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Fielé 0Of The Invention

‘This inventisn relates to an apparatus and tech-

=0 nique for cdrawing a fluid specimen sample for analysis

from a sample tube into a slide assembly and relates to

a sample collection tube for use in such analysis.

More specifically, this invention relates to an ap-

paratus and technique for use in a urinalysis and to a

15 slide assembly into which a f£luid sample can be conve-
nientl? drawn, and after analysis, flushed out.

Background Of The Invention

Systems and devices for urinalysis are extensively
used and practiced in clinics, laboratories and the
20 like. With -the increased presence of infectious
diseases, such as AIDS, in bioclogical materials, the
need for safe systems and devices to minimize the han-
dling of these potentially dangerous substances becomes
evident. Urine sediment examination typically in-
25 volves, as described in the U.S. Patents 4,393,466 and
4,612,614, pouring of a sample into a tube which is
_ then spun in.a centrifuge to sépara:e the sediment from
its suspending fluid. After centrifugation, the
~ cleared suspvending fluid is poured out and the sediment
30 resuspended in the remaining £luid. A sample of the
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framya_sanple tube into a
tion tube for use in such
el ates to an apparatus and

resuspended sample must then be transferred to a
microscopic slide for examination with a microascope.
The '466 patent Zurther describes a technique with
which manual urine handling steps are eliminated and a
video system is used to provide an electronic image of
the urine specimen. A slide assembly is described
which is shaped to provide a stable sample area where
solid particles in the urine sample can ke viewed.

Various other types of urine or other £luid sample
supply devices are shown and described in the art, see
for example, U.S. Patents 4,302,421, 4,312,591,
4,367,043, 4, 448,732, 4, 835 038, 2,948, 607 4,209, 256,
and 4,271,123.

U.S. Patent 4,804,267 to Walter Greenfield des-
cribes a urine sample analyzing system. A peristaltic
pump is used to alternately pull a urine sample or a
flushing £fluid through a slide assembly, also known as
a flow cell. A video display system is employed to
investigate solids in the sample.

Problems encountered with conventional slide

assemblies may involve toc great a thickness of the

test specimen so that the microscope, which usually has
a very short focal length, tends to be focused at
different focal planes of the test specimen. When the
flow cell is made with plastic components through which
either the microscope views the test sample or through
which illuminating light passes, distortions tend to
appear in the field of view of the microscope. Fre-
quently, cement may be used to attach flow cell compo-
nents and this cement tends to be attacked by constitu-
ents in the urine and some cleaning £luids over extend-
ed uses leading to a disintegration of the slide
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the need for safe systens and devices

assembly. Cement also tends t©o have <iny edges to
which various undesirable contaminants become attached
such as bacteri » molds, yeast and particies and are
not readily dislecdged by a flushing cycle. When the
passageway into the viewing chamber of che slide
assembly has relativel? abrupt turns, tiny bubbles tend
to form and are entrained into the viewing chamber
where they obscure or ‘confuse the clarity of the field
of view of the microsccpe. Where cement/plastic’
plexiglass interfaces are exposed to air and heat Irom
the condensed light source, dust particles are attract-
ed and appear as other urine constituents such as
bacteria, yeast, fibers, and mucus to the microscope
operator when these interfaces also appear in the field
of view.

- It is important'that slide assemblies are suffi-
ciently thin to enable mounting to any microscope
without interference with different lenses of a micro-
scope turret. It is also desirable that a slide
assembly be useful with a variety of mi;rcscopic'
tecninigques such as the one ~ommonly known as "bright
field" and other technigues generally referred to as
Hoffman modulation, phase contrast, polarized light and
fluorescence. It is furthermore desirable <that a
relatively small amount of test f£luid is used to £ill

~a viewing chamber cf a slide assembly so that more than

one examination can be made with the same test fluid.

The various known uriﬁalysis systems tend to be
complex and do not provide an inexpensive and conve-
nient approach to the handling of urinalysis in labora-
tories where complex fully autcmated systems cannot
easily, economically be justified.
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to ni nimze the hamibimmgf t hese potential 'y danger ous subst anceBCTALUSORET0
evident. Urine sediment exmisShet HRBelniRbgah! y 1 nvol ves, as described in

the U. S. Patents 4, 393,466 and ringgaof a sanple into a tube
which is then spun in a centri ‘ﬁﬂwe' the sedinent fromits
suspending fluid. After centri , cl eared suspending fluid is

poured out and the sedi nent resuspended in the remaining fluid. A sanple of
t he _ : '
. In the evaluation of urine, it is at £irst neces-

sary to ccncéntrate the solids in a centrifuge opera-
tion, Sut then the solids should be resuspended. In
order ta achieve a reasonably consistent basis for ana-

5_ lysis, the resuspension preferably should be carried
out with the same 'volume of urine.

Various collection tubes have been proposed for
extracting, sepéra:ing or otherwise segregating écmpo-
nents from a body fluid. For example, U.S. Patent,

10 3,818,248 describes a collection tube with which
different phases of é fluid are separated. The device
includes a movable sealing element or "traveling spool"”
which divides a test tube into an upper chamber and a
lower chamber which has a floating plug. This device

15 can serve the function described but does not permit
the collection of a fixed or constant volume or urine.

U.S. Patent 4,824,560 describes a urine centrifuge
tube containing a partition that is shaped to promote
the collection of solids in a lower chamber during

20 centrifuge. The partition is pierced by a bore whose
cross-section is less than 10 mm. and pfeferahly not
more than 5 mm. and is described even as a capillary
bore. Even though the tube can yield a collection of
solids in a lower chamber, during the decanting of

25 excess liquid from the upper chamber, liquid from the

: lower chamber would tend to escape as well. This is
particularly a problem with larger bore sizes 'whi_.le
with a capillary bore, it is difficult to remove a
consistent sample. Furthermore, no device is shown to

30 facilitate the break-up for resuspension of consoli-
dated solids. ' '
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@ techni que wi t h IIIIII”III“&MHI lmg steps are elim nat ed and a

Other body liguid collection tubes, some Zor cen-
trifuge operatizsns, are described in U.S. Patents
4,464,254, 4,308,028, 4,055,501, 3,935,113, 3,945,928,
and 3,849,072. These patents describe de_viées with

35 similar drawbacks.

Summarv Of The Invention

With an apparatus in accordance with the inven-

tion, & urine sediment analysis can be performed in a

hygienic, efficient, and c::xisistem: manner while using

10 an available standard upright microscope ané a reusable
' slide assembly.

This is achieved with one apparatus in accordance
with the invention by using a slide assembly that can
be irrigated with a flush solution and easily mounted

15 on a microscope, and a compact fluid control device
with which a urine sample can be drawn by a pump from
a urine collection tube through the slide assembly and

subsequently flushed back intoc the tube with a £lushing
liquid. '

20 A plurality of urine samples can be ré.pidly and
efficiently sampled in an efficient manner. A housing
is prova.ded on which a Plurality of special centrifuge
tubes are removably mounted for processing. A centri-
fuged urine sample containing tube is temporarily

25 ‘mounted at a test station where a probe is extended
into the tube and into a solids collection chamber
where solids have c::ngregated and have been resuspended
in a substantially constant volume. '

A control is then actuated with which a sample
30 from the solids collection chamber is drawn up through
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vi deo systemis used to provide an el ectronic inmage of the urine s

A slide assenbly VO 9%B&4813 bed which is shaped to provide a stabl (—?@Z‘ﬁﬂ 4790
area where solid particles i Mhi Sieectiai BenRapBE€ Can be vi ewed. Vari ous
other types of urine or other uppley -devi ces are shown and
described in the art, see forjglmi‘ﬂgﬂg"ﬂlgm%tents 4,302,421, 4,312,591,

4,367,043, 4,448,752, 4,836,0 4,209 256 and 4, 271 123.

'the slide assembly to a place that is between it and
the housing for the apparatus of this invention. Uson
complerion of the micrdsccpic examination, the contrcl
is again actuated so that the pump can be reversed and

-5 flushing liquid pumped from the reservoir through the
slide assembly into the centrifuge tube.

With an apparatus in accordance with the inven-
tion, manual exposure to body fluid samples is signi-
ficantly reduced, a rapid handling and safe examination

10 of samples can ke achieved and consistent examination
results are achieved. |

The consistency is particularly enhanced by main-

taining a constant sample holding volume in the centri-

| fuge sample collecrion tube. This is obtained by em-
15 ploying a plug in a centrifuge tube that is held in a
fixed position in the tube so as to define a solids
collection chamber between the plug and the closed

bottom end of the tube. The plug has a bore through

which solids can pass through into the solids collec-

- 20 tion chamber during a centrifuge operation. The kore
terminates in the latter chamber in a valve seat and a
loose~fitting valve element is located inside the
chamber. The valve element has a suffzczently high
specific gravity so that it will not float and solids

25 can pass through the bore intc the collection chamber.

~ However, at the conclusion of the centrifuge

operation, the excess fluid can be decanted by inver-

sion of the tube without a signifi:aht loss of fluid

from the solids collection chamber since the valve

30 element will automatically close the through bore by
moving onto the valve seat.
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U S. Patent 4,804,267 to Walter Greenfield des- cribes a urine sanple.

anal yzi ng 'system ﬁo@?izhzﬁt attie—purp—is—used to alternately pull @cefisy/04790
sanpl e or a flushing |UI3

! t ygh a slide assenbly, also known as a flow
cell. A-video display system? S a¢eﬁ\4_es,t i_gate solids in the
sanpl e. Probl enms encoun entional slide assenblies may

invol ve too great a thickness ecimen so that the m croscope,
whi ch usual ly has '

With a submerged valve element loose in the col-
lection chamher,'any solid sediments that may have
aggregated into a consolidated mass can be csnveniently
loosened and resuspended throughout the fluid in the

5 collection chamber. This involves a gentle shaking of
the tube in a manner whereby the valve element can
break up consolidated sediments and resuspend the
solids in a substantially constant volume cf liquid.

The reliability, versatility, and effectiveness of
10 an apparatus in accordance with the. inventicn is
further enhanced ty use ¢f a slide assembly with which
a urine sample can be drawn and subsegquently conve-
niently viewed through a microscope. The slide assem-
bly alsoc known as a flow cell, is formed with an
15 elongate optical glass enclosure. The enclosure has
spaced-apart upper and 1lower sides which present
substantially flat surfaces for examination of a urine
sample drawn into a viewing chamber bounded by glass
sides. The Qlass enclosure has aligned end-located
20 ports so that the flow of urine does not encounter
abrupt turns in the passage ways leading to the viéwing
chamber. The spacing between the flat sides is select-
ed to provide a viewing chamber cf even and optimum

depth for microscope examination.

25 A holder is employed cto receive and retain the
glass enclosure while presenting a sufficiently low
_profile so as to enable use of the slide assembly with
mest conventional microscopes. The holder has metal
tubes at end-located edges for connection to the ports

30 of the glass enclosure and to appropriate flexible
tubing to facilitate handling and mounting of the slide
assembly.
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‘a very short foca d at different focaCplsBs2e4790
of the test spemmﬁr)%gﬂ t |s made with plastic conponents

~ hrough which either the m c test sarrpl e or through which
|IIumnat|ngI|ght passes, di to appear in the field of view
of the mcroscope. Fre- quent be used to attach flow cell

~conpo- nents and this cenent tends to be attacked by constitu- ents in the
urine and sone cl eaning fluids over extend- ed uses leading to a

disintegration of the slide with a slide assempbly in accordance with the
invention, problems encsuntered with other slide
assemblies are avoided.

It is, therefore, an object of the invention to

5 provide an apparatus and technique with which boedy
fluids can be conveniently, safely, and expeditiously

" handled for analysis. It is a further object of the
invention to provide a body fluid collection tube
within which body fluids can be centr..fuaed and heav:.er

10 cocmponents segregated ané '-cnven:.em:ly extracted in a
consistent manner. It is still further an object of

the invention to provide a slide assembly for use with

a fluid examination apparatus of this invention and

with which consistent microscope 'exaxuin_ations can be

15 carried out in a repetitive manner, with high reliabil-.
ity, in a safe manner, adaptable to various illuminat-

ing techniques such as phase contrast and Hoffman
modulation, and useable with most microscopes at their.
respective magnificatiocn levels. while using a small

20 enough amount of test fluid to accommodate several
examinations of the fluiéd from the same centrifuge
tube.

These and other cbjects and advantages of the ln'
vention can be understood from the following detailed

25 description of an apparatus and collection tube in
accordance with the invention and as illustrated in the
drawings.

,Brief Descriprion Of Drawinas_

_ Figure 1 is a front perspective, partially broken~
30 away view of a body fluid handling apparatus in accor-
dance with the iavention:
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Figure 2 is a rear view in elevation c¢f <the
apparatus of Figure 1;

Figure 3 is a block diagram and schematic view of
" the apparatus of Figure 1;

S - Figure 4 is a front view in elevation of a urine
sample collection and centrifuge tube in accsordance
with the invention; -

Figure 5 is a cross-secticnal view of the collec-
tion tube shown in Sigure 4;

10 _ Figure 6 is a bcttcm view of the collection tube
of Figure 5;

Figure 7 is a partial, side cross-sectional view
of the collection tube of Figure 5;

Figure 8 is a partial, front cross-sectional view
15 of the collection tube as shown in Figure 5 but in an
inverted position:;

Figure ¢ is a side cross-sectional view of a slide

assembly for use with an apparatus as shown in Figure
i;

=9 Figure 10 is another centrifuge anad solids collec-
tion tube in accordance with the invention;

Figure 11 is a partzal longltadrnal section view
of the solids collection tube cf Figure 10;

Figure 12 is a perspective view of a separator
25 . plug used in the collection tube of Figure 10;
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such as bacteria, nolds east and particles and are not readily 1
by a flushing cycl"‘@”&‘ﬁ@hg“t he passageway into the view ng chanber'%ﬂ“@ﬂ%%%
slide assenbly has rel ati vel4fAneedAhs Beett Replacelli ny bubbl es tend to form and

“are entrained into the viewn theyoobscure or confuse the
clarity of the field of vi ew mmau ope. Where cenent/plastic
pl exi gl ass interfaces are exp d heat fromthe condensed |ight

source, dust partlcles are attract- ed and appear as other urine

constituents such as bacteri g, | bers,_ and_nmucus t.0 t.he micrQsco
operat or when t hese |nterfacesg§% o*apbﬁaF FROPRESTT Pt i BLTHR R
lection tube of Figure 10 and is taken along the line

11-11 therein;

Figure 14 is a cross-sectional downward view of a
S solids collection tube, without a separator rlug, but
modified in accordance with the invention:

Figure 15 is a longitudinal cross-sectional view
of the modified solids collection tube as shown in
Figure 14 and is taken along the lines 15-i3 therein;

10 - Figure 16 is a perspective view of a modified
separator plug for use in a collection tube as illus-
trated in Figure S;

Figure 17 is a pe:spective view of a slide assem-
bly in accordance with the invention:;

15 Figure 18 is an exploded perspective view of the
' slide assembly of Figure 18;

Figure 19 is a top plan view of the slide assembly
of Figure 17; '

_ Figure 20 is a bottom view of the slide assembly
20 of Figure 17;

Figure 21 is a partial enlarged section view of
the slide assembly of Figure 17; and '

| F;gure 22 is a section vie# of the slide assembly
of Figure 17 taken along the line 22-22 in Figure 21.
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of view. It is inportant that slide assenblies are suffi- ciently

thin to enable oW b3)g4219 any m croscope without interference WP@r/US93/04790
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Detailed Descri:t;cn of Drawings

- With re*e*e.ce o Figures 1-3, an apparatus 20 is
shown with whxca & urine sampie is drawn from a col-
lection and centrifuge tube 2 or such other ceneri-
fugable container as one may wish to use and pulled
through a slide assembly 24. The apparatus 20 includes
a peristaltic pump 26 which is reversible so that with
one direction of rotation, a sample of urine is drawn
from a solids colleczion chamber 28 in tube 22 through
& precbe assembly 30, and a flexikle tube 32 into slide
assembly 24. When the pump 26 is reversed, it draws a

flushing liquid from a reservoir 34 and tubing 36 back

to the collection tube 22. This is done for a suffici-
ent léngth of time to flush the urine sample with its
solids out of tubing 386, slide assembly 24, and tubing
32 and the probe assembly 30 into the collection tube
22. A quick connect-disconnect fitting 37, which is
mounted on front panel 42, is interposed in tubing 36.
This permits an easy replacement of slide assembly 24

and/or .ublng 36 if severe contaminaticn or damage
QCCurs.

Preferably, a slide assembly 300 as illustrated in
and described hereafter with reference to Figures 17-22
is employed with apparatus 20. The slide assembly 300
and tube 32 require a small amount of test fluid from
collection tube 22, This is achieved by using a

smaller cross-secticn tube 32 having an internal diame~

ter bore in the range of about 0.021 inches while a
larger tube 36, has an internal diameter bore of about
0.031 inches. This enapies one to draw typically about
one-half of the amnunt_cf'test liquid available at the
bottom end 28 of tube 22, thus leaving scme £or a
repeat examination. ' |
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relativel y smal | awouwijgefz test fluid is used to fill a view ng clrITPE$93204790
a slide assenbly so that nore than one exam nation can be nadEﬂmﬂﬁ+44%}———____

sane test fluid. - The vari ous known urlnaly5|s systens fe
conpl ex and do not provide an inexpensive and Corkfe ni ent app eplaced
handling of urinalysis in | abora- tories where conplex fully a ﬂ ’",

systens cannot easily, econonmically be justified.

The apparatus 20 has a housing 40 with a sloped
front'panel 42 and a rack 44 on a top panel 43. The
top panel is shaped'td form a holding position for the
stainless tube rack and cants forward for easy viewing.

5 The rack 44 has a plurality of suitably-aligned aper-
tures 46, 48 so as to stably retain a plurality of
collection tubes 22. . Single tube holding racks 50, 50°'
are located on side panels S2, 54 to, for example,
enable the apparatus to be used in a left or rzght-

10 handed mode.

Housing 40 further includes an électrically con-

trolled reversible stepper motor 58 whose output shaft

60 is coupled by a belt drive 62 to rotate peristaltic

pump 26. Housing 40 further inecludes a suitable power

15 supply and electric circuitry as more éarticularly
described with reference to Figu:e'3.

In addition to a power control switch 64, the
front panel 42 has pushbutton switches 66, 68 which

respectively control the start of a sample handling and
20 a flushing phase.

In the sample phase, a collection centrifuge tube,
such as 22, céntains.a urine sample in lower solids
collection chamber 28. The probe assembly includes an
elongate hollow probe 70 which extends into chamber 28

25 and is connected to flexible tubing 32. As pushbutton
66 is actuated, the pump 26 is rotated in a direction
and  in an amount sufficient to pull a liguid sample
through the probe 70 and slide assembly 24 but not so

far as to enter the front panel on apparatus houszng
30 40.
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The slide assembly' 300 which is mounted on a

- standard upright microscope 72, which hereinafter at
_blmes is referred to as a conventional microsccpe or

just microscope, can then be optically examined.

When the examination is cumpleted, the flush push-
button 68 is actuated.' This causes a reversal of the
motor 58 in a direction whereby flushing liquid 69 is
sucked from reservoir 34 and driven through tubings 36,

and slide assembly 24, tubing 32 and probe assembly 30
into the collection tube 22.

| The flushing actuation prepares slide assémbly 24
and the connected tubings and probe for the next urine
sample inside another collection tube 22. The entire
process of handling of a urine sample for examination
can be done in a short time and minimizes direct expo-
sure by the operator to the body fluid.

In the event the first examination of a urine
sample appears unacceptable, the flush cycle can be
implemented kut by discharging the sample and flushing
ligquid into another tube. The small sample needed for

the first examination leaves enough residue for another

samﬁle to be drawn after reinserting the probe assembly
30 into the test tube containing the centrifuged urine.

Figure 3 illustrates a control logic 78 used to
operate apparatus 20. A pressure sénscr 80 is placed
in communication with flexxble tubing 36 between fit-
ting 37 and pump 26 to sense excessive pressures in the

tubing such as may arise from a blocked probe 70 or an

occluded tubing 32. A normally closed switch 82 is

controlled by pressure sensor 80 and is located so as

to ianterrupt drive ts the motor 58. A pump rotation
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tion, but then the solids should be resuspended. In order to achlgﬁyg&s/oﬂ%

reasonabl y consi sWh3/33t3 s Tor ana- tysis,—the resuspensi on pref

shoul d be carried out Wth thg;SAIRHY%H B RIqUr i NE. - Various

col | ection tubes have been pro Ccting,- separating or otherw se
‘'segregating conpo- nents from Emﬁalﬁml' T“EFor exanple, U S. Patent,
3,818, 248 descri bes a collecti ich different phases of a

fluid are separated. The device includes a novable sealing elenment or
"travel i ng spool " . . _ .
_ sensor 84 is used to generate pulses on line 86 repre-

sentative of pump rotation and thus in effect'represen-

tative of either the volume cf sample liguid being

drawn from colleczion tube 22 or the volume cf flushing
5 liquid 69 being pumped. . '

A pair of control flip-flops 86, 88 are employed

to regulate the operation of pump 26. Flip flop 86

sets either sample or flush phases with its outputs 90,

92 respectively labeled S and FL. Flip flcp 88 regqu-

10 lates the activation of reversible stepper motcr 58 by
way of "on" ocutput 94.

The motor direction of rotation is controlled by

a motor phase generator 96 which generates appropriate-

1y phased motor drive signals with a shift register en-

15  abled by the sample and flush phase signals S and FL.

The motor phase signals are amplified by a motor drive
98. : ' - '

The control 78 responds to a power on condition by
forcing the phase control flip flop 86 into a flush
20 mode and the motor run flip flop 88 in the OFF state.
| This can be achieved by a direct coupling with a line
87. A network'SS is provided and includes a capacitor
99 whose initial low voltage during turn-on assures
that the motor run control flip flop 88 is in the OFF
25 s;ate. In this manner, the system must first activate
a flushing operation before a samplé can be drawn from
a solids collection chamber 28 in tube 22.

When the flush control switch 68 is activated, the

motor phase generator 96 generates appropriately phased

30 ' pulses to stepper motor S8 to cause pump 26 to draw
flushing liquid 69 from reservoir 34. As pump 26
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whi ch divides a test tube into an upper chanber and a | ower chanber which
has a floating plug. This device can serve the function described Qﬂgugﬁﬂﬁﬂm

not permt the col We®BIMallof a fixed or constant vol une OI’—LI-LL.ELQ.\
U.S. Patent 4,824,560 describes a urine centrifuge tube containing a

partition that is shaped to pronote the col | ecti ai. af solldsTmhﬁaamaw&knmmhmd'
chanber during centrifuge. The partition is pierced by a bore
cross-section is less than 10 nm and preferably not nore 't ha!wmmm#m”!"l
descri bed even as a capillary
rotates, sensor 84 generates pulses which are applied
. to a flush phase counter 102. A flush time selection
" network 106 is connected t> counter 102 and generates,
‘on output line 108 an enabling signal commensurate with
5 = the desired amount of flushing liquid to be pumped from
' - reservoir 34 back into tube 22. Network 106 can be a
decode network with dip switches to enable one to
manually select the number of sensor pulses on line 86
needed to complete the flushing phase.

10 The output 108 from the flush selec- nectwork 196
causes, in the flush phase, an output on line 110 frem
an AND gate 112 t5 in turn deliver a motcr enabling
signal on output 114 of gate 116 since the signal on
line 94 was activated by flush control switch 68. The

15 | motor enabling signal is applied through pressure-
control switch 82 to an enabling input of a clock 118
used to initiate the generation of motor drive pulses
from motor phase generator 96.

If no excessive pressures occur in tubing 36, the

20 motor 58 continues in its flushing direction -until

counter 102 reaches the count at which the flushing

selection netwotk 106 causes a cessation of the enabl-

ing signal on line 108. This removes the enabling
signal to clock 118 and stops the motor 58.

25 At this time, the output on line 108 is in an
' active state for the sample control switch 656. Hence,
when the sample push button 66 is activatgd, £1ip flop
86 is set in the sample mode. This enables a sample
pulse counter 120 which counts pulses on line 86 from
30 the pump rotation sensor 84.
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bore. Even though the tube can yield a collection of solids in a |
chamber, duri ng tH@O&E@ﬁHPing of excess liquid fromthe upper cha
l+quid fromthe | ower chanber would tend to escape as well. This is
particularly a probl em wi trhis SiRetgRs BRaReplzézes While with a capillary bore,

it is difficult to renove t mpl e. Fdft fiernore, no device is
shown to facilitate the br spensi on of consoli- dated solids.

The sample time selection network 122 produces an
outsut on line 124 which acts through AND gate 130, OR
gate 132, and gate 116 to energize clock 118. The sam-
ple phase generator 96 now produces pulses to drive

'5 motor 58 in a direction whereby pump 84 draws a sample
" from tube 22. ' '

r
W?US93/ 04790

The duration of the sample rotation is controlled
by the sample selection network 122. This is set, such
as with dip_switches, to extract 3 liquid sampie from

10 solids chamber 28 sufficient to extend through tubing
32 past slide assembly 24, but not so far as to reach
the reservoir 34. Hence, preferably up to about a
region indicated by line 134. '

Figure 9 illustrates a cross-section of the slide
15 assembly 24. This includes a small volume transparent
viewing chamber 140 which is adapted to enable viewing
of a sample with the microscope as shown in Figure 3.
A preferred slide assembly 300 as shown in Figures 17-
22 is used. Since but a small sample volume is drawn
20 and differently-sized tubings 32 and 36 are employed,
the flow from the test tube 22 tends to continue after
the motor drive 98 has been stopped at the end of the
sample phase. Since the flow tends to continue for

some time, it is disturbing to the operator of micro-
25 scope 72.

Hence, a solenoid actuated pinch valve 302 is used

to pinch tube 36 between slide assembly 300 and pump

26. The valve 302 is actuated by a signal P generated

at the end of the sample drawing by motor 62 and until

30 the flush phase is begun. Signal P can be generated in
various ways. One way may involve the signal zt the
output 304 of AND gate 130. This is applied to an

THIS SHEET HAS BEEN
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“Cther body Iiquid collection tubes, some for cen-
' WO 93/24213 § PCT. IUS93/04790
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dutpux: 104 of AND garte 130. This is applied t2 an
inverter 306 wnose output causes generation of a single
pulse from a pulse generatcr 308. The output cf pulse
generatcr activates a flip-flop 310 whose output 212
goes active for the time pericd between the end of the
sample phase and the end of the flush phase. The P
signal on output 312 is then used to activate a sole-
noid 314 to close the pinch valve 302 and prevent
, further fluid flow though he viewing chamber of the
10 slide assembly 300.

w

Another feature of the invention may involve use

‘of a sample collection and centrifuge tube 22 with
which a uniform sample can be conveniently obtained.

This involves, as illustrated for cne tube 22 of this

15 invention in Figures 4-8, a sample collection tube 22
with a cylindrical upper body 144 and a transparent

lower flattened body 146. The upper body encloses a
chamber 148 which is separated from a lower-located
solids collection chamber 28 by a plug 152. A bore 134

20 extends through plug 152 so that small solids can,

during a centrifuge operation, pass through bore 154
into chamber 28.

Plug 152 is shaped so that it is seated in a fixed
position between chambers 148, 28 at the transition
23 section 136 of tube 22. The upper portion 158 of plug
152 has a larger cross-section than its lower portion
160 which extends slightly intc chamber 28. The
through bore 154 terminates at portion 160 which is
shaped to form a valve seat 1562 for a freely- moving

40 small ball valve 164 which is captured within chamber
28. Valve seat 162 can be concave or V-shaped or such
other shépe as is desirable to form a valve seat. Ball
valve 164 has a specific gravity that is sufficiently

THIS SHEET HAS BEE
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‘trifuge operati OR5e ;)itglsdescri bed in U S. Patents 4, 464, 254, 4, 3¢T/083/04790
4,055,501, 3,935, 13, X : ; ; ,072. - These patents descri be
devices with sinmlar drawbagkSyeet fas Been Replaced - — ,?u_rmary O The Invention
Wth an apparatus in accorda nven- “Tion, a urine sedi nent

anal ysi s can be perforned in[ﬂﬂn H quficient, and consi stent manner

whi |l e using an avail able sta m cr oscope and a reusabl e

high so as not t5 float inside chamber 28 and thus
normally rest cn the bottcm of chamber 28. For urine
colleczion and centrifuge, a speciflic gravity greacer
than one is needed.

wu

During a centrifuge operation, the probe assembly
30 is not present. The solids in the urine specimen
are forced through bore 154 into the lower chambey 28.
At the end of the centrifuge, excess liquid is in the
upper chamber 148 and solids have aggregated into a
10 consolidated mass in the lower champer 28. The excess
liquid in the upper chamber can be decanted, without
loss of ligquid from the lower chamber 28, by suffici-
ently inverting the tube 22, as illustrated in Figure
8. This shows the ball valve on the valve seat 162,

15 resulting in the retention of a fixed volume of ligquid
in chamber 28.

When tube 22 is placed upright again, ball valve

164, which has a sufficient mass, can be used with a

gentle agitation of tube 22, to break up any consoli-

20 dated solids in mass 170 and cause them to be resus-

pended. Since the resuspension occurs within a con-

sistent volume of liquid inside chamber 28, the density

of solids can be more accurately determined from the
microscopic investigaticn.

25 During a centrifuge operation, solids tend to col-
lect at the small ledge formed between the upper edge

172 of the plug 152 and the inner wall 174 of upper
chamber 148. Hence, as shown in Figure 16 in a pre-

' fe:red_fofm of a plug 152', its upper edge 172 is made

30 as small as possible and is spaced away from wall 174
by use of longitudinally-extending ribs 176. These

‘ribs provide thin, capillary-sized, passages 178 around

-~THIS SHEET HAS BEE!
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slide assenbly. This is achieved with one apparatus in accordance

with the invention b u5|ng_a_sL+de—aSSEHﬁT'—that can be irrigated wt
" flush sol ution andV@&¥p4243 m)unt ed a &&cope and a conpact ?Wp§93’“479°
~control device wi'th which a be drawn by a punp froma
urine collection tube throug nbhyland subsequently fl ushed
back into the tube with a flu :

the periphery of siug 132, Passages 178 are suffici-

ently wide to allow solids to pass through to the

collection champer :8, yet not so wide as to allow

liquid to escape when the excess liquid in chamber 148
5 needs to be decanted.

Figureé 10-13 illustrate another centrifuge and
solids ccllection tube 180. The tube 180 can: be of
conventional shape with a wide upper body 182 and a
conical lower tady 184. A plug 186 is provided with an

10 upper zorrtion lss'shaped'tc snugly f£it inside the upper
body 182 and a lower porrion 190 that extends slightly
into the lower body 184. Ribs 192 extend along the
outer surface of plug 186 to form capillary-sized

passages 194 between the ribs for passage of centri-
15 fuged solids.

Plug 186 has a through bore 196 and valve seat 198
facing a solids collection chamber 200. A ball valve
164' is located in chamber 200.

In an alternate form of a solids collection tube

20 in accordance with the invention as shown in Figures 14

and 15, ribs 202 similar to ribs 176 in Figure 16 or

192 in Figure 12 are placed on the inside wall 174' of

tube 180. The ribs are integrally molded with the tube

_ 180 by addzng appropriately-shaped recesses to an

25 . injection molding die used to make tubes such as 180.

The spaces 204 between ribs 202 then form, with an

approprzately' outer smooth-walled plug such as 186
desired longztudlnal capillary passages.

With reference ts Figures 17-22, the preferred
30 slide assembly 300 is shown formed of a transparent
elongate optical glass enclosure 320 mounted to a metal

THIS SHEET HAS BEEN
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A plurality of urine sanples can be rapidly and efficiently sanpled in

efficient manner. WOy is provided on which a pIur&44ap4ﬁ_:ﬁ§§3§ﬂ¥ffﬂl_
centrifuge tubes are renmovably nounted for processing. A centri- fuged

urine sanple containing tube is tenporarily noung@d-at a té@?sg?ﬁhBBWnKmhaﬂ
where a probe is extended

_ into the tube and into a solids cI
chanber where solids have congregated and have been resuspe
substantially constant vol une. A control is then actuate

a sanple

10

15

20

25

30

up

slide suppo:t 322. The optical enclosure 320 is made
from a preform glass extrusion with flat upper and
lower transparent slide walls 324, 326 and sides 328,
330. The enclicsure ends 332, 334 are formed into short
tubes to provide end-located ports 336,338 in alignment
with an elongate-viewing chamber 340.

The optical glass enclosure has an evenly thick -

capillary-sized viewing chamber 340 whose width, w, is .

commensurate with that needed to enable an optical
examination of a fluid with microscope 72. The dimen-
sions of the optical glass enclosure are selected
commensurate with good viewing through a microscope
into the £fluid. This involves a thickness of each
slide wall 324, 326 of about 0.007 inches + ten percent
and a thickness of the viewing chamber of about 0 005
inches + five percent.

The slide support 322 has a central elongate
recess 350 in a midsection 351 and which is sized to
freely vet snugly_receiﬁe the elongate optical glaSé
enciosure with its lower wall 326 facing the bottom 352
of recess 350. The ends 354 of recess 350 are shaped
to receive ends 332, 334 of glass enclosure 324.
Recess 350 has a cut-out 356 to allow light to pass
through from below during microscope viewing. A pair
of stainless steel tubes 360, 362 are mounted inside
bores 363 formed in end 364 of holder 322 and serve to
form a fluid flow connection with flexible tubings 32,
36 (see Figures 1 and 3). Flexible tuhes 366, 368 are
used to connect tubular ends 332 and 334 to stainless
steel tubes 360, 362. The optical glass enclosure 324
is cemented in place inside recess 350 with the use of

a suitable adhesive 366 as may be applied at ends 354

of recess 350. The end walls 364 protrude above the

e fre REPLACED
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*fromthe SO|IdS col l ection chanber is drawn up through
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midseczion 351 and spaced sufficiently far apart so as

to avoid interference with a microscope £focused on the
viewing chamber.

An lmpor ant feature of sllde assembly 300 is its
useabilicy on virtualiy most microscopes used in cl ini-
cal laboratories where urinalysis is done. The maximum
thickness profile, t, within the operational range of
the microscope is, therefore, limited ¢o as small as is
reasonably practical. Generaily, the thickness profile
t is of the order of less than about three millimecers
while still reing able ts draw a fluid sample from
collection tube 22 and acccmmodate a flushing cycle as
described. The depth of recess 350 is selected to
receive most of the glass enclosure 320 with a small
protrusicon above the surface 370 of the central segment

. 372 of the holder 322 to enable a close approach of the

slide assembly 300 by the lens of a microscope.

Since some thickness increase is required at the
ends 332, 334, the overall length L of the flat segment
of the glass enclosure 320 is made sufficiently long to
avoid interference between the microscope. and the glass
enclosure 320. This length may vary, but generally

about one and a half inches has been found to be
satisfacrory.

With a slide assembly 300, the operation of a
urinalysis is considerably improved. The small volume

of the viewing chamber 340, of the order of generally

less than about thirty microliters, and the use of a
small diameter bore for the f£lexible tube 32 limits the
amount of fluid needed for a sample. With the aligmn-
ment cof the ports 336, 338 with the elongate viewing

chamber, abrupt turns are avoided, thus reducing the




the slide assenbly to a pl ace that is between it and the housing
appar at us ‘of thi S¥OM4%1Bon. Upon conpl etion of the nicro |19 pefussifiarso

examination, the control is again actuated so that the punp fharghbe rever sed
and flushing liquid punped fromthe reservoir thtdugh the sli f

eplaced
into the centrifuge tube. Wth an apparatus in accordan ﬂ 'i m

i nven- tion, manual exposure to body fluid sanples is signi- ']
reduced, a rapid handling and safe exam nation

formation of tiny bubbles and avoiding a lodging of
particles and bacteria because these are now easier to

flush out. By using glass extrusion for the enclosure
320, cement interfaces are avoided and microscope

S viewing is enhanced and variocus known illumination
technigues can be used.

Having thus described illustrative forms of the
invention, its advantages can be appreciated. Varia-
tions from the described embodiment can be made without

10 departing from the scope of the inventicn. '
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of sanpl es can be achi eved -and—Ttonsi sStent _exam nation results are achieved

The consistency is
o,

hol di ng volune in
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by em ploying a plug in afcenfrifugé tube that is held in a fixed position
in the tube so as to define a solids collection chanber between the plug
and the cl osed bottom end of the tube. The plug*itas -a bore through which

sol | _ds can pass through into 06 30Lkd5 Coll @Gawing a sample of test fluid in a

U

10

15

.20

container through a slide assembly for analysis with a
microscope, comprising:

a flushing fluid supply;

pump means in £luid flow communication with saicd
flushing fluid supply for pumping fluid between the

-container and the flushing fluid supply;

reusable slide assembly means having & viewing
chamber for holding a £fluid sample to enable direct
viewing of the sample by the microscope; said slide
assembly means being removeably mountable to the micro-
scope; said sliide means further having a first port and a
second port in fluid flow communicaticn with the viewing
cChamber, _ _

tube means for coupling the test £luid £rom the
container to the first port of the reusable slide assem-
bly means and for coupling the second port of the reus-
able slide assembly means to the pump means:

means for activating the pump means in one operative
direction for a sufficient time so as to draw a sample of
test fluid from the container through the viewing chamber
of the slide assembly means'without passing into the

- flushing £fluid supply; and

means for activating the pump means in another
operative direction for pumping flushing £fluid from the
flushing fluid supply through the viewing chamber to
flush the test £fiuié sample therefrom into said con-
tainer.

2. The apparatus as claimed in claim 1, wherein said
means for activating the reversible pump includes:

means for sensing pump activity and producing a pump
signal indicative thereof; '

THIS SHEET HAS BEEN
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atver chanber | w52 seoMNMEIE ML ' Vol Al

j nside the chanber.

~ The val ve* el%nent "had a*sufficiently high specific
gravity so that it wll
t he col |l ecti on chanber.

not float and solids can pass through the bore into
However, at the=*¢onclusion of the centrifuge

operation, the excess fluid can be decanted by inver- sion of the tube

wi t hout a significant

since the val ve

(V1)

| oss of fluid fromthe solids collection chanber

means responsive to the pump signal f£or alternately
generating a flusnh enabling signal representative cf the
amount <f <Zlushing £fluid tTo be pumped and a sampie
enabling_signal representative of the amount of sampling
fluid to be drawn from the solids collection tube.

3. The apparatus as claimed in claim 2 wherein the
means for alternately generating the flush and sample
enabling signals includes: _

a panel mounted flush control switch coupled ¢o
initiate a pump activity in a flushing’ direction; and

a panel mounted sample control switch coupled to
initiate a pump activity in a fluid sample drawing
directior_a which is opposite to said flushing d_irecz:ion.

4. The apparatus as élaimed in claim 1 and further
including a housing having a front panel and a rear
panel, and a tube rack mounted to the rear panel and
having a plurality of holes sized to retain a plurality
of collection tubes.

s. The apparatus as claimed in claim 4 wherein the
housing has side panels, and a tube holder mounted to at

least one of said side pa.nels to retain a solids collec-
tion tube.

6. The apparatus as claimed in claim 1 and further-
including a needle assembly shaped to be releasably

mounted inside a solids collection tube.

7. An apparatus for uraw:.ng a fluid sample for analys:.s_

'througn a slide assembly compr:s:.ng.

a solids collection tube for holding a £luid sample.
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el ement will
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automatical ly cl re by nmoving onto the va
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a flushing fluid containing reservoir;

reversible rump means for pumping fluid in either
rection Dbetween the solids collection tube and <he
ushing fluid csntaining reservoir; .

a slide assembly having a viewing chamber through
wnich a fluid samplie can be viewed, and further having a

d.
£
o

1
1
-

first port and a second port in fluid flow communication
with the viewing chamber:; |
| tube means for coupling, the reservoir to the
reversibie pump means, the pump means to one of the ports
of the slide assembly, and the slide assembly's other
porz ta the solids colilection.tube: -
means fcr activating the reversible pump means in

‘one operative direction only for a sufficient time so as

to cause a fluid sample from the solids collection tube
to be drawn through the slide assembly without passing
into the flushing £luid centaining reservoir; and

means for activating the reversible pump means in
another operative direction so as to cause flushing £fluid
from the flushing f£luid containing reservoir to pass
through the slide means for a sufficient time to return
the fluid sample to the solids collection tube and £lush
the slide assembly and the tube means.

8. The apparatus as claimed in claims 1 or 7 wherein
the tube means inciudes a needle assembly and a flexible
tube connected thereto, said@ needle assembly being
adapted to mount to a collection tube to extract said
sample of test £luid and reinsert said sample with
flushing fluig into the collection tube after examination
of the sampie with the microscope.
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Wth a submer ged Wé@ﬁ}d n’en”mmml"'""‘ml"l'!’ Iectlon chamber, 58‘?){;539)047%0

sedi.nents that: nm

gregéatell intor ascon dated mass can

conveni ently | oosened and fesuspended t hroughout the fluid in the

col |l ecti on chanber.

wher eby the val ve el ement can break up consolidated sedi nents and resuspend'

This involves a gentle shaking of the tube in a manner

the solids in a substantially constant volune of |iquid.

wn
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15

9. The apparatus as claimed in claims 1 or 7 wherein
said means for activating said pump means in said opera-
tive direction includes means for controlling the time
said pump means is operated to extract said sample so as

to avoid pumping test fliuid lnto said flushing fluid sup-

Ply.

10. The apparatus as claimed in claim 7 and further
including means for sensing fluid pressure in the tube
means between the siide assembly and the pump means for

producing a pressure signal, and

means responsive to said pressure signal for inter-
rupting operation of said pump means when said pressure

becomes excessive.

11. A :eusable slide assembly for use in urinalysis with

a microscope, comprising:

an elongate transparent glass enclosure having
elongate upper and lower transparent flat walls which are
spaced from each other to form a viewing chamber for use
with a micreseepe, said walls being spaced by a distance
commensurate with a spacing as encountersd between a
cover slip and a glass slide used in conventional micro-

scope urinalysis;

said'glass enclosure terminating at'opposite eﬁds at

first and second ports:

a holder having a midsection on which the glass
enclosure is mounted with a said wall facing the midsec-
tion, said holder midsection further having a light
passing opening located in alignment with the viewing

chamber of the glass enclosure;

said holder further having fi£St and second tubes.
mounted to opposite ends of the holder in general align-

—_—
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;The reliability, versatili tyr““umlﬂ I ﬂll ﬂ;‘ﬂts of an apparatus in
accordance w th twWe@9tmyasti on ST ; ced by use of a sl PGBUS93/04790

.assenbly with which a urine sanple can be drawn and subsequently conve-
-niently viewed through a mcroscope. The slide_assem bly also known as a
flowcell, is formed with an el ongate optical gl ass encl osure. The

encl osure has spaced-apart upper and | ower sides which present
substantially flat surfaces for exam nation of a urine sanple drawn into a

view ng chanber bounded qap 0l ass Sldles.oc e, AlasmeplasUbe bae AldaNgle1o-
end-1 ocated ports_so that the flow of TUrine Voes né%'encounter
20 sure and being in £fluid flow communication with said

first and second ports of the glass enclosure.

12. An apparatus for d&rawing a sample of test fluiéd
through a slide assembly for analysis with a microscope
comprising: '
a flushing fluid supply:
pump means for pumping fluid between the container
and said flushing £luid suppl?; _
reusable slide means having a viewing chamber Zor
holding a fluid sample t> enable direct viewing of the
- £luid sample by the microscope:; said reusable slide means
i0 being removably mountable to the microscope; said reus-'
able slide means including an elongate optical glass
enclosure having upper and lower substantially flat walls
spaced-apart from each other to form an elongate viewing
chamber with the spacing between the substantially flat
15 walls being commensurate with that required to enable
said test fluid to be moved into the viewing chamber for
effective viewing with the microscope for test fluid
analysis: .

w

said glass enclosure having end-located ports which
20 are generally in alignment with <the elongate viewing .
chamber so as to avoid presentihg sharp turns to the flow
of fluid; .
~ tubing means for establishing flexible f£luid flow
communication between the container and said reusable
25 slide means and between the reusable slide means and said
pump meané: _
means for activating the pump means in one operative
direction for a sufficient time so as to draw a sample of
test fluid from the container tarough the viewing chamber

i——’_f;d_/
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spaci ng between th

:atbrupt turns in thglqoq%ss%&e waJlIIl"JJH:I"Iu" m””lll vi ewi ng chanber

-
des i's Sel bct? el t'o provide a VIGMAngEEﬁéH%%¥m‘90

of even and optimum depth for m croscope exam nati on. A hol der is

enpl oyed to receive and retain the glass encl osur&-while presenting a
sufficiently low profile so as to enable use of the slide assenbly with

nost conventional mcroscopes. The hol der has netal tubes at end-| ocated
edges for connection to the ports of the glass enclosure and to appropriate
flexible tublng to fﬂrlI|tafeti&ugﬁassgeaaﬁnsunﬂﬂwuunout passaig dmto the f£lushing

(V]

[V}

un

£iluid suppiy:

means Ior activating the pump means in another
operative directizn for pumping fiushing £luid from cthe
flushing £fluid supply througn the viewing chamber to
£lusn the ctest £iuid sample therefrom into said con-
tainer. '

13. The apparatus as claimed in claim 11 or 12 wherein
said reusable slide means ‘has, at said viewing chamber,
an overall thickness which extends over a desired length
and is selected t> enable said reusable slide means to
operate with most microscopes used in urinaiysis.

14. The apparatus as claimed in claim 13 wherein said
overall thickness is of the order cf generally less than

_about three millimeters.

15. The apparatus as claime& in claim 13 wherein said
reusable slide means includes an elongate support, said
support having a midsection; said midsection having an

- elongate recess sized and shaped to freely and snugly

receive said elongate glass enclosure:; said midsection

“ having a slot located in alignment with the viewing

chamber of the glass enclosure.

16. The apparatus as claimed in claim 13 wherein saiad
support has walls extending above said midsection, said
end walls being sufficiently spaced from each other to
avoid.interference'with the operation of a microscope
focused on the viewing chamber,”said end walls further

having tubes extending therethrough which are in fluid
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-thickness prof

£low communicaticn with tne ports of said glass enclosure

_ancx with said tuking means.

17. The apparatus as slaimed in claim 15 wherein the
filie

iie of the midsection and the glass enclo-
sure is generally le

; less than about chree millimeters.

18. The reusable slide assembly as claimed in claim 13
wherein the depth of said midsection recess is selected

so that the upper wall of the glass enclosure protrudes
above the midsecticzn.

19, The reusable slide.assembly as claimed in claim 13

wherein the holder has end walls extending upwardly above

the midsection, with said tubes mounted in said end walls
and being in £luid flow communication with the ports of

" the glass enclosure.

20. The reusable slide assembly as claimed in claim 13
wherein said end walls are sufficiently far apart so as
to. avoid interference with the operation of a microscope
focused on :he_viewing champer.
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Wth a slide assenbly enpl oyed in the apparatus in accordance with the

i nvention, probl er’rkvcg?%%ﬁ ered with other slide assenblies are aweiregshirosroo
It is, therefore, an object of. the invention go provide an apparatus and
technique with which body fluids can be conveniently, saf and

expedi tiously handled for analysis. It is a further object of the invention
to provide the apparatus with a body fluid collection tube vihisBheat HdaBeda R
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- and conveniently extracted in a consistent manner. It is still further an

obj ect of the i nveMO W28 provide the apparatus with a slide ass®HIYSoBM4790
use with the fluid exam nation apparatus of td7s invention and with which
consi stent m croscope exam nations can be carried out in a repetitive

manner, with high reliability, in a safe manner, adaptable to various

i 1lum nating techni ques such as phase contrast and Hof f man nodul ati on, and
useabl e with nost mcroscopes at their respective magnification |evel s\

while using a snmall enough anou | d to accommopdat e severaIQs
exam nations of the fluid fromthe sane centriffuge tu . ~ .
- centrifuge tWle, .~ Wy
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Fi gure 2 is arear viewin elevation of the apparatus of Figure 1;

Figure 3 is a bl ockydy

1;

AN and schematic view of t

he apparatus of_Ei
Figure 4 is aﬁ?'?ont view in elevation of a urine sanple c%ﬁ/gjg§§?)ﬁ9°

and centrifuge tube as enployed in the appara?’Js
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i n accordance with the invention; Figure 5 is a cross-sectional view
of the collection WH®/2Rn in Figure 4, Figure 6 is a bot tmm/ys&ibareo
of the collection tube of Figure 5; : Figgye 7 is a partial, side
cross-sectional view of the

This Sheet Has Been Replaced

ARA A

‘ . 36

SuUBSTITUTE SHEET

THIS SHEET HAS BEEﬂ
« } ¢ REPLACED |




't

col l ection tube of Figure 5; Figure 8 |S a partial, front
cross-sectional @&lggjuhllie col l ection tube -as shown in F| gure 5 but in an
i*nverted position; re 9 is a side cross-sectional vieRCHUSIH04790

sllde assenbly for ~use with an apparatus as Bhbwn in Figure 1;
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Figure 10 is another centrifuge and solids collection tube . as enployed in

t he apparatus i n accordance wthtHhe invention; Fi gur e~+3

partial |ongitudinal $ecti QR Mieykcddie solids collection t ;BEﬁM&HﬁENﬂ'eSHEET

10; Figure 12 i | vi ew of a separator pl bgfused—Tm THe
coll ection tube of Fi gq’mlﬁﬂmﬁmmm - 1- _ 03 MAR 1997

APPARATUS FOR DRAWING FLUID
SAMPLE, COMPONENTS THEREOF, AND
A SLIDE ASSEMBLY FOR USE THEREWITH

Field Of The Invention

_ This inventicn relates to an apparatus and tech-
nique for drawing a f£luid specimen sample fpr analysis
from a sample tube into a slide assembly and relates to
a sample collection tube for use in such analysis.
More specifically; this invention relates to -an ap-
paratus and technique for use in a urinalysis and to a
slide assembly into which a fluid sample can be conve-
niently drawn, and after analysis, flushed out.

Backaround Of The Invention

Systems and devices for urinalysis are extensively
used and practiced in clinics, laboratories and the
like. With the increased presence of infectious
diseases, such as AIDS, in biological materials, the
need for safe systems and devices to minimize the han-
dling of these potentially dangerous substances becomes
evident. Urine sediment examination typically in-
volves, as described in the U.S. Patents 4,393,466 and
4,612,614, pouring of a sample into a tube which is
then spun in a centrifuge to separate the sediment from
its suspending fluid.  After centrifugation, the
cleared suspending fluid is poured out and the sediment
resuspended in the remaining fluid. A sample of the
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resuspended sample must then »De transferred to a
micrsscopic slide f£ar examinaticn with a micrsscope.
The '466 rpatent Iurther describes a techiicue with
whick manual urine'handlihg steps are eliminated and a
video system is used t3 provide an electronic image of
the urine specimen. A slide assembly is described
which is shaped ts provide a stable sample area where
solid particles in the urine sample can te viewed.

Varicus other types of urine cr other Iluid sample
Supely devices are shown and described iz the art, see
for example, U.S. Patents. 4,302,421, 4,312,591,
4,367,043, 4,448,732, 4,836,038, 2,948,607, 4,209, 236,
and 4,271,123.

U.S. Patent 4,804,267 to Walter Greenfield des-
cribes a urine sample analyzing system. A peristaltic
pump is used to alternately pull a urine sample or a
flushing £luid through a slide assembly, also known as
a flow cell. A video display system is emploved to
investigate solids in the sample.

Problems encountered with conventional slide
assemblies may involve too great a thickness of the
test specimen so that the microscope, which usually has
a very short focal length, tends to be focused at
different focal planes of the test specimen. When the
flow cell is made with plastic components through which

- either the microscope views the test sample or through

which illuminating light passes, distortions tend to
appear in the field of view of the microscope. Fre-
quently, cement may be used to attach f£low cell compo-
nents and this cement tends to be attacked by constitu-
ents in the urine and some cleaning fluids over extend-
ed uses leading to a: disintegration of the slide

THIS SHEET HAS BEEN
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Figure 13 is a cross-sectional view of the collection tube
is taken al ong thenhé Set ks Bedn RdpREARI N; Figure 14 is a
downwar d vi ew of a on tube, w thout a separ
enpl oyed in the app ﬁ l"ﬂ%ambance with the invention.
15 is a | ongitudinal vi-evs of the nodified sollids collectiorn
tube as shown in Figure 14 and is taken along the lines 15-{I5 Therern,

assembly} Cement also tends to have ctiny edges to
which various undesirable contaminants become attached -
such as bacteria, molds, yeast and particles and are
not readily dislodged by a flushing cycle. When the
passageway into thé viewing chamber of the slide
assembly has relatively abrupt turns, tiny bubbles tend
to form and are entrained into the viewing chamber
where they obscure or confuse the clarity of the field
of view of the microscope. Where cement/plastic
plexiglass interfaces are exposed to air and heat from
the condensed light sdurce, dust particles are attract-
ed and appear as other urine constituents such as
bacteria, yeast, fibers, and mucus to the microscope
operator when these interfaces also appear in the field
of view.

It is important that slide assemblies are suffi-
ciently thin to enable mounting to any microscope
without interference with different lenses of a micro-
scope turret. It is also desirable that a slide
assembly be useful with a variety of microscopic
techniques such as the one commonly known as "bright
field" and other techniques generally referred to as -
Hoffman modulation, phase contrast, polarized light and
fluorescence. It is furthermore desirable that a
relatively small amount of test fluid is used to £ill
a viewing chamber of a slide assembly so that more than
one examination can be made with the same test fluid.

The various known urinalysis systems tend to be
complex and do not provide an inexpensive and conve-
nient approach to the handling of urinalysis in labora-
tories where complex fully automated systems cannot
easily, economically be justified. . '
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Figure 16 is a perspective view of a nodified separator pl

col lection tube as illustrated in Figure 5; Fi gure JREPEAGFMENT SHEET
perspective view of a slide assenbly as enpl oyed in the appafarus T
accordance with the invention; - Figure 18 is an explo e%i S taf
view of the slide m&abl{ Beénnépl ad e 17 0°3 MER 1987

In the evaluation of urine, it is at £irst neces-
sary to concentrate the solids in a centr:.fucre opera-
zion, =ut then the saolids should be resuspended. In

order to achieve a reasonably consistent basis for ana-
lysis, the resuspension preferably should be carried
out with the same volume of urine.

Various collection tubes have been proposed for
extracting, separating or otherwise segregating compo-
nents from a body fluid. For example, U.S. Patent,
3,818,248 describes a | collecrion <tube with which
different phases of a fluid are s_epa.fated. The device -
includes a movable sealing element or "traveling spoal"
which divides a test tube into an upper chamber and a
lower chamber which has a floating plug. This device
can serve the function described but does not permit
the collection of a fixed or constant volume or urine.

U.S. Patent 4,824;560 describes a urine centrifuge
tube containing a partition that is shaped to promote
the collection of solids in a lower chamber during
centrifuge. The partition is piefced by a bore whose
cross-section is less than 10 mm. and preferably not
more than 5 mm. and is described even as a capillary
bore. Even though the tube can yield a collection of
solids in a lower chamber, during the decanting of
excess liquid from the upper chamber, liquid from the
lower chamber would tend to escape as well. This is
particularly a problem with larger- bore sizes while
with a capillary bore, it is difficult to remove a
consistent sample. Furthermore, no device is shown to
facilitate the break-up for resuspension of consoli-
dated solids.
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Figure 19 is a top plan view of the slide assenbly of Figur

e 20 i s a bot tTaisShdeelies BéenReplaced | de assenbl y of Fi gure UﬁElf;’LiACFMENT SHEET |

Figur
Figure 21 is a partlﬁ“

Fi gure 17;

and

mr\“‘“mnlmﬂct ion view of the slide ass'é‘rftsf"yi:*'i‘)"f“
0 3 MAR 1997

other body liguid collection tubes, some for cen-
trifuge operations, are described in U.S. Patents
4,464,254, 4,308,028, 4,055,501, 3,935,113, 3,945,928,
and 3,849,072. These patents describe devices with
similar drawbacks.

Summary Of The Invention

With an apparatus in accordance with the inven-
tion, a urine sediment analysis can be performed in a
hygienic, efficient, and consistent manner while using
an available standard upright microscope and a reusable
slide assembly. i

This is achieved with one apparatus in accordance
with the invention by using a slide assembly that can
be irrigated with a2 flush solution and easily mounted
on a microscope, and a compact fluid control device
with which a urine sample can be drawn by a pump from
a urine collection tube through the slide assembly and
subsequently flushed back into the tube with a flushing
liquid.

A plurality of urine samples can be rapidly and
efficiently sampled in an efficient manner. A housing
is provided on which a plurality of special centrifuge
tubes are removably mounted for processing. A centri-
fuged urine sample containing tube is temporarily
mounted at a test station where a probe is extended
into- the tube and into a solids collection chamber
where solids have congregated and have been resuspended
in a substantially constant volume.

A control is then actuated with which a sample
from the solids collection chamber is drawn up through
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REPLACED




Figure 22 is a sect—i—m—vi—ew—e%—t—he—sl | de assenbly of Figur "R#LAWH“?'S“EET
the line 22-22 in 'ﬁllsgéﬂre?Has]BeenR laced
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the slide assemcly to a place that is between it and
the housing for the apparatus of this invention. Ugsn
completisn of the micrascepic examination, the cs TIc]
is again actuated so that the pump can be reversed and
flushing liquid pumped from the reservoir through the
slide assembly into the centrifuge tube.

With an apparatus in accordance with the inven-
tion, manual exposure to body £fluid samples -i; signi-
ficantly reduced, a rapid handling and safe examinaction
of samples can ke achieved and consistent examination
results are achieved. .

The consistency is particularly enhanced by main-
taining a constant sample holding volume in the centri-
fuge sample collection tube. This is obtained by em-
Ploying a plug in a centrifuge tube that is held in a
fixed position in the tube so as to define a solids
collection chamber between the plug and <the closed
bottcm end of the tube. The plug has a bore through
which solids can pass through into the solids collec-
tion chamber during a centrifuge operation. The tore
terminates in the latter chamber in a valve seat and a
locse-fitting valve element is located iaside the.
chamber. The valve element has a sufficiently high
specific gravity so that it will not float and solids
can pass through the bore intc the collection chamber.

However, at the conclusion of the centrifuge
operation, the excess fluid can be decanted by inver-
sion cf the tube without a significant loss of fluid
from the solids collection chamber since the valve
element will automatically close the through bore by
moving cnto the valve seat.
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Det ai | ed Description of Draw ngs Wth reference to

apparatus 20 is ﬁgﬂ%ﬁiﬂLﬂl&iﬁJﬂinesamﬂeis dr awn

and centrifuge t or such other|centrifugabl e contai

'wi sh to use and pulhg@nihnaBed Rapladed de assenbly 24. The app I’ptéls éQ 1997
i t*h oﬁ
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e~ as” oneIay

i ncl udes a peristalt] hiis reversible so tha
direction of rotatid%“‘ :

With a submerged valve element locose in the col-
lection chamber, any solid sediments that may have
aggregated into a consolidated mass can be caneniently
' loosened and resuspended throughout the fluid in the

collection chamber. This involves a gentle shaking of

the tube in a manner whereby the valve element can
break up consolidated sediments and resuspend the
solids in a substantially constant volume of liquid.

The reliability, versatility, and effectiveness of
an apparatus in accordance with the invention is
further enhanced by use of a slide assembly with which
a urine sample can be drawn and subsequently conve-
niently viewed”through a microscope. The slide assem-
bly also known as a flow cell, is formed with an
elongate optical glass enclosure. The enclosure has
spaced-apart upper and lower sides which present
substantially flat surfaces for examination of a urine
sample drawn into a viewing chamber bounded by glass
sides. The glass enclosure has aligned end-located
ports so that the flow of urine does not encounter
abrupt turns in the passage ways leading to the viewing
chamber. The spacing between the flat sides is select-
ed to provide a viewing chamber of even and optimum
depth for microscope examination.

A holder is employed to receive and retain the
glass enclosure while presenting a sufficiently low
profile so as to enable use of the slide assembly with
most conventional microscopes. The holder has metal
tubes at end-located edgés for connection to the ports
of the glass enclosure and to appropriate flexible
tubing to facilitate handling and mounting'of the slide
assembly.
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of urine is drawnfroma solids collection chamber 28 ih t
pr.obe assenbly 30, and a flexible tube 32°into slide assent

26 is reversﬁssliﬁtfbﬁﬁmmlécédjshl ng liquid froma rese
t
f

punp
tubi ng 36 back to tube 22. This is done for
sanpl € Wi th its solids oy
I 'ng

| ength of tine to fl
slide assenbly 24, and tu and the probe assenbly 3.(

PR ST

rvMoir 34 and

a |s 8i MARN97
of tubing 36,
into the

—+

col l ection tube 22. A quick connect-disconnect fitting 37,

lwhich is pounted

- on front panel 42, is interposed in tubing 36. This permts an easy

- repl acenent of sli dgqlﬁeg‘ol ¥l§éeanaciégém£wi ng, 3%&%1553/!%5 qﬁrg@mt%t I on

- or darrage occurs.

invention, problems encountered with other slide
assemblies are avoided.

It is, therefore, an object of the invention to
prov.xde an apparatus and techn.xque with which body
fluids can be conveniently, safely, and expeditiously
handled for analysis. It is a further object of the
invention to provide a body fluid ocollecticn tube
within which body fluids can be centrifuged and heavier
components segregated and conveniently extracted in a
consistent manner. It is still further an object of
the invention to provide a slide assembly for use with
a fluid examination apparatus of this invention and
with which consistent microscope examinations can be
carried out in a repetitive manner, with high reliabil=~
ity, in a safe manner, adaptable to various illuminat-
ing techniques such as phase contrast and Hoffman
modulation, and useable with most microscopes at their
respective magnification 1levels while using a small
enough amount of test fluid to accommodate several
examinations of the fluid from the same centrifuge
tube.

These and other objects and advantages of the in-
vention can be understood from the following detailed
description of an apparatus ané collection tube in

accordance with the invention and as illustrated in the
drawings.

Brief Description Of Drawings

Figure 1 is a front perspective, partially broken-
away view of a body fluid handling apparatus in accor-
dance with the invention:

REPLACED
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Preferably, a S|iQErg§§gﬂpLy_ﬂ_ﬂ_as—klIustrated i n ‘and described hereafter
wiith reference to ures 17-22 is enployed with appar at us

assenbly 300 and tubg, edtH écreR la anount of test fl §I {f\ggmﬂ?_gﬁiﬂ
col | ection tube 22. T by using a snmaller cfogs-section tub
32 having an internal \“H in thed range of about |0/08 3nMAR.1887L

I nches) while a |arger
cm (0.031 inches). This enabl es one to draw typically aboyit one-halt of The

anount of test

U=

has an internal dianmeter Wbhote of about O0.pP8

liquid avail able at the bottomend 28 of tuhe. 22 _thus

- Figure 2 is a rear view in elevation of the

-apparatus .of Figure 1;

Figure 3 is a block diagram and schematic view of
the apparatus of Figure 1;

Figure 4 is a front view in elevation of a urine
sample collection and centrifuge tube in accordance
with the invention;

Figure 5 is a cross-sectional view of the collec-
tion tube shown in Figure 4;

Figure 6 is a bottom view of the collection tube
of Figure 5;

Figure 7 is a partial, side cross-sectional view
of the collection tube of Figure 5; '

Figure 8 is a partial, front cross-sectional view
of the collection tube as shown in Figuré S but in an
inverted position;

Figure 9 is a side cross-sectional view of a slide
assembly for use with an apparatus as shown in Figure
1;

Figure 10 is another centrifuge and solids collec-
tion tube in accordance with the invention;

Figure 11 is a partial'longitudinal section view
of.the.solids collection tube of Figure 10;

Figure 12 is a perspective view of a separator
Plug used in the collection tube of Figure 10;

THIS SHEET HAS BEEN
REPLACED




IeaV|ng sone for_g_iggggL_gxanln@L+eﬂ ' - 12
eet Has Been Replaced ! ' : RE"P LF}CEMENT SHEET

MW L [

Figure 13 is a cross-sectional view of the col-
lection tube of Figure 10 and is taken along the line
11-1]1 therein;

Figure 14 is a cross-sectional downward view of a
solids collection tube, without a separator plug, but
modified in accordance with the invention; '

'Figure 15 is a longitudinal cross-sectional view
of the modified solids collection tube as shown in
Figure 14 and is taken along the lines 15-15 therein;

Figure 16 is a perspective view of a modified
separator plug for use in a collection tube as illus-
trated in Figure 5;

Figure 17 is a perspective view of a slide assem-
bly in accordance with the invention;

Figure 18 is an exploded perspective view of the
slide assembly of Figure 18;

Figure 19 is a top plan view of the slide assembly
of Figure 17;

Flgure 20 is a bottom view of the sllde assembly
of Figure 17;

Figure 21 is a partial enlarged section view of
the slide assembly of Figure 17; and

Figure 22 is a section view of the slide assembly
of Figure 17 taken along the line 22-22 in Figure 21.
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The apparatus 20-has—a-housing-40-wth a sloped front panel__42 and a rack
44 on a top panel 43. The top panel ,is shaped to forma h png T
for the stainless Fgm\“ B #'s forward for easy Vvi %ﬂ?ggcwgw&
has a plurality of ﬂ d aper- tures 46, 48 soj{ag$ to stab

retain a plurality ubes 2211Skngl e tube hol ding 3 AR 1‘!7,
50' are located on side panels 52, 54 to, for exanple, enable the apparatys
to be used in a left or right- handed node.

Detailed Description of Drawings

With reference to Figures 1-3, an apparatus 20 is
shown with which a urine sample is drawn from a col-
lection and centrifuge tube 22 or such other centri-
fugable container as one may wish to use and pulled
through a slide assembly 24. The apparatus 20 includes
a peristaltic pump 26 which is reversible so that with
one direction -of rotation, a sample of urine is drawn
from a solids collection chamber 28 in tube 22 through
a probe assembly 30, and a flexible tube 32 into slide
assembly 24. When the pump 26 is reversed, it_draws a
flushing liquid from a reservoir 34 and tubing 36 back
to the collection tube 22. This is done for a suffici-
ent length of time to flush the urine sample with its
solids out of tubing 36, slide assembly 24, and tubing
32 and the probe assembly 30 into the collection tube
22. A quick connedﬁ-disconnect fitting 37, which is
mounted on front panel 42, is interposed in tubing 36.
This permits an easy replacement of slide assembly 24
and/or tubing 36 if severe contamination or damage
occurs.

 Preferably, a slide assembly 300 as illustrated in
~and described hereafter with reference to Figures 17-22
is employed with apparatus 20. The slide assembly 300
-and tube 32 require a small amount of test fluid from
collection tube 22. This is achieved by using a
smaller cross-section tube 32 having an internal diame-
ter bore in the range of about 0.021 inches while a
larger tube 36, has ar internal diameter bore of about
0.031 inches. This enables one to draw typically about
one-half of the amount of test liquid available at the
bottom end 28 of tube 22, thus leaving some for a

repeat examination.
THIS SREET RAS BEEN
REPLACED !




Housi ng 40 further includes an electrically con- trolled reversible stepper

t 58 wh utput—shaft—60—1Ts toupled b belt d d
ggr ?;t al ti Cogﬁﬁg 2 i RUSIENG 4% w&hgrel nc%/ugesea su[lt\égl GREPME-‘?F@:\E \,SHEET

and el ectric circui tlcularly described with |r@f [
Figure 3. In iﬂmmmﬁmlg ower control switch 64, tih Hiﬂaﬁ%?

42 has pushbutton s ich= 12 =

The apparatus 20 has a2 housing 40 with a sloped
front panel 42 and a rack 44 on a top panel 43. The
top panel is shaped to form a holding position for the
stainless tube rack and cants forward for easy viewing.

' The rack 44 has a plurality of suitably-aligned aper-
tures 46, 48 so as to stably retain a plurality of
collection tubes 22. Single tube holding racks 50, 50°
are located on side panels 52, 54 to, for example,
enable the apparatus to be used in a left or right-
handed mode.

Housing 40 further includes an electrically con-
trolled reversible stepper motor 58 whose output shaft
60 is coupled by a belt drive 62 to rotate peristaltic
pump 26. Housing 40 further includes a suitable power
supply and electric circuitry as more particularly
described with reference to Figure 3.

In addition to a power control switch 64, the
front panel 42 has pushbutton switchés'ss,'ss which
respectively control the start of a sample handling and
a flushing phase.

In the sample phase, a collection centrifuge tube,
such as 22, contains a urine sample in lower solids
collection chamber 28. The probe assembly includes an
elongate hollow probe 70 which extends into chamber 28
and is connected to flexible tubing 32. As pushbutton
66 is actuated, the pump 26 is rotated in a direction
and in an amount sufficient to pull a liguid sample
through the probe 70 and slide assembly 24 but not so
far as to enter the front panel on apparatus housing
40. ' '
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respectively control the start of a sanpl e handling and

In the sanpi e phase, a collection centrifuge tube, such 3REPRAS gg@ﬁﬁ'ﬁﬁ{ﬁf

urine sanple in ImihESheesHhslBimmlad;eéctlon chanber 28. The

“includes an el onga 70 which extends into ngfé ﬁgﬂgﬁﬂé
connected to flexi A$ pushbl3ten 66 is actatfe t

is rotated in a di lon and in an amobunt sufficient to

r

7

NJ
(o))

pall_a liquid
SO

sanpl e through the probe 70 and slide assenbly 24 but no

The slide assembly 300 which is mounted on a
standard upright microscope 72, which hereinafter at
times is referred to as a conventional microscope or
just microscope, can then be optically examined.

When the examination is completed, the flush push-
button 68 is actuated. This causes a reversal of the
motor 58 in a direction whereby flushing liquid 69 is
sucked from reservoir 34 and driven through tubings 36,
and slide assembly 24, tubing 32, and probe assembly 30
into the collection tube 22. |

The flushing actuation prepares slide ass;mbly 24
and the connected tubings and probe for the next urine
;ample inside another collection tube 22. The entire
process of handling of a urine sample for examination
can be done in a short time and minimizes direct expo-
sure by the operator to the body fluid.

In the event the first examination of a urine
sample appears unacceptable, the flush cycle can be
implemented but by discharging the sample and flushing
liquid into another tube. The small sample needed for
the first examination leaves enough residue for another
sample to be drawn after reinserting the probe assembly
30 into the test tube containing the centrifuged urine.

Figure 3 illustrates a control logic 78 used to
operate apparatus 20. A pressure sensor 80 is placed
in communication with flexible tubing 36 between fit-
ting 37 and pump 26 to sense excessive pressures in the
tubing such as may arise from a blocked probe 70 or an
occluded tubing 32. A normally closed switch 82 is
controlled by pressure sensor 80 and is located so as
to interrupt drive to the motor 58. A pump rotation

THIS SHEET HAS BEEN
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far as to enter the front panel on apparatus housing 40.
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sensor 84 is used to generate pulses on line 86 repre-
sentative of pump rotation and thus in effect represen-
tative of either the volume of sample liquid being
drawn from collection tube 22 or the volume of'flushing

- 14 - 3 MR 197

. liquid 69 being pumped.

A pair of control flip-flops 86, 88 are employed
to regulate the operation of pump 26. Flip flop 86
sets either sample or flush phases with its outputs 90,
92 respectively labeled S and FL. Flip flop 88 regu-
lates the activation of reversible stepper motor 58 by
way of "on" output 94. -

The motor direction of rotation is controlled by
a motor phase generator 96 which generates appropriate-
ly phased motor drive signals with a shift register en-
abled by the sample and flush phase signals S and FL.
The motor phase signals are amplified by a motor drive
98. '

The control 78 responds to a power on condition by

forcing the phase control flip flop 86 . into a flush

mode and the motor run flip flop 88 in the OFF state.
This can be achieved by a direct coupling with a line
87. A network 96 is provided and includes a capacitor
99 whose initial low voltage during turn-on assures
that the motor run control £lip flop 88 is in the OFF
state. In this manner, the system must first activate
a flushing operation before a sample can be drawn from
a solids collection chamber 28 in tube 22.

When the flush control switch 68 is activated, the
motor phase generator 96 generates appropriately phased
pulses to stepper motor 58 to cause pump 26 to draw
flushing liquid 69 from reservoir 34. As pump 26

‘" THIS SHEET HAS BEEN
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The slide assenbly 300 which is mounted on a standard upright 0i.CIOSCOpe
72, which hereinmafter—at times is referred to as a conven

or just m CrOSCOp%m§§c@tﬁaQQEEnQ%EﬂQ&' cal ly exam ned.

exam nation is co mm%“ﬁ I sh push- button 68 is ac

causes a reversal in adiygction whereby

S
rotates, sensor 84 generates pulses which are applied
to a flush phase counter 102. A flush time selection -
network 106 is connected to counter 102 and generates,

on output line 108 an enabling signal commensurate with

. the desired amount of flushing liquid to be pumped from
reservoir 34 back into tube 22. Network 106 can be a
decode network with dip switches to enable one to
manually select the number of sensor pulses on line 86
needed to complete the flushing phase.

The output 108 from the flush select network 106
causes, in the flush phase, an output on line 110 from
an AND gate 112 to in turn deliver a motor enabling
signal on output 114 of gate 116 since the signal on
line 94 was activated by flush control switch 68. The

‘motor enabling signal is applied through pressure-.
control switch 82.toc an enabling input of a clock 118
used to initiate the generation of motor drive pulses
from motor phase generator 96.

If no excessive pressures occur in tubing 36, the
motor 58 continues in its flushing direction until
counter 102 reaches the count at which the flushing
selection network 106 causes a cessation of the enabl-
ing signal on line 108. This removes the  enabling
signal to clock 118 and stops the motor 58. '

At this time, the output on line 108 is in an
active state for the sample control switch 66. Hence,
when the sample push button 66 is activated, flip flop
86 is set in the sample mode. This enables a sample
Pulse counter 120 which counts pulses on line B6 from
the pump rotation sensor 84.
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The sample time selection network 122 produces an
output on line 124 which acts through AND gate 130, OR
gate 132, and gate 116 to energize clock 118. The sam- .
ple phase generator 96 now produces pulses to drive
motor 58 in a direction whereby pump 84 draws a sample
from tube 22.

The duration of the sample rotation is controlled
by the sample selectién network 122. This is set, such
as with dip switches, to extract a liquid sample from
solids chamber 28 sufficient to extend through tubing
32 past slide assembly 24, but not so far as to reach
the reservoir 34. Hence, preferably up to about a
region indicated by line 134.

Figure 9 illustrates a cross-section of the slide
assembly 24. This includes a small volume transparent
viewing chamber 140 which is adapted to enable viewing
of a sample with the microscope as shown in Figure 3.
A preferred slide assembly 300 as shown in Figures 17~
22 is used. Since but a small sample volume is drawn
and differently-sized tubings 32 and 36 are employed,
the flow from the test tube 22 tends to continue after
the motor drive 98 has been stopped at the end of the
sample phase. Since the flow tends to continue for
some time, it is disturbing to the operator of micro-
scope 72.

Hence, a solenocid actuated pinch valve 302 is used
to pinch tube 36 between slide assembly 300 and pump
26. The valve 302 is actuated by a signal P generated
at the end of the sample drawing by motor 62 and until
the flush phase is begun. Signal P can be generated in
various ways. One way may involve the signal at the
output 304 of AND gate 130. This is applied to an
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output 304 of AND gate 130. This is applied to an
inverter 306 whose output causes generation of a single
pulse from a pulse generator 308. The output of pulse
generator activates a flip-flop 310 whose output 312
goes active for the time period between the end of the
sample phase and the end of the flush phase. The P
signal on output 312 is then used to activate a sole-
noid 314 to close the pinch valve 302 and prevent
further fluid flow though he viewing chamber of the
slide assembly 300.

Another feature of the invention may invplve use
of a sample collection and centrifuge tube 22 with
which a uniform sample can be conveniently obtained.
This involves, as illustrated for one tube 22 of this
invention in Figures 4-8, a sample collection tube 22
with a cylindrical upper body 144 and a transparent
lower flattened body 146. The upper body encloses a
chamber 148 which is separated from a lower-located
- solids collection chamber 28 by a plug 152. A bore 154
extends through plug 152 so that small solids can,
during a centrifuge operation, pass through bore 154
into chamber 28.

Plug 152 is shaped so that it is seated in a fixed
position between chambers 148, 28 at the transition
section 156 of tube 22. The upper portion 158 of plug
152 has a larger cross-section than its lower portion
160 which extends slightly into chamber 28. The
through bore 154 term:Lnates at portion 160 which is
+haped to form a valve seat 162 for a freely- moving
small ball valve 164 which is captured within chamber
28. Valve seat 162 can be concave or V-shaped or such
other shape as is desirable to form a valve seat. Ball
valve 164 has a specific gravity that is sufficiently
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high so as not to float inside chamber 28 and thus
‘normally rest on the bottom of chamber 28. For urine
collection and centrifuge, a specific gravity greater
than one is needed.

During a centrifuge operation, the probe assembly
30 is not present. The solids in the urine specimen
are forced through bore 154 into the lower chamber 28.
At the end of the centrifuge, excess liquid is in the
upper chamber 148 and solids have aggregated into a
consolidated mass in the lower chamber 28. The excess
liquid in the upper chamber can be decanted,rwithout
loss of liquid from the lower chamber 28, by suffici-
ently inverting the tube 22, as illustrated in Figure
8. This shows the ball valve on the valve seat 162,
resulting in the retention of a fixed volume of liquid
in chamber 28.

When tube 22 is placed upright again, ball valve
164, which has a sufficient mass, can be used with a
gentle agitation of tube 22, to break up any consoli-
dated solids in mass 170 and cause them to be resus-
pended. Since the resuspension occurs within a con-
sistent volume of liquid inside chamber 28, the density
of solids can be more accurately determined from the
microscopic investigation.

During a centrifuge operation, solids tend to col-
lect at the small ledge formed between the upper edge
172 of the plug 152 and the inner wall 174 of upper
chamber 148. Hence, as shown in Figure 16 in a pre-
ferred form of a plug 152', its upper edge 172 is made
as small as possible and is spaced away from wall 174
by use of longitudinally-extending ribs 176. These
ribs provide thin, capillary-sized, passages 178 around
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the periphery of plug 152. Passages 178 are suffici-
ently wide to allow 'solids_ to pass through to the
collection chamber 28, yet not so wide as to allow
liquid to escape when the excess liguid in chamber 148
needs to be decanted.

Figures 10-13 illustrate another centrifuge and
solids collection tube 180. The tube 180 can be of
conventional shape with a wide upper body 182 and a
conical lower body 184. A plug 186 is provided with an

. upper portion 188 shaped to snugly fit inside the upper
body 182 and a lower portion 190 that extends slightly
into the lower body 184. Ribs 192 extend along the
outer surface of plug 186 to form capillary-sized
passages 194 between the ribs for passage of centri-
fuged solids.

Plug 186 has a through bore 196 and valve seat 198
facing & solids collection chamber 200. A ball valve
164' is located in chamber 200.

In an alternate form of a solids collection tube
in accordance with the invention as shown in Figures 14 -
and 15, ribs 202 similar to ribs 176 in Figure 16 or
192 in Figure 12 are placed on the inside wall 174' of
tube 180. The ribs are integrally molded with the tube
180 by adding appropriately-shaped recesses to an
injection molding die used to make tubes such as 180.
The spaces 204 between ribs 202 then form, with an
appropriately outer smooth-walled plug such as 186
desired longitudinal capillary passages.

With reference to Figures 17-22, the preferred
- slide assembly 300 is shown formed of a transparent
elongate optical glass enclosure 320 mounted to a metal
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slide support 322. The optical enclosure 320 is made
-from a preform glass extrusion with flat upper and
~-lower transparent slide walls 324, 326 and sides 328,
330. The enclosure ends 332, 334 are formed into short
tubes to provide end-located ports 336,338 in alignment
"with an elongate-viewing chamber 340.

The optical glass enclosure has an evenly thick
capillary-sized viewing chamber 340 whose width, w, is
commensurate with that needed to enable an optical
examination of a fluid with microscope 72. The dimen-
sions of the optical glass enclosure are selected
commensurate with good viewing through a microscope
into the fluid. This involves a thickness of each
slide wall 324, 326 of about 0.007 inches + ten percent
and a thickness of the viewing chamber of about 0.005
inches + five percent.

The slide support 322 has a central elongate
recess 350 in a midsection 351 and which is sized to
freely yet snugly receive the elongate optical glass
enclosure with its lower wall 326 facing the bottom 352
of recess 350. The ends 354 of recess 350 are shaped -
to receive ends 332, 334 of glass enclosure 324.
Recess 350 has a cut-out 356 to allow light to pass
through from below during microscope viewing. & pair
of stainless steel tubes 360, 362 are mounted inside
bores 363 formed in end 364 of holder 322 and serve to
form a fluid flow connection with flexible tubings 32,
36 (see Figures 1 and 3). Flexible tubes 366, 368 are
used to connect tubular ends 332 and 334 to stainless
steel tubes 360, 362. The optical glass enélcsure 324
is cemented in place inside recess 350 with the use of
a suitable adhesive 366 as may be applied at ends 354
of recess 350. - The end walls 364 protrude above the
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midsection 351 and spaced sufficiently far apart so as
to avoid interference with a microscope focused on the
viewing chamber. : B

An important feature of slide assembly 300 is its
useability on virtually most microscopes used in clini-
cal laboratories where urinalysis is done. The maximum
thickness profile, t, within the operational range of
the microscope is, therefore, limited to as small as-is
reasonably practical. Generally, the thickness profile
t is of the order of less than about three millimeters
while still being able to draw a fluid sample from
collection tube 22 and accommodate a fluéhing eycle as
described. The depth of recess 350 is selected to
receive most of the glass enclosure 320 with a small
protrusion above the surface 370 of the central segment
372 of the holder 322 to enable a close approach of the
slide assembly 300 by the lens of a microscope.

Since some thickness increase is required at the
ends 332, 334, the overall length L of the flat segment
of the glass enclosure 320 is made sufficiently long to
avoid interference between the microscope and the glass
enclosure 320. This length may vary, but generally
about one and a half inches has been found to be
satisfactory.

With a slide assembly 300, the operation of a
urinalysis is considerably improved. The small volume
of the viewing chamber 340, of the order of generally
less than about thirty microliters, and the use of a
small diameter bore for the flexible tube 32 limits the
amount cf fluid needed for a sample. With the align-
ment of the ports 336, 338 with the elongate viewing
chamber, abrupt turns are avoided, thus reducing the
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320, cement interfaces are avoided and microscope
- viewing is enhanced and various known illumination
techniques can be used.

" Having thus described illustrative forms of the
invention, its advantages can be appreciated. Varia-
tions from the described embodiment can be made without

_. departing from the scope of the invention.

What is claimed O
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. An apparatus for drawing a sample of test fluid in a
container through a slide assembly for analysis with a
microscope, comprising:

a flushing fluid supply:

pump means in fluid flow communication with said
flushing fluid supply .for pumping £luid between the
container and the flushing fluid supply: _

reusable slide assembly means having a viewing
chamber for holding a fluid sample to enable direct
viewing of the sample by the microscope; said slide
assembly means being removeably mountable to the micro-
scope; said slide means further having a first port and a
second port in f£luid flow communication with the viewing
chamber,

tube means for coupling the test fluid from the
container to the first port of the reusable slide assem-
bly means and for coupling the second port of the reus-
able slide assembly means to the pump means;

means for activating the pump means in one operative
direction for a sufficient time so as to draw a sample of
test fluid from the container through the Vigwing chamber
of the slide assembly means without passing into the
flushing £luid supply; and

means for activating the pump means in another
operative direction for pumping flushing fluid from the
flushing fluid supply through the viewing chamber to
flush the test fluid sample therefrom into said con-
tainer.

2. The apparatus as claimed in claim 1, wherein said
means for activating the reversible pump includes:

means for sensing pump activityfand producing a pump
signal indicative thereof;
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means responsive to the pump. signal for alternately
generating a flush enabling signal representative of the
amount of £flushing £fluid to be pumped and a sample
enabling signal representative of the amount of sa.mpling.
fluid to be drawn from the solids collection tube.

3. The apparatus as claimed in claim 2 wherein the
means for alternately generating the flush and sample
enabling s:.gnals includes:
a panel mounted flush control sw:u:ch coupled to
initiate a pump activity in a flushing direction; and
- a panel mounted sample control switch ocoupled to
initiate a pump activity in a fluid sample drawing
direction which is opposite to 'said flushing direction.

4. The apparatus as claimed in claim 1 and further
1ncludlng a housing having a front panel and a rear
panel, and a tube rack mounted to the rear panel and
having a plurality of holes sized to retain a plurality
of collection tubes.

5. The apparatus as claimed in claim 4 wherein the
housing has side panels, and a tube holder mounted to at.

least one of said side panels to retain a solids collec-
tion tube. '

6. The appai'atus as claimed in claim 1 and £urther
including a needle assembly shaped to be releasably
mounted inside a solids collection tube.

7. An apparatus for drawing a fluid sample for analysis
through a slide assembly comprising:
a solids collection tube for holding a fluid sample}
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a flushing fluid containing reservoir;
reversible pump means for pumping fluid in either
direction between the solids collection tube and the
flusning fiuid containing reservoir:
a slide assembl? having a viewing chamber through
which a fluid sampie can be viewed, and further having a
y first port and a second port in fluid flow communication
with the viewing chamber;

' tube means for coupling, the reservoir to the
:eversible pump means, the pump means to one of the ports
of the slide assembly, and the slide assembly's other
port to the solids collection tube; .

means for activating the reversible pump'means in
one operative direction only for a sufficient time so as
to cause a fluid sample from the solids collection tube
to be drawn through the slide assembly without passing
into the flushing fluid containing reservoir; and

means for activating the reversible pump means in
another operative direction so as to cause flushing fluid
from the Z£lushing fluid containing reservoir to pass
through the slide means for a sufficient time to return
the fluid sample to the solids collection tube and flush
the slide assembly and the tube means.

8. The apparatus as claimed in claims 1 or 7 wherein
the tube means includes a needle assembly and a flexible
tube connected thereto, said needle assembly being
adapted to mount to a collection tube to extract said

. sample of test fluid ané reinsert said sample with
flushing fluid into the collection tube after examination
of the sample with the microscope.
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9. The apparatus as claimed in claims 1 or 7 wherein
said means £or activating said pump means in said opera-
tive cirection iacludes means £or controlling the time
3aid pump means is operated to extrac:t said sample so as
to avoid pumping test £luid into said flush:.ng luid sup-
ply.

10. The apparatus as claimed in claim 7 and Sfurther
including means for sensing £fluid pressure in the tube
means between the siide assembly and the pump means for
producing a pressure signal, and

means responsive to said pressure signal f£cr iater-
-rupting operation of said pump means when said-pressure
becomes excessive. '

1l. A reusable slide assembly for use in urinalysis with
a microscope, comprising: _

an elongate transparent glass enclosure having
elongate upper and lower transparent flat walls which are
spaced from each other to form a viewing chamber for use
with a microscope, said walls being spaced by a distance
commensurate with a spacing as encountersé between a
cover slip and a giass slide used in conventional micro-
scope urinalysis;

said glass enclosure terminating at opposite ends atc
first and second pores:;

a holder having a midsection on which the glass
enclosure is mounted with a said wall facing the midsec-
tion, said holder midsection further having a light
passing opening located in alignment with the viewing
chamber of the glass enclosure;

said holder further having first and second tubes.
mounted to opposite ends of the holder in general align-
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ment with the first and second ports of the glass enclo-
sure and being in fluid flow communication with said
first and second ports of the glass enclosure.

12. An apparatus for drawing a sample of test fluid
through a slide assembly for analysis with a microscope
comprising:

a flushing £luid supply:;

pump means for pumping fluid between the container

and said flushing fluid supply:;

reusable slide means having a viewing chamber for
holding a fluid sample to enable direct viewing of the
fluid sample by the microscope; said reusable slide means
being removably mountable to the microscope; said reus-
able slide means including an elongate optical glass
enclosure having upper and lower substantially flat walls
spaced-apart from each other to form an elongate viewing
chamber with the'spacing between the substantially flat
walls being commensuraﬁe with that required to enable
said test fluid to be moved into the viewing chamber for
effective viewing with the microscope for test £fluid
analysis; '

said glass enclosure having end-located ports which
are generally in alignment with the elongate' viewing
chamber so as to avoid presenting sharp turns to the flow
of f£luid;

tubing means for establishing flexible fluid flow
communication between' the container and said reusable
slide means and between the reusable slide means and said
pump means:;

means for activating the pump means in one operative
direction for a sufficient time so as to draw a sample of
test fluid from the container through the viewing chamber
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of the glass enclosure without passing into the flushing
fluid supply;

means for activating the pump means in another
operative direction for pumping flushing fluid from the
flushing £fluid supply througn the viewing chamber to
flush the test fluid sample therefrom into said con-
tainer. '

13. The apparatus as claimed in claim 11 or 12 wherein
said reusable slide means has, at said viewiné chamber,
an overall thickness wnich extends over a desired length
and 1is selected to enable said reusable slide means to
operate with most microscopes used in urinalysié.

14. The apparatus as claimed in claim 13 wherein said
overall thickness is of the order of generally less than
about three millimeters. '

15. The apparatus as claimed in claim 13 wherein said
reusable slide means includes an elongate support, said
support having a midsection; said midsection having an
‘elongate recess sized and shaped to freely and snugly
receive said elongate glass enclosure; saié midsection
having a slot located in alignment with the viewing
chamber of the glass enclosure.

16. 'The apparatus as claimed in claim 15 wherein said
support has walls extending above said midsection, said
end walls being sufficiently spaced from each other to
avoid interference with the operation of a microscope
focused on the viewing chamber, said end walls further
having tubes extending therethrough which are in f£luid
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flow communication with the ports of said glass enclosure
and with said tubing means. |

~17. The apparatus as claimed in claim 16 wherein the
thickness profile of the midsection and the glass enclo-
sure is generally less than about three millimeters.

18. The reusable slide assembly as claimed in claim 13
wherein the depth of said midsection recess is selected
so that the upper wall of the'glass enclosure protrudes
above the midsection.

19. The reusable slide assembly as claimed in’claim 13
wherein the holder has end walls extending upwardly above
the midsection, with said tubes mounted in said end walls
and being in fluid flow communication with the ports of
" the glass enclosure.

20. The reusable slide assembly as claimed in claim 19
wherein said end walls are sufficiently far apart so as
to avoid interference with the operation of a microscope

focused on the viewing chamber.
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an APPARATUS FOR DRAWING FLUID SAMPLE, COMPONENTS
THEREOF, AND A SLIDE ASSEMBLY FOR USE THEREWITH

ABSTRACT

An apparatus (20) for drawing a specimen of a
body fluid, such as urine from a sample tube (22).
The specimen is drawn through a reusable slide
assembly'(322) for examination. The slide assembly
(322) includes a glass enclosure (324) shaped to
provide a viewing chamber (320) for use with a
microscope. A sample tube (22) with a speciq; plug
(30), an elongated hollow probe (70) and a solids’
collector chamber (28) with which a uniform amount of

body liquid is provided for the specimen.

FIGURE 1
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than one i s needed. Buring a centrifuge operation, the

oo asseonbl y
30 is not present. The solids in the .urine specinen are fc¢g§QA£ENEmﬁhSHEET

bore 154 into the | ower chanmber 28. At the end of the centrli

liquid is in the upper chanber 148 and solids have aggregatjed |
consol i dat ed nass—Ln—Lhe—LemeF—ehaﬁher 286 The excess liquild |Afb Bﬂﬁpﬁﬁ?

e eXCeSS

chanber can be decanted m(ﬁs of liquid fromthe | quwdc_chanher 23
by suffici- ently i e Be 22, as illustrated in Figure 8., This
shows the ball valv seat 162, :
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During a centrifuge operation, solids tend to col- lect at the small |edge
fored between the upper edge 172 of the plug 152 and the inngewall.1/4 of
‘upper chanber 148. Hence, as shown in Figure 16 in a pre-:ferfREPLACEMENTaSHEET
plug 152', its upper edge 172 is nade as small as possible andl Fs—spaced—
away fromwall 174 by use of longitudinally-extending ribs 17¢. EW?%EM*”R§7
provide thin, capillary-sized, passages 178 around ' b ALY T

APPARATUS FOR DRAWING FLUTD
SAMPLE, COMPONENTS THEREOF, AND

A SLIDE ASSEMBLY FOR USE THEREWITH

Field of the invention

This invention relates to an apparatus and technique for
drawing a_flﬁid specimen sample for analysis from a sample
tube into a slide assembly and relates to a sample collection
tube for use in such  analysis. More specifically, this
invention relates to an apparatus and technique for use in a
urinalysis and to a slide assembly as used in such apparatus,
into which a fluid sample can be conveniently drawn, and
after analysis, flushed out.

Background Of The Invention

Systems and devices for urinaleis are extensively used
and practices in clinics, lab_oratories and the like. With the
increased presence of infectious diseases, such as AIDS, in
biological materials, the need for safe systems and devices
to minimize the handling of these potentially dangerous
substances becomes evident. Urine sediment examination
typically involves, as described in the U.S. Patents
4,393,466 and 4,612,614, pouring of a sample into a tube
which is then spun in a centrifuge to separate the sediment
from its suspending fluid. After centrifugation, the cleared
suspending fluid is poured out and the sediment resuspended
in the remaining fluid. A sample of the
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- 19 - ° the.periphery of plug 152. Passages 178 are suff"ﬁ'E' mgNwSﬁEH .
to allow solids to pass through to-the collection chanber 28! ot—so |

.wi de as to allow s | 2% AUG 1997

resuspended sample must then be transferred to- a
microscopic slide for examination with a microscope.
The '466 patent further describes a technique with
which manual urine handling steps are eliminated and a
video system is used to provide an electronic image of
the urine specimen. A slide assembly is described
which is shaped to provide a stable sample area where
solid particles in the urine sample can be viewed.

Various other types of urine or other fluid sample
supply devices are shown and described in the art, see
for example, U.S. Patents 4,302,421, 4,312,581,
4,367,043, 4,448,752, 4,836,038, 3,948,607, 4,209, 256,
and 4,271,123.

U.S. Patent 4,804,267 to Walter Greenfield des-
cribes a urine sample analyzing system. A peristaltic
pump is used to alternately pull a urine sample or a
flushing fluid through a slide assembly, alsc known as
a flo#: cell. A video display system is employed to
investigate solids in the sample.

Problems encountered with conventional slide
assemblies may involve too great a thickness of the
test specimen so that the microscope, which usually has
a very short focal 1length, tends to be focused at
different focal planes of the test specimen. When the
flow cell is made with plastic compenents through which '
either the microscope views the test sample or through
which illuminating light passes, distortions tend to
appear in the field of view of the microscope. Fre-
quently, cement may be used to attach flow cell compo-
nents and this cement tends to be attacked by constitu-
ents in the urine and some cleaning fluids over extend-
ed uses leading to a disintegration of the slide
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liquid to escape when the excess liquid in chanber 148 needst-o-be-

decant ed. Figures 10-13 illustrate another centrifuge REH_M}EMENT SHEET

col l ection tube 180..- The tube 180 can be of conventional shh pf WrtT—a-wrde
upper body 182 ‘and a conical |ower body 1843 A plug 186 is pfoy g;ﬂﬁ@ hilﬁn
upper portion 188 shaped to snugly fit inside the upper body|1B .

| ower portion 190 that extends slightly into the | ower body [L8 Ri.ps-.102

extend al ong the outer surface of plug 186 to formcapill ary}sized

assembly. Cement also tends to have tiny edges to
which various undesirable contaminants become attached
such as bacteria, molds, yeast and particles and are
not readily dislodged by a flushing cycle. When the
passageway into the viewing chamber of the slide
assembly has relatively abrupt tu:ms, tiny bubbles tend
to form and are entrained into the viewing chamber
where they obscure or confuse the clarity of the £i=ld
of view of the microscope. where cement/plastic
plexiglass interfaces are exposed to air and heat from
the condensed light source, dust particles are attract-
ed and appear as other urine constituents such as
bacteria, yeast, fibers, and mucus to the microscope

operator when these interfaces alsc appear in the field
of view.

It is important that slide assemblies are suffi-
ciently thin -0 enable mounting to any microscope
without interference with different -lenses of a micro-
'scope turret. It is alsc desirable that a rslide
assembly be useful with a variety of micre-  ic
techniques such as the one commonly known as ' -.ght
field" and other techniques generally referred to as
Hoffman modulation, phase contrast, polarized light and
£luorescence. It is furthermore desirable that a
relatively small amount of test £luid is used to £ill
a viewing chamber of a slide assembly so that more than
one examination can be made with the same test fluid.

The various known urinalysis systems tend to be
complex and do not provide an inexpensive and conve-
nient approach to the handling of urinalysis in labora-
tories where complex fully automated systems cannot
easily, economically be justified.
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passages 194 bet ween the ribs for passage of centri- fuged gelt-es—

QD

Plug 186 has a through bore 196 and valve seat 198 facing 4 REPLAGEMENT SHEET
col l ection chanber 200. A ball valve 164' is |located in chgnfer—200:
In an altérnaté formof a solids collectiog tube shown in figquﬁ 1§ @nﬁ97
15, ribs 202 simlar to ribs 176 in Figures 16 or 192 in Fi durle § p

pl aced on the inside ' :

In the evaluation of urine, it is at first neces-
sary to concentrate the solids in a centrifuge opera-
tion, but then the solids should be resuspended. 1In
order to achieve a reasonably consistent basis for ana-
lysis, the resuspension preferably should be carried
out with the same volume of urine.

Various collection tubes have been proposed for
-extracting, separating or otherwise segregating compo-
nents from a body fluid. For example, U.S. Patent,
3,818,248 describes a collection tube with which
different phases of a fluid are separated. The device
includes a movable sealing element or "traveling spool"
which divides a test tube into an upper chamber and a
lower chamber which has a floating plug. This device
can serve the function described but does not permit
the collection of a fixed or constant volume or urine.

U.S. Patent 4,824,560 describes a urine centrifuge
tube containing a partition that is shaped to promote
the collection of solids in a lower chamber during
centrifuge. The partition is pierced by a bore whose
cross-section is less than 10 mm. and preferably not
more than 5 mm. and is described even as a capillary
bore. Even though the tube can yield a collection of
solids in a lower chamber, during the decanting of
excess liquid from the upper chamber, liquid from the
lower chamber would tend to escape as well. This is
particularly a problem with larger bore sizes while
with a capillary bore, it is difficult to remove a
consistent sample. Furthermore, no device is shown to

facilitate the break-up for resuspension of consoli-
dated solids. '



wal | 174" of tube 180. The ribs are integrally nolded with t?e—%abggﬂﬁi{T%{'Eﬁ?
addi ng appropri atel y-shaped recesses to an injection nolding EE?LE 3 HE

hake tubes such as 180. The spaces 204 between ribs 202 then qu""vmtﬁ"m
appropriately outer snooth-walled plug such as 186 desired |

ngi t
capi |l ary passages. : Wth reference Lo Figures 17-221 tih éygre?erred
slide assenbly 300 is shown forned of a transparent el ongateg Opt+eat—gtass
encl osure 320 nmounted to a netal

Other body liquid collection tubes, some for cen-
trifuge operations, are described in U.S. Patents
4,464, 254, 4,308,028, 4,055,501, 3,935,113, 3,945,928,

and 3,849,072. These patents describe devices with
similar drawbacks.

Summary of The Invention

With an apparatus in accordance with the inven-
tion, a urine sediment analysis can be performed in a
hygienic, efficient, and consistent manner while using

an available standardjupright.microscope and a.reusable
slide assembly.

This is achieved with one apparatus in accordance

with the invention by using a slide assembly that can
. pe irrigated with a flush solution and easily mounted
on a microscope, and a compact fluid control device
with which a urine sample can be drawn by a pump from
a urine collection tube through the slide assembly and

subsequently flushed back into the tube with a flushing
liquid.

A plurality of urine samples can be rapidly and
efficiently sampled in an efficient manner. A housing
is provided on which a plurality of special centrifuge
tubes are removably mounted for processing. A centri-
fuged urine sample containing tube is temporarily
mounted at a test station where a probe 1is extended
jnto the tube and into a solids collection chamber
where solids have congregated and have been resuspended
in a substantially constant volume.

A control is then actuated with which a sample
from the solids collection chamber is drawn up through

-y
FY
-
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the slide assembly to a place that is between it and
the housiﬁg for the apparatus of this invention. - Upon
completion of the microscopic examination, the control
is again actuated so that the pump can be reversed and
flushing liquid pumped from the reservoir through the
slide assembly into the centrifuge tube.

With an apparatus in accordance with the inven-
tion, manual exposure to body fluid samples is signi-
ficantly reduced, a rapid handling and safe examination
of samples can be achieved and consistent examination
results are achieved. - |

The consistency is particularly enhanced by main-
taining a constant sample holding volume in the centri-
fuge sample collection tube. This is obtained by em-
Ploying a plug in a centrifuge tube that is held in a
fixed position in the tube so as to define a solids
collection chamber between the plug and the closed
bottom end of the tube. The plug has a bore through
which solids can pass through into the solids collec-
tion chamber during a centrifuge operation. The bore

- terminates in the latter chamber in a valve seat and a

loose-fitting valve element is located inside the
chamber. The valve element has a sufficiently high
specific gravity_so that it will not float and solids
can pass through the bore into the collection chamber.

However, at the conclusion of the centrifuge
operation, the excess f£luid can be decanted by inver-
sion of the tube without a significant loss of £luid
from the solids collection chamber since the valve .

element will automatically close the through bore by
moving onto the valve seat.
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slide support 322.  The optical enclosure 320 is nade from aprefermglass

~extrusion with flat upper and |l ower transparent slide walls EPU%Q@MV
si des 328, 330. The encl osure ends 332, 334 are forned into h‘:rr‘t:"t"-ubggf-t-%—,gﬂ

provi de end-located ports 336,338 in alignnment with an el onght ¢- i ew
chanber 340. The optical glass encloslre has an evenl y|thi él@ Vﬁlﬂ?w

capi'l l ary-si zed view ng chanber 340 whose width, w, is comepslcate with |
t hat needed to enable an opti cal

With a submerged valve element loose in the col-
lection chamber, any solid sediments that may have
aggregated iﬁto a consolidated mass can be conveniently
loosened and resuspended throughout the fluid in the
collection chamber. This involves a gentle shaking of
the tube in a manner whereby the valve element can
break up consolidated sediments and resuspend the
solids in a substantially constant volume of liquid.

The reliability, versatility, and effectiveness of
an apparatus in accordance with the invention is
further enhanced by use of a slide assembly with which
a urine sample can be drawn and subsegquently conve-
niently viewed through a microscope. The slide assem-
bly also known as a flow cell, is formed with an
elongate optical glass enclosure. The enclosure has
spaced-apart upper and lower sides which present
substantially flat surfaces for examination of a urine
sample drawn into a viewing chamber bounded by glass
sides. The glass enclosure has aligned end-located
ports so that the flow of urine does not encounter
abrupt turns in the 'paésagé ways leading to the viewing
chamber. The spacing ‘bezween the flat sides is select-
ed to provide a viewing chamber of even and optimum
depth for microscope examination.

A holder is employed to receive and retain the
glass enclosure while presenting a sufficiently 1low
profile so as to enable use cZ the slide ar "embly with
most conventional microscopes. The holdur has metal
tubes at end-located edges for connection to the ports
of the glass enclosure and to appropriate flexible

tubing to facilitate handling and mounting of the slide
assembly. '




exam nation of a fluid with m croscope 72. The di men- sions of HEP{AQEMEW SHEET

gl-ass encl osure are selected commensurate with good view ng tHr

m croscope into the fluid. This involves a thicknhess of each
324, 326 of about 0.007 inches + ten percen8 and a thickness of
chanber of about 0.005 inches + five percent. The slidé

sllde

ugi X

28 At 0g7

UDDOI’ t 322

has a central elongate recess 350 in a mdsection 351 and whig¢h is sized to

|

freely yet snugly receive the elongate optical glass

With a slide. assembly employed in the apparatus in

accordance with the invention, problems encountered with

other slide assemblies are avoided.

It is, therefore, an object of the invention to provide
an apparatus and technique with which body fluids can be
conveniently, safely, and expeditiously handled for analysis.
It is a further object of the invention to provide the
apparatus with a body fluid collection tube within which bedy
fluids can be centrifuged and heavier components segregated
and conveniently extracted in a consistent manner. It is
still further an object of the invention to provide the
apparatus with a slide assembly for use with the fluid

examination apparatus of this invention and with which

consistent microscope examinations can be carried out in a
repetitive manner, with high reliability, in a safe manner,
adaptable to various illuminating techniques such as phase
contrast and Hoffman wmodulation, and useable with most
microscopes at their respective magnification levels while
using a small enou_cjh amount of test fluid to accommodate
several examinations of the fluid from the same centrifuge
tube.

These and other objects and advantages of the invention can
' be understood from the follow1ng detailed description of an

apparatus in accordance with the invention and as illustrated in
the drawings.

Brief Description Of Drawings

Figure 1 is a front perspective, partially broken-away
view of a body fluid handllng apparatus in accordance with
the invention;



enclosure with its lower wall 326 facing the bottom 352 of reg
ends 354 of recess 350 are shaped to receive ends 332, 334 of
encl osure 324. Recess 350 has a cut-out 356 to allfTow light to
from bel ow during mcroscope view ng. A pairgof stainless steg
362 are nmounted inside bores 363 fornmed in end 364 of hol der J
to forma fluid fl ow connection with flexible tubings 32, 36
and 3). Flexible tubes 366, 368 are used to connect tubul ar ejq
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334 to stainless steel tubes 360, 362. The optical glass encla

sure sZ4 TS

cenented in place Figute Redesa Ieamiview hin uskevation of the apparatus of

Figure 1;

Figure 3 is a block diagram and schematic view of the

apparatus of Figure 1;

Figure 4 is a front view in elevation of a urine sample

collection and centrifuge tube as employed in
in accordance with the invention; '

the apparatus

Figure 5 is a cross-sectional view of the collection

tube shown in Figure 4;

Figure 6 is a bottom view of the collection tube of

Figure 5;

Figure 7 is a partial, side cross-sectional view of the

collection tube of Figure §5;

! Figure 8 is a partial, front cross-sectional view of the

collection tube as shown in Figure 5 but in an inverted

position;

Figure 9 is a side cross-sectional view of a slide
assembly for use with an apparatus as shown in Figure 1;

Figure 10 is another centrifuge and soli

ds collection

tube as employed in the apparatus in accordance with the

invention;

Figure 11 is a partial longitudinal section view of the

solids collection tube of Figure 10;

Figure 12 is a perspective view of a separator plug used

in the collection tube of Figure 10;
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a sﬁi tabll e adhesive 366 as may be applied at ends 354 of receg ] -
end-wal I s 364 protrude above the ﬁg@ﬂﬂﬁﬁ' SHEET
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Figure 13 is a cross-sectional view of the collection
tube of Figure 10 and is taken along the line 11-11 therein;

Figure 14 is 'a cross-sectional downward view of a solids

collection tube, without a separator plug as employed in the
apparatus in accordance with the invention.

Figure 15 is a longitudinal cross-sectional view of the
modified solids collection tube as shown in Figure 14 and is
taken along the lines 15-15 therein;

Figure 16 is a perspective view of a modified separator
plug for use in a collection tube as illustrated in Figure 5;

Figure 17 is a perspective view of a slide assembly as
employed in the apparatus in accordance with the invention;

Figure 18 is an exploded perspective view of the slide
assembly of Figure 17;

Figure 19 is a top plan view of the slide assembly of
Figure 17;

Figure 20 is a bottom view of the slide assembly of
Figure 17; ' '

Figure 21 is a partial enlarged section view of the
slide assembly of Figure 17; and

Figure 22 is a section view of the slide assembly of
Figure 17 taken along the line 22-22 in Figure 21.
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m dsection 351 and spaced sufficiently far apart so as to ay
interference with a m croscope focused on the view ng chanb ﬂEﬁLACHMENJ‘SHEET

i nportant feature of slide assenbly 300 is its useability 6 yirtually nost
m croscopes used in clini- cal |aboratories3here urinalysi$ is20pnil6 1987 |
maxi mum t hi ckness profile, t, within the operational range ¢f R

Detailed Description of Drawings

With reference to Figures 1-3, an apparatus 20 is shown
with which a urine sample is drawn from a collection and .
centrifuge tube 22 or such other centrifugable container as
one may wish to use and pulled through a slide assembly 24.
The apparatus 20 includes a peristaltic pump 26 which is
reversible so that with one direction of rotation, a sample
of urine is drawn from a solids collection chamber 28 in tube
22 through a probe assembly 30, and a flexible tube 32 into
slide assembly 24. When the pump 26 is reversed, it draws a
flushing liquid from a reservoir 34 and tubing 36 back to the
collection tube 22. This is done for a sufficient length of
time to flush the urine sample with its solids out of tubing
36, slide assembly 24, and tubing 32 and the probe assembly
- 30 into the collection tube 22. A quick connect-disconnect
fitting 37, which is mounted on front panel 42, is interposed
in tubing 36. This permits an easy replacement of slide
‘assembly 24 and/or tubing 36 if severe contamination or

' damage occurs.

Preferably, a slide assembly 300 as illustrated in and
described hereafter with reference to Figures 17-22 is
- employed with apparatus 20. The slide assembly 300 and tube
32 require a small amount of test £luid from collection tube
22. This is achieved by using a smaller cross-section tube 32
having an internal diameter bore in the range of about 0.05
cm (0.021 inches) while a larger tube 36, has an internal
diameter bore of about 0.08 cm (0.031 inches). This enables
one to draw typically about one-half of the amount of test
liquid available at the bottom end 28 of tube 22, thus
leaving some for a repeat examination.




the mcroscope is, therefore, limted to as small as is regserably
practical .- Generally, the thickness profile t is of the orlEPLACENMENT SHIERT
about three mllinmeters while still being able to draw a fljui tefrom
collection tube 22 and acconmobdate a flushing cycle as describﬁg ﬁﬁe
depth of recess 350 is selected to receive 2D§t of the gl ags {e ’oé éﬂg§0
with a small protrusion above the surface % 0 of the centrg

t he hol der 322 to enable a cl ose approach of the slide assgnbly 300 by the
| ens of a m croscope.

The apparatus 20 has a housing 40 with a sloped
front panel 42 and a rack 44 on a top panel 43. The
top panel is shaped to form a holding position for the
stainless tube rack and cants forward for easy viewing.
The rack 44 has a plurality of suitably-aligned aper-
tures 46, 48 so as to stably retain a plurality of
collection tubes 22. Single tube holding racks 50, 50
are located on side panels 52, 54 to, for example,
enable the apparatus to be used in a left or right-
handed mode.

Housing 40 further includes an electrically con-
trolled reversible stepper motor 58 whose output shaft
60 is coupled by a belt drive 62 to rotate peristaltic
pump 26. Housing 40 further includes a suitable power
supply and electric circuitry' as more particularly
described with reference to Figure 3.

In addition to a power control switch 64, the
front panel 42 has pushbutton switches 66, 6B which

respectively contrel the start of a sample handling and
a flushing phase.

In the sample phase, a collection centrifuge tube,
such as 22, contains a urine sample in lower solids
collection chamber 28. The probe assembly includes an
elongate hollow probe 70 which extends into chamber 28
and is connected to flexible tubing 32. As pushbutton
66 is actuated, the pump 26 is rotated in a direction

: and in an amount sufficient to pull a liquid sample
EL. through the probe 70 and slide assembly 24 but not so

far as to enter the front panel on apparatus housing
40.




Si nce sone thickress increase is required at the ends 3637;
overall length L of the flat segnent of the glass enclosur&a' -
Sufficiently long to avoid interference between the m crogqcgpe and the

gl ass enclosuré 320. This length may vary;sbut general |y lado@® 80A#Ga1987 a

hal f inches has been found to be satisfactory. WtH 4 slide assenblly

300, the operation of a urinalysis is considerably inprovgd.™ The smal
vol une of the view ng chanber 340, of the order .of generallly

The slide assembly 300 which is mounted on a
standard upright microscope 72, which hereinafter at
times is referred to as a conventional microscope or
just microscope, can then be optically examined.

When the examination is completed, the flush push-
button 68 is actuated. This causes a reversal of the
motor 58 in a direction whereby flushing liquid 69 is
sucked from reservoir 34 and driven through tubings 36,
and slide assembly 24, tubing 32, and probe assembly 30
into the collection tube 22. '

. The flushing actuation prepares slide assembly 24
and the connected tubings and probe for the next urine
sample inside another collection tube 22. The entire
process of handling of a urine sample for examination
can be done in a short time and minimizes direct expo-
sure by the operator to the body fluid.

In the event the first examination of a urine
sample appears unacceptable, the flush cycle can be
implemented but by discharging the sample and f£lushing
liquid into another tube. The small sample needed for
the first examination'leaves enough residue for another
sample to be drawn after reinserting the probe assembly
30 into the test tube containing the centrifuged urine.

Figure 3 illustrates a control logic 78 used to
operate apparatus 20. . A pressure sensor 80 is placed
in communication with flexible tubing 36 between £it-
ting 37 and pump 26 to sense excessive pressures in the
tubing such as may arise from a blocked probe 70 or an
occluded tuhing 32. A normally closed switch 82 is
controlled by pressure sensor 80 and is located so as
to interrupt drive to the motor S58. A pump rotation
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| ess than about thirty mcroliters, and the use of a small
for the flexible tube 32 imts the amount of fluid needed
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Wth the align- nent of the ports 336, 338 with the el ongaf g vi ewi ng

chanber,

abrupt turns are avoi ded, thuosldecucing the : 28 AUG 1997

sensor 84 is used to generate pulses on line 86 repre-
sentative of pump rotation and thus in effect represen-
tative of either the volume ‘of sample liquid beiné

drawn from collection tube 22 or the volume of flushing.

liquid 69 being pumped.

A pair of control flip-flops 86, 88 é.re employed

to regulate the operation of pump 26. Flip flop 86
sets either sample or flush phases with its outputs 90,
92 respectively labeled S and FL. Flip flop 88 regu-
lates the activation of reversible stepper motor 58 by
way of "on" output 94.

The motor direction of rotation is controlled by
a motor phase generator 96 which generates appropriate-~
ly phased motor drive signals with a shift register en-
abled by the sample and flush phase signals S and FL.

The motor phase signals are amplified by a motor drive
98. '

The control 78 responds to a power on condition'by
forcing the phase controcl flip flop 86 into a flush
mode and the motor run £flip flop 88 in the OFF state.
This can be achieved by a direct coupling with a line
87. A network 96 is provided and includes a capacitor

99 whose initial low voltage during turn-on assures

that _tl'ie motor run control flip flop 88 is in the OFF

state. In this manner, the system must first activate .

a flushing operation before a sample can be drawn from

'a solids collection chamber 28 in tube 22.

when the f£lush control switch 68 is activated, the
motor phase generator 96 generates appropriately phased

pulses to stepper motor S8 to cause pump 26 to draw’

flushing liquid 69 from reservoir 34. As pump 26




22 - formation of tiny bubbles and avoiding a | odgi )
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rotates, sensor 84 generates pulses which are applied
to a flush phase counter 102. A flush time selection
network 106 is connected to counter 102 and generates,
on output line 108 an enabling signal commensurate with
‘the desired amount of flushing liquid to be pumped from
reservoir 34 back into tube 22. Network 106 can be a
decode netwdrk with dip switches to enable one to
manually select the number of sensor pulses on line 86
needed to complete the flushing phase.

The output 108 from the flush select network 106
causes, in the flush phase, an output on line 110 from
an AND gate 112 to in turn deliver a motor enabling
signal on output 114 of gate 116 since the signal on
line 94 was activated by flush control switch 68. The
motor enabling signal is applied through pressure-
control switch 82 to an enabling input of a clock 118
used to initiate the generation of motor drive pulses
from motor phase generz:or 96.

If no excessive p:.ssures occur in tubing 36, the |
motor 58 continues i- its f£flushing direction until
counter 102 reaches t..2 count at which the flushing
selection network 106 causes a cessation of the enabl-
ing signal on 1line 108. This removes the enabling
signal to clock 118 and stops the motor 58.

‘At this time, the output on line 108 is in an
active state for the sample control switch 66. Hence,
when the sample push button 66 is activated, flip flop
86 is set in the sample mode. This enables a sample
pulse counter 120 which counts pulses on line 86 from
the pump rotation sensot 84.
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The sample time selection network.lzz produces an
output on line 124 which acts through AND gate 130, OR
gate 132, and gate 116 to energize clock 118. The sam-
Ple phase generator 96 now produces pulses to drive

motor 58 in a direction whereby pump 84 draws a sample
from tube 22.

The duration of the sample rotation is controlled
by the sample selection network 122. This is set, such
as with dip switches, to extract a liquid sample from
solids chamber 28 sufficient to extend through tubing
32 past slide assembly 24, but not so far as to reach
the reservoir 34. Hence, preferably up to about a
region indicated by line 134.

Figure 9 illustrates a cross-section of the slide
assembly 24. This includes a small volume transparent
viewing chamber 140 which is adapted to enable viewing
of a sample with the microscope as shown in Figure 3.
A preferred slide assembly 300 as shown in Figures 17-
22 is used. Since but a small sample volume is drawn
and differently-sized tubings 32 and 36 are employed,
the flow from the test tube 22 tends to continue after
the motor drive 98 has been stopped at the end of the
sample phase. Since the flow tends to continue for

some time, it is disturbing to the operator of micro-
scope 72.

Hence, a solenoid actuated pinch valve 302 is used
to pinch tube 36 between slide assembly 300 and pump
26. The valve 302 is actuated by a signal P generated
at the end of the sample drawing by motor 62 and until
the flush phase is begun. Signal P can be generated in
various ways. One way may involve the signal at the
output 304 of AND gate 130. This is applied to an



analysisswith a mcroscope (72), conprising: a test f REPLR@E
contai ner (22); a flushing fluid supply (34); punp
fluid fl ow comruni cati-on with said flushing fluid supply {

bet ween t he
supply (34);

chanber (340) for holding a fluid sanple to enable direct|view ng of the
sanpl e by the mi croscope; said slide assenbly neans (24, 886)-being

of punj.ng f1ui
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renovably rmountable to the mcroscope; said slide neans further having a
first port armshtpwecddd of AND gate 13C¢. This is applied to an inverter

306 whose output causes generation of a single pulse from a

pulse generator 308. The output of pulse generator activates
a flip-flop 310 whose output 312 goes active for the time
period between the end of the sample phase and the end of the
flush phase. The P signal on output 312 is then used to
activate a solenocid 314 to close the pinch valve 302 and
prevent further f£fluid through the viewing chamber of the
slide assembly 300.

The apparatus of the invention may involve use of a sample
collection and centrifuge tube 22 with which a uniform sample can
be conveniently obtained. This involves, as illustrated for one
tube 22 in figure 4-8, a sample collection tube 22 with a
cylindrical upper body 144 and a transparent lower flattened body

146. The upper body encloses a chamber 148 which is seprated from.
a lower located solids collection chamber 28 by a plug 152. A .

bore 154 extends through plug 152 so that small solids can,
during a centrifuge operation, pass through bore 154 into chamber
28. :

Plug 152 is shaped so that it is seated in a fixed
position between chambers 148, 28 at the transition section
156 of tube 22. The upper portion 158 of plug 152 has a
larger cross-section than its lower portion 160 which extends
slightly into chamber 28. The through bore 154 terminates at
portion 160 which is shaped to form a valve seat 162 for a
freely-moving small ball valve 164 which is captured within
chamber 28. Valve seat 162 can be concave or V-shaped or such
other shape as is desirable to form a valve seat. Ball valve
164 has a specific gravity that is sufficiently

E
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(22) to the first port of the reusable slide assenbly neans
for coupling thke second port of the reusable slide assenbly

punp neans;

direction for a sufficient tine so as to Ur
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the test fluid collection container (22) through the view rlg chanber of the
slide assenbly neans (24, 300) w thout passing into the fI strg—ord

supply; and

high so as not to float inside chamber 28 and thus
normally rest on the bottom of chamber 28. For urine
collection and centrifuge, a specific gravity greater
than one is needed. '

buring a centrifuge operation, the probe assembly
30 is not present. The solids in the urine specimen
are forced through bore 154 into the lower chamber 28.
At the end of the centrifuge, excess liquid is in the_
upper chamber 148 and solids have aggregated into a
consolidated mass in the lower chamber 28. The excess
liquid in the upper chamber can be decanted, without
loss of liquid from the lower chamber 28, by suffici-
ently inverting the tube 22, as illustrated in Figure
8. This shows the hali valve on the valve seat 162,

resulting in the retention of a fixed volume of liquid
in chamber 28.

When tube 22 is placed upright again, ball valve
164, which has a sufficient mass, can be used with a
gentle agitation of tube 22, to break up any consoli-

. dated solids in mass 170 and cause them to be resus-

pended. Since the resuspension occurs within a con-
sistent volume of liquid inside chamber 28, the density
of solids can be more accurately determined from the
microscopic investigation.

During a centrifuge operation, solids tend to col-
lect at the small ledge formed between the upper edge
172 of the plug 152 and the inner wall 174 of upper
chamber 148. Hence, as shown in Figure 16 in a pre-~
ferred form of a plug 152', its upper edge 172 is made
as small as possible and is spaced away from wall 174
by use of longitudinally-extending ribs 176. These
ribs provide thin, capillary-sized, passages 178 around
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vi ew ng- chanmber to flush the test fluid sanple therefromintjp rJm:uu‘ TEsT

fluid colletCtion container (22). 2. The apparatus as cl aj ned g0 ‘ﬁk‘?"lﬁﬂ?

1, wherein said neans for activating the ¥ebV®rsible punp inc ug_i_gaa#————*—
nmeans (84) for sensing punp (26) activity and producting a ptm J
i ndi cative thereof;

the 'pe'riphery of plug 152. Passages 178 are suffici-
ently wide to allow solids to pass through to the
collection chamber 28, yet not so wide as to allow
liquid to escape when the excess liquid in chamber 148
needs to be decanted.

Figures 10-13 illustrate another centrifuge and
solids collection tube 180. The tube 180 can be of
conventional shape with a wide upper body 182 and a
conical lower body 184. A plug 186 is provided with an
upper portion 188 shaped to snugly fit inside the upper
body 182 and a lower portion 190 that extends slightly
into the lower body 184. Ribs 192 extend along the
outer surface of plug 186 to form capillary-sized

passages 194 between the ribs for passage of centri-
fuged solids.

Plug 186 has a through bore 196 and valve seat 198
facing a solids collection chamber 200. A ball valve
164' is located in chamber 200.

In an alternate form of a solids gqllection tube
shown in figures 14 and 15, ribs 202 similar to ribs 176
in Figures 16 or 192 in Figure 12 are placed on the inside
wall 174’ of tube 180. The ribs are integrally molded with
the tube 180 by adding appropriately-shaped recesses to
an injection molding die used to make tubes such as 180.
The spaces 204 between ribs 202 then form, with an
appropriately outer smooth-walled plug such as 186
desired longitudinal capillary passages.

With reference to Figures 17-22, the preferred
slide assembly 300 is shown formed of a transparent
elongate optical glass enclosure 320 mounted to a metal




24 means responsive to the punp signal for altern RE
a flush enabling signal representative of the anmount of ¥l
to be punped and a sanpl e enabling signal representative offthe
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slide support 322. The optical enclosure 320 is made
from a preform glass extrusion with flat upper and
lower transparent slide walls 324, 326 and sides 328,
330. The enclosure ends 332, 334 are formed into short
tubes to provide end-located ports 336,338 in alignment
with an elongate-viewing chamber 340.

The optical glass enclosure has an evenly thick '
'capillary-sized viewing chamber 340 whose width, w, is
commensurate with that needed to enable an optical
examination of a fluid with microscope 72. The dimen-
sions of the optical glass enclosure are selected
commensurate with good viewing through a microscope
into the fluid. This involves a thickness of each
slide wall 324, 326 of about 0.007 inches + ten percent

and a thickness of the viewing chamber of about 0.005
inches + five percent.

The slide support 322 has a central elongate
recess 350 in a midsection 351 and which is sized to
' freely yvet snugly receive the elongate optical glass
enclosure with its lower wall 326 facing the bottom 352
of recess 350. The ends 354 of recess 350 are shaped
to receive ends 332, 334 of glass enclosure 324.
Recess 350 has a cut-out 356 to allow light to pass
through from below during microscope viewing. A pair
of stainless steel tubes 360, 362 are mounted inside
bores 363 formed in end 364 of holder 322 and serve to
form a fluid flow connection with £flexible tubings 32,
36 (see Figures 1 and 3). Flexible tubes 366, 368 are
used to connect tubular ends 332 and 334 to stainless
steel tubes 360, 362. The optical glass enclosure 324
is cemented in place inside recess 350 with the use of
a suitable adhesive 366 as may be applied at ends 354
of recess 350. The end walls 364 protrude above the
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which is opposite to said flushing direction.

midsection 351 and spaced sufficiently far apart so as

to avoid interference with a microscope focused on the
viewing chamber.

An important feature of slide assembly 300 is its
useability on virtually most microscopes used in clini-
cal laboratories where urinalysis is done. The maximum
thickness profile, t, within the operational range of
the microscope is, therefore, limited to as small as is
reasonably practical. Generally, the thickness profile
t is of the order of less than about three millimeters
while still being able to draw a fluid sample from
collection tube 22 and accommodate a f£lushing cycle as
described. The depth of recess 350 is selected to
receive most of ‘the glass enclosure 320 with a small

o protrusion above the surface 370 of the central segment
372 of the holder 322 to enable a close approach of the
slide assembly 300 by the lens of a microscope.

Since some thickness increase is required at the
ends 332, 334, the overall length L of the flat segment
of the glass enclosure 320 is made sufficiently long to
avoid interference between the microscope and the glass
enclosure 320. This length may vary, but generally

about one and a half inches has been found to be
satisfactory.

With a slide assembly 300, the operation of a
urinalysis is considerably improved. The small volume
of the viewing chamber 340, of the order of generally
less than about thirty microliters, and the use of a
small diameter bore for the flexible tube 32 limits the
amount of fluid needed for a sample. With the align-
ment of the ports 336, 338 with the elongate viewing
chamber, abrupt turns are avoided, thus reducing the
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4. The apparatus as clainmed in claim 1 and furth | '

housing (40) having a front panel (42) and a rear panel, an EPEA&EMEN.'ﬁJ%H '
- (44) nounted to the rear panel and having a plurality of ho eg—t2A67"48)
sized to retain a plurality of test fluid @9l l.ection contaipefs (% ue 1997
The apparatus as clainmed in claim4 wherein the housing has S|dz anel s’
(52, 54), and a tube holder (50') nounted to at |east one of iaLd;ste-~"“'
panels (52, 54) to retain a test fluid collection container {(22).

formation of tiny bubbles and avoiding a lodging: of
particles and bacteria because these are now easier to
£flush cut. By using glass extrusion for the enclosure
320, cement interfaces are avoided and microscope

. viewing is ‘enhanced and various known lllum;natzon
technigues can be used.
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"needl e assenbly sha bly oy ed ifside a tdstf o
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said punp neans includes a reversible punp neans (26) for gu B ?IWn
either direction between the test fluid.collection contain .
flushing fluid containing reservoir (34).CLAIMS

1. An apparatus (20) for drawing a sample of test fluid in
a container (22) through a slide assembly (24, 300) for
analysis with a microscope (72), comprising: '

a test fluid collection container (22);

a flushing fluid supply (34);

pump means (26) in fluid flow communication with said
flushing fluid supply for pumping £fluid between the test
fluid collection container (22) and the flushing fluid supply
(34) ;

‘reusable slide assembly means (24, 300) having a viewing
chamber (340) for holding a fluid sample to enable direct
viewing of the sample by the microscope; said slide assembly
means (24, 300) being removably mountable to the microscope;
said slide means further having a first port and a second
port in fluid flow communication with the viewing chamber
(340),

tube means for coupling the test fluid from the test
fluid collection container (22) to the first port of the
reusable slide assembly means (24, 300) and for coupling the
second port of the reusable slide assembly'means to the pump
means;

means for activating the pump means in one operative
direction for a sufficient time so as to draw a sample of
test fluid from the test fluid collection container (22)
through the viewing chamber of the slide assembly means (24,
300) without passing into the flushing fluid supply; and

means for activating the pump means in another operative
direction for pumping flushing fluid from the flushing fluid
supply' (34) through the viewing chamber to flush the test
fluid sample therefrom into said test £fluid collection
container (22).

2. The apparatus as claimed in claim 1, whereln ‘said means
for activating the reversible pump includes:

means (84) for sensing pump (26) activity and producting
a pump signal indicative thereof;

=
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i Acl udes a needl e assentfl y4(78) and a fl exi bI e tube (32) conngc eii t her et o,
sai d needl e assenbly (70) being 25 8 AUP 1‘1'-17

means responsive to the pump siénal 4 'z: a
generating a flush enabling signal represen
.amount of flushing fluid to be pumped and a sample enabling
signal representative of the amount of sampling fluid to be
drawn from the test fluid collection container (22). |

3. The apparatus as claimed in claim 2 wherein the means
for alternately generating the flush and - sample enabling
‘signals includes: _

- a panel mounted flush control switch 968) coupled to
initiate a pump activity in a flushing direction; and

a panel mounted sample control switch (66) coupled to

initiate a pump activity in a fluid sample drawing direction
which is opposite to said flushing direction.

4. The apparatus as claimed in claim 1 and further
including a housing (40) having a front panel (42) and a rear
panel, and a tube rack (44) mounted to the rear panel and
having a plurality of holes (46, 48) sized to retain -a
plurality of test fluid collection containers (22).

5. The apparatus as claimed in claim 4 wherein the housing
has side panels (52, 54), and a tube holder (50’) mounted to
at least one of said side panels (52, 54) to retain a test
fluid collection container (22).

6. The apparatus as claimed in c¢laim 1 and further
including a needle assembly shaped to be releasably mounted
inside a test fluid collection tube (22).

7. The apparatus as claimed in claim 1 wherein said pump
means includes a reversible pump means (26) for pumping fluid
in either direction between the test fluid collection
container (22) and the flushing fluid containing reservoir
(34) .

8. The apparatus as claimed in claims 1 or 7 wherein the
tube means includes a needle assembly (70) and a flexible
.tube (32) connected thereto, said needle assembly (70) being
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(22) after examination of the sample with the microscope.

9. The apparatus as claimed in claim 1 or 7 wherein said
means for activating said pump means (26) in said operativé
direction includes means (122) for controlling the time said
pump means (26) is. operated to extract said sample so 'as to
avoid pumping test f£luid into said flushing f£luid supply
(34).

10. The apparatus as claimed in claim 7 and further
includihg means (80) for sénéing fluid pressure in the tube
" means (36) between the slide assembly (24, 300) and the pump
means (26) for producing a pressure signal, and
means (82) vresponsive to said pressure signal for
interrupting operation of said pump means (26) when said
pressure becomes excessive.

11. The apparatus for drawing a sample of test fluid through
a slide assembly for analysis with a microscope according to
claim 1 ‘

wherein the reusable slide means (24, 300) include an
elongate optical glass enclosure (320) having upper and lower
substantially flat walls (324, 326, 328, 330) spaced-apart
from each other to form an elongate viewing chamber (340)
with the spacing between the substantially flat walls being
commensurate with that required to enable said test fluid to
be moved into the viewing chamber (340) for effective viewing
with the microscope for test fluid analysis;

said elongate optical glass enclosurée (320) having
integral end-located ports (336, 338) which are generally in
longitudinal alignment with the elongate viewing chamber
{(340) so as to avoid presenting sharp turns to the flow of
fluid. '

12. The apparatus as claimed in claim 11 wherein said
reusable slide means (24, 300) has, at said viewing chamber
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operate with most microscopes used in urinalysis.

13. The apparatus as claimed in claim 12 wherein said
overall thickness is of the order of generally 1less than
about three millimeters. '

14. The apparatus as claimed in claim 12 wherein said
reusable slide means (24, 300) includes an elongate support
(322), said support having a midsection (351), said
midsection (351) having an elongate recess (350) sized and
shaped to freely and snugly receive said elongate glass
enclosure (320); said midsection (351) having a slot (356)
located in alignment with the viewing chamber (340) of the
glass enclosure (320).

15. The apparatus as claimed in claim 14 wherein said
support (322) has walls extending above said midsection, said
end walls being sufficiently spaced from each other to avoid
interference with the operation of a microscope focused on
the viewing chamber (340), said ‘end walls further having
tubes (360, 362) extending therethrough which ‘are in fluid
flow communication with the ports (336, 338) of said glass
enclosure (320) and v)_:_ith said tubing means (32, 36).

16. The apparatus as cléimed in claim 15 wherein the
thickness profile of the midsection (351) and the glass
enclosure (320) is generally 1less than about three
millimeters.

17. The apparatus as claimed in claim 12 wherein the depth
of said midsection (351) recess (350) is selected so that the
upper wall of the glass enclosure protrudes above the
midsection (351).

18. The apparatus as claimed in claim 12 wherein the holder
(322) has end walls extending upwardly above the midsection,
with said tubes (360, 362) mounted in said end walls and
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means (24, -300) includes an el ongate support (322), said s pgort havi ng

a mdsection (351), said mdsection(351) having an el onght eriss 1997
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19. The apparatus as clainmed in claim18 wherein said end wall

sufficiently far apart so as to avoid interference with the OHMKGEWNTGISHEET
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APPARATUS FOR DRAWII.VG' FLUID SAMPLE, COMPONENB;
THEREOF, AND A SLIDE ASSE_MBLY FOR USE THEREWITH

An -apparatus (20_). for drawing é ' épecimen of a
body £luid, sﬁch as ui:'in; from a sample tube (23).
The specimen is drawn through a reusablg slidé
assembly (322) for examination. The slide assembly
(322) .' J'.nciude_s. a giass enclosure (324) | éhapéd to
provide a viewing chamber (320) for use with a
microscope. A sample tube (22) with a special plug
(30), an eldngated hollow probe (70) and a sol.i.ds'
collector chamber (28)'with Whi;:h a uniform amount of

‘body liquid is provided for the specimen.

FIGURE 1



