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Method for Performing Blood Cell Counts

'BACKGROUND OF THE INVENTION. . e LT T

I TechmcalField oo e o e

The present invention relates to methods and apparatus for a.nalyzmg whole -
blood samples, and to methods and apparatus for evaluanng constituents within a
whole blood sample such as white blood cells platelets etc.
2. Background Informatxon _

Recent advances in analytical hematology have increased the quantity and

quality of mformatlon available from a patient’s blood sample. As aresult, the medical =~

community’s interest in using a patient’s blood sample as a diagnostic tool has also - -

increased. The methods for analyzing blood samples have not, however, in every case
kept .pac.e With the information a\)ailable.__ I{istoﬁcelly, blood samples have been
evaluated by smearing a small amounf of undiluted blood on a slide, drying, ﬁxing'an_d_ '
staining it, and exam:mng the smear under a mlcfoscope. Reasonable results can be
gained from such a smeaf_, but the accuracy and reliability of the data depends largely
on the technician’s experience and technique. In addition, blood smears are labor

| intensive and cosl prohibitive, and are fherefore generally not favored for commercial
applications. E

~ Another known method for evaluatmg a whole blood sample involves dxlutmg a

volume of whole blood, placing it within a chamber, and manually evaluating the

_constituent celis within the diluted sample. Dilution is necessary because the mumber
and concentratlon of the red blood cells (RBC’s) in whole blood vastly outnumber
other constituent cells. Ina sample of whole blood from a typical mdmdual, for

example, there are about 4.5 x 10° RBC’s / mlcrohter (ul) of blood sample, but only

about 0.25 x 10° of platelets and 0 007 x 106 whlte blood cells (WBC’s) perulofblood =

sample. To determine a WBC count, the whole blood sample must be dlluted wnhm a
range of about one part blood _to twenty parts-diluent (-l-._20) up to a dilution-of--
approximately 1:256, depending uporl the exact l:echnlqlle used, and it is also generally
‘necessary to selectlvely_lyse the RBC’s with'_.one or mofe feagents. Lysing the RBC’s

effectively removes them from view so that the WBC’s can be seen. To determine a
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platelet count, the blood sample must be diluted within a range of about 1:100 to
appromnately 1:50,000. Platelet counts do not, however, require a lysis of the RBC’s.
in the sample ‘A disadvantage of this method of evaluatmg a whole blood sample is

" “that the dilution processis fime ¢onsuming and expensive. In addmon,_ adding diluents
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to the whole blood sample increases the error probabxhtymthm the 'sa'inple' data.
A modern method for evaluating a blood sample is impedance or optical flow
~cytometry. Flow cytometry involves 'ciréula'ting' a diluted blood sample through one or
'rhore small diameter orifices, each adjacent an impedance type or an bpﬁcal type
sensor which évaliiates the constituent cells as they pass through the orifice single file.
Here again, the blood sample must be dihited to mitigate the overwhelming number of
.the RBC’s relative to the WBC’s and the platelets Although more expedxent and
consistent than the above descnbed methods, flow cytometry also pOSsesses numerous
dlsadvantages Some of those disadvantages stem from the ph.unbmg required to carry
the sample to, and the ﬂmd controls necessary to control the fluid flow rate through,
the sensor means. The precise control of the sample flow is essential to the operation
of the ﬂow“c&tometer. The plumbing within flow cytometers can and often does leak,
potentially compromising the accuracy and the safety of the équipment. The fluid flow
controls and dilution equipment, on the other hand, reqizire periodic recalibration. The
~need for recalibration illustrates the potential for inaccurate results and the undesirable
: operating costs that exist with many'presently..aVailable hém'atblogy analyzers which
use flow cytometers. Another disadvantage is the volume .of, reagents required.
Because of the large dilution ratios employed, correspondingly large volumes of liquid
reagents are necessary. The iarge reagent volume increases the cost of the testing and
creates a waste disposal problem. |
Another approach to cellular analysis is' volumetric capﬂlary scanning as
outlined in United States Patent Nos. 5,547,849 and 5,585,246 for example, wherein a
. _relatxvely undiluted sample of whole blood is placed into a caplllary of known volume
and tl:uckness and is examined while the blood is in a quiescent state. This technique
'deals with the presence of the RBC’s by limiting the scanmng wavelengths to those
with which the RBC’s appear relatively transparent, and it requires that the sample be
treated so that the RBC’s do not aggregate dunng the measurement process. Thus,
-this technique is limited to the use of longer wavelength-ﬂuorescence, and there is no
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provision for the examination of RBC’s and platelets or the examination of any celtular
morphology . _
~ What is needed i is a method and an -apparatus for evaluating a sample of

‘—substannanymdﬂuted anti-coagulated whole blood that: 1) is capable of providing -
e

“accurate results; 2) does not require removal of the RBC’s prior to analy51s 3) allows
the use of a wide range of light excitation sources for sample examination; 4) does not
use large volumes of reagents; 5) does not require sample fluid flow during the

. .analysis; 6) 1s capable of analyzing all or nearly all of the cells and partxcles in the
sample; and 7) is cost-effective.

- DISCLOSURE OF THE INVENTION

' It is, therefore, an object of the present invention to provide a method for

accurately evaluating constituents of a sample of substantmlly undiluted anti-

coagulated whole blood.
It is another object to provide a2 method and apparatus for evaluating a sample

of whole blood that does not require substantial dilutions.

1t is another object to provide a method and apparatus for evaluating a sample
of whole blood that does not require the use of large volumes of liquid reagents.
_ It is another object to provide a method and apparatus for evaluating a sample

-20——of whole blood that-does not require sample fluid flow during the evaluation.
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It is another objeet to provide a method and apparatus for evaluating a sample

of whole blood which does not require the removal of the majority of the RBC’s prior

to analysis.
It is another object to provide a method and apparatus for evaluating a sample
which allows the evaluation of all or nearly all the constituents of a sample. '
It is another object to provide a method and apparatus for evaluating a sample
-of whole blood that is szmple to use.

This invention relates to a method and apparatus for use in examining and -

" obtaining information from a guiescent substantially undihzted anti-coagulated whole
blood sample which is contained in a chamber. The phrase “substantially undiluted” as
‘used in connection with this invention describes-a blood sample which is diluted by no

more then about 1:1, and preferably much less. - Generally, the only reagents that will
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be used in performmg the method of th1s mvenuon are dyes, stains and antxcoaguﬂants
and these reagents are not added for the purpose of diluting t the sample but rather are |
added to produce a reaction, an eﬁ'ect, or the like thax facﬂltates the test at hand.

According to the present mvenuon, a method for evaluatmg constitierits 6fa” " T T

sample of substantxally undiluted antl-coagulated whole blood is prov:ded ‘which

includes the steps of: a) providing a sample chamber; b) adm:xmg a sensible colorant

~ with the sample of whole blood; c) msertmg the admixed sample into the sample

| cha.mber;' d) quiescently holding the admixed sample within the chamber until rouleaux
and lacunae form within the sample; and €) evaluating a target constituent disposed
within the lacunae. As used within this spéciﬁcatioil, the term colorant is defined as
any reagent that produces a sensible signal by fluorescent emission, or by absorption of
light at a specific wavelength, that can be quantified by the apparatus. ..

An advantage of the present invention method is that a method for evaluating
constituents of a sample of substantially undiluted anti-coagulated whole blood is
provided that provides accurate information. Specifically, the présent method obviates
the need for fluid flow controls and sample dilution, and therefore their associated
error probablhty |

Another advantage of the present method is that constituents within a sample
of anti-coagulated whole blood can be evaluated without substantially diluting the
sample. The present method requires adding a relatively small quantity of sensible -
colorant to the whole blood sample, thereby allowing the sample to remain
substantially undiluted. The expense and problems assdciated with dilution are
consequently.avoided. For example, under the present method useful information can
be gained within a 100 ul sample of blood admixed with approximately 10 i of
colorant diluted in saline, or less than 1 pl of dry reagent.

Another advantage is that the present invention meihod does nbt require large
quantities of 'feagent when evaluating constituents of a sample of a substantiaﬁy
undihfxted anti-coagulated whole blood sample. A person of skill in the art will
recognizé 'that.d'ec'reasing the amount of réageht helps decrease the initial material cost ™
of the analjréis and the cost of handling the used reagent after the analysis.

| Another advantage of the present method is that séinple fluid flow is not
required. The present method permits the blood sample to be evaluated while in a
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quiescent (or “substantially motionless’;) state. The only motion in the blood sampie

will be Brownian motion of the formed constituents within the Sarnple, which motion is
not disabling of the usé of the device of thls invention. As a result, plumbing leaks and
any environmental and/or safety pro_bléms _assoéiafted__with__sﬁch;laaks:_ar.é_ avoided. In__
addition, evaluating the sample while in a quiescent state-also-obviates the need for .- - e
fluid flow controls and thérefore'the_ cost of procuring and maintéiﬁing such controls.

A person of skill in the art will recognize the maintenance costs associated with many

- flow cytometers a_1"e considerable, and that avoiding those costs is a clear advantage.

These and other objects, features and advantages of the present invention will
become apparent in light of the detailed desélipﬁon of the best mode embodiment thereof,
as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a diagrammatic perspective view of a sample chamber.

. FIG.2 is a diagrammatic cross-sectional view of a sample chamber which
includes an inclined flat sebond wall. A through-plane thickness gradient is formed
between the first and second walls. .

FIG.3 is a diagrammatic cross-sectional view of a sample chamber which
includes a flat second wall positioned over a first wall having a plurality of steps. The
plurality of steps provide a plurality of chamber regions at different through-plane  _ .
thicknesses. |

FIG.4 is a diagrammatic cross-sectional view of a sample chamber having a flat
second wall positioned over a first wall having a surface extending ét an angle to the
second wall. A through-plane thickness gradiént is formed between the first and
second walls. o _ -

FIG.S is a diagrammatic view of a sample chamber illustrating the visual |
opaque appearance of a substantially undiluted, anti-coagulated whole blood sample

. before rouleaux and lacunae have formed. .

FIG6isa diagrammatic view of a sample chamber illustrating the appearance - e

- of rouleaux and lacunae within a substantially undiluted, anti-coagulated whole blood
- sample formed after a quiescent period within the chamber.
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BEST MODE FOR CARRYING OUT THE INVENTION
- The method for evaluating white blood cells'(WBC’s), platelets and other
. whole blood constituents within a sample of substantlally undﬂuted ann-coagulated
----whole blood- descnbed below. provxdes many advantages over presently available.
—-5" - -evaluative methods-and apparatus—The present method includes the steps-of:a)
'providing a sample chamber 10; b) admlxmg a sensible colorant with the whole blood
sample; inserting the admixed sample into the sample chamber 10; d) quiescently
holding the admixed sample within the chamber 10 until rouleaux 30 and lacunae 32
(see FIG.6) form within the sample;-and €) evaluating one or mofe_ target constituents
10  within the lacunae 32. |
| * Referring to FIGS. 14, the sample chamber 10 includes a first wall 16 and a
transparent second wall 18. The walls 16,18 are separated from one another by a
| through-plane thickness 20 of determinable magmtude As used herein, the term
“through-plane thickness”™ refers to a line of sight that corresponds to the shortest
15 distance between the interior surface 22 of the first wall 16 and the interior surface 24
of the second wall 18. In a first embodiment (FIG.2), the walls 16,18 are substantially
~ flat and parallel one another. In a second embodiment. (FIGS. 2 and 4), the walls 16,18 -
converge toward one another, thereby forming a tﬁroug‘h-plane thickness 20 gradient.
The walls 16,18 of the second embodiment may intersect with one another (in which
. 20...casethe through-plane thickness 20 goes 1o zero) or the walls 16,18 may stay
separated by a minimum amount. In a third embodiment .(F 1G.3), one or both of the
walls 16,18 includes one or more steps 26. Each step 26 creates an independent region
having a different through-plane thickness 20 In all embodiments, 'spacer..«s 2_8 fnay be
_ used where appropriate to create/maintain the through-plane thickness 20 between the
25 two walls 16,18 , and the walls 16,18 (or step regions 26) may be substantially flat or
arcuate. ' : | R
The through-plane thickness 20 between the walls 16,18 can be determined
mathémat_icaﬂy and/or optlcally, or comparati\}ely using a known reference. If, for
—--—-example, the slope of the walls-16,18 are kﬁown and the walls 16,18 are in contact (or- -
30  separated by 2 known amount; e.g., 2 spaée,r 28), then the thfough—plane thickness 20
can be calculated mathematically at any chosen point, gi;ven the distance from the point
of contact (or spacer 28). The through-plane thickness 20 can also be determined .
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using optical techniques including, but not limited to, interferometry, confocal
microscopy, or the like. A more complete description of methods of determining the
through-plane thickness 20 can be found in United States Patent applicationno. ____
. —-- (attomey docketnoUFB-G -1-‘3.’;);_---Reg.al:c.ilés-s of which-.rr'-le:t.hod is used, the chamber
57 thirough-planie thickniess 20 can be fixed and noted diiring the chamber 10
manufacturing process, or the_ through-plane thickness 20 can be determined at a later

point in time prior to inserting the sample, or after the sample is inserted (e.g., at the
- . end user’s). In general, the size of th_e‘ target constituent and the hematocrit of the
-~ sample dictate the most advantageous th_rough—_ﬂane thickness 20. The relationship
10  between constituents and through-plane thickness 20 will be discussed in detail below.
The whole blood sample is admixed with an amount of at least one sensible
col_orant sufficient to allow the visualization of the cells or particulates. The sensible
colorant may be any material that: 1) distinguishes thé target constituent within the
whole blood sample; and 2) does not substantially dilute the whole blood sample when
15  admixed. An example of a sensible colorant is a ﬂ_uor_escexit highlighting supravital
stain such as acridine orange, basic orang_e-2_'1, or a similar dye that can be seen using a
fluorescent microscope. In some instances, a single colorant may be used to identify
several constituents. In other instances, a plurality of colorants may be used to
distinguish a plurality of constituents. Other constituent evaluations, such as those

described-in United States Patent application no. -~ - - -(attorney docket no. UFB- -
. 016), may be simultaneously performed by the addition of another sensible colorant. -
The addition of the sensible colorant may be performed by adding a small quantity of
the colorant in liquid form to the sample of whole blood, thus creating a2 minimal
_ dilution of the sample, or the colorant may be added in a dried form such as a small
25 . tablet. An alternate means of admixing the sensible colorant to the whole blood
. sample is to dry the colorant on an area of the sample chamber 10. When the whole
. 1?1_904;_5@?1‘? is._.inse;ted into the chamber 1 0, the colorant diffuses into the sainple.
' An amount of admixed whole blood sample large enough to contact both -
“chamber walls 16,18 is inserted into the chamber 10. The sample may be inserted into
30 the chamber 10 by a variety of means including the use of a bladder, capillary action,
etc. Mgtho__ds and apparatus which minimize the po_tential for. the sample to spiﬂ are

' preferred for environmental and safety reasons. . - . - : .

This Sheet Has Been Replaced | . .
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Referrinig to FIGS. 5 and 6, after admission into the chamber 10, the sample is

held quiescently for a brief period of time to permit the formation of rouleaix 30 and

-~ lacunae 32 (see FIG.6). As stated eartier, the only moti_dn‘in the blood sa.fnple will be
~ Brownian motion of the sample's formed cbnsﬁtueﬂfs, which motion is not diséb’ling" of T

the use of the device of this invention. The rouleaux 30 are clusters ofredblood celis ~~

(RBC:’s) that spont'aheousiy form in substantially rhOtiOnless, anti-coagulated whole

* blood. The lacunae are the open areas left between the rouleaux 30. Rouleaux 30 and

lacunae 32 formation occurs naturaily in anti-coagulated whole blood since the

attractive forces that aggregate the RBC’s force the other constituents, such as WBC’s

* 34 and platelets 36 (see FIG.6), into the lacunae 32 where they can be evaluated.
* Keeping a whole blood sample substantially motionless for approximately 15-30

seconds is usuaily adequate to permit rouleaux 30 and lacunae 32 formation, but the
time can vary from sample to sample. The formation of rouleaux 30 can also be
expedited by known aggregation agents, in which case ciuxnps of RBC’s would be
referred to as aggregates. Examples of such aggregating .'agents are dextran, polybrene
and mixtures of the two, antibodies against common red cell antigens, and vegetable
lectins and the like.

The through-plane thickness 20 of the whole blood sample being evaluated is

* critical in evaluating the sample constituents. For example, ifa 100p (1p = 1x 10°
.o .20 PN

meters) thick layer of substantially undiluted anﬁ-coagulafed whole blood is examined
via a microscope, the sample will appear opaque (as illustrated in FIG.5) because light
cannot adequately penetrate the layer, regardless of whether the RBC’s are allowed to

~ form rouleaux 30. If, however, the sample layer t}ﬁéknéss is reduced to approximately

s

30

less than 70, and preferably reduced to between 4p and 50y, a sufficient amount of
light will pass through such that the lacunae 32 appear as clear lakes within which

'WBC’s 34 and platelets 36 can be distinguished and evaluated. The optimum sample

Tayer thickness to enable the evaluation of constituents within the lacunac 32 will

" depend upori"-the'bxiginal hematocrit of thé sample. The hématocrit, which refers to

" the nuinber of RBC’s as a percentage of the total blood volume, is inversely related to
' the optimum sample layer thickness; i.e., a higher than typical hematocrit generally is
. associated with a thinner than typical optimum sample layer. In all cases, however,

 the sample layer must be thick enough to provide a reasonable number of particles or
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cells. Note that not évery single constituent of interest may be forced into the lacunae
32. Itisnot diSablin'g of this invention if a statistically or clinically insignificant number

of the -conStituen_ts are obscured by the RBC aggregates. It is also possible for one or

more coristituents of interest to lie on top of an aggregation ofRBC’s, but since these . - . ..
constituents will be visible (in the case of a vertical microscope); they will be fully - -~ = - -

- evaluable by fluorescence.

The target constiiuent- can be evaluated using a vanety of techniques. If; for
example, the target 'cbnstitl__ient is colored with a fluorescent dye, the lacunae 32 can be

examined with a commercially available fluorescence microscope. The fluorescence

* microscope will illuminate the fluorescent dye interacting with the target constituent,

thereby distinguishing it within the sample. The image produced with the fluorescence
microscope can be recorded in an image dissector (e.g., a CCD camera) and that image
can be manually evaluated, or the i;_nage can be digitizéd and stored in an electronic
file. The electronic file can be interpreted using analysis software that has the ability,
for example; to identify.particular_constimenfs, enumerate the occurrences of a
particular constituent, and evaluate characteristics of the constituent. An example of
commercially available analysis software is that sold by the Signal Analytics
Corporation of Vienna, VA, U.S.A., or other such image processing systems. A more
complete description of such an image evaluation system is provided in applicant’s co-
pending United States Patent application no. _____ (Attorney’s Docket No. UFB-.. .
017). o

* The following examples will illustrate how individual whole blood sample
constituents can be evaluated using the present invention method and apparatus:

- ExampleI: .

Referring to FIGS. 5 and 6, WBC’s 34 within an anti-coagulated whole blood
sample admixed with a small quantity of a sensible colofant can be evaluated in a
sample chamber 10 having a through-plane thickness 20 (see FIGS. 2-4), throughout
the chamber 10 orina portion of the chamber 10, approximately equal to 20u. EDTA
is'an example of an anti-coagulating agent that may be used and afluorescent -
highlighting supravital stain such as acridine efange, basic orange-21, or the like are
examples of sensible colorants that may be used. A chamber through-plane thickness

20 of approximately 20 is chosen for a couple of reasons. * First, the evaluation
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| volume contains a useful number of WBC’s 34 for examination, and second, a
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through-plane thickness 20 of 20y typically provides an optimal chamber for rouleaux

30 formation. The volume of samplé being evalu_até_d is typically deﬁn_ed by the cross- |
._sectional area. of._.th_e..evaluatisizé..ﬁél&éiah&tt—ﬁéftﬂfbﬁgmhﬁﬁlaﬂ"e:fhickness' 20 ofthe. L

:--sample. ‘As -stated-earlier;-ihe--e:_:act-throﬁgh—_plane—t-lﬁcknesé-—20--of--a- field 38 within-the-

chamber 10 may be optimized using several techn_iques, including iterative processes
wherein the population ofa target constituent within a particular field 38 is evaluated
statistically and other fields 38 evaluated 1f necessary to _i_nc__;_e_a_se or decrease the

- population. e e

10

FIG.5 depicts a field 38 of the__sa.mplé immediately after insertion into the
chamber 10 at which time the sample a_ppeérs ‘opaque ‘when examined either with

" transmitted light, or more preferably by epi-illuminated fluorescence. The opaque

15
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25

appearance is caused by the RBC’s 35, which form an overlapping mass prior to the |
formation of the rouleaux 30. Despite the opaque appearanée of the sample field 38,
the colorant allows some WBC’s 34 to be faintly distinguished. FIG.6 shows the same
chamber 10 after lying substantially motionless for approximately thirty (30) seconds.
The RBC’s 35 have spontaneously clustered into rouleaux 30, leaving lacunae 32
between the rouleaux 30. Itis in these lacunae 32 where the other whole blood sainp_le
constituents (e.g., WBC’s 34 _aﬁd platelets 36) can be distinguished and evaluated. If

.a WBC 34 count is desired, a field 38 having a cross-sectional area of one square

millimeter within the region of the chamber 10 having a through-plane thickness 20 of
20 (which contains 0.02p! volume of whole blood sample) can be evaluated. .A
0.02pd sample is chosen to keep the number of _WBC’s 34 reasoﬁable; a normal whole
blood sample contains approximately 7,000 WBC’s per pi of sample and a 0.02l

sample of normal whole blood contains approximately 140 WBC’s. A number of these.

- fields 38 would be counted until enough cells are counted to get a number that has

- sufficient statistical accuracy, w_hich.jn.pracﬁce.-is approximately 1000 cells. If

additional WBC 34 information is sought, the WBC’s 34 _(ly_mphoc_ytes, granulocytes,

- monocytes, etc.) can be furtherevaluated-within the chamber volume. . For example, if

30

it were desirable to classify the types' of WBC’s 34 within the whole blood sample
and/or their frequency, the WBC’s could be evaluated using an image dissector
with/without analysis software. A differential count could be determined from the data

10
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collected. A more complete descnptlon of thls method is given in co-pending United

| States Patent apphcanon no. (Attomey s Docket No. UFB-011).

- I_fthe la_cunae 32 regions of t_he sample appear partially opaque ata chamber

. throngh-plane thickness of 20, perhaps as a result of a higher than typical hematocrit,
- it..may._.b_e:.desilreble --to-evaluate-a-sample--ﬁeld 38 within the sample chamber 10 having a _

threugh-plene thickness less than 20j.. On the other hand, if the hematocrit of the

sample is lower than typical, _it_méy be é,dvantag_eous to use a sample field 38 having a

. through-plane thickness 20 greater than 20y because the population of each

constituent is likely.to be greater. - The _thro_ugh—plane thickness 20 of the sample can
also be changed asa methed for iﬁereasi_ng or. decreasing the constituent populations.
Example II L | | '

Platelets 36 thhm an antl-coagulated whole blood sample can be evaluated

using the techmque descnbed in Example I Because platelets are present in moch

| _ greater quantity than WBC’s 34, a chamber region having a through-plane thlckness 20
15

approximately 5y in magnitude is used. Each field 38 having a cross-sectional area of
one square millimeter within the chamber region having a through-plane thickness of
5u represents a sample volume of .005p1 and in a normal ind_i_vidual will therefore
contain about 1250 platelets 36. The platelets 36 may be evaluated using the same
fluorescent highlighting supravital stains and techniques as used for the WBC’s 34.
The platelets.36-may be evaluated in the same chamber 10 as that used to evaluate the
WBC’s, provided the chamber has regi_oné of varying .threug_h-plane thickness
magnitude such as those desczibed above with skewed, stepped, and/or arcuate walls.
Although this invention has been shown and described with respect to the

detailed embodiments thereof; it. will be understood by those skilled in the art that

various changes in form and detail thereof may be made without departing from the .

spirit and the scope of the invention. For example the sample chamber is described as

. havmg a first wall anda transparent. second wall. If transmittance is used instead of

. ﬂuorescence asa mechamsm for sensmg the sample then both the first wall and the

- . second wall-would-be transparent. .

30

‘What is claimed is:

Sheet Has Been Replaced

Vi . s




WO 99/45386

10

15

25

30

AL

PCT/US99/04976

1. A method for evaluating constituents of a sample of substantially undiluted

. anti-coagulated whole blood, said method comprising the steps of:

" providing a sample chamber (10) formed between a first wall (16) and a

““tiansparent second wall (18), said walls separated a first through—plane thickness (20)
* within a first region of said chamber;

-admixing a sensible colorant with the sample, wherein said colorant

distinguishes one or more constituents within the sample;

placing said admixed sample in said chamber such that said'adt'nixed sample 1s

'~ in contact with said first and second walls within said first region of said chamber;

quiescently holding said admixed sainple within said _chainbe_r for a period of

time;

wherein during said period one or more rouleaux (30) form contiguous with

lacunae (32) within said quiescently residing sample, and said colorant distinguished

constituent resides within said lacunae; and -

evaluating said distinguished constituent within one or more fields (38) within

said lacunae.

2. Amethod according to claim 1, wherein said one or more fields (38) are

" located within said first region.
20

. determining a hematocrit of the sample

3. A method according to claim 2, ﬁ:rthm' compnsmg the step of:

utilizing said hematocrit to locate said one or more fields (38) in a region of
said chamber (10) having a through-plane thickness (20) chosen to increase the clarity
of said constituents within said lacunae (32).

4. A method according to claim 1, further comprising the step of:

T

selectively locating said one or more fields (38) to a second region of said
chamber (10), said second reglon having a second through-plane thickness that is

greater than said first through-plane thlckness

N
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s, A method according to claim 1, further comprising the step of:
| ééléciively_ locating said one or more fields (38) to a second region of said
chamber (10), said second region having a second through-plane thickness that is less
' than said first through-plane thickness. |

6. A method according to claim 1, wherein said first through-plane thickness is
. not greater than 704
7.  Amethod acco'r'&i'n_g to claim 6 whereiti said first through-plane thickness is not
10 less than 4p.
8. A method according to claim 7 wherein said first through-plane thickness is not
~ greater than 50p.
9. - Amethod according. to claim 1, wherein said sensible colorant is admixed prior

15
to being placed within said chamber (10), - - -

10. A method according to claim 1, wherein said sensible colorant is applied to a

surface within said chamber (10) and incorporates info said sample from said surface:
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AMENDED CLAIMS
[received by the International Burean on 21 June 1999 (21.06.99);

ongmal claims 9 and 10 cancelled; original claims 1-8 amended
_ remammg claims unchanged 2 pages)] ;

i. “ A method for evaluatmg whxte blood cell constituents and/or platelet S

constitutents in a substannally undiluted anti-coagulated whole blood sample, said
method comprising the steps of: |
a) providing a sample chamber which is formed between a first wall and a o
5 transparent second wall, said walls being separated by a first through-plane thickness
in a first region of said chamber; _
b) erean'ng an admixture of a colorant and the blood sample, wherein saia colorant
differentiates one or more of said constituents in the blood sample, said admixture
being created either outside of, or iﬁside of said chamber, and said admixture being
10  in contact with said first and second walls of said chamber in said ﬁr_ét region of said
chamber when the admixture is inside of said chamber; |
c) quiescently holding said admixture in said chamber for a predetermined time
period sufficient to form one or more rouleaux, which rouleaﬁx are contiguous with
lacunae which also form within said quiescent admixture, and wherein said
15  constituents reside within said lacunae; _
d) examining one or more fiélds of view which are located within said first region
of said chamber;and; . .. . . = e e .
e) evaluating said white blood cell constituents and/or said platelet constituents
present in said lacunae in said fields of view. '
20 . | .
2. The method of Claim 1, further comprising the step of selectively locating
one or more fields in a second region of said chamber, said second region having a
second through-plane thickness that is greater than said first through-plane thickness
in said first region of said chamber.
3. The method of Claim 1, further comprising the step of selectively locating
one or more fields in a second region of said-chamber; said second region having a
second through-plane thickness that is less than said first thfough-plane thickness in
said first region of said chamber. ' |

30
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4. The method of Claim 1, wherein said first through-plane thickness is no
- greater than 70;1.

-5 -~-The method of Clalm 1 wherem sa1d ﬁrst through-plane thickness is no-less

6.  The method of Claim 1 wherein said first through-plane thickness is no
greater than 50p. |

7. The method of Claim 1, wherein said admixture is created outside of said
chamber.

8. The method of Claim 1, wherein said admixture is created inside of said

chamber.
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