 
treatment depends to some extent on obtaining a reliable 
diagnosis of a myocardial infarction versus some other 
disease state, such as dyspnea. 

[0008] In the JackoWski patent, a method and device for 
diagnosing and distinguishing chest pain is described Which 
reportedly can aid an emergency room physician in deter 
mining Whether or not a patient is presenting With an 
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ischemic event (e.g., a myocardial infarction or unstable 
angina). The diagnostic test of the J ackoWski patent involves 
the simultaneous detection of three different cardiac markers 
in a sandWich assay and provides results to the physician 
Within about one-half hour. 

[0009] HoWever, time is of the essence With an ischemic 
event Where timely treatment can make the difference 
betWeen life and death. The present generation of clinical 
diagnostics assays for cardiac markers, such as CK-MB, 
myoglobin and Troponin I, typically take on the order of 1 
hour to perform. Thus, the time delay of the present gen 
eration of clinical diagnostics assays, including the one-half 
hour delay disclosed in the JackoWski patent, to determine 
the presence of an ischemic event is unacceptable. There 
fore, it Would be a signi?cant improvement in the art if 
means Were available to diagnose such an ischemic event in 
even a shorter time, e.g., something on the order of tWo 
minutes. 

DISCLOSURE OF INVENTION 

[0010] Surprisingly, it has been found that by carefully 
constructing, selecting, and using a biosensor With a three 
(or more) cardiac marker system, results can be quickly 
obtained and reported back to the monitoring physician 
Within, for example, tWo minutes. 

[0011] The invention thus includes a method of diagnos 
ing a cardiac disease state in as little as tWo minutes 
involving the utiliZation of an evanescent Wave assay system 
in conjunction With a data acquisition and analysis proce 
dure that monitors the precision of assay results in real time 
(i.e., While data is being acquired). 

[0012] For ischemic events, such as an acute myocardial 
infarction, it has been found that reliable results can be 
obtained Within about 1 to 2 minutes for positive specimens. 
These results are obtainable because patients suffering from 
acute myocardial infarctions have elevated levels of the 
cardiac marker proteins in their blood. For such elevated 
levels, it takes less reaction time to achieve a given precision 
in the assay determination. 

[0013] The invention also includes a method of diagnos 
ing a disease state using a diagnostic procedure (e.g., an 
immunoassay) Wherein the testing device informs the person 
conducting the test of the results of the test as soon as 
reliable test data is obtained (generally, <5 % variation in the 
reaction rate of the assay). After Which point, the diagnostic 
procedure may be terminated. 

[0014] The invention thus also includes diagnostic 
devices, such as biosensors, Which utiliZe the methods of the 
invention, and methods of making and using such diagnostic 
devices. 

BRIEF DESCRIPTION OF DRAWINGS 

[0015] In the draWings, Which depict presently preferred 
embodiments of the invention and in Which like reference 
numerals refer to like parts in different vieWs: 

[0016] FIG. 1 depicts an enlarged bottom vieW of the How 
cell top Which may be used With the invention. 

[0017] FIG. 2 depicts an enlarged section vieW of the How 
cell top of the preceding ?gure along section line 2-2. 
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[0018] FIG. 3 depicts an enlarged section vieW of the ?oW 
cell top of FIG. 1 along section line 3-3. 

[0019] FIG. 4 depicts an enlarged, exploded, perspective 
vieW of a biosensor Which may be used With the invention. 

[0020] FIG. 5 depicts an enlarged, side vieW of a lami 
nated gasket Which interacts With the ?oW cell top of FIG. 
1. 

[0021] FIG. 6 depicts an enlarged vieW of a plastic, 
molded ?at Waveguide With integrated input and output 
coupling lenses. 

[0022] FIG. 7 is an enlarged side vieW of the Waveguide 
of the preceding ?gure. 

[0023] FIG. 8 is a schematic diagram of a ?uorescent 
assay apparatus useful for practicing the invention, shoWing 
the ?oW cell assembly of FIG. 4 in a particularly useful 
orientation With respect to the earth. 

[0024] FIG. 9 is a styliZed, enlarged side vieW of a portion 
of a Waveguide and biochemical components of a immun 
o?uorescent assay for use With the invention illustrating 
spatially-resolved detection of ?uorescence emitted from a 
planar Waveguide sensor using different capture molecules 
and tracer molecules for detecting different analytes of 
interest in a sample solution. 

[0025] FIG. 10 depicts an enlarged, exploded, perspective 
vieW of the ?oW cell portion of a biosensor for use With the 
invention. 

[0026] FIG. 11 depicts an enlarged, exploded, perspective 
vieW of a biosensor according to the invention. 

[0027] FIG. 12 depicts an enlarged, styliZed, side vieW of 
a portion of a plastic ?lm Waveguide having an optical 
diffraction grating coupler. 

[0028] FIG. 13 depicts an enlarged, styliZed, side vieW of 
a portion of a plastic ?lm Waveguide to Which a separate 
optical diffraction grating has been associated. 

[0029] FIG. 14 is a graph of relative errors (%) of slope 
parameter in a linear curve ?t of myoglobin assay data. 

[0030] FIG. 15 is a graph of a standard curve calculated 
by linear regression of assay rate versus myoglobin concen 
tration for various time durations. 

[0031] FIG. 16 illustrates graphs of the assay results for 
three different channels for troponin I in a single assay, 
plotted as ?uorescence detected (Count Increase) as a func 
tion of time. 

[0032] FIG. 17 is a graph of a standard curve calculated 
by linear regression of assay rate versus troponin I concen 
tration for various time durations. 

[0033] FIG. 18 illustrates graphs of the assay results for 
the three different channels for CK-MB in a single assay, 
plotted as ?uorescence detected (Count Increase) as a func 
tion of time. 

[0034] FIG. 19 is a graph of a standard curve calculated 
by linear regression of assay rate versus CK-MB concen 
tration for various time durations. 

[0035] FIG. 20 illustrates graphs of the assay results for 
three different channels for myoglobin in a single assay, 
plotted as ?uorescence detected (Count Increase) as a func 
tion of time. 
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[0036] FIG. 21 is a graph of a standard curve calculated 
by linear regression of assay rate versus troponin I concen 
tration for various time durations. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0037] A. How Cell: 

[0038] The ?oW cell top, generally 100, depicted in FIGS. 
1 through 3, is preferably made of a light absorbing material 
(e.g., a metal such as aluminum having a passivated surface 
such as black anodiZed surface). The depicted ?oW cell top 
100 is generally plate-like, and is formed to contain a 
plurality of Wells or reservoirs 102, 104, 106 (for example, 
tWo to ten reservoirs). 

[0039] A design With at least tWo individual reservoirs has 
signi?cant advantages over a single reservoir embodiment, 
for instance, When it is desirable to measure the test sample 
?uorescence simultaneously With ?uorescence from a “con 
trol” region on the same Waveguide. For example, the level 
of non-speci?c binding to the Waveguide (or non-speci?c 
?uorescence) can be subtracted from the test sample ?uo 
rescence. Also, measurement changes due to ?uctuations in 
intensity of the exciting light can be corrected. In a dis 
placement assay, the “control” region could be a pre-loaded 
Waveguide With no analyte present in the sample, or With a 
knoWn amount of analyte. With the depicted embodiment of 
three or more Wells, ?uorescence can be measured for both 
a no-analyte control and at least one knoWn calibration 
analyte sample in addition to the “unknown” or test sample. 
HoWever, even With a single reservoir, the invention is able 
to analyZe multiple analytes in a single sample (e.g., by use 
of a single Waveguide in multiple experiments). 

[0040] In the depicted embodiment, the reservoirs 102 
106 have respective inlet/outlet apertures 108, 110, 112, 114, 
116, 118 extending through the ?oW cell top 100 for inject 
ing and WithdraWing the liquid to be analyZed into the 
reservoirs 102-106. In some cases, this liquid may be 
oscillated into and out of the reservoir With a pump, Which 
enhances the mixing of the analyte and reactant. With 
oscillation, the performance (e.g., speed) of the assay is 
increased. In the depicted embodiment, each aperture 108 
118 is associated With its oWn depressed recess 120, 122, 
124, 126, 128, 130 formed in the ?oW cell top 100. 

[0041] BetWeen the recesses associated With a particular 
reservoir, lateral or longitudinal channels may be formed in 
the ?oW cell top to aid in mixing the liquid contained Within 
the reservoir (not shoWn). 

[0042] In the depicted embodiment, the outer periphery of 
the reservoirs 102-106 are each de?ned by respective Walls 
132, 134, 136 Which are preferably integrally formed With 
the rest of the ?oW cell top 100, although they may be a 
separate component of the ?oW cell top. The inner circum 
ferences 138, 140, 142 of the Walls 132-136 are made of an 
inert, opaque material such as an inert, opaque plastic, or a 
metal such as passivated, black anodiZed aluminum, copper, 
stainless steel, or similar alloy. In the depicted embodiment, 
the entire ?oW cell top 100 is made of a metal, While in other 
embodiments (not shoWn), the ?oW cell top may be made of 
a non-metallic material, and an opaque, dark material or 
metal sleeve placed Within the reservoirs (not shoWn). 
Material in contact With the liquid should exhibit loW protein 
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absorption properties. Accordingly, a metal, a hydrophilic 
non-metallic material or a hydrophobic non-metallic mate 
rial coated With a thin ?lm of hydrophilic material (e.g., 
PEG, PLURONICS or other hydrogels) may be used. 

[0043] In the depicted embodiment, the apertures 108-118 
associated With the respective reservoirs 102-106 ?uidically 
communicate the recessed portions 120-130 of the reservoirs 
With a pair of respective receptacles 144, 146, 148, 150, 152, 
154 (shoWn by construction lines in FIG. 1) for receiving 
?uid inlet/outlet ports 156, 158 Which are associated With the 
?oW cell top 100 (FIG. 4). Although the ?uid inlet/outlet 
ports 156, 158 Will be described With regard only to one 
reservoir, it is to be understood that the description applies 
likeWise for the other reservoirs of the ?oW cell top (if any). 

[0044] As depicted in FIG. 4, the ?uid inlet/outlet ports 
156, 158 may be male threaded nipples Which interact With 
corresponding threaded members (threads not shoWn) bored 
into the ?oW cell top 100. The open ends of the nipples are 
in ?uid communication (e.g., by tubing or other conduit— 
FIG. 8) With, for example, a syringe pump (not shoWn). 
Other ?uid tight arrangements betWeen the ports and the 
?oW cell top can be used, so long as the sample ?uid 
communicates With the apertures 108-118. The liquid to be 
analyZed (e.g., Whole blood, plasma, diluents, or mixtures 
thereof) can thus be injected and WithdraWn from the 
reservoirs 102-106 by use of, for example, an oscillating 
pump (not shoWn). 
[0045] As further depicted in FIGS. 1 and 4, the outer 
peripheries of the Walls 132-136 also partially de?ne a 
recess 160 formed in the ?oW cell top. This recess 160 is 
formed to accept a gasket 162 (FIGS. 4 & 5) Which is more 
thoroughly described hereinafter. This gasket 162 cushions 
placement of a Waveguide onto the ?oW cell top 100 and 
impedes slippage of the Waveguide When associated With the 
?oW cell top. As is also more thoroughly described herein, 
the gasket, preferably, does not serve as any part of the Walls 
132-136 to contain the liquid Within a reservoir 102-106. 
The ?oW cell may be used With a quartZ Waveguide or, more 
preferably, With the hereinafter described plastic molded 
Waveguide 164. 

[0046] B. The Waveguide: 

[0047] As depicted in FIGS. 4, 6 & 7, a preferred 
Waveguide 164 is a plastic molded Waveguide (e.g., molded 
of an optical plastic, such as polystyrene) having integrated 
input 166 and output 168 coupling lenses. Such a Waveguide 
164 is preferably sled-shaped, having a planar (optical 
substrate) portion 170 With ?rst 172 and second 174 parallel 
plane surfaces and an edge having a thickness 173 therebe 
tWeen (FIGS. 6 and 7). At least one of the Waveguide 
surfaces 172 has a plurality of the selected capture mol 
ecules 240A, 240B, and 240C associated thereWith (e.g., 
immobiliZed thereon as depicted in FIG. 9), although other 
methods of bringing the capture molecules into suf?ciently 
close association With the surface may be used (e.g., by 
placing a strip immunoassay onto the Waveguide surface, or 
using a ?brous “mat” With capture molecules attached to the 
?bers). These surfaces 172, 174 should have the best optical 
smoothness possible. The thickness Will typically be 
betWeen 0.20 and 1.0 millimeter (“mm”), more preferably 
about 0.5 mm. 

[0048] The edge of the planar portion has a receiving 
region (e.g, lens 166) for receiving light to be internally 
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propagated. In the embodiment depicted in FIGS. 6 & 7, an 
input or receiving lens 166 is integrally adapted to the 
Waveguide adjacent the receiving region at the “front” of the 
Waveguide. Other methods of optically associating the lens 
to the planar portion could also be used. Surface speci?ca 
tions for such a lens or lenses are similar to the planar or 
“plate” portion of the Waveguide. A maximum roughness 
amplitude of 0.013 to 0.025 pm (0.5 to 1 pin) is preferred. 
Preferably, machine lines should be parallel (vertical When 
looking at lens) to the long axis of the Waveguide. Surface 
speci?cations for the side of the part and lens ramp areas are 
less stringent than the top and bottom surfaces of the plate 
structure. 

[0049] In another embodiment (not shoWn), the lens (or 
lenses) is not integrally associated With the Waveguide, but 
is adapted to interact optically With the Waveguide, or 
multiple Waveguides. 

[0050] Alternatively, rather than using a lens to couple 
light into the Waveguide, a grating could be used. Various 
gratings as Well as methods for incorporating them into a 
Waveguide are knoWn. See, e.g., US. Pat. No. 5,480,687, 
issued Jan. 2, 1996 to Heming et al., at column 4, lines 1-10, 
and column 6, line 20 to column 7, line 55, US. Pat. No. 
5,081,012, issued Jan. 14, 1992 to Flanagan et al., US. Pat. 
No. 5,455,178, issued Oct. 3, 1995 to Fattinger, US. Pat. 
No. 5,442,169, issued Aug. 15, 1995 to KunZ, and US. Pat. 
No. 5,082,629, issued Jan. 21, 1992 to Burgess, Jr. et al. 
Gratings may be fabricated by a number of means including 
but not limited to: embossing, molding, photolithography, 
direct etch electron beam lithography, interference lithogra 
phy, and phase shift lithography. Embossed gratings are 
mechanically stamped or thermally imbued onto a surface 
and thereupon af?xed to a substrate. Photolithographic grat 
ings are formed from the chemical development and etching 
of photoresist and substrate after masked illumination by an 
appropriate source. Interference and phase shift lithography 
are similar techniques Which alloW ?ner resolution of etched 
structures than does conventional photolithography. Ion or 
particle beam methods fabricate precise gratings by directly 
etching or “Writing” a grating substrate With a stream of ions 
or molecular particles. 

[0051] The grating itself can consist of an etched pattern 
of regular features in a metal ?lm coated onto the planar 
portion of the Waveguide or the front ramp. Standard dif 
fraction gratings such as those used in spectrometers like 
“replica” gratings (gratings comprised of a dried epoxy 
coated With metal) can be used. The use of such grating 
couplers helps to avoid fabrication complexities associated 
With the use of a receiving lens or plasma-etched gratings. 
The procedure for applying such couplers is presently used 
to emboss holograms onto plastic credit cards, and, using 
such a process, the coupler could be mass produced at a 
relatively loW cost. 

[0052] In an alternative embodiment shoWn in FIG. 12, a 
corrugated Waveguide With gratings 314 (>5 nm deep or 
thick) is associated With (e.g., molded on, adhered to, or hot 
stamped onto or embossed onto) the receiving region of a 
plastic thin ?lm Waveguide 316 (or a cast thin plastic planar 
Waveguide) associated With (e.g., adhered to) a loWer index 
substrate 318. Although in the depicted embodiment, the 
grating 314 is positioned betWeen the thin ?lm and the loWer 
index substrate, other orientations such as applying the 






















