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Method and Assenbly for Separating Forned Constitue%t%OFQOOn[aa_iSJgia 1 T
Coastituent in a Conplex Biologic Fluid Sanple 1PEs -
~TEGHNI-CAL FIELD This invention relates to an appar at us a:@gn@@@ior
~separating formed constituents fromthe liquid constituert™i : | ogi c
fluid sabpiB20320 as to facilitate use of an optical instrunment to examn ne
the formed constituents. Mdre particularly, this invention relates to an
appar at us and neMethbdvand Assembly for SeparatingdroraredcCanstitueststFromea higuid

di sposed on a planar surface in the apparatus which planar surface conforns
to the focal plane of (Qonstifuentin aiGomplexddiologic Fluid Sample

BACKGROUND ART Forned constituents in conplex biologic fluid sanples are
typically isolated in, or separated from the liquid constituent of the
sanple so as to enabl e detail ed exam nation of the forned constituents Fl ow
cyt_orretr¥ is one_ technique for idﬁﬁwﬁbﬁlﬁ—%d constituents, such as
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The to ah apparatus and method which results in the formed constituents being disposed
on a planar surface in the apparatus which planar surface conforms to the focal plane
of the optical instrument.

BACKGROUND ART
Formed constituents in complex biologic fluid samples are typically isolated in, or
separated from, the liguid constituent of the sample so as to enabie detailed
examination of the formed constituents, Flow cytometry is one technique for identifying
formed constituents, such as blood cells in a blood sample. Using this technique,
various types of blood cells and other formed constituents in blood can be
differentiated from each other, and can be counted. In performing this procedure, the
blood sample must be diluted prior to being passed through the flow cytometer. The
aforesaid flow cytometry technique does not enable cells or other formed constituents
in a blood sample to be quiescently examined. This technique cannot be efficiently
used to detect rare events in a blood sample unless the sample is subject to
enrichment procedures such as magnetic particle bead enrichment procedures of the
type offered by Dynel of Norway.

A second technique for identifying and counting white blood cells and platelets in an
anticoagulated whole blood sample is described in U.S. Patent 4,027,660, and in
other patents to Robert A. Levine and/or Stephen C. Wardlaw. This technique utilizes
a capillary tube having an elongated insert disposed therein. The blood sample is
admixed with a stain such as acridine orange, and centrifuged in the capillary tube.
The white cells and platelets settle out in the tube between the float and the tube wall
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afpresaid flow cytonmetry techni que does not enable cells or other forned
constltuents in a blood sanple to be quiescently exam ned. This technique
cannot be efficiently used to detect rare events in a blood sanple unless
the sanple is subject to enrlchnent procedures such as magnetic particle
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1 sampleat the white bI ood cell and platelet |ayers are el ongated by
a factor of about ten. The elongation of the cell and platelet |ayers
allows one to ascertain differential white cell and glate[et counts in the
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abnormal epithelial celis andfor hematologic progenitor cells. The method mvolves
placing the whole blood sample in a transparent sample tube which includes an insert
that occupies sufficient voiume in the sample tube so as to form a well defined annular
area in the sample tube between the insert and the tube wherein individual cells will
be isolated and can be examined. The well defined area of the sample tube is
examined under magnification of at least 100X whereby individual cell morphology
can be examined therein. As noted, the aforesaid method requires centrifugation of
the whole blood sample in the sample tube before the isolated cell can be examined.

A multi-constituent fluid sample can be centrifuged so as to separate the liquid
component of the sample from the formed constituents in the sample. This technique
is most commonly used for urinalysis. In a biologic fluid sample containing cells or
other particulates, the particulates will gravimetrically settle out separately from the
liquid constituent, and the cells and particulates will also separate from each other
according to their specific gravity. After the sample has been centrifuged, the liquid
and the formed constituent fractions of the sample are separated from each other, and
one or the other is further analyzed.

In the case of a urinalysis, upon completion of centrifugation, 80 to 95% of the
supernatant liguid is decanted or discarded, and the cells and particulates are re-
suspended in a smaller amount of the remaining liquid and placed in a chamber, or on
a microscope slide for examination. It will be appreciated that the examination of
various types of cells or particulates using the centrifugation technique is time-
consuming and requires considerable skill on the part of the technician. This
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Co- pendi ng application for Letters Patent USSN 08/ 976, 886 describes a
mef’hod for anal yzing a sanple of anticoagul ated whol e bl ood for the
presence or absence of abnornmal epithelial cells and/ or hematol ogic
progenitor cells. The nethod involves placing the whole blood sanple in a
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Formed constituents that may be isolated from solutions by centrifugation and/or

filtering include: microbes in biologic fluids; casts in urine; somatic cells and blood

cells in body fluids, other than blood; cysts; cells from cytological specimens obtained

by brushing, aspiration, or scraping, which have been placed in a liquid medium; ova

and parasites found In stool samples; and cancerous epithelial and hematologic

progenitor cells from anticoagulated whole blood.

As noted above, known techniques for separating formed constituents from a liquid
constituent in a biologic fluid sample all include centrifugation of the sample or filtering
of the sample. It would be desirable to provide a technique for separating relatively
rare formed constituents from a liquid constituent in a quiescent biologic fluid sample,
which technique operates in a quiescent manner, is inexpensive, does not require the
use of expensive adjunct paraphernalia such as centrifuges, fluid plumbing and filters,
and does not require a high degree of expertise and experience 10 use.

DISCLOSURE OF THE INVENTION

This invention relates to a method and apparatus for use in separating formed

3



comsuning and requires considerable skill on the part of the technician.
Thi s 2 technique is al so

not, precise due to the loss or destruction of sanple conponents during
centrifugation, and in the case of urinalysis, the inprecision of the
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expanded by addition of aqueous solutions in accordance with the instant invention.
The medium, before expansion, may contain an amount of aqueous solution which is
below the medium’s equilibrium capacity thus rendering the medium capable of further
hydration and expansion, or the medium may be a xero gel, i.,e., a dry polymeric
structure that, upon absorption of water, becomes a hydrogel, swelling in the process.
For the sake of simplicity, the term “hydrogel” as used in this application is intended to
include any structured water swellable polymeric matrix from the dry state to the fully
swollen equilibrium state. The hydrogel-layered wall is disposed opposite to the
sample-viewing portion. The layer of the hydrogel has a constant thickness so that the
surface of the hydrogel layer which is most proximal to the sample-viewing portion of
the chamber is planar. When the apparatus is used to analyze a sample, the chamber
is filled with an amount of the sample being examined, the sample being deposited on
top of the hydrogel layer. The sample chamber has a known volume, and volume of
the layer of the water-absorbant hydrogel is such that, when further hydrated, it will
absorb essentially all of the water in the sample and substantially fill the sample
chamber with the hydrogel.

After the fluid sample is added to the chamber, the hydrogel will expand toward the
sample-viewing portion of the chamber until the chamber is substantially completely
filled with the expanded hydrogel. The surface of the expanded hydrogel which is
most proximal to the sample-viewing portion of the chamber will remain planar as the
hydrogel layer swelis. The aqueous constituent of the biologic sample will be
absorbed into the hydrogel thereby causing expansion or swelling of the hydrogel. As
the hydrogel expands, any formed constituents which are contained in the sample will
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cekls in body fluids, other than blood; cysts; cells fromcytol ogical
speci nens obtai ned by brushing, aspiration, or scraping, which have been
placed. in a liquid medium ova and parasites found In stool sanples; and
cancerous epithelial and hematol ogi ¢ progenitor cells from anticoagul ated
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pleural ff('Jrur;'I]ed& ccr"\isstltuents which are in the sample and which are captured on the surface of
the rehydrated hydrogel can be differentially highlighted by analyte-specific agents so
that various formed constituents can be differentiated from each other. Formed
constituents can also be stained so that they can be morphologically examined on the
hydrogel surface. Various differentially highlighted formed constituents can also be
counted. Since the volume of sample added to the chamber is known, formed
constituent counts per unit voilume of sample can be derived. isolation and
concentration of formed constituents on the hydrogel surface also allows harvesting of
specific formed constituents from the hydrogel surface for further analysis of the
harvested constituents. The apparatus of this invention can be scanned by an optical

scanhing instrument, such as a microscope, or an optically differentiating instrument.

it is therefore an object of this invention to provide a method and apparatus for use in
obtaining information relating to formed constituents contained in a quiescent
biological fluid sample.

it is an additional object of this invention to provide a method and apparatus of the
character described wherein the formed constituents in the sample are captured on
the planar surface of an expanded hydrogel disposed in a sample container.

It is another object of this invention to provide a method and apparatus of the character
described wherein the liquid constituent In the sample is operative to expand a layer of
a water-absorbant hydrogel disposed in the sample container.



flwids aspirated fromcysts, such as thyroid and breast cysts; cytologic
speci nens whi ch have been placed in a fluid; aqueous suspensions of stool
sanpl es; platelet- rich plasma sanples, prepared aqueous bacterial growth
m xtures, and the |iKke. The apparatus of this invention includes a sanple
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sanpl e- vitgaicRgmipekt i on. The layer of the hydrogel has a constant thickness
so that the surface of the hydrogel |ayer which is nost proxinmal to the
sanpl e-vi ewi ng portion of the chanmber is planar. Wen the apparatus is used
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absorb essentlally al e water 1n the sanple and substantlally fill
the sanple chanber with the hydrogel. After the fluid sanple is added to

the chanber, the hydrogeIBq\pF_iFI DES@WWHE@;@W@SW ewi ng portion of
ubstanti al

t he chanmber unti|l the chanb IS S npl etely
These and other objects and advantages of this |nvention will become more readily

apparent from the following detailed description of an embodiment of the invention
when taken in conjunction with the accompanying drawings in which:

FIG. 1 is a schematic cross sectional view of a sample analyzing container which
includes a sample-receiving chamber having a water-absorbant hydrogel component
on a wall thereof;,

FIG. 2 is a cross-sectional view of a container of the type shown in FIG. 1 wherein the
hydrogel coating has been expanded so as to substantially fili the chamber;

FIG. 3 is a schematic plan view of the container of FIGS. 1 and 2 showing an array of
formed constituents from the sample which are captured on the upper surface of the
expanded hydrogel in the chamber; and

FIG. 4 is a composite image of an initial field of view of the specimen in the sample
chamber, and a subseguent image of the same field of view of the specimen.



fikled with the expanded hydrogel. The surface of the expanded hydrogel
which is nost proximal to the sanple-viewi ng portion of the chanber w ||
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can be differentially highlighted by anal yte-specific agents so that

VaTLOL L MR SURABIB! iGERIS ificiid DtetheAR IS boly(emyRaf Rl Y- For med

constituents can al e stal ned r phol ogi cal | y
exan ned paPYieae oxide); poly(vinyl pyrrolidone); poly(vmyl alcohol); poly(acrylamlde)

poly(vinyl acetate); poly(acrylic acid) [in Na+ form]; poly(acrylic acid-co-acrylimide) [in
Nat* form]; poly(acrylic acid) [in Nat form]; poly(methacrylic acid) [in Na* form);

poly{methacrylic acid-co-acrylamide) [in Nat form}; poly(acrylonitrile-co-acrylamide),
poly(hydroxyethyl acrylate); poly(hydroxymethyl methacrylate); and hydrophilic
poly(urethanes).

The top surface 10 of the hydrogel layer 9 is planar, mirroring the planar bottom wall 8
of the chamber 4. The volume of the hydrogel layer 9 which is disposed in the
chamber 4 is such that, when the hydrogel 9 absorbs water from a sample added to
the chamber 4, it will substantially fill the chamber 4, and it will absorb essentially all of
the water in the sample. The chamber 4 will preferably be provided with a transparent
portion 12, that may take the form of a microscope cover slide, which provides a
window through which the top surface 10 of the gel 9 is observed. A plurality of
identifiable formed bodies 14 may be pre-positioned on the gel surface 10 and used to
allow the optical instrument 16 to focus on the top surface 10 of the hydrogel 9 after the
latter has been expanded, as shown in FIG. 2.

The formed bodies 14 berform three functions, one being to allow the optical
instrurnent 16 to focus on the hydrogel surface 10; and a second being to confirm the
location of the surface 10 when the instrument 16 does not sense any other formed
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hydrogel surface. Various differentially highlighted forned constituents
can al so be counted. Since the volune of sanple added to the chanber is
knQwn,- formed constituent counts per unit volunme of sanple can be derived.
| sol ati on and concentration of formed constituents on the hydrogel surface
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performed.

FIG. 4 is illustrative the aforesaid realignment utility of the formed bodies 14. Note that
FIG. 4 illustrates a particular field of view in which a number of formed constituents B
are found. The field of view also includes three of the formed bodies 14 which happen
to be arranged in a triangular pattemn. This field of view will be imaged by the
scanning instrument, and the X, Y coordinate location of this field of view will be
recorded by the instrument. Assuming that the instrument is programed to return to
this particular field of view for some reason, it will use the recorded X, Y coordinates to
return to the field of view in question. When it returns to the field of view in question, it
will not be able to exactly reproduce the positions of the formed constituents B or the
positions of the formed bodies 14, thus the positions of the formed bodies in the re-
imaged field of view may be as indicated in phantom in FIG. 4, which positions are
denoted by the numeral 14", The instrument then compares the re-imaged formed
body 14’ positions with the original formed body 14 positions, and adjusts the re-
imaged field of view with the original field of view by superimposing the re-imaged
positions of the bodies 14’ with the originally imaged positions of the bodies

14. In this manner, the bodies 14, and their positions in a field of view can be used to
havigate back to the identical field of view image. It will be appreciated that the formed
bodies 14 will be randomly distributed throughout the sample so that any pattern of
formed bodies 14 seen in a particutar field of view will be unique to that field of view.
An instrument which may be used to examine the samples can be similar to the
instrument shown and described in co-pending U.S. patent application USSN
09/255,673, filed February 23, 1999.



It "is a further object of this invention to provide a nethod and appar at us
of the character described wherein the planar surface of the expanded
hydsogel forms a focal plane for an optical exam ning instrument which is
used in conjunction with the sanple container. It is yet another object of
this invention to provide a nethod and apparatus of the character described
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h Fl wherei n the hydrogel coatin beén expanded so as to
iuﬁﬁ’{‘ a'n{] € gpmqjtm ReE gicqnstitbent is identified b g{he instrument 16, the exact iocation
of the constituent will be known, and will not change, thus the constituent in question

can be relocated.

One way that the sample chamber can be prepared for the sample analysis is as
follows. An empty sample chamber can be filled with an at least partially hydrated
hydrogel so that the upper surface of the hydrated hydrogel is planar, and is co-planar
with the plane of the lower surface of the chamber cover 12. The thus-filled chamber
assembly can then be subjected to an environment which will cause water to be
evaporated from the hydrogel so as to shrink the hydrogel layer in the chamber and
displace the upper surface of the hydrogel component downwardly away from the
lower surface of the cover 12. An aliquot of an agueous-based sample to be analyzed
for formed constituents is then introduced into the sample chamber onto the shrunken
hydrogel component, and the latter is then allowed to expand back to its original
volume through absorption of water from the sample. The upper surface of the re-
expanded gél component is thus thrust against the cover 12 so as to move any
trapped formed components in the sample into a focal plane which coincides with the
lower surface of the cover 12. Before adding the sample to the shrunken gel, the
formed bodies 14 can be placed on the upper surface of the shrunken gel.

Another method which could be used to produce the sample chambers is as follows.
When "soft" (i.,e., partially hydrated) hydrogels are used as the water absorbent, these
soft gels might not be partially dehydrated in situ in the sample chamber. They could
be pre-prepared outside of the sample chamber. For example, one could cut gel discs

9



FIG .3 is a schematic plan view of the container of FIGS. 1 and 2 show ng
an array of fornmed constituents fromthe sanple which are captured on the
upper surface of the expanded hydrogel in the chanber; and FIG 4 is a

conposite image of an-initial field of view of the specimen in the sanple

c hanber , framda gelssltmfmdrplaemﬂr@ecmfdmb% searbottornlod tind civamberogo thae tisyeci nen.

v 1 L RPRETG 0 G OB b )l el B

sanpl e cessentiaﬂ{z aWran dhe watetan tie gamplee! anu Inyudtthot be abiesy kit the ccwlélr qbk away

cont ai ne{; % a chapber 4 t hat def| ned by a side wall 6 and a

pl anar bBPILIRER r\%h% %ﬂts@ﬁp s layer of a preferably

transparent or transl ucent hydrogel 9 is disposed on the bottom wal | 8 of

t he chanper. 4. A sui.t |nc udes IS a

hydr ogel TPl BeARPrecia %d!}gﬂp 4%@3@ %HG‘S@HWH@@ prPY’dPsa"bl ear and

col orl eSﬁ\expéﬁsWé%cHrﬁql?e m@aﬁﬂﬁmglc@hafrpbuo!@ec ﬂmdtée@nﬁleé %‘rtfbﬁﬁe@f formed
nosti cs.

constit uentsstltuenh(s d] zsmqgr }ormed constIO ru(eg,ntlécvtvhlch ma)gl gg foun%gm the sample can be
differentiated from each other, can be harvested from the apparatus, and can be
counted. The formed constituents in the sample are separated from the liquid
constituent of the sample by causing the liquid constituent to be absorbed by a
hydrophilic hydrogel which is not in its aqueous equilibrium state so as to further
hydrate the hydrogel. During further hydration of the hydrogel, any formed
constituents in the sample will be captured on the expanded surface of the hydrogel.

Since many changes and variations of the disclosed embodiment of the invention may
be made without departing from the inventive concept, it is not intended to limit the

invention otherwise than as required by the appended claims.

What is claimed is:

10



QG Her suitable hydrogel s include: polyethylene oxide; poly(ethylene

oxi de-co- propyl ene oxide); poly(vinyl pyrrolidone); poly(vinyl alcohol);
poly(acryl am de); poly(vinyl acetate); poly(acrylic acid) [in Na[err]
fornm; poly(acrylic acid-co-acrylimde) [in Na[err] fornj; poly(acryllc
acid) [in Na[err] form; poly(nmethacrylic acid) [in hb[err] form,——
pol y(nmet hacrylic acid-co-acrylamde) [in Na[err] for

poly(acryl onitrile-co-acrylam de); poly(hydroxyethyl ﬁmﬁ
pol y( hydidE8-982hyl net hacryl ate); and hydrophilic po!f\g“k he top
surface 10 of the hydrogel layer 9 is planar, mrrorings Ianar bott om
wall 8 of the chanmber 4. The volune of the hydrogel |layer 9 which is

di sposed in the chanber 4 is such that Clafen the hydrogel 9 absorbs water
froma sanple added to the chanber 4, it will substantially fill the
chanmber 4, and it will absorb essentially all of the water in the sanple.

The ChanﬂerAéomdlﬁerFHs%éﬁfb?sbfdrd%é iR eRMifilAg mﬁ%&éﬁﬁmwem g‘%&ﬁanﬁ%d

w hdow
thr ough” Hh BB AURBUSHASe Biclegic ivic sampls, geld conteineh essmbly hagnGeal |ty of
i dentifi @hhﬁxbﬁeﬁbﬁﬁﬁo@ﬁ%ﬁﬁné%dﬁth&ﬂb@f Serﬂg%éﬂhga%l} £ t“%llg?i'de%lf Shglo

and used to allow the op tical 1nstrunent sur ace 10

of the hM%wa@tmletwmatmomwbmésﬁilqusgddmosae e BawrflrShWEﬁ @ 2.
f t

The for mpgly é?@ﬁ'aﬁ%xbénﬁ@bfe%ﬁrb@é!%v%ﬁﬁtsg sur@gt‘, Qalé éhé%ﬁgn g

opti cal haru focus™on the
bei ng t oW YEr bavigg A plgnapsufage wblmate@easawmmplnenewmgrmmon oi6 does

not sensgariohathbér, shief &shndable hydrogel layer being present in an amount which will 7
cause said hydrogel to essentially fill said chamber and trap any formed sample
constituents on said planar surface of the hydrogel when said hydrogel layer is
expanded due to absorption of essentially all of the aqueous fraction of the fluid
sample and exclusion of the formed sample constituents.

2. The container assembly of Claim 1 wherein said chamber first wall is planar.

3. The container assembly of Claim 1 wherein said transparent sample-viewing
portion of said chamber comprises a transparent wall of said chamber.

4. The container assembly of Claim 1 further comprising optically detectable bodies

~ disposed on said hydrogel layer planar surface, said optical bodies being operable to
locate said hydrogel layer planar surface after said hydrogel layer has been expanded
in said chamber.

5. The container assembly of Claim 5 wherein there are at least three of said optically
detectable bodies on said hydrogel layer planar surface.

6. A container assembly for use in separating formed constituents from an aqueous
constituent in a complex biologic fluid sample, said container assembly having a
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constituents on the surface. Int mﬂﬂm the instrunent 16 wl|
record that the sanple being anal\ E 1\ m\ Bnt ain any forned bodies.
The. third function of the fornmed lcest14*i s’ to serve as optical

regi stration or navigation points. This function is useful wherein the

E anpl e a?meésoblemMé wolunves, rezid ch@gbéfsembaieﬁﬁfaﬂtﬂym bo’?djmaﬁallll?fs_idélWaﬂé!anber
e repeate exan ne ove a eri odad.o l, . | nce NnoS n Z\

rst s b RO AP e W BigsaTtise Wi is Gspased ORrasts 19584 Betiomne
surface, wallf a I8)leh T apNexaRiPiRbic Bydrober diSseddddh saideHantber Bittanh Wl §5d body

positions in articular field can be used to.realign subsequent i nages
of the sSxeandablehygr iayﬁw@awi%elmﬁasev@mﬁmsmﬁamm-vwng ield

over a pgéftion ¢ff sdid ERammer, baid | fayef hi ' '
af or esaig reali seid auti {Psthl %&bfﬁﬁ@%rhryrg?abeoghiyeeg h?ﬁi"gsmib?gﬁ’%‘t”h@iﬁé’"%

f )
i |1 ust r aF @S, S ?H)rﬂed%%lrto ﬁ8§¥at?%lw fill saj@ chamibet Whensaigh bydogel layeeis
fi

constitu dedPh e réa8omo ihg! ' ' é&@ﬁi e
f ormed bgg?ég%? 14 W’ﬁch hafgﬁe&;rélggbégbgapgﬁ%!%ﬁmg@ angu &erl‘:% %%t"?fe"r{rﬁé Thi s

field of S3nple. waid hydrogeblbeing icanableehabsarhingany forped coastituents iR the
coordi naggmppeation of this field of vieww |l be recorded by the '
I nstrunent. Assum ng that the instrunent is progranmed to return to this
particular field of view for sone reason, it will use the recorded X, Y

tcﬁor di naye fithd 18 examinii cfn'hﬁ‘éc‘i'erﬂflﬁcg o Wt Le'& & fdrifed tuent WhicH @S to
e field of viewin questidon, 1t wll not be able to exactly reproduce the
posi t i onSORAINEkinta} AdUecwHbased bielagigilyid saraplgosaidi athogk camnerisiogied
of Vi ow ShireXep ot DroAIng & Samele dHtaine! Wbk ee d\saplel hamBeiatiling ! ¢
denot ed B¥NOWS YRlwBEasaidchambes being delined by adiistowalh & sidetwall, apdiamged
formed transparent sample-viewing portion, which sample-viewing portion is disposed
opposite to said first wall; said chamber further including a layer of an expandable
hydrogel disposed on said chamber first wall, said expandable hydrogel layer having
a planar surface which faces said sample-viewing portion of said chamber, and said
expandable hydrogel layer having a volume which will cause said hydrogel to
essentially fill said chamber when said hydrogel layer is expanded as a result of
absorbing essentially all of the aqueous constituent of the sample;
b) the step of introducing the fluid sample into said chamber on said hydrogel layer,
and allowing the agueous constituent of said fluid sample to be absorbed by and
expand said hydrogel layer, while capturing formed constituents from said fluid sample
on a surface of said expanding hydrogel layer in said chamber; and
c) examining at least one of the formed constituents which is captured on the surface

of the expanded hydrogel layer in the chamber.

8. The method of Claim 7 wherein said surface of said hydrogel layer is planar and
remains planar while said hydrogel layer is expanded.

9. The method of Claim 8 wherein said planar surface includes optically
distinguishable bodies disposed thereon which allow confirmation of the position of

\
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body 14' positions with the original forned body 14 positions, and ad
the re- imaged field of viewwth the original field of vie

w*ﬁ/”wﬂs’/
super i nposi hg the re-imaged positions of the bodies 14' with tm“ %lmumﬂ“\

i maged positions of the bodies 14. In this manner, the bodies

posi t i ONgaidp@nkf ghﬂaélé aftéﬁ‘&ale dRyel Sbrasivenasipandedk to the identi cal
field of V|eevlmage W | bgﬂag(?re%edthat the fornmed bodies 14 wll

be random y distribut ed throughout the sanple so that any pattern of forned
podi s 14geR ﬁo&f&aé«%ﬂ]a%t?]r@ atf bbb forine conbiitubt omPaguedUzbaddde! d

of view |ns runent e useg to exam ne the sanples can be
simlar tcompex bidegiofigic S@ﬁblﬁnsaﬁdnéﬁ’m¢%ﬁ"$'ﬂgco pending U.S. patent

279 ) AR Bk el el sample chamber hevg,
m. ch maya mow:muahumeu aaudmlnmbgaégng defined h}@ e mall, ﬁrﬁ'&%&‘@‘ lg8fd & wit h
this i ”V‘?ﬁis?@uc 8y E‘tﬁé\ﬁﬂg%&fﬂ Wi d&ﬁf %}Mh%ﬂaﬁ'ns%tsﬁosé@%bhb@i@b foor med

constitue act erl and cryst al s
D, for exsaichbettomi wall; said elasambelhfmmer mtucan@allayeﬁoftarbemand@tﬂ hydrogel v | |

def of ont disngpedt off kel gt e foLE wel °ﬁtﬁ SRSt idher Ravinghd plérfr BuftBcs,
used in tvilsich dagesesaid mmplervaaw;nngaﬁrqi reii ghwabeémdi said nydrage! tayier Beibnes
of the copstbiidsB sEsentially fill said chamber when said hydrogel layer is expanded as a

result of absorbing essentially all of the aqueous constituent of the fluid sample; and

b) the step of introducing the fiuid sample into said chamber on said hydroget layer,

and allowing the aqueous constituent of said fluid sample to be absorbed into and

expand said hydrogel layer while capturing at least one constituent from said fluid

sample on a surface of said expanded hydrogel layer in said chamber.

11. A method for locating an upper surface of an expanded transparent or translucent
hydrogel in a sample chamber, said method comprising:

a) the step of providing a sample container which includes a sample chamber, said
chamber being defined by a first wall, a side wall, and a transparent sample-viewing
wall, which sample-viewing wall is disposed opposite to said first wall; said chamber
further including an expandable layer of a transparent or translucent hydrogel
disposed on said chamber first wall, said hydrogel layer having a planar surface which
faces said sample-viewing wall of said chamber;

b) the step of expanding said hydrogel layer so as to move said planar surface of said
hydrogel layer to a final location in said chamber; and

c) the step of positioning discernible formed focusing members in said chamber, which
members are coplanar with said final location of said planar surface so that an optical
instrument can focus on said members and thereby locate the position of said final
location of said planar surface of the hydrogel in the chamber.

12. The method of Claim 11 wherein said focusing members are positioned on said
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for
fur.ther exam nation. Once a constituent is identified b ‘mm‘mﬂ“

t he< exact | ocation of the constituent will be known, and= not* change,
thus the constituent in question can be relocated. One way that the sarrpl e

chanber drsuplacpatedid Aydro lpﬁ’ém !
sanpl e c@zfnril:)er can be flllﬁy q\%f@ anb§@a2§%§ &gﬂﬁ gﬁ"t?@hi g ate hydrogel

so that (RRUSIRGEIErRRTS A CafTi $a)d finadacatien @b%ﬁid Mﬁ"kﬂf&ﬂd ace ascdaid

co- pl anahydrddel isexpamded.of the | ower surface of the chanber cover 12. The
thus-filled chanber assenbly can then be subjected to an environnment which
w Il cause water to be evaporated fromthe hydrogel so as to shrink the

hydr ogel 18ay&méthod fer dipNEasg aﬁci'méprég 'rfr:]élbﬁoft flgv\xgﬁrégﬂ?@g s"afrﬁp@f whith

hydrogel conponent downwardl away the cover 12.

An al i quSBmpre §cejalbg éﬂ@a@f&!"@%l’nﬁii@ methed comapisiag: f or f or med
const i t ugytife kfe éyqﬂ v bﬁﬁg nken
hydr ogel Iyorrponglt 5 g‘ﬁq")lg mgiyf:aégt{ﬁﬁlejrﬁiﬁgp ‘eﬁf&@ﬂ@?%@(%&h%abé;gﬂﬁmﬁé’
ori gi nal BMBSE t hr ough absorption of water fromthe sanple. The upper
surface @fthd #eé . over
12 so as ?o rr_gt\?qurr@ﬁ rappe fgrieﬁ'?)@%a%gr%a?gpﬁ %%ﬁﬂgé?rp%blﬁ%gépg? cal
pl ane whiReordingra pasitionpaterme! saidéor b@wesm saitdirstdiedd of giewBaiagee addi ng
t he sanpkpiHelst I n the
upper surFace % ﬁg&gﬁ*ﬁg’}}{gﬁ Ygrf?ﬁoé er rre %ﬁ@}&%ﬂe@ﬁn%@@gﬂ&ed to
pr oduce Phémg’éﬁpl e chanbers is as foll ows When "soft" (i.,e., partially
o ety Nty 35 el sl gPRIAEHER ot RERO BT O
pre- prepﬁ}m@@Péﬁ(ﬂ%"mﬁgm.esaé@ﬁﬁﬂe)fmﬁer retummg@wete one coul d cut gel
di'scs 1) the step of comparing the positions of said formed bodi€s in the field of view images

obtained from steps b) and e); and

g) the step of superimposing the formed body positions in the re-imaged field of view

on the formed body positions in the first imaged field of view so as to duplicate said

first imaged field of view in said re-imaged field of view.

and i ndi vi dual constituents can be renoved fromthe hyd m

Tmi\s‘“\\iii\k\l\a\s\\\m\\\\\\\

%f“;m SHEET HAS BEEN
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from.a’ gel sheet and place the cut discs in the bottom of the chamber so
that they woul d adhere to the chanber bottom In any case, the gel nust be
able to absorb essentially all of the water in the sanple, and nust not be
able to lift the cover 12 away fromthe chanber when the gel is expanded.
It wll be appreciated that the nmethod and apparatus of this invention
provi de Qg:é{b(éépensi ve technique for examning certain biologic fluid
sanpl es f med constituents. Dissimlar formed constituents which may

be found in the sanple can ABSTRACT OF THEDISCIADSEREY ot her, can be
harvested fromthe apparatus, and can be counted. The forned constituents

In the sanple are separated fromthe liquid constituent of the sanple by

causi ng tReemedonétitents intah?aﬁué@u.@ﬁaﬁ?ﬁma%Iéglc%éaéﬁépéﬁrhhle%@y drogel

which is not in. its ueous equi riumstate so as to furt drate the
hydr ogel Se%@tﬁﬁfrpm&%e@ gﬁ‘"@ﬁ tught et iberspmplgcand arg canseniiatachiisan t uent s
in the S%?(’Qhﬁnhghrhsthﬁnérwgfébap IaﬁetvhﬁrﬂlW@&‘i‘bélgxfaﬂﬁﬁe@ﬁnaeﬁn@ﬁffféﬂﬁén

Civent | o EXAIPIBE O S al aa ba Rzt i) v iAshivs nalide g Gerabspsping | s
n glto elngg gmlgmi plaurhl fmld éﬁeﬁ*ﬂ% agﬁlra?éd!' frot &ysts Bach 88 thyR6idl drifordast Ests;
o?oglc spemmens which have been placed in an aqueous fluid; platelet-rich

plasma; and the like. The sample is placed in a chamber having a layer of a
hydrophilic hydrogel covering a surface of the chamber. An opposite surface of the
chamber is transparent, and may be formed by a microscope slide cover slip, or the
like. The volume of hydrogel in the chamber is sufficient so that, when the hydrogel

~ absorbs essentially all of the aqueous fraction of the sample, the hydroge! will expand
and fill the chamber. The capture surface of the expanded hydrogel is preferably
planar, and any formed constituents in the sample will be captured on the capture
surface of the hydrogel layer, and will not be absorbed into the hydrogel. Formed
constituents, such as: cells; bacteria; crystals; protozoa; ova; parasites; and the like,
can be differentially highlighted by use of labeled antibodies, selective stains, or the
like, so as to enable optical examination and differentiation of various formed '
constituents which may be in the sample. Formed constituents may be harvested from
the capture surface of the expanded hydrogel! layer for more detailed examination and
analysis. The capture surface of the hydrogel may be provided with a plurality of
beads for use in locating the capture surface with an optical scanning instrument, and
for re-establishing previously scanned fields of view.
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Clgins 1. A container assenbly for use in exanining forned cons2PPHEt &5 !
whigch are contai ned in an aqueous-based biologic fluid sanple, sai@s
cont ai ner assenbly having a chanber of known vol une, said chamber being
defihed by a first wall, side walls, and a transparent sanple-view ng
portion which is disposed opposite to said first wall; a layer of an

expandabl e hydrqgel, coveri.ng saj d _chanber. first I ai andabl e

hydr ogel | ayer ﬁ\ggh‘?f %P%ﬁég%m%@ﬂf?f gggamngﬁq@@@@mﬁuggﬁﬁ&m &%l”ﬁb
portion of said chambe ' xpandabl.e [ O layer being present in an
anount which w || caus§°§§€f&céﬂ§l§f%%mﬁ'ﬁx@i@%‘g%{wﬁ%ﬁmﬁ sai d chanber and
trap any fornmed sanple constituents on said planar surface of the hydrogel
when sai d hydrogel |ayer is expanded due to absorption of essentially all

of .the aqueous fraction of the Hﬂéﬂ'ﬁmg é?ﬁ exclusion of the forned

I t] . T, f Claim 1 I jd’
chanber THBJbYAHRh Teletss o A S5 o i Foatafidfoinseafaftystlse i
fai d trefru'patheriquidecmif sﬁguérﬁ?m'ng@idogigiﬂo_l?hﬁmple% do@baomiﬁtawlmé ?&%’l Optice_;Ll
ranspar, of  sai er " cont ai ner asse of .Cl al
Furtnor Damol bexiRing e I consyes LS RSN B hbhiv Foils
| ayer plteran apparahesand friethod Which résolis irsthedfonted eenstitienisbeing disposéd d
"Y1 09 o @ik $UHfoe THthé S5pal kY whieh Py SHEce cBHBA S the Toca piate >

of the optical instrument.

BACKGROUND ART
Formed constituents in complex biologic fluid samples are typically isolated in, or
separated from, the liquid constituent of the sample so as to enable detailed
examination of the formed constituents. Flow cytometry is one technique for identifying
formed constituents, such as blood cells in a blood sample. Using this technique,
various types of blood celis and other formed constituents in biood can be
differentiated from each other, and can be counted. In performing this procedure, the
blood sample must be diluted prior to being passed through the flow cytometer. The
aforesaid flow cytometry technique does not enable cells or other formed constituents
in a blood sample to be quiescently examined. This technique cannot be efficiently
used to detect rare events in a blood sample unless the sample is subject to
enrichment procedures such as magnetic particle bead enrichment procedures of the
type offered by Dynel of Norway.

A second technique for identifying and counting white blood cells and platelets in an
anticoagulated whole blood sample is described in U.S. Patent 4,027,660, and in
other patents to Robert A. Levine and/or Stephen C. Wardlaw. This technique utilizes
a capillary tube having an elongated insert disposed therein. The biood sample is
admixed with a stain such as acridine orange, and centrifuged in the capillary tbe.
The white cells and platelets settle out in the tube bstween the float and the tube wall

1
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in said chanber. 5. The container assenbly of Caim5 wherein there are at
| east three of said optically detectable bodies on said hydrogel |ayer

pl anar surface. 6. A container assenbly for use in separating formed
constituents from an aqueous constituent in a conplex biologic fluid
sanpl e, said container assenbly having a

11 REPLACEMENT SHEET Wehanbe’ of

vol ume, said chanber being defined by a bottomwall, m ‘m‘ﬁm
transparent sanpl e-viewi ng portion which is di sposed op

bottomwal | ; a layer of an expandabl e hydrogel disposed 6n %ai'd chanber
boLton1maII, sai d expandabl e hydrogel |ayer having a planar surface which

faces said sanpl e-view ng portion of s@lglmghanber, said expandabl e hydrogel
| ayer having a volunme which will cause said hydrogel to essentially fill
safd chanber when said hydrogel |ayer is expanded by reason of absorbing

subst ant halA uombln@fashémbqusé i$ éﬁét’hlrﬁﬁt}f&rrﬁeﬁ doMtiRAMES Whichadre dontHinee!

el N TN atieous-5320d Riolouia Wiid Smpie, $2id Containar assambly hawng -
chamber of known volume, said chamber being defined by a first wall, side walls, and
a transparent sample-viewing portion which is disposed opposite fo said first wall; a
layer of an expandable hydrogel covering séid chamber first wall, said expandable
hydrogel layer having a planar surface which faces said sample-viewing portion of
said chamber, said expandable hydrogel layer being present in an amount which will
cause said hydrogel to essentially fill said chamber and trap any formed sample
constituents on said planar surface of the hydrogel when said hydrogel layer is
expanded due to absorption of essentially all of the aqueous fraction of the fluid
sample and exclusion of the formed sample constituents.

2. The container assembly of Claim 1 wherein said chamber first wall is planar.

3. The container assembly of Claim 1 wherein said transparent sample-viewing
portion of said chamber comprises a transparent wall of said chamber.

4, The container assembly of Claim 1 further comprising optically detectable bodies
disposed on said hydrogel layer planar surface, said optical bodies being operable to
locate said hydrogel layer planar surface after said hydrogel layer has been expanded
in said chamber.

5. The container assembly of Claim 5 wherein there are at least three of said optically
detectable bodies on said hydrogel layer planar surface.

6. A container assembly for use in separating formed constituents from an aqueous
constituent in a complex biologic fluid sample, said container assembly having a

11
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7. A nmethod for examning characteristics of at |east o mlﬂ "Iﬂ,u" !M“"J
constltuent which is contained in an aqueous-based bi ol

sa’d met hod conprising: a) the step of providing a sanple cont ai nér Wwhi'ch

i ncl udes a sanpl e chanber haV|na a known vol une, said chanber being defined

by a fir$hamerof knewgeralime, sai @hambeabm@fmegdma@ovaa& yide Wadls, |
whi ch
Chaney - FI0 ¢ FeRtbaient Salipfilyiehiny BRTRAWHER TS dishobdt SE0GSI fotaitBotions ™

sai d chamall; aflayet ofaim lexpa@dablehydm@bdlspnged opsiaid dwnberabmm@n avall, said
cxpandabl SPRdRBETYEe I haG SRS ibn Tae, Sl Sapie ThAg, ©,
essent i a:cpoytlorn of said ahambetrpealdm«pandable hydtogel daydrahaving a velmae svhichawilla

I .
Caripl c; _SPOsRcY AforBREr e entinfy i RicioHrRR SR S Myl ey o
sai dI hy?rexpahdﬁdbqrreawdohabsugbh’g substa uﬁ la? Ootfthlaaqtlemmer cmﬁs‘t?&n{! IT lf:elﬁ
Formed conge, St B5reHe Bahg EaREhiE B Spssiiieiy IR Rt
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of the peajithe stepodf providing a sample container which includes a sampie chdber having
a known volume, said chamber being defined by a first wall, a side wall, and a
transparent sample-viewing portion, which sample-viewing portion is disposed
opposite to said first wall; said chamber further including a layer of an expandable
hydrogel disposed 6n said chamber first wall, said expandable hydrogel layer having
a planar surface which faces said sample-viewing portion of said chamber, and said -
expandable hydrogel layer having a volume which will cause said hydrogel to
essentially fill said chamber when said hydrogel layer is expanded as a result of
absorbing essentially all of the aqueous constituent of the sample;
b) the step of introducing the fluid sample into said chamber on said hydroge! layer,
and allowing the agueous constituent of said fluid sample to be absorbed by and
expand said hydroge! layer, while capturing formed constituents from said fluid sample
on a surface of said expanding hydrogel layer in said chamber; and
c) examining at least one of the formed constituents which is captured on the surface
of the expanded hydrogel layer in the chamber.

8. The method of Claim 7 wherein said surface of said hydrogel layer is planar and
remains planar while said hydrogel layer is expanded.

9. The method of Claim 8 wherein said planar surface includes optically
distinguishable bodies disposed thereon which allow confirmation of the position of
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resuit of absorbing essentially all of the aqueous constituent of the fluid sample; and
b) the step of introducing the fluid sample into said chamber on said hydrogel layer,
and allowing the aqueous constituent of said fluid sample to be absorbed into and
expand said hydrogel layer while capturing at least one constituent from said fluid
sample on a surface of said expanded hydrogel layer in said chamber.

11. A method for locating an upper surface of an expanded transparent or translucent
hydrogel in a sample chamber, said method comprising:

a) the step of providing a sample container which includes a sample chamber, said
chamber being defined by a first wall, a side wall, and a transparent sample-viewing
wall, which sampie-viewing wall is disposed opposite to said first wall; said chamber
further inciuding an expandable layer of a transparent or transiucent hydrogel
disposed on said chamber first wall, said hydroge! layer having a planar surface which
faces said sample-viewing wall of said chamber;

b) the step of expanding said hydrogel layer so as to move said planar surface of said
hydrogel layer to a final location in said chamber; and

c) the step of positioning discernible formed focusing members in said chamber, which
members are coplanar with said final location of said planar surface so that an optical
instrument can focus on said members and thereby locate the position of said finai
location of said planar surface of the hydrogel in the chamber.

12. The method of Claim 11 wherein said focusing members are positioned on said
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hydr ogel g¢hamebgfanded. 13. A nethod for duplicating an imaged field of view
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bodi es i rresarding arpssition pattern of said formed bodies in sald first field of view image;
c) the step of recording an X, Y grid location of said first field of view image in the
chamber;
d) the step of returning to said recorded X, Y grid location of said field of view;
e) the step of re-imaging said field of view after returning thereto,
f) the step of comparing the positions of said formed bodies in the field of view images
obtained from steps b) and e); and
g) the step of superimposing the formed body positions in the re-imaged field of view
on the formed body positions in the first imaged field of view so as to duplicate said

first imaged field of view in said re-imaged field of view.
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chanber; b) the step formng an image of a first field of view of the

mple in the chanber and recording a position pattern of said forned
bodies in said first field of view i mage; c) the step of recording an X Y
grid location of said first field of view inage in the chanber; d) the step
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formed body positions in the re-imaged field of view on the fornmed body
positions in the first imaged field of view so as to duplicate said first

i maged f iFehmeticonstitients incard agseousiogsed il biclbgicirmxterial sample are
separated from the aqueous constituent of the sample, and are concentrated in an
examining instrument’s focal plane where they can be examined under magnification.
Examples of fiuids that can be analyzed in this fashion include urine; cerebrospinal
fluid; pleural fluid; ascites; fluids aspirated from cysts such as thyroid and breast cysts;
cytologic specimens which have been placed in an aqueous fluid; platelet-rich '
plasma; and the like. The sample is placed in a chamber having a layer of a
hydrophilic hydrogel covering a surface of the chamber. An opposite surface of the
chamber is transparent, and may be formed by a microscope slide cover slip, or the
like. The volume of hydrogel in the chamber is sufficient so that, when the hydrogel
absorbs essentially all of the aqueous fraction of the sample, the hydroge! will expand
and fill the chamber. The capture surface of the expanded hydrogel is preferably
planar, and any formed constituents in the sample will be captured on the capture
surface of the hydroget layer, and will not be absorbed into the hydrogel: Formed
constituents, such as: cells; bacteria; crystals; protozoa,; ova; parasites; and the like,
can be differentially highlighted by use of labeled antibodies, selective stains, or the
like, so as 1o enable optical examination and differentiation of various formed
constituents which may be in the sample. Formed constituents may be harvested from
the capture surface of the expanded hydrogel tayer for more detailed examination and -
analysis. The capture surface of the hydrogel may be provided with a plurality of
beads for use in locating the capture surface with an optical scanning instrument, and
for re-establishing previously scanned fields of view.
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TEXT OF THE ABSTRACT

METHOD AND ASSEMBLY FOR SEPARATING FORMED CONSTITUENTS FROM A
LIQUID CONSTITUENT IN A COMPLEX BIOLOGIC FLUID SAMPLE

Formed constituents (A-D) in an aqueous based fluid biclogic material sample are separated
from the aqueous constituent of the sample, and are concentrated in an examining
instrument's focal plane where they can be examined under magnification. Examples of fluids
that can be analyzed in this fashion include urine, cerebrospinal fluid, pleural fluid, ascites,
fluids aspirated from cysts such as thyroid and breast cysts, cytologic specimens have been -
placed in an agueous fluid, platelet-rich plasma, and the like. The sample is placed in a
chamber (4) having a layer of a hydrophilic hydroge! (9) covering a surface (8) of the
chamber (4). An opposite surface (12) of the chamber (4) is transparent, and may be formed
by a microscope slide cover slip, or the like. The volume of hydrogel (9) in the chamber (4) is
sufficient so that, when the hydroget (9) absorbs essentially all the aqueous fraction of the
sample, the hydrogel (9) will expand and fill the chamber (4). The capture surface (10) of the
expanded hydrogel (3) is preferably planar, and any formed constituents (A-D) in the sample
will be captured on capture surface (10) of the hydroge! layer (9), and will not be absorbed
into he hydrogel (9). Formed constituents (A-D), such as: cells, bacteria, crystals, protozoa,
ova, parasites, and the like, can be differentiaily highlighted by use of labelled antibodies,
selective stains, or like, so as to enable optical examination and differentiation of various
formed constituents (A-D) which may be in the sample.. Formed constituents (A-D) may be
harvested from the capture surface (10) of the expanded hydrogel layer (9) for more detailed
examination and analysis. The capture surface (10) of the hydrogel (9) may be provided with
a plurality of beads (14) for use in locafing the capture surface (10) with an optical scanning
instrument (16), and for re-establishing previously scanned fields of view.
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