01 JUN 2004 M crodroplet Dispensing for a Medical Diagnostic Device 5
Cross-Reference to Prior Application This application is a
continuation-in-part of Application Serial No. 09/333,765, filed hqnmNyﬁm
1999 Background of the Invention 10 1. Field of the Invention 15 This

I nvention relates to a nedical diagnostic device that is prepared by

noni npact printing; nore particularly, by noninpact printing of a reagent
onto a hydrophilic surface of the device. 2. Description of the Related Art
20 A variety of nedical diagnostic procedures involve tests on biological
fluids, such as blood, urine, or salivay; and are based on a change in a
physi cal characteristic of such a fluid or an elenent of the fluid, such
as bl ood serum The characteristic can be an 25 electrical, magnetic,
fluidic, or optical property. Wien an optical property is nonitored, these
procedures may nake use of a transparent or translucent device to contain
the biological fluid and aMieagdnbplétchisgensing |fghta absorpti on of the
fluid can be related to an 0# éUN %0@4 - 2 @nab¥te.concentration in, or
property of, the fluid. Typtcarfy, A PPIRT-XOUTTE'YS | ocated adjacent to
one surface of the device and a detector is adjacent to the

S Cross-Reference to Prior Application

This application is a continuation-in-part of Application
Serial No. 09/333,765, filed June 15, 1999

Background of the Invention

10
1. Field of the Invention

This invention relates to a medical diagnostic
device that is prepared by nonimpact printing; more
15 particularly, by nonimpact printing of a reagent onto a

hydrophilic surface of the device.

2. Description of the Related Art

20 A variety of medical diagnostic procedures involve
tests on biological fluids, such as blood, urine, or
saliva, and are based on a change in a physical
characteristic of such a fluid or an element of the
fluid, such as blood serum. The characteristic can be an

25 electrical, magnetic, fluidic, or optical property. When
an optical property is monitored, these procedures may
make use of a transparent or translucent device to

contain the biological fluid and a reagent. A change in

light absorption of the fluid can be related to an




opposite surface. The detector measures light transmtted 5 through a fluid
sanple. Alternatively, the light source and detector can be on the sane
side of the device, in which case the detector neasures |ight scattered
and/or reflected by the sanple. Finally, a reflector may be Ioc%ffﬂnﬁﬂmpr
adj acent to the opposite surface. A 10 device of this latter type, I'ch
light is first transmtted through the sanple area, then reflected

through a second tine, is called a "transfl ectance"” device. .References to
"light" throughout this specification and the appended cl ai ns should be 15
understood to include the infrared and_ultraviolet spectra, as well as the
visible. References to "absorption" are“neant to refer to the reduction in
intensity as a |ight beam passes through a nmedium thus, it enconpasses
both "true" ab33%gtion and scattering. 20 An exanple of a transparent test

device is de@BPRLIKEE CPRCGBFFRLLPN 1N, \@OAXPRETY bl ithfed Wi drebr vary 3,

1994. Their gopieglloPai $86he s6@rEd {OURIdMLed\Ridiadent WcAdpear ent or
translucent, 1npervious, and rigid or sem-rigid. An assay material is
cont ai ned wi EHFAaFRecssthg deviiCe taRRih HetRTIPOE GdiRsesitagoafheeagent s

at predet er g,pgg; 6kt 8arrI08. NPS| Ak dSc AP EREL AL 1NGhtS ¥Pangmi RtEgduced

just before conducting the assay. The conbination of assaé reagents and

analyte i n thbreugh| @ flesd|sample a Jhdmativedy.c &hepad, isewrceuch as
color, 01 JUN,3084tecBor d&h i on the same side of the device, in

which case the detector measures light scattered and/or
reflected by the sample. Finally, a reflector may be
located at or adjacent to the opposite surface. A

10 " device of this latter type, in which light is first
transmitted through the sample area, then reflected
through a second time, is called a “transflectance”
device. References to “light” throughout this
specification and the appended claims should be

15 understood to include the infrared and ultraviolet
spectra, as well as the visible. References to
"absorption” are meant to refer to the reduction in
intensity as a light beam passes through a medium; thus,
it encompasses both “true” absorption and'scattering.

20 ' An example of a transparent test device is described
in Wells et al. W094/02850, published on February 3,
1994. Their device comprises a sealed housing, which is
transparent or translucent, impervious, and rigid or
semi-rigid. An assay material is contained within the

25 housing, together with one or more assay reagents at
predetermined sites. The housing is opened and the
sample introduced just before conducting the assay. The

combination of assay reagents and analyte in the sample

results in a change in optical properties, such as color,




20 25 of selected reagents at the end of the assay. The results can be
read visually or wwth an optical instrunent. U S. Patent 3,620,676, issued
on Novenber 16, 1971 to Davis, discloses a colorinetric indicator foh 2004
|l iquids. The indicator includes a "half-bulb cavity", which is 1 JUN
conpressible. The bulb is conpressed and rel eased to forma suction that
draws fluid froma source, through a half-tubular -cavity that has an
indicator inprinted on its wall. The only controls on fluid flowinto the
i ndi cator are how nuch the bulb is conpressed and how |ong the indicator
inlet is imersed in the source, while_ ghe bulb is released. U S. Patent
3, 640, 267, issued on February 8, 1972 to Hurtig et al., discloses a
container for collecting sanples of body fluid that includes a chanber

that has reseligqbe cal Lapsbhle el Lhe e JEIdr of before the

cont ai ner |nPgtsls pl-ace i ng I en rel eased,
the wal | s ar eesedtsr ednt be rbadrvuauallnpsedWIthunn|Qnt10@damﬁng fluid into
and through. th |nIe As with the Davis device, discussed above, control
of fluid roN‘FﬁF “indicator is very- linmted. U S. Patent 4,088,448,
i ssued on May 9, ﬂ:9§8 Pateht! pp6Rb, aY6, Dssmoddsas Novambert €6 \mjgcn pernmts

oh Bho wal | St8TPavEAy| BJSCTRRER 5 cCelRrIe T LAHAGR P 0 o iRe. The
sanpl e m xesthbt in8heat8RJEHE1udds CaUSEa BB calvitydst etiiadl dschange.

compressible. The bulb is compressed and released to
form a suction that draws fluid from a source, through a
half-tubular cavity that has an indicator imprinted on

10 its wall. The only cohtrols on fluid flow into the
indicator are how much the bulb is compressed and how
long the indicator inlet is immersed in the source, while
the bulb is released.

U.S. Patent 3,640,267, issued on February 8, 1972 to

15 .Hurtig et al., discloses a container for collecting
samples of body fluid that includes a chamber that has
resilient, collapsible walls. The walls are squeezed
before the container inlet is placed into the fluid being
collected. when released, the walls are restored to

20 their uncollapsed condition, drawing fluid into and
through the inlet. As witﬁ the Davis device, discussed
above, control of fluid flow into the indicator is very’
limited.

U.S. Patent 4,088,448, issued on May 9, 1978 to

25 Lilja et al., discloses a cuvette, which permits optical
analysis of a sample mixed with a reagent. The reagent
is coated on the walls of a cavity, which is then filled
with a liquid sample. The sample mixes with the reagent

to cause an optically-detectable change.




0-1 JUN 2604 - 4 5 10 15 20 25 The test devices described above and in
the cited references typically conprise a dry strip having a reagent
coated on one or nore predeterm ned positions. Applying the se r%qgmﬂtﬂngo
their intended positions on |arge nunbers of these devices can, in
principle, be acconplished by standard printing processes; however,

noni npact printing provides sone distinct advantages. For exanple,

noni npact printers can be smaller, lighter, and |ess expensive, since they
don't have to endure the repeated inpact of print head on substrate. They
also pernmt the use of transparent subs#rates, as required for optical
devi ces that involve changes in light transmssion. Information on the
varieties of noninpact printing appears in J.L. Johnson, Principles of .
Noni mpact Printi age 3¥¢stddeviPakat deecPibed, above nend GA 1388 .citse®, al so,

"No-splatter spray makes better wafers," H. L Ber ger,, Machi ne Desi gn, Feb.
5, 1998, pp.r§f£5§FFeRnGM§1C?ﬁéyvﬁ?WBF?%g %fd¥Xwﬁ9é%Rnhﬁﬁﬁqﬁi9uL i nk-j et

printing has .chgen:i geRteli 6 8feSutipble HPEdetSErniherD PRAMIH iGhsN t h
reagent fluids. "British -Patent Specification, 1,526,708, published on
Sept enber 27ApPAYBRIdtbergstsagerkagept thesy ehgnded OogitdGnt ks a-

it g er on WhbeBeAnanBELE! 68 LHEsEl AEPIE SHPSIANGRSncIINY AR by a
accomplished by standard printing processes; however,
nonimpact printing provides some distinct advantages. For
example, nonimpact printers can be smaller, lighter, and
less expensive, since they don’t have to endure the

10 repeated impact of print head on substrate. They also
permit the use of transparent substrates, as required for
optical devices that involve changes in light
transmission. Information on the varieties of nonimpact
printing appears in J.L. Johnson, Principles of Nonimpact

15 Printing, 3d ed., Palatino Press, Irvine, CA 1998. {See,
also, “No-splatter spray makes better wafers,” H.L.
Berger, Machine Design, Feb. 5, 1998, pp. 52-55). Among
the varieties of nonimpact printing, ink-jet printing has
been identified as suitable for use in connection with

20 reagent fluids.

British Patent Specification, 1,526,708, published
on September 27, 1978, discloses a reagent test device
that comprises a carrier on which are printed two
different substances, separated by a “predetermined

25 interspace.” Ink-jet printing is one of the printing
techniques disclosed.

U.S. Patent 4,877,745, issued on October 31, 1989,
to Hayes et al., discloses a system for printing reagents

onto a printiﬁg medium by propelling droplets from a



interspace.” Ink-jet printing is one of the printing techniques disclosed.
U S. Patent 4,877,745, issued on Cctober 31, 1989, to Hayes et al.,

di scl oses a systemfor printing reagents onto a printing nedi um by
propelling droplets froma 01 JUN 2004 - 5 5 10 15 20 25 jetting tube %Wﬂ
repeating the process until a desired configuration of the reageﬂﬂJMH i
printed on the medium A piezo-electric print head was used. U S. Patent
5,108, 926, issued on April 28, 1992, to Klebe, discloses an apparatus for
precisely locating cells on a substrate by using an ink-jet printer either
to deposit the cells directly onto the sybstrate or to deposit cel
adhesion materials. The ink-jet printer “used was a Hew ett - Packard
Thinkjet[err] printer, which is a thermal ink-jet printer (see

Hew ett - Packard Journal, My, 1985). U Patent 5, 378,638, .issued on
January 3, 19§5ting tﬁg’ggaﬂé E?P?a?i?‘ggl Es)gﬁspﬁ?lc‘?;\%l%tr’slé?e‘?%%r? r the
det erm nat i ogocaffigranabit 6fi Bhd refgeft SasPpeintde® oel G@nthedbuhabra cat ed
by ink-jet printing_of reagents in a series of "conpartnents,” using a

t her mal ink-Pé?ZBFFA?CtHéQdPrEﬁEhhﬁPdtHésr%?%&ences cited above are
concerned, expligi&lypateh®Phi ¢08! Y26 § BshE@ISn S eari 29, 0O19$PE to

5 Klebe, discloses an apparatus for precisely locating
cells on a substrate by using an ink-jet printer either
to deposit the cells directly onto the substrate or to
deposit cell adhesion materials. The ink-jet printer
used was a Hewlett-Packard Thinkjet™ printer, which is a

10 thermal ink-jet printer (see Hewlett-Packard Journal,
May, 1985). '
U.5. Patent 5,378,638, issued on January 3, 1995, to
Deeg et al., discloses an analysis element for the |
determination of an analyte in a liquid sample. The _
15 element is fabricated by ink-jet printing of reagents in
a series of “compartments,” using a thermal ink-jet print:
head. '
Each of the references cited above are concerned,
explicitly or implicitly, with image spreading on the
20 print medium, because the sharpness of an image is
degraded to the extent that the liquid “ink” spreads
across the surface before drying. For diagnostic
applications, sharp “images” are typically required,
becausé different reagents are positioned close together

25 on a surface of a device but must not come into contact

(e.g., to react) until the device is wetted by an applied

sample.



print medium because the sharpness of an image is degraded to the extent
that the liquid "ink" spreads across the surface before drying. For
di agnostic applications, sharp "inmages" are typically required, Het#iNeilt
different reagents are positioned close together on a surface of a device
but must not conme into contact (e.g., to react) until the device is wetted
by an applied sanple. 01 JUN 2004 6 Summary of the Invention The present
i nvention provides a nmethod for preparing a medical diagnhostic reagent
device, conprising 5 the steps of a) providing a non-absorbent substrate,
having on its surface at |east one hydrog?ilic target area, b) providing
froma noninpact print head onto 10 apoint within the target area a
pul sed stream of mcrodroplets of a diagnostic reagent liquid, c¢) noving
the streamrelative to the substrate, and d% repeating steps b) and c) at
| east enough 15 tinmes to proStMBARY sefstherInyention form | ayer of the
liquid over the target area. A diagnostic reagent device of the present
i nvention neasures an anal yte concentration or characteristic of a
bi ol ogi cal fluid &h¢ PEesEnscdnyensjion puapidespplmethodnferea for
accepting a f_t L.Qh oG} | isS_an a_ .
predeternine8§E§§%§B%iFi@Egggggngiggég%kyédrééﬁeﬁ%&ﬁégaé%' 5L$Br151ng

5 the steps of

a) providing a non-absorbent substrate,
having on its surface at least one hydrophilic
target area,

b) providing from a nonimpact print head onto

10 a point within the target area a pulsed stream of
microdroplets of a diagnostic reagent liquid,

c) moving the stream relative to the
substrate, and '

d) repeating steps b) and c) at least enough

15 times to provide a substantially uniform layer of
the liquid over the target area.
A diagnostic reagent device of the present invention
measures an analyte concentration or characteristic of a
biological fluid and comprises
20 a) a sample application area for accepting a
sample of the biclogical fluid for analysis and

b) a predetermined hydrophilic reagent area,
onto which has been_applied, by nonimpact printing,
a diagnostic reagent liquid that interacts with the

25 sample to cause in the éample a physically-
measurable change that can be related to the analyte
concentration or characteristic of the fluid.

The sample appiication and reagent areas may

coincide or, alternatively, be spaced apart, with an



onto whi ch has been applied, by noninpact printing, a diagnostic reagent
liquid that interacts with the 25 sanple to cause in the sanple a

physi cal | y measurabl e change that can be related to the anal yte
concentration or characteristic of the fluid. The sanple applicatiqm gmd2004
reagent areas may coincide or, alternatively, be spaced apart, with an o 1
JUN 2004 7 I nternmedi ate path to convey the sanple. The neasurenent is
general ly, but not necessarily, made when the sanple is on the reagent
area, and in the description below, the neasurenent of interest is nade
when the sanple is in the 5 reagent are&. The method is particularly well
adapted for preparing a device for neasdring prothronbin tine (PT tine),
with the target area being coated with a reagent conposition that

catal yzes the blood clottln cascade. 10 Similar]y, the diagnostic reagent
strip of thel ?aSQrFPCGPHYﬁy fRE | SHBRHt ed TR TRARMFETRNE he PT

time of a \Mml aewe&%qlsarrblue nbt HeEHskArily S rﬁm&IJﬁ&atﬂw ﬁ\%we

appended clains, the term"mcrodroplet” re ers to droplets ng 15 a
vol ume in théSrQﬁgéhﬁréﬁﬁsﬁﬁﬁtaIeﬁrcénﬁtbm the 1desginfiiarerbelqw,i the

surprising tﬂé&sh?@m@%@r 8RNk hi &Fb¥r Of st igae t\@{%‘gtt}?é ?&atngidl des; P | or

results, since the hydrophilic surface woul expe to sprea he 20
r eagent thatrﬁégﬁépogrﬁéd whi ch had been thought to be wundesirable. Brief

Description of thenPr M-REY is particularly well adapted for

preparing a device for measuring prothrombin-time (PT

time), with the target area beimg coated with a reagent
composition that catalyzes the blood clotting cascade.

10 Similarly, the diagnostic reagent strip of the invention
is particularly well adapted for measuring the PT time of
a whole blood sample.

As used in this specification and the appended
claims, the term “microdroplet” refers to droplets having

15 a volume in the range from about 1 picoliter to 1
microliter.

It is surprising that the hydrophilicity of the
target area provides superior results, since the
hydrophilic surface would be expected to spread the

20 reagent that is deposited, which had been thought to be

undesirable,

Brief Description of the Drawings

25 Fig. 1 is a plan view of a device of the present
invention.
Fig. 2 is an exploded view of the device of Fig. 1.

Fig. 3 is a perspective view of the device of Fig.



25 Fig. 1 is a plan view of a device of the present invention. Fig. 2is
an expl oded view of the device of Fig. 1. Fig. 3 is a perspective view of
the device of Fig. 1. 01 JUN 2004 8 5. 10 Fig. 4 is a schematic of a neter
for use with a device of this invention. Fig. 5 is a graph of dat@ﬂ¢“wzm$
used to determne PT tinme. Fig. 6 is a plan view of an alternativ

enbodi nent of a device of this invention. Fig. 7 is a plan view of a
coating prepared by the nethod of the present invention. Fig. 8 is a
schematic of a noninpact printing process of this invention. Fig. 9is a
graph that denonstrates an advantage of _the present invention. Detailed
Description of the Invention 15 20 25 Thé medi cal di agnosti c reagent device
of this invention is prepared by depositing a reagent upon a hydrophilic
"reagent area" of a non-absorbent substrate by a noninpact printing
process. The devi ddd-s Yfist Beschepatifaprfr al mebsr afphyeseaviprameter of a
bi ol ogi cal device of this invention.

Fig. 5 is a graph of data that is used to determine
PT time.
5. Fig. 6 is a plan view of an alternative embodiment
of a device of this invention.
Fig. 7 is a plan view of a coating prepared by the
method of the present invention.
Fig. 8 is a schematic of a nonimpact printing

10 process of this invention.
Fig. 9 is a graph that demonstrates an advantage of

the present invention.

Detailed Description 6f the Invention
15 '
The medical diagnostic reagent device of this

invention is prepared by depositing a reagent upon a
hydrophilic “reagent area” of a non-absorbent substrate
by a nonimpact printing process. The device is of the

20 type that relates a physical parameter of a biological
fluid, or an element of the fluid, to an analyte
concentration in the fluid or to a property of the fluid.
Although a variety of physical parameters - e.g.,
eleétrical, magnetic, fluidic, or optical - can form the

25 basis for the measurement, a change in optical parameters
is a preferred basis, and the details that follow refer
to an optical device. A preferred embodiment of the
device includes a planar substrate, such as a

thermoplastic sheet. The substrate has on its surface a




fluid, or an elenment of the fluid, to an analyte concentration in the
fluid or to a property of the fluid. Al though a variety of physical
paraneters - e.g., electrical, magnetic, fluidic, or optical - cannﬂqnmﬂmﬁ
the basis for the neasurenent, a change in optical paranmeters 1is a
preferred basis, and the details that followrefer to an optical device. A
preferred enbodi nent of the device includes a planar substrate, such as a
t her mopl astic sheet. The substrate has on its surface a 01 JUN 2006 sanpl e .
application area and the reagent area, in which the sanple undergoes a
change in an optical paranmeter, such as §ight scattering. The substrate,
or "bottom layer,"” forns with "internmediate' and "top" |ayers a 5 bl adder,
to create a suction force to draw the sanple into the device, and a stop

juncti on, rec flow after.f rggent; ar
Preferably, t %I"H %épi b%rfa"‘h]fe%ﬁr;dtérﬂaénsparé & over tlr?ewr%ggélent ar ea,
so that the atka samplbe dfderdors nateithizye ard |aghtom:ama1e panramﬂa:r de and

the- t itted |ight. d on. th
noni et pr i FRER PRabPR CHACRET IS Sarit THAARF0 oF "BREHE and the

change in trangpék} edfbih@dtwith a irRcsthielidtfet kmdanaloyte lalyeidsuiad property
of interest. 15 Alternatively, light that js scattgﬁed froma fluid sanple
or |Bght thatP}rddes: He fh& SHHELAPLGE YA &S SRS ough a

second tine (@ #16é| @sFDEe Otand NAls (P ORirict iTnJ € of P od sdahecitep by a
detector on the sane side as the |light source. 20 This type of device is

suitabl e for BloMrak§r ofilling khe dfeagents af®dy ol ogi cal fluids, such as

Preferably, the device is substantially transparent
over the reagent area, so that the area can be

10 illuminated by a light source on one side and the’
transmitted light measured on the opposite side. The

‘nonimpact-printed reagent causes the sample to undergo a
change, and the change in transmitted light is a measure
of the analyte or fluid property of interest.

15 Alternatively, light that is scattered from a fluid
sample or light that passes through the sample and is
reflected back through a second time (by a reflector on
that opposite side) can be detected by a detector on the
same side as the light source.

20 This type of device is suitable for a variety of
analytical tests of biological fluids, such as
determining biochemical or hematological characteristics,
or measuring the concentration in such fluids of
proteins, hormones, carbohydrates, lipids, drugs, toxins,

25 gases; electrolytes, etc. The procedures for performing
these tests have been described in the literature. Among
the tests, and where they are described, are the

following:



determ ni ng bi ochem cal or hematol ogi cal characteristics, or nmeasuring the
concentration in such fluids of proteins, hornones, carbohydrates, |ipids,
drugs, toxins, 25 gases; electrolytes, etc. The procedures for perfornm ng
these tests have been described in the literature. Anbng the testg,) R0
where they are described, are the following: a 1 JUN 2004 10 5 10 15 20
25 (1). Chronogenic Factor Xlila Assay (and other clotting factors as
well): Rand, MD. et al., Blood, 88, 3432 (1996). (2) Factor X Assay:

Bick, R L. Disorders of Thronbosis and Henostasis: Cinical and

Laboratory Practice. Chicago, ASCP Pressig 1992. (3) DRWIT (D lute Russells
Vi per Venom Test): Exner, T. et al., Blood Coag. Fibrinol., 1, 259

(1990). (4) Innunonephelonetric and | nmunoturbidinmetric Assays for

Pr ot ei ns: V%icher | Ci 8 (1983). (5)
TPA Assay: Mann, faﬁaégﬂﬁc 7 $%'§$§§ hggag (ané g%ﬁaﬁbrtshorn

J.N et al., Bl ood 78 clc&a&r(sﬂmtor(%)aSAWE‘IlQAct R@EﬂedMPQrtﬁél al.
Thromboplastin Time  gyo04, gg, 3432 (1996) .
{(2) Factor X Assay: Bick, R.L. Disorders of
5 Thrombosis and Hemostasis: Clinical and
Laboratory Practice. Chicago, ASCP Préss,
1992..
{3) DRVVT (Dilute Russells Viper Venom Test):
Exner, T. et al., Blood Coag. Fibrinol., 1, 259
10 (1990) .
(45 Immunonephelometric and Immunoturbidimetric
Assays for Proteins: Whicher, J.T., CRC Crit.
Rev. Clin Lab Sci. 18:213 (1983).
(5) TPA Assay: Mann, K.G., et al., Blood, 76, 755,
15 - (1990) .; and Hartshorn, J.N. et al., Blood, 78,
833 (1991). '
{6) APTT {(Activated Partial Thromboplastin Time
Assay): Proctor, R.R. and Rapaport, S.I. Amer.
_ J. Clin. Path, 36, 212 (1961); Brandt, J.T. and
20 Triplett, D.A. Amer. J. Clin. Path., 76, 530
(1981); and Kelsey, P.R. Thromb. Haemost. 52,
172 (1984). '
{7} HbAlc Assay (Glycosylated Hemoglobin Assay):
Nicol, D.J. et al., Clin. Chem. 29, 1694
25 (1983) .
(8) Total Hemoglobin: Schneck et al., Clinical
Chem., 32/33, 526 (1986); and U.S. Patent

4,088,448.




Assay): Proctor, R R and Rapaport, S.1. Amer. J. din. Path, 36,.212
(-11961); Brandt, J.T. and Triplett, D.A Arer. J. din. Path., 76, 530
(1981); and Kel sey, P.R Thronb. Haenost. 52, 172 (1984). (7) HbﬁIcUAs y
(d ycosyl ated Henogl obin Assay): N col, D.J. et al., din. Chem QQ!Nf@@A
(1983). (8) Total Henoglobin: Schneck et al., Cdinical Chem, 32/33, 526
(1986); and U.S. Patent 4,088,448. 01 JUN 2004 - 11 5 10 15 20 25 (9)
Factor Xa: Vinazzer, H, Proc. Synp. Disch. Ges. Klin. Chem, 203 (1977),
ed. By Wtt, I (10) Colorinetric Assay for Nitric Oxide: Schmdt, HH, et
al ., Biochemca, 2, 22 (1995). The presppt_device is particularly well
suited for neasuring blood-clotting tine -- "prothronbin tinme" or "PT
time" - and details regarding such a device appear below. The

modi fi cations needgd tq, adapt the device for applicatjions such as those
li sted above requiéﬂ n%ﬁﬁ%&% angFBBFFﬁE‘e§pEr FRAt FYER: PHEERy s a

pl an view of a device Idesf Kiha.pchemnt, 20BVeD$7DN; . el 0By 2wi 6t ant expl oded
view and Fig. 3 a . . s .
(10) Colorimetric Assay for Nitric Oxide:
Schmidt, H.H., et al., Biochemica, 2, 22
S (1995) .

The present device_is particularly well suited for
measuring blood-clotting time - “prothrombin time” or “PT
time” - and details regarding such a device appear below.
The modifications needed to adapt the device for

10 applications such as those listed above require no more
‘than routine experimentation.

Fig. 1 is a plan view of a device 10 of the present
invention. Fig. 2 is an exploded view and Fig. 3 a
perspective view of the device. Sample is applied to

15 sample port 12 after bladder 14 has been compressed.
Clearly, the region of layer 26 and/or layer 28 that
adjoins the cutout for bladder 14 must be resilient, to
permit bladder 14 to be compressed. Polyester of about
0.1 mm thickness has suitable resilience and springiness.

20 Preferably, top layer 26 has a thickness of about 0.125
mm, bottom layer 28 about 0.100 mm. When the bladder ié
released, suction draws sample through channel 16 to
reagent area 18, which contains a nonimpact-printed
-reagent 20. In order to ensure that reagent area 18 can

25 be filled with sample, the volume of bladder 14 is
preferably at least about equal to the combined wvolume of
channel 16 and reagént area 18. If reagent area 18 is to

be illuminated from below, layer 28 must be transparent

where it adjoins reagent area 18. For a PT test, reagént




perspective view of the device. Sanple is applied to sanple port 12 after
bl adder 14 has been conpressed. Cearly, the region of |ayer 26 and/or
llayer 28 that adjoins the cutout for bladder 14 nust be resilient,pf 2004
permt bladder 14 to be conpressed. Polyester of about 0.1 nn thic&nggg
has suitable resilience and springiness. Preferably, top |layer 26 has a

t hi ckness of about 0.125 nmm bottom | ayer 28 about 0.100 mm When the

bl adder is released, suction draws sanple through channel 16 to reagent
area 18, which contains a noninpact-printed -reagent-20. In order to ensure
that reagent area 18 can be filled wiithx>sanple, the volune of bl adder 14
Is preferably at Ieast about equal to the conbined volune of channel 16
-and reagent area 18. reagent area 18 is to be illum nated from bel ow,

| ayer 28 nus a 3}5@5 L 101 iNS R0 pigdantS. For a PT
test, reagen% EfoéﬁﬁFégogﬁPé 5 %E%%B 20 25 20 contains tﬁ%ﬁnboplastln

that is freerefgentki ngrmadthyefoundoimealigpliiddired Xea@sHtis-i zed reagents.
As shown in Figs. ﬁ% sﬁOwﬁmf’nsFl %oplj L@cté P2 5123 Ghieilgfder 14 and

reagent area 18; wWever, |nuat|on channel “16 may be on either or
both sides afijeing blmddennltzﬂand;m@&nmgpnehe 18 opoweveri.o® from reagent

ggen% ésf i’i(r;\(;lvl g%%gigg%tg{.o%.rof ien, i de Iséiq%f bd SICRGTNORY WAt 23aéé

of stop junction 22, separating the stop junction from
reagent area 18 and/or bladder 14. When the sample
reaches stop junction 22, sample flow stops. For PT
measurements, it is important to stop the flow of sample

10 as it reaches that point to permit reproducible “rouleaux
formation” - the stacking of red blood cells - which is
an important step in monitoring blood clotting using the
present invention. The principle of operation of stop
junctions is described in U.S. Patent 5,230,866,

15 incorporated herein by reference.

As shown in Fig. 2, all the above elements are 7
formed by cutouts in intermediate Iayer 24, sandwiched
between top layer 26 and bottom layer 28. Preferably,
layer 24 is double-sided adhesive tape. Stop junction 22

20 is formed by an additional cutout in layer 26 and/or 28,
aligned with the cutout in layer 24 and sealed with
sealing layer 30 and/or 32. Preferably, as shown, the
stop junction comprises cutouts in both layers 26 and 28,
with sealing layers 30 and 32. Each cutout for stop

25 junction 22 is at least as wide as channel 16. Also
shown in Fig. 2 is an optional filtér 12A to cover sample
port 12. The filter may separate out red blood cells
from a wholé blood sample ahd/or may contain a reagent to

interact with the blood to provide additional



measurenents, it is inmportant to stop the flow of sanple as it reaches
that point to permt reproducible "roul eaux formation" - the stacking of
red blood cells - which is an inportant step in nonitoring bl ood clgqpmﬂqmu
using the present invention. The principle of operation of stop junctions
I's described in U S. Patent 5,230,866, incorporated herein by reference.
As shown in Fig. 2, all the above elenents are fornmed by cutouts in
internedi ate |ayer 24, sandw ched between top |ayer 26 and bottom | ayer

28. Preferably, layer 24 is doubl e-sided adhesive tape. Stop junction 22
is formed by an additional cutout in layes 26 and/or 28, aligned with the
cutout in layer 24 and sealed with sealing |ayer 30 and/or 32. Preferably,
as shown, the stop junction conprises cutouts in both |layers 26 and 28,

with sealing | ayers 30 and 32..Eaiﬁ§§3&ﬁyt for stog junction ﬁZ i s at

| east as wi de'THOTRNE - 18 SAILS Ueh EPPPI2SFE AR 8PEPONAPPEFI ter

12A to cover maBitdhe PPrteferabiie d idd1gisuTdvnechembiraneubfr elebkope cell s
from a whol e bl ood sanpl e and/or nmay contain,a reagent to interact with

the bl ood to el enddion Sractyel) DNaspestices IRR: or FREPBAC A suitabl e
filler comprichmdl AYRAGRAl Ge TR 8APRBLCDEOLY, aoROLNTHLEARE
menbr ane of the type val | abl e from Spectr al agnostics, Inc., Toronto,
Canagla. Opti dwal & eunfaas ofsAayer R end pesifjigpedt oveTrt seageBlirface of
et S Mok o S
of Figs. 1, & tareths¥lectance device.
The method of using the strip of Figs. 1, 2, and 3
can be understocod with reference to a schematic of the
10 . elements of a meter shown in Fig. 4, which contemplates
an automated meter. Alternatively, manual operation is
also possible. (In that case, bladder 14 is manually
depressed before sample is applied to sample port 12,
then released.)
15 The first step the user performs is to turn on the
meter, thereby energizing strip detector 40, sample
detector 42, measurement system 44, and optional heater
46. The second step is to insert the strip. Preferably,
the strip is not transparent over at least a part of its
20 area, so that an inserted strip will block the
illumination by LED 40a of detector 40b. (More
preferably, the intermediate layer is formed of a non-
transparent material, so that background light does not
enter measurement system 44.) Detector 40b thereby
25 éenses that a strip has been inserted and triggers
bladder actuator 48 to compress bladder 14. A meter
display 50 then directs the user to apply a sample to
sample port 12 as the third and last step the user must

perform to initiate the measurement sequence.



can be understood with reference to a schematic of the 10 elenents of a
meter shown in Fig. 4, which contenplates an automated neter

Al ternatively, manual operation is also possible. (In that case, blfadiigr 2004
14 is manual ly depressed before sanple is applied to sanple port 12, then
rel eased.) 15 The first step the user perforns is to turn on the neter,
thereby energizing strip detector 40, sanple detector 42, neasurenent
system 44, and optional heater 46. The second step is to insert the strip.
Preferably, the strip is not transparent over at |least a part of its 20
area, so that an inserted strip will block the illumnation by LED 40a of
detector 40b. (More preferably, the intédrhediate |ayer is formed of a non-
transparent nmaterial, so that background |ight does not enter neasurenent
system 44.) Detector 40b thereby 25 senses that a strip has been inserted
and triggers bl adodte esbtigt sampBet poronps essf bécitdez. 1Mhen retsampli spl ay

50 then directs the user to.apply, a sa e to . sanpl ont the third
and | ast steplﬁhénfi§8§uﬁﬁ tlﬁggf é"?n ?%“?Jrﬁ’ FAY tlfrg %%Os{}?seﬁérﬁ%ﬁ:se%l? nce.
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i ntroduced into. the sanple port, it absorbs light, from, LED 42a and
thereby reduckR €REeftgrt 42Rat That FeMGEPD t’dpgét%'orlrhﬁnﬁ’hat

redugtion in Lighhisi Bctihfor 5481 Ghats] dddl B 1MAdE: 110 elHas erdthaddert 14.
The resultant Suction in channel 16 draws sanple thrqugh reagent area 18
to stop junctseaton ingakarneh lERivANs RIS qnﬁQHé§1§ aneds 18,

and detector 44b.gogi{Qr $uhb€ion 22. Light from LED 44a passes
through reagent area 18, and detector 44b monitors the
light transmitted through the sample as it is clotting.
10 When there are multiple reagent areas, measurement system
44 includes an LED/detector pair (like 44a and dﬁb} for
| each reagent area. Analysis of the trahsmitted light as
a function of time {as described below) permits a
calculation of the PT time, which is displayed on the
15 meter display 50. Preferably, sample temperature is

maintained at about 37°C by heater 46.
Fig. 5 depicts a typical “clot signature® curve in
which the current from detector 44b is plotted as a
function of time. Blood is first detected in the reagent
20 area by 44b at time 1. In the time interval A, between
points 1 and 2, the blood fills the reagent area. The
reduction in current during that time interval is due to
light scattered by red cells and is thus an approximate
measure of the hematocrit. At point 2, sample has filled
25 the reagent area and is at rest, its movement having been
stopped by the stop junction. The red cells begin to
stack up like coins (rouleaux formation). The rouleaux
effect allows increasing light transmission through the

sample {and less scattering) in the time interval between



light transmtted through the sanple as it is clotting. 10 Wen there are
mul tiple reagent areas, neasurenent system 44 includes an LED/ detector

pair (like 44a and 44b) for each reagent area. Analysis of the transmtt ﬁ
light as a function of tine (as described bel ow) pernits a caIcuIatﬂi]oﬂn"‘loiﬁ’l
the PT tinme, which is displayed on the 15 neter display 50. Preferably,
sanple tenperature is nmaintained at about 37C by heater 46. Fig. 5 depicts
a typical "clot signature' curve in which the current fromdetector 44b is
plotted as a function of tinme. Blood is first detected in the reagent 20

area by 44b at tinme 1. In the tine intervwgl A between points 1 and 2, the
blood fills the reagent area. The reduction in current during that tine
interval is due to |light scattered by red cells and is thus an approxi mate

neasure of the hematgcrit,._ At point, 2, samle s filled 25 the reagent
area and is aPO?BEF,Bi?Eén%ve %tP?&R&.ﬁS;E;QF'£§§ﬂﬁ£&?”b§”%ﬁhf§P&ﬁa%x
junction. Thefpefla€ebhSak@0t Farksini $di6iK tHrdudie tia Ranpleurkadkesoanat i on) .

The roul.eaux effect allows increasing |ight transnjssion thrqugh the
sanpl e (and |®Ba%imem;  eFRAST i Wi LAY ke iGRIGuIAtaskdrom the jokeryst - 15

points 2 and §.pétwdéh bodhts! DladPrialy Hesidln OWRRUX rher@aiices  and
transm ssion through the sanple reaches a maxinum The PT tine can be
cal ctl at ed frioleedechanges Stat®e faiamdipuichtte B HaNi3zseliseofdenwathnd 3.

Thereafter, 5_.b ram.l i guig.t Q. e i d ., with a
a %@%%@?ﬁ@% t te‘la}mm QYight! @ Anailissitn d @8k

corresponding r ransm ssion. The -reduction in current C
bet ween t he mesdweilmi G ainl @ithC betoseane (tdice aginnf i3paingo gadppanthe
sanpl e.

4 correlates with fibrinogen in the sample.
Fig. 6 depicts a preferred embodiment of the present

10 device. It is a multi-channel device that includes a
bypass channel 52. Bypass channel 52 provides a path for
sample to travel after sample has beén drawn into reagent
areas 118, 218, and 318. Sample is drawn into the bypass
channel by the reduced pressure on the bladder side of

15 stop junction 122. Sample flow stops when the ambient
pressure is equalized on both sides of the stop junction.
Reagent area 118 contains thromboplastin. Preferably,
reagent areas 218 and 318 contain controls, more
preferabiy, the controls described below. Area 218

20 contains thromboplastin, bovine eluate, and recombinant
Factor VIIa. The composition is selected to normalize
the clotting time of a blood sample by counteracting the
effect of an anticoagulant, such as warfarin. Reagent
area 318 contains thromboplastin and bovine eluate alone,

25 to partially overcome the effect of an anticoagulant.

Thus, three measurements are made on the strip. PT time

of the sample, the measurement of primary interest, is

measured on érea 118. However, that measurement is

validated only when measurements on areas 218 and 318



Fig. 6 depicts a preferred enbodi nent of the present 10 device. It is a
mul ti-channel device that includes a bypass channel 52. Bypass channel 52
provides a path for sanple to travel after sanple has been drawn i@QqUNZML
reagent areas 118, 218, and 318. Sanple is drawn into the bypass channel
by the reduced pressure on the bl adder side of 15 stop junction 122. Sanple
fl ow stops when the anbient pressure is equalized on both sides of the
stop junction. Reagent area 118 contains thronboplastin. Preferably,
reagent areas 218 and 318 contain controls, nore preferably, the controls
descri bed bel ow. Area 218 20 contains thygnpoplastin, bovine eluate, and
reconbi nant Factor Vila. The conposition is selected to nornalize the
clotting time of a blood sanple by counteracting the effect of an
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ant i coagul antbothl s tHdwee eofitaalr merBlgement Shaee ooutfibdst the. rd&digé, ne  of

the sanple, the nmeasurenent, of primary interegt, is neasured o rea 118.
However, thatthRa&urShaHE S 1V§FF85Féd BﬁFﬁnaﬁgnSﬁ%ﬁsﬁ?%ﬁ%h?% areas 218

and 318 01 JWNo#0%1owlGn ¥iel dhiesukbaguht hapess predet erm ned range. |f
either or 'both of these control neasurenents are Qutside the range, then

a rétest is indicdhe) demicenpdgterss fonELgsn 129ndse opRAfA8SETIPER | three

reagent areagpoyel 18 PeUiFeSaBl ¢t ¥68fleliNbyi Bimida @ity 2cReENSSEast Red  above
is preferably formed by | am nating thernoplastic sheets 26 and 28 to a
t her mopl ast | shieetsr @8dpade2Bayer a2ihermaplasti qohrtermediatet FAYAT (44

surfaces. Theuout QULSaghesive on both of its surfaces. The cutouts
that form the elements shown in Fig. 1 may be formed, for
10 example, by laser- or die-cutting of layers 24, 26, and
28.
The reagent area 18 on bottom layer 28 is defined by
the cutout in intermediate layer 24. Preferably, the
bottom surface of top layer 26, facing bottom layer 28,
15 is hydrophobic, at least in the region of channel 16 and
reagent area 18. The surface of reagent area 18 is
hydrophilic. Preferably, the surface of sample port 12
is hydrophilic as well, to facilitate filling of the
device; i.e., moving the sample from port 12 to reagent
20 area 18. A convenient way to have hydrophilic sample and
reagent areas is to have the entire surface of bottom
layer 28 be hydrophilic. Commercially available
thermoplastic films having suitably hydrophilic surfaces
include 3M 9962 Antifog Film (*Antifog”), available from
25 Medical Speéialties, 3M Health Care, S§t. Paul, MN; FMC
GelBond Film, available from Bio Whittaker Molecular
Applications, Rockland, ME; polyethylene terephthalate

(PET) film, whose surface has been flame-corona- or

plasma-treated; ionomer film; and other conventional




that formthe elenents shown in Fig. 1 may be formed, for 10 exanple, by

| aser- or die-cutting of layers 24, 26, and 28. The reagent area 18 on
bottom | ayer 28 is defined by the cutout in internediate | ayer 24. 1.1uN 7
Preferably, the bottom surface of top |ayer 26, facing botton1|ayep ﬂg W%
I s hydrophobic, at least in the region of channel 16 and reagent area 18.
The surface of reagent area 18 is hydrophilic. Preferably, the surface of
sanple port 12 is hydrophilic as well, to facilitate filling of the
device; i.e., noving the sanple fromport 12 to reagent 20 area 18. A
conveni ent way to have hydrophilic sanple, and reagent areas is to have the
entire surface of bottom |ayer 28 be hydrophilic. Comrercially avail able
thernoplastic filns having suitably hydrophilic surfaces i ncl ude 3M 9962

Antifog Film ("Antifog"), available from C|alt|es 3M Heal th
Care, St. PathermRPlpREiccEtEBRdhRYIRg %Vi’r’?%diel % WA t aker

Mol ecul ar AQBIa't‘iﬁbbonsThgoﬁm:ﬁﬁgg M pRo ﬂ_emyéﬁwed aigthtdhaet e (PET)
film whose surfacé has been fl ame-corona- pl aspa-treat ed; iononer

film and ot peppsdevanyi eparing auf dpokhe Pl‘ie/felf rﬁ%%%’{%efl | ms havi ng
hydr ophi lic Eg&%@ggg or coatings. The Antifog is PET filmcoated with a
3M proprietary coafing and is the preferred substrate material. 5 In

det @rmini ng the sdnt detkrmynihgatbebsuibebiibey ehea preReratR F% and

O ot o e BEGsHNE BBOLLL C4h mEBHoBE (IR SRR IRy aRyRiALi iy o ent

ways. Contac € 'S nom na tween the
can be determined in several different ways.

Contact angle is nominally the angle between the
edge of a drop of fluid (usually purified water) that

10 sits atop a wettable surface and the surface itself. The
method for measuring the contact angle has beén
standardized, and can be carried out using manual or
automated equipment. (ASTM Test Method D5946-96, Standard

, ‘Pest Method for Corona-Tested Polymer Films Using Water

15 Contact Angle Measurements.) The data can generally by
considered accurate and reproducible when the measured
angle is greater than 25°, and films are considered quite
wettable if the contact angle is about 60° or less. The
angles measured for Antifog were about 25°.

20 Wetting tension is measured by spreading solutions
of known surface tension onto a surface to be tested and
observing if the solutions "bead up.” (ASTM Test Method
D2578-94, Standard Test Method for Wetting Tension of
Polyethylene and Polypropylene Films). Beading up

25 indicates that internmal liquid attractive forces overcome
adsorptive attraction of the surface. The solutions are
calibrated in units of dynes/cm, and are referred to as

dyne solutions. They are commercially available in the

range of 30 to 60 dynes/cm. A surface is tested starting




edge of a drop of fluid (usually purified water) that 10 sits atop a
wettabl e surface and the surface itself. The nethod for neasuring the
contact angle has been standardi zed, and can be carried out using %ﬁgﬁﬂl 04
or automated equi pnent. (ASTM Test Met hod D5946-96, Standard Test 073
for Corona-Tested Polynmer Filns Using Water 15 Contact Angle Measurenents.)
The data can generally by considered accurate and reproduci bl e when the
nmeasured angle is greater than 25, and filns are considered quite

wettable if the contact angle is about 60 or |ess. The angles neasured for
Antifog were about 25. 20 Wetting tensigis neasured by spreading
solutions of known surface tension onto a surface to be tested and
observing if the solutions "bead up." (ASTM Test Method D2578-94, Standard

Test Method for Wepti Tepsi on of o] yet hyl ene | yDpr.opy, e Filns).
Beadi ng up ZﬁthdFéﬁt ngFﬁgtv?ﬂ‘t’eér?\% u'f%/ ui%‘it?ﬁ%%ﬁl’?%r%gsé%ercone
adsorptive ahk?aégton af stpfaser{acsess Tdeed othe i dyrse &ere valkle brated in
units of dynes

cm and are referred fo as ne solutions. They e
commer ci al | ycavEEFRANEiINg Fﬂeth‘?"'an@%{‘b?l% %%0"%5 cﬁﬁ’reﬁcgﬁ"}q{ace is
tested startggg QApIbRiRR0d1y dfo ¥eidndde |onesé Aritifoghetteah and
progressing to the highest. A surface is assigned thetgyne/cnlyalue

cor sespondi nallothpasodvriensn inhdras pegmCharectrtiged 1df M idmt el y
t wo SeCO”dS-a%gsﬁe%&'twﬂg"\%ﬁ@ﬂoﬂ%réa@éf £1n SO0 Wyreds/crht has been

characterize aving a “surface wetting tension greater than 65) :
dynes/cm 3Ms Me@Méal Megiealdl Specimbbies ndeparEiente 229 1develongd 18 ng t est

to CharaCter&égt¥§&eEé¥€tEbnahggaéiészéEwéter—wetting of film. (3M
SMD #6122, Wetting Test, December 4, 1998 - available

10 from 3M Center, St. Paul, MN 55144-1000.) The test
involves careful placement of an aqueous dye solution
onto a surface, drying it, and measuring the diameter of
the dried spots. The data collected were generally in
the 35 to 40 point range, which indicates a very wettable

15 surface.

Based on the measurements described above, we
conclude that the Antifog surface is extremely
hydrophilic. When a surface is adequately hydrophilic,
then reagent droplets spread over the surface and,

20 providing sufficient droplets are deposited, form a
substantially uniform layer of the reagent over the
desired area. As used in this specification and the
appended claims, the term *substantially uniform” should
not be construed as necessarily suggesting ;hat the

25 surface coating thickness is the same over the entire
target area, nor even that the entire surface is coated.

Fig. 7 depicts a plan view of part of a typical
coated target area. Note that part of the surface (3a)

remains uncoated, although most of the surface (B) is



SMD #6122, Wetting Test; Decenber 4, 1998 - available 10 from 3M Center,
St. Paul, WMN 55144-1000.) The test involves careful placenent of an
aqueous dye solution onto a surface, drying it, and measuring the @13@¢Q@&
of the dried spots. The data collected were generally in the 35 to

poi nt range, which indicates a very wettable 15 surface. Based on the
measur enent s descri bed above, we conclude that the Antifog surface is
extrenely hydrophilic. When a surface is adequately hydrophilic, then
reagent droplets spread over the surface and, 20 providing sufficient
droplets are deposited, forma substanthalLy uniformlayer of the reagent
over the desired area. As used in this specification and the appended
clainms, the term"substantially uniform should not be construed as

necessarily sugdestingpLhAL hS 28 SULACGHENAL HRY LB EkBCEa-ba:t he same

over the entiT&"% fget” area, rndr even at the entire surface i s coated.
Fig. 7 depi ct@rea planceawed of hraferebly .t whiickhessoxaedataenst iarthe Not e

that part of the surface ( remai.ns _uncoat ed, al : t he
surface (B) i%o%teigﬂif\?afbo@)- & "851&1"8&.9%; %f'gr'abﬁggggpspggéggégout 80% of
the target ardss ichavailathe Riafedr albley avietiagienehs ckaesat bbnshencoaeedcoat ed
areas (B) are mnimzed; e. .,_thickes&nre I Qn s than_three tinmes the

|
average t hi clai@d AVETRI SRRedng &g ré&ec8gg?pnar?ﬁfckﬁess in coated

areas is genahalidal BPutodt .M wieFRRter ababut Wi mie#dmeter,dependi ng

on the nature of the reagent and the particul ar apg icahion. .
depending on the nature of the reagent and the particular

application.
Fig. 8 depicts a schematic of an apparatus for
10 " nonimpact printing of reagent onto the reagent area of a
substrate of the present invention. Print head 60
repeatedly ejects a stream of reagent droplets onto web
62, which moves in the direction shown by the arrow.
Optional masks 64 and 66 ensure that the droplet stream
15 only reaches web 62 in reagént areas 18.

To control the printing, mask 66; i.e., the mask
closest to print head 60, optionally has a hydrophobic
surface 68 facing the print head. Reagent from the
multiple dispenser nozzles of print head 60 forms

20 multiple reagent dots on mask surface 68. Because the
surface is hydrophobic, the dots remain isolated and can
be individually viewed by a downstream optical system 70.
The hydrophilicity of surface 18 causes the drople;s
arriving on that surface to spread and/or coalesce, so it

25 is more difficult for optical system 70 to detect
individual dots directly on the reagent area. .

Optical system 70 can detect and, if desired, reject
defective product. For example, an absence of dots may

indicate that one or more dispenser nozzles are




Fig. 8 depicts a schematic of an apparatus for 10 noni npact printing of
reagent onto the reagent area of a substrate of the present invention.
Print head 60 repeatedly ejects a stream of reagent droplets onto \ebjyNoAlk
whi ch noves in the direction showmn by the arrow. Optional nasks 64 and 66
ensure that the droplet stream 15 only reaches web 62 in reagent areas 18.
To control the printing, mask 66; i.e., the nmask closest to print head 60,
optionally has a hydrophobic surface 68 facing the print head. Reagent
fromthe nultiple dispenser nozzles of print head 60 forns 20 nmultiple
reagent dots on mask surface 68. Because the surface is hydrophobic, the
dots remain isolated and can be indivrd&ﬁlry vi ewed by a downstream
optical system 70. The hydrophilicity of surface 18 causes the droplets
arriving on that surface to spread and/or coal esce, so it 25 is nore
difficult fordepectavesysamomgothe siettadle iontiidadusletestd om methodson t he

reagent area. ti,c stem 70 _can dete | f i ej

def ective pro8f tqa%ﬁgﬁi\ﬁprpjé?r%snc%%'en%ﬁea o¥ 8’33 p(r%g%err?%&géatlg%t at one
or nore di spepstiamiwdzies, asec 0l OpiN &y, 20 cdlor@nt5 def ective. Anong
the suitable det ecti on_ net.hods rk fiel

shadowi ng, pagf'é‘:’%glﬁﬁ‘?niza X¢: §9% BT rﬁqq?a)d],etogtat&e éﬁaﬁg%r?a ﬁ—{??%%?(c%y)ii&r ant, or
a fl gorescentmgye, es8D1 PevigiisTl tio tdist i@y esyistiem Wake For mexaepdasi |y
visible to Oahéggilgggtgf&gwhyé?naégggwﬂéha reagent to about 0.1%

' final concentration, makes the reagent visible to an
optical system, without substéntially altering the
measurements made with the reagent.

1d Print head 60 may be ‘any nonimpact print head known
in the art, including ultrasonic, electrographic, ion
Vprojection, etc. Preferably, print head 60 is an ink-jet
print head, more preferably, a thermal ink-jet print
head.

15 " The following examples demonstrate the present

invention in its various embodiments, but are not

intended to be in any way limiting.

Example 1 (Comparative Example)

20
Two strips of the type described above for PT
measurements were prepared (see Figs. 1 - 3). The
difference between the strips was that strip A had a
bottom layer 28 of untreated polyethylene terephthalate,
25 while strip B had a bottom layer 28 of FMC GelBond Film.

A blood sample was applied to each strip and PT
measurements made in an apparatus of the type depicted in
Fig. 4. Fig. 9 depicts the resultant clotting curves.

The curve for strip A has a relatively flat peak



net hyl ene bl ue dye, added to a reagent to about 0.1% final concentration,
makes the reagent visible to an optical system wthout substantially
altering the neasurenents nade with the reagent. Print-head 60 nayUQQMﬁqu
noni npact print head known in the art, including ultrasonic,

el ectrographic, ion projection, etc. Preferably, print head 60 is an

I nk-jet print head, nore preferably, a thermal ink-jet print head. The
foll owi ng exanpl es denonstrate the present invention in its various

enbodi nents, but are not intended to be in any way limting. Example 1
(Conparative le) 20 25 Two strips. of trmbfype descri bed above for PT
measurenents were prepared (see Figs. 1 <3). The difference between the
strips was that strip A had a bottomlayer 28 of untreated pol yethyl ene
terephthalate, while strip B had a_bottom | ayer 28 of FMC GeIBqu Film A
bl ood sanpl e (FEETEEPPREdNGotaaRR2Kt 7| 1 aFHI P )neagﬁ?eﬁi%ﬁ%e%%d% i n

apparatus of ,bhe §YRetsIeReChedciBioh! 9f fneFi@suftagpipts the resul tant
clotting cur Vs’ “The curve for strip A has a relatively flat peak 01 JUN

2004 - 21 5cétoniatpondi nByt oopbrass. i khei gurve fqnestriR RBRABfathe peak
limts the precisi t es nt . cal td t he
&h SRABL' BEak oSphieh p%%-rgtf’fé | UbRtPBa L dY SPBLISn

curve for stitp B°ha rper ermts nmuch greater
preegi si on. (Note that the PT times for the samples measured with the

two strips are different.)

Example 2
10
A device of this invention is made by first passing

a double-sided adhesive tape (RX 675SLT, available from
Scapa Tapes, Windsor, CT) sandwiched between two release
liners into a laminating and rotary die-cutting

15 converting system. The pattern shown in Fig. 2, with the
exception of the stop junction, is cut through the top
release liner and tape, but not through the bottom
release liner, which is then removed as waste, along with
the cutouts from the tape. 3M Antifog Film is laminated

20 to the exposed bottom side of the tape. Reagent
(thromboblastin, available from Ortho Clinical
-Diagnostics, Raritan, NJ) is then printed onto the
reagent area (18) of the film by thermal ink-jet
printing, using printing heads 51612A, from Hewlett

25 packard, Corvallis, OR. A sample port is cut in
untreated polyester film (AR1235, available from
Adhesives Research, Glen Rock, PA) and then laminated, in
register, to the top of the double—sidéd tape (after

removing the release layer}). A die then cuts the stop



(Note that the PT tines for the sanples neasured with the two strips are
different.) Exanple 2 10 A device of this invention is nade by‘firgt
passi ng a doubl e-si ded adhesive tape (RX 675SLT, available from 'BHM 2004
Tapes, Wndsor, CT) sandw ched between two release liners into a

| am nating and rotary die-cutting 15 converting system The pattern shown
in Fig. 2, wwth the exception of the stop junction, is cut through the top
rel ease liner and tape, but not through the bottom release liner, which is
t hen renoved as waste, along with the cutouts fromthe tape. 3M Antifog
Filmis lamnated 20 to the exposed bott-om si de of the tape. Reagent
(thronboplastin, available fromOtho dinical D agnostics, Raritan, NJ)
is then printed onto the reagent area (18) of the filmby thermal .ink-jet

printing, using printin %ds 516 roml%% e?ﬁ %§?§§§§%gd Cbrvallls
OR. A sanpl eJpBEELIPE EREOPH f"rE %Y%%ter T avai | abl e
from Adhesi ?‘?ﬁﬁﬁ?eaéﬁhpg 21 BQﬁble-Pﬁd@dldadl’rmu\ramap& ed Camlqmgr ster,
to the top o

e-sided tape, (after e er) A
di e then cut¥ot h&aéﬁoéﬁﬁﬁﬁ@ﬂd)meﬁal{@? e5f’f?f'?1 Irk?ﬁ]'b]ﬁ %ﬁi thr ce

| ayers of th | BatkYdeSbt | B Eé&i@rslagwkﬁo&m&eatape -
Catal og No. §8§35g§k%§4§2§ aval?able f?g%$3hq St. Paul, MN - are applied

to she out5|ﬂheo$tonejpcbye§ner | ayers to seal the stop junction.

Exampie 3

A procedure that is similar to the one described in
10 Example 1 is followed to make a strip of the type
depicted in Fig. 6. Reagent that is thermal ink-jet
printed onto areas 118P, 218P, and 318P is, respectively,
thromboplastin; thromboplastin, bovine eluate, and
recombinant Factor VIIa; and thromboplastin and bovine
15 eluate alone. The bovine eluate {(plasma barium citrate
bovine eluate} is available from Haemotologic
Technologies, Burlington, VT; and recombinant Factor VIIa
from American Diagnostica, Greenwich, Ct.
Measurements made on a whole blood sample using the
20 strip of this Example yield a curve of the type shown in
Fig. 5 for each of the reagent areas. The data from the
curves for the controls (reagent areas 218P and 318P) are
used to qualify the data from the curve for reagent area
118Pp. As a result, the PT time can be determined more

25 reliably than can be done with a strip having a single

reagent area.




Example 3 10 15 20 25 A procedure that is simlar to the

one described in

Exanple 1 is followed to make a strip of the type depicted in Fig.

Reagent that is thermal ink-jet printed onto areas 118P,

218P, andl gi@b?ﬂﬂ’-

s, respectively, thronboplastin; thronboplastin, bovine eluate, and
reconbi nant Factor VIila; and thronboplastin and bovine eluate alone. The
bovi ne eluate (plasma bariumcitrate bovine eluate) is available from
Haenot ol ogi ¢  Technol ogi es, Burlington, VT; and reconbi nant Factor Vila
from Aneri can Di agnostica, G eenwich, C. Measurenents nade on a whol e

bl ood sanple using the strip of this Exzgmple yield a curve of the type

showmn in Fig. 5 for each of the reagent areas. The data
for the controls (reagent areas 218P and 318P) are used
dat a fronlthﬁec%ﬁ%g for reagent area 118P. As a result,
determ ned nore H

reagent area. 01 JUN 70U4 - 23 5 10 15 20 25 W Claim

fromthe curves
to qualify the
the PT time can be

ably than can be done with a strip having a single

1. A method for preparing a medical diagnostic reagent

device, comprising the steps of

5 a) providing a non-absorbent substrate, having on

" its surface at least one hydrophilic target area,

b providing from a nonimpact print head'onto a

point within the target area a pulsed stream of

microdroplets of a diagnostic reagent liquid.

10 c) moving the stream relative to the substrate,

and

d) repeating steps b) and c} at least enough times

to provide a substantially uniform layer of the liquid

over the target area.

15
2. The method of claim 1, in which the substrate
comprises a substantially planar sheet.
3. The method of claim 1, in which the substrate

20 comprises a thermoplastic sheet. '
4. The method of claim 1, in which each of the at least
one target areas has a water contact angle of no more
than about 60°.

25

5. The method of claim 1, in which the print head is a

thermal ink-jet print head.




I

1. A nethod for preparing a nmedical diagnostic reagent device, conprising
the steps of a) providing a non-absorbent substrate, having on its surface
at | east one hydrophilic target area, b)' providing froma noni npact print
head onto a point within the target area a pul sed stream of i crpdiropiZeis
of a diagnostic reagent liquid. c) noving the streamrelative to the
substrate, and d) repeating steps b) and c) at |east enough tines to
provi de a substantially uniformlayer of the liquid over the target area.
2. The nethod of claim1l1, in which the substrate conprises a substantially
pl anar sheet. 3. The nethod of claim1, 44 which the substrate conprises a
t hernopl astic sheet. 4. The nmethod of claim1l, in which each of the at

| east one target areas has a water contact angle of no nore than about

600. 5. The greth f j ' i€h o Nt j £ harmal
ink-jet pri n%r?hegg".lgo?ég%\lglz%%f?a%ﬁ f’s Illl&q"lr%dég t%g%dﬁiee&rre]ﬁcgﬁ%? claim
1, in which ¢ompriseenthtérnwpllastoipri ses thronbopl astin. 7. The nmet hod of
claim2, in which the streamtravels

7. The method of claim 2, in which the stream tfavels

5 in a direction that is substantially perpendicular to the
substrate, and the streém is moved relative to the
substrate by moving the substrate in a direction that is
substantially pefpendicular to the direction of stream
travel.

10
8.' The method of claim 1, in which the stream passes
through a hole in a sheet that is positioned between the

dispenser and substrate.

15 9. The method of claim 8, in which the sheet has a

hydrophobic surface that faces the dispenser.

10. The method of claim 9, in which the reagent
comprises a colorant.
20
11. A diagnostic reagent device for measuring an analyte
concentration or characteristic of a biological fluid,
including a non-absorbent substrate comprising
a) a sample application area for accepting a
25 sample of the biological fluid for analysis and
b) a predetermined hydrophilic reagent area, onto
which has been applied, by nonimpact printing, a
diagnostic reagent liquid that interacts with the sample

to cause in the sample a physically-measurable change



in a direction that is substantially perpendicular to the substrate, and
the streamis noved relative to the substrate by noving the substrate in a
direction that is substantially perpendicular to the direction of B{rpgmg
travel. 8. The nethod of claim11, in which the stream passes through a
hole in a sheet that is positioned between the dispenser and substrate. 9.
The nmethod of claim8, in which the sheet has a hydrophobic surface that
faces the dispenser. 10. The nmethod of claim9, in which the reagent
conprises a colorant. 11. A diagnostic reagent device for neasuring an

anal yte concentration or characteristic gf a biological fluid, including
a non-absorbent substrate conprising a) 4 sanpl e application area for
accepting a sanple of the biological fluid for analysis and b) a

predet erm ned. hydrophilic reagent area, onto which has been applied, by
noni npact pr th@itn§ana Pejiredased Lo ddgefnalvks FoneentnRtdioRcte with the
sanple to CQH§§aEQe&q%tg@ngketﬁepggﬂfaqlIy-neasurable change 01 JUN 2004 -
25 - that can be related to the anal yte concentration or characteristic
of the fluid. 12. The device of claim1ll, in which the sanple 5 application
area and r eaggnt %&E@d&%ﬁ%&@%&i%ﬁ%&nFQHnCH%Pwhﬁ%P IP% g | Q!of claim 11
further conprising means for conveyling 'the sanple fromthne application
aread to the appiddgeatismeared0and reagent area substantially coincide.

13. The device of claim 11, further comprising means for
conveying the sample from the application area to the

reagent area.

10
14. The device of claim 11, in which the sample
application area is hydrophilic.
15. The device of claim 11, in which the substrate
15 comprises a substantially transparent planar sheet.
16. The device of claim 11, in which the substrate
comprises a substantially transparent thermoplastic
sheet .
20
17. The device of claim 11, in which the reagent liquid
comprises thromboplastin.
18. The device of claim 11, in which the reagent liquid
25 comprises a colorant.

19. The device of claim 13, in which the means for
conveying the sample from the application area to- the

reagent area comprises a top layer, separated from the




14. The device of claim1ll, in which the sanple application area is
hydrophilic. 15. The device of claim1l, in which the substrate 15
conprises a substantially transparent planar sheet. 16. The device of claim
11, in which the substrate conprises a substantially transparent (1 JUN 2004
i thernoplastic sheet. 20 17. The device of claim1l, in which the reagent
~ liquid conprises thronboplastin. 18. The device of claim1l, in which the
' reagent liquid 25 conprises a colorant. 19. The device of claim 13, in
whi ch the means for conveying the sanple fromthe application area to the
‘ reagent area conprises a top layer, separgted fromthe 01 JUN 2004 - 26 5
substrate by an internedi ate | ayer that has a through hole and adjoi ni ng
channel cut into it, the top layer, internediate |ayer, and substrate
form ng a bl adder that, mhen,coqg;e sed, .and re| eased causes in the

channel a ref %HrﬁF%SE%r%Pt+E&e 4 JeysEntdath afedgéhrongba. 20. The
devi ce of cl ahdld%nd NadhdLmindcHahd BYRIt Natodithydhaphell qase:f ace
facing the supstrate, at least in the channel and reagent area. 10
intermediate layer, and substrate forming a bladder that,
when compressed, and released causes in the channel a

5 reduced pressure that draws blood into the reagent area.

20. The device of claim 19, in which the top layer has a
hydrophobic surface facing the substrate, at least in the

channel and reagent area.




