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5 APPARATUS FOR DRAWING FLmD 
SAMPLE, COMPONENTS '!EIEB.zOF, AND 

A SLIDE ASSEMSLY FOR USE TBEREWITR 

Field Of ~he Invention 

~is inventi:n relates to an apparatus and tech-
!. O niq-.ie f:::lr C::rawinq a fluid spec:L'lten sample for analysis 

from a sample t~e into a slide assembly and relates to 
a sample collection t~e for use in such analysis. 
More specifically 1 this invention relates to an ap­
paratus and technique for use in a urinalysis and to a 

15 slide assembly i~to which a fluid sample can be conve­
niently drawn, and after analysis, flushed .out. 

Backaround Of '!'he !nvention 

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 biological materials, the 
need f cr safe systems and devices to minimize the han­
dling of these potentially danc;erous ~stances becomes 
eviden'C. Urine sedimen'C examina'tion typically in-

25 volves, as described in the u.s. Patents 4,393,466 and 
4, 612, 614, pouring of a sample into a tt:be which. is 
then spun in a centrifuqe to separate the sediment from 
its suspending fluid. After centrifugation, the 
cleared suspendinq fluid is poured out and the sediment 

30 resuspended in the remaininq fluid. A sample of the 
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resuspended sample ~ust then be transferred to a 
microscopic slide :or examination with a microscope. 
The '466 paten':. :-..irther describes a technique with 
which manual urine handling steps are eliminated and a 

5 video system is used to provide an electronic i.~aqe of 
the urine speci.'Den. A slide assembly is described 
which is shaped to provide a stable sample area wnere 
solid particles in the urine sample can be viewed. 

Various other types of urine or other !:luid sample 
10 supply devices are shown and described in the art, see 

for example, u.s. Patents 4,302,421, 4,312,591, 
4,36i,043, 4,448,i52, 4,836,038, 3,948,607, 4,209, 256, 
and 4,271,123. 

U.S. Patent 4,804,267 to Walter Greenfield des-
15 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. · 

20 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 

25 flew 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, cemen,: may be used to attach flow cell compo-

30 nents and this cement tends to be attacked by constitu­
ents in the urine and some clea.ninq fluids over extend­
ed uses leac:iinq ~o a disintegration of the slide 

THIS~SHEET HAS BEEN 
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assemtily. Cemen-c also tends -:.:> have -:.iny edges to 

which various undesirable contaminants become attached 

such as bacteria, ~olds, yeas-c and part~cles and are 

not readily dislodged by a flushing cycle. When the 

5 passageway into the viewing chamber of the slide 

assembly has relatively abrupt turns, ~iny 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 

10 plexiglass interfaces are exposed to air and heat ::om 

the condensed light source, dust particles are att:act­

ed and appear as other urine consti:uents such as 

bacteria, yeast, fibers, and mucus to the micioscope 

operator when these interfaces also appear in the field 
15 of view. 

It is important that slide assem!Jlies are suffi­

ciem:ly thin to enable mounting to any microscope 

without interference with different lenses of a micro­

scope turret. It is also desirable that a slide 

20 assembly be useful with a variety of microscopic 

tecr.niques such as the one ":ommonly known as 11 :righ-c 

field" and other techniques generally referred to as 

Hof:!:nan modulation, phase contras-c, polarized light and 

fluorescence. It is furthermore desirable th.at a 
25 relatively small amount of test fluid is used to fill 

a viewing chamber cf a slide assembly so that more than 
one examination can be made with the same test fluid. 

'l'he various known urinalysis systems ~end to be 

complex and do .not provide an inexpensive and ccnve-

30 nient approach to the handling of urinalysis in labora­

tories where complex fully autcmaeed sys'Cems cannot 
easily, economically be justified. 

THIS SHEET HAS BEEN 
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In the evaluation of urine, it is at first neces­
sary to concentrate the solids in a centrifuge opera­
tion, =ut then the solids should be resuspended. In 
order t~ achieve a reasonably consistent basis for ana-

5 lysis, the resuspension pref eral::lly should be carried 
out with the same volume of urine. 

Various collection tubes have been proposed for 
extracting, separating or otherwise segregatinq compo­
nents from a body fluid. ·For example, U.S. Patent, 

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

15 can serve the function described but does not peJ:mit 
the collection cf • fixed or constant volume or urine. 

U.S. Patent 4,824,560 describes a urine centrifuqe 
tube containing a partition that is shaped to prOJDOte 
the collection of solids in a lower chami:>er durinq 

20 centrifuge. The partition is pierced by a bore whose 
cross-section is less than 10 mm. and preferal::lly 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 decantinq 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 while 
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. 

,, THIS::.~EET HAS BEEN 
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Other body liquid collec't.ion t".lbes, some :E::Jr cen­
trifuge operations, are described in u. s. Patents 
4,464,~54, ~,308,028, 4,055,501, 3,935,113, 3,945,928, 
and 3,849~072. These patents describe devices with 

5 similar drawbacks. 

Summarv Of The Invention 

With an apparatus in accordance with the inven­
tion, a urine sediment analysis can be performed in a 
hygienic, efficient, and c~nsistent manner while usinq 

!.O an available si:anciard upright microscope am:. a reusable 
slide assembly. 

This is achieved with one apparatus in accordance 
with the invention by using a slide asseml:lly 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 asseml::ily and 
subsequen't.ly flushed back into the tube with a flushing 
liquid. 

20 A plurality of urine samples can be rapidly and 
efficien't.ly sampled in an efficient manner. A housing 
is provided on which a plurality of special centrifuge 
t\lDes are remova.bly mounted for processing. A centri­
fuged urine sample containing tube is temporarily 

25 moun't.ed at:. a test station where a p·ro:be is extended 
into the tube and into a solids collec~ion chamber 
where solids have conqregated and have been resuspended 
in a substantially constant volume. 

A con't.rol is then ac'Cuated with which a sample 
30 from the solids collec'Cion chaJ!IDer is drawn up through 

THIS~§HEET HAS BEEN 
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the slide assembly t.o a place that is between i-; and 
the housing for the apparatus of .this invention. U;on 
com~letion of t~e microscc~ic examination, ";~e control - - . . .. .. 
is again actuated so that ~he pump can be reversed and 

5 £lushing liquid pumped from the reservoir t~rouqh the 
slide assembly into the centrifuge tube. 

With an apparatus in accordance with t.he inven­
tion, manual exposure to body fluid samples is signi­
ficantly reduced, a rapid handlinq and safe examination 

10 of samples can be achieved and consistent examination 
results are achieved. 

The consisten~/ is particularly enhanced by main­
taining a constant sample holding volume in the centri­
fuge sample collection 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 defj,.ne a solids 
collec~ion chaml::ler 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 durinq a centrifuge operation. The :Core 
terminates in the latter chamber in a valve seat a.ncl 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 

25 can pass through the bore into the collection chamller. 

However, at the conclusion of the centrifuqe 
operation, the excess fluid can. be decanted by inver­
sion of the tube without a significant 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. 

,- TH:ffl:. SHEET HAS BEEN 
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With a submerqed valve element: loose in the col­
leci:ion chamher, any solid sedi."tlents that: may have 
aggregated into a consolidated mass can be c::nveniently 
loosened and resuspended throuc;ilou-c t~e 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 sedimeni:s and resuspend the 
solids in a substantially constant volume cf liquid. 

The reliability, versatility, and effec~iveness of 
10 an appara-cus in accordance with the invention is 

furi:her enhanced =v use cf a slide assembly with which 
a urine sample can be drawn and sucsequeni:ly conve­
nieni:ly viewed through a microscope. The slide assem­
bly also known as a flow cell, is :ol:med with an 

15 elongate optical glass enclosure. The enclosure has 
spaced-apart upper and lower sides which present 
substantially fiat surfaces for examination of a urine 
sample drawn into a viewing chamber bounded by glass 
sides. The glass 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 viewing 
chamber. The spacing between the flat sides is select­
ed to provide a viewing chamber cf even and opt:imum 
depth for microscope examination. 

25 A holder is employed co receive and retain the 
glass enclosure while pres en-cine; a sufficiently low 
prcfile so as to enable use of the slide assembly wit.~ 
most conventional microscopes. '!he holder has metal 
tubes at end~located edges for connection to the port:s 

30 of t:he glass encl::;)sure and to appropriai:e flexil::lle 
tubing to facilitate handling and mounting of the slide 
ass~ly. 

__ TH!.~ SHEET HAS BEEN 
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With a slide asseml:lly in accordance with t:he 

inven1:ion, problems encountered with other slide 

assemblies are avoided. 

It is, .therefore, an object of the invention to 

5 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 

inven't.ion to provide a body fluid collection tube 

within which body fluids can be centrifuged and heavier 

10 components seqreqated 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 

15 carried out in a repetitive manner, with hiqh reliailil­

ity, in a safe manner, adaptable to various illuminat­

inq techniques such as phase contrast aiid Hoffman 

modulation, and useable with most microscopes at their· 

respective maqnification levels. while using a small 

20 enouqh amount of test fluid to accommodate several 

examinations of the fluid from the same centrifuqe 

tube. 

These and other objects and advantages of the in­

vention can be understood from the following detailed 

25 description of an apparatus · and colleci:ion tu.De in 

accordance with the invention and as illustrated in the 

drawings. 

Brief DescriP~ion Of Drawinas 

Figure l is a fron~ perspective, partiallybroken-

30 away view of a body fluid handling apparatus in accor­

dance with the invention: 

TH~ SHEET HAS BEEN 
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Figure 2 is a rear ·1iew in elevati=in cf ~he 

apparatus of Figure l; 

Figure 3 is a block diagram and schematic view of 
· the apparatus of Fiqure l; 

5 Figure 4 is a front view in elevation of a urine 
sample collection and centri:u;e t".lt>e in accordance 
with the invention; 

Figure S is a cross-sectional view of ~he collec­
~ion ~".lbe shown i~ Figure 4; 

10 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 
15 of the collection tube as shown in Figure 5 but ~n an 

inverted position: 

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

.Figure 10 is another centrifuge and solids collec­
tion t~e in accordance with the invention: 

Figure 11 is a partial longitudinal section view 
of the solids collection tube cf Fiqure 10; 

Figure 12 . is a perspective view of a separator 
25 plug used in the collection t~e of Figure 10; 

TH.'8 SHEET HAS BEEN 
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Fiqure 13 is a cross-seci:ional view of the col­
lection tube of Figure 10 and is taken along the line 
ll-ll therein; 

Fiqure 14 is a cross-seci:ional downward view of a 
S solids cclleci:ion tube, withoui: a separator pluq, but 

modified in accordance with the invention; 

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

10 Fiqure 16 is a perspective view of a modi!ied 
separator pluq 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: 

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

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

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

Figure 21 is a partial enlarged seetion 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. 

.,· TI:i_!$ SHEET HAS BEEN 
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Detailed Descri=~ion of Drawines 

With reference to Fiqures 1-3, an apparatus 20 is 
shown with which a urine sample is drawn from a col­
lection and centr!.!uc;e tube ~2 or such ot:her ::em:ri-

5 fuqable container as · one may wish to use and pulled 
throuqh a slide assembly 24. The apparatus 20 includes 
a peristaltic pump 26 which is reversible so that wit.~ 
one direction of rotation, a sample of urine is drawn 
from a solids collection chamber 28 in tube 22 throuqh 

:o a probe assembly 30, and a flexible t-.il:le 32 into slide 
assembly 24. When the pump 26 is reversed, i~ draws a 
flushinc; liquid from a reservoir 34 and ~':J.binc; 36 back 
to the collection tabe 22. This is .done for a suffici­
ent length . of time to flush the urine sample with its 

15 solids out of tubinc; 3~, slide assembly 24, and tubing 
32 and the probe assembly 30 into the collection tube 
22. A quick connect-disconnec~ fitting 37, which is 
mounted on front panel 42, is interposed in tubinq 36. 

This permits an easy replacement of slide assembly 24 

2 O and/ or tubing 3 6 :..: severe contamina t:i:::n or damage 
occurs. 

Preferably, a slide assembly 300 as illustrated in 
and described hereafter with reference to Fiqures 17-22 
is employed with appara:cus 20. The slide assembly 300 

25 and tube 32 require a sma.ll amount of test fluid from 
collection tul>e 22. This is achieved :by using a 
smaller c:ross-secticn tube 32 having an in'Cernal diame- . 
ter bore in the range of about o. 021 inches while a 
larger tube 36, has an internal diameter bore of about 

30 0.031 inches. This enaJ?les one to draw typically about 
one-half of the amount of test liquid available at the 
bottom end 28 of -.:ube 22, thus leaving some for a 
repeat examination. 

__ . THIS~..iHEET HAS BEEN 
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The appara~us 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 holdinq position for the 
stainless tube rack and cants forward for easy viewing. 

S The rack 44 has a plurality of suitably-aligned aper­
tures 46, 48 so as to stably re1:ain a plurality of 
collection tubes 22 •. Single tube holding racks SO, 50' 
are located on side panels 52, 54 to, for example, 
enable the apparatus to be used in a left or ri;ht-

10 handed mode. 

Housinq 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 

15 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, 68 which 
respec~ively control the start of a sample handling and 

20 a flushing phase. 

In the sample phase, a collection centrifuge tu.tie, 
such as 22, contains . a urine sample in lower solids 
collection chamber 28. The probe assemelY 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 i:i an amount suf f icien1: to pull a liquid sample 
through the probe 70 and slide assembly 24 but not so 
far as ~o enter the front panel on appara1:us housing 

30 40. 

..THIS :SHEET HAS BEEN 
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'I'he slide assembly 300 which is mounted on a 
. standard upright microscope 72, which hereinafter at 

times is ref erred to as a conventional microscope or 
just microscope, can then be optically examined. 

5 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 

10 into the collec~ion tube 22. 

'I'he flushing actuation prepares slide assembly 24 
and the connected tubings and probe for the next urine 
sample inside another collection tube 22. 'I'he entire 
process of handling of a urine sample for examination 

15 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 £lushing 

20 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 
25 operaee apparatus 20. A pressure sensor 80 is placed 

in ccmmunication with flexible tu.Ding 36 between fit­
ting 37 and pump 26 to sense excessive pressures in the 
tul:>ing such as may arise from a blocked proDe 70 or an 
occluded tubing 32. A normally closed switch 82 is 

30 controlled by pressure sensor 80 and is located so as 
to i~terrupt drive to the motor SB. A pump roeaticn 

~!S SHEET HAS BEEN 
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sensor 84 is used to generate pulses on line 86 repre­
sentative of pump r::=tation and thus in effect.represen­
tative of either ':he volume of sample liquid beinq 
drawn from collec~ion tube 22 or the volume c: £lushing 

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 sand FL. Flip flop 88 reqU-

10 lates the activation of reversible st:epper motor 58 by 
way of "on" output: 94. 

The motor direction of rotation is controlled by 
a motor phase generat:or 96 which generates appropriate­
ly phased· motor drive signals with a shift register en-

15 a.bled by the sample and flush phase signals s and FL. 
The motor phase signals are amplified by a mot:or drive 
98. 

The cont:rol 7 8 responds to a power on concii tion by 
forcing the phase control flip flop 86 into a flush 

20 mode and the motor run flip flop 88 in the OFF sta~e. 
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 flip flop 88 is in the OFF 

25 state. In this manner, the system must first: act:ivate 
a flushing operation before a sample can he drawn from 
a solids collection chamber 28 in tube 22. 

When the flush ccnt:rol switch 68 is activated, the 
motor phase qenerat:or 96 generates appropria-cely phased 

3 O pulses to stepper motor 5 8 to cause pump 2 6 to draw 
flushing liquid 69 fr6m reservoir 34. As pump 26 

THIS SHEET HAS BEEN 
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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 connec~ed to counter 102 and generates, 

on output line 108 an enabling siqnal 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 sel_ect the number of sensor pulses on line 86 

needed to complete the flushing phase. 

10 The output 108 from the flush selec~ network 106 

causes, in the flush phase, an output: on line 110 from 

an AND gate 112 to in turn deliver a motor enabling 

siqnal on output 114 of gate 116 since the siqnal on 

line 94 was activated by flush conuol switch 68. The 

lS 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 mo-cor 58 continues in its flushing direction until 

counter 102 reaches the count at which the flushing 

selection network 106 causes a cessation of ~he enal:ll­

inc; siqnal on line 108. This removes the enabling 

signal to clock 118 and steps the motor 58. 

25 At this time, the output on ~ine 108_ is in an 

active state for the sample control switch 66. Hence, 

when the sample push button 66 is activated, !lip flcp 

8 6 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. 

THIS SHEET HAS BEEN 
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The sample time selec~ion network 122 produces an 
out;ut on line 124 which acts through AND gate 130, OR 
qate 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. 

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 

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 bequn. Signal p can be generated in 
various ways. One way may involve the signal ~t the 
output 304 of AND gate 130. This is applied to an 

nus SHEET HAS BEEN 
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out:put 304 of AND qat:e 130. This is applied -=o an 

inverter 306 whose out:put causes generation of a single 

pulse f=cm a pulse gene=atcr 308. !he output cf pulse 

generator activat:es a flip-flop 310 whose output 312 

5 goes act:ive for the time period between the end of the 

sample phase and the end of the flush phase. The P 

siqnal en output 312 is then used to activate a sole­

noid 314 to close. the pinch valve 302 and prevent 

further fluid flow thouqh he viewing chamber of the 

10 slide asseml:lly 300. 

Another feature of ~he invention may involve use 

of a sample collection and centrifuge tube 22 with 

which a uniform sample can be conveniently obtained. 

This involves, as illustrat:ed for one tube 22 of tllis 

15 invention in Figures 4-B, a sample collection tube 22 

with a cylindrical upper body 144 and a transparent 

lawer flattened body 146. The upper body encloses a 

chamber 148 which is separated from a lower-lccat:ed 

solids collection chaml:ler 28 by a plug 152. A bore 154 

20 extends through pluc; 152 so tha't. small solids can, 

during a centr!faqe operation, pass throuqh bore 154 

into chami.:>er 28. 

Plug 152 is shaped so that it is seated in a fixed 
position :between chamk>ers 148, 28 at the transition 

25 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 

JO 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 

THIS SHEET HAS BEEN 
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hiqh so as not to ·flcal: inside chamber 28 and thus 

normally rest on the bottom of chamt>er 28. For ~rine 

collec~ion and cent=~:uqe, a speci:ic gravity great:er 

than one is needed. 

S During a centri:uge 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 e·nd of the centrifuge, excess liquid is in the 

upper chamber 148 and solids have aggreqated into a 

10 consolidated mass in the lower chamber 28. The excess 

liquid in. the upper chamber can be decanted, wi thou1: 

loss of liquid f=om the lower chan1iler 28, by suffici­

ently inver~inq the tu.be 22, as illustrated in Fiqure 

8. This shows the ball valve on the valve seat 162, 

15 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 tu.be 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, ~he density 

of solids can be more accurately dete~ned from the 

micrcsccpic investigation. 

25 During a centrifuge operation, solids tend to col-

lect at the small ledqe f o::med between the upper edqe 

172 of the plug 152 and the inner wall 17 4 of upper 

chaml:ler 148. Hence, as shown in Figure 16 in a pre­

ferred form of a pluq 152', its upper edge 172 is made 

30 as small as possible and is spaced away from wall 174 

by use of lonqi tudinally-extendinq ribs 17 6 • These 

ribs provide th.in, capillary-sized, passages 178 around 
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~he per~?nery of pluq 152. Passages 178 are suffici­
ently wide t:o allow solids to pass throuqh to the 
collect:.i.on chamber ::.a, yet: · :iot: so wide as t.o allow 
liquid to escape when t:.he excess liquid in chamber 148 

5 needs to be decanted. 

Fiqures 10-13 illustra1:e ano1:her centr!.:fuge and 
solids collection t~e 180. The tube 180 can· be of 
conven1:ional shape with a wide upper body 182 and a 
conical lower body 184. A pluq 186 is provided wi1:h an 

10 upper portion 188 shaped to snugly fit inside the upper 
. ' 

body 182 and a lower portion 190 that ex1:ends slightly 
into the lower body 184. Ribs 192 extend alonq the 
outer surface of pluq 186 to form capillary-sized 
passages 194 between the ril:ls for passage of centri-

15 fuqed solids. 

Plug 186 has a through bore 196 and valve seat 198 
facinq a solids collection chamber 200. A ball valve 
164' is located in cha.ml:>er 200. 

In an alternate form of a solids collec~ion tube 
20 in accordance with the invention as shown in Fiqures 14 

and 15, ril:ls 202 similar to ribs 176 in Fiqure 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 addinq 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 
appropriately outer smooth-walled pluq such as l86 
desired longitudinal capillary passages. 

With reference t:o Figures 17-22, the preferred 
30 slide assembly 300 is shown formed of a transparent 

elonc;ate optical glass encJ.osure 320 mount:.ed to a metal 
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slide support 322. The optical enclosure 320 is made 
from a preform qlass extrusion with flat upper and 
lower transparent slide walls 324, 326 and sides 328, 
3 3 O. The enclosure ends 3 3 2, 3 3 4 are formed into short 

5 tubes to provide end-located ports 336,338 in alignment 
with an elonqate-viewinq chamber 340. 

'I'he optical glass enclosure has an evenly thick 
capillary-sized viewing chamber 340 whose width, w, is 
commensurate with that needed to enable an optical 

10 examination of a fluid with microscope 72. 'I'he dimen­
sions of the optical glass enclosure are selected 
commensurate with good viewing through a microscope 
into the fluid. 'I'his involves a thickness of each 
slide wall 324, 326 of about 0.007 inches ! ten percent 

15 and a thickness of the viewing chamber of about a.cos 
inches t five percent. 

'I'he slide support 3 22 has a central elongate 
recess 350 in a midsection 351 and which is sized to 
freely yet snugly receive the elongate optical glass 

20 enclosure with i~s 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 
throuqh from below durinq microscope viewing. A pair 

25 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 f.lexil:lle tubinqs 32, 
36 (see Figures land 3). Flexible tubes 366, 368 are 
used to connect tubular ends 332 and 334 to stainless 

30 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 prot:rUde above the 
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midsec~ion 351 and spaced sufficiently far apart so as 

to avoid interference with a microscope focused on the 

viewinq chamber. 

An important feature of slide assembly 300 is its 

5 useability on virtually most microscopes used in clini­

cal laboratories where urinalysis is done. The maximum 

thickness profile, t, within the operational ranqe of 

the microscope is, therefore, limited to as small as is 

reasonably practical. Generally, the thickness profile 

· 10 t is of the order of less ~han al:lout three millimeters 

while s-cill :Ceinq able to draw a fluid sample from 

collection tube 22 and accommodate a f lushinq cycle as 

described. The depth of recess 350 is selected to 

receive most of the glass enclosure 320 with a small 
15 protrusion above the surf ace 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 

20 of ~he glass enclosure 320 is made suffi:iently lonq to 

avoid interference between the microscope.and the qlass 

enclosure 320. This lenc;th may vary, but generally 

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

25 With a slide assembly 3 00 , the operation of a 

urinalysis is considerably improved·. '!'he small volume 

of the viewinq chamber 340, of the order of generally 

less than abcu~ thirty microliters, and the use of a 

small diameter bore for the flexible tube 32 limits the 

30 amount of fluid needed for a sample. With the aliqn­

ment cf the por-.:.s 336, 338 with the elonc;ate viewinc; 

chamber, abrup~ ~urns are avoided, thus reducinc; the 
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forma1:ion of -:iny bul:lbles and avoiding a lodqinq of 

par1:icles and bac~eria because these are now easier t~ 

flush out. By usinq glass extr~sion for the enclosure 

320, cement interfaces are avoided and :nicroscope 

5 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 descril:led enmodiment can be made without 

10 departing from the scope of the invention. 

What is claimed is: 
111111111111111111111111111111 
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An apparat:us £~r drawing a sample of test: !luid in a 
cont:ainer ·throuqh a slide assembly for analysis with a 
microscope, comprising: 

a flushing fluid supply; 
pump means in fluid flow communica-cion with said 

flushing fluid supply for pumping fluid between the 
cont:ainer and tb.e flushing fluid supply; 

reusable slide assembly means having a viewing 
chaml:ler for holding a fluid sample to enable direct 

10 viewing of the sample by the microscope; said slide 
assembly means being removeal:Jly mount:able to the micro-
scope: said slide means furt:her having a first: port anci a 
second port in fluid flow communication with t:he viewing 
chaml:ler, 

15 tube means for coupling the test fluid from t:he 
container to the first port of the· reusable slide assem­
bly means and f cr coupling the second pert of the reus­
able slide assembly means to the pump means; 

means for activating the pump means in one operative 
20 direction for a sufficient: ~ime so as to draw a sai&~le of 

test: fluid from t:he cont:ainer through the viewing chan\Der 
of the slide assembly means with.out passing into the 
flushing fluid supply; and 

means for activat:ing the pump means in ano-cher 
25 operative direct:ion for pumping flushing fluid f:om the 

flushing fluid supply throuqh the viewing chamber to 
flush the test fluid sample therefrom into said con­
tainer. 

2. 'rhe apparatus as claimed in claim 1, wherein said 
means for ac-civaeing the reversible pump includes: 

means for sensing pump acti vi -cy and producing a pump 
siqnal indicative thereof: 
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means responsive to the pump signal for alternately 
generating a f!ush ena.blinq siqnal represen~ative cf the 
amount of =iushi:iq !luid i:.o be pumped and a sample 
enabling signal representative of the amount of sampling 
fluid to be drawn from the solids collection tul:le. 

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

a panel mounted flush control swi i:ch coupled to 
5 initiate a pump activity in a flushing direc~.ion; and 

a panel mounted sami:>le control switch coupled to 
initiate a pump activity in a fluid sample drawing 
direction which is opposite to said flushinq direc~ion. 

4. The apparatus as claimed in claim l 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 

S 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 apparatus as claimed in ·claim 1 and further· 
including a needle assembly shaped to be releasa.bly 
mounted inside a solids collection tube. 

7. An apparatus for drawi~q a fluid sample for analysis 
through a slide assembly coniprisinq: 

a solids collection tul:le for holding a fluid sample; 
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a flushing tluid containing reservoir; 
reversible pump means for pumpinq fluid i~ either 

direct:ion between t:he solids collection tube and ':he 
flushing fluid containing reservoir; 

a slide assembly havinq a viewinq chamber throuqh 
which a fluid sample can be viewed, and fur'ther havinq a 

10 first port and a second por't in fluid flow communication 
wit~ the viewinq chamber; 

tulle means for couplinq, the reservoir to the 
reversible pump means, the pump means to one of the ports 
of -:he slide asse.'IU:lly, and the slide assembly's other 

15 port t~ the ~~lids collection.tu.De: 
means fer activatinq the reversible pump means in 

·one operative direction only for a suffi=ient time so as 
to cause a fluid sample from the solids collection tube 
to be drawn through the slide assembly without passinq 

20 into the flushing fluid containinq reservoir: and 
means for activatinq the reversible pump means in 

another operative direction so as to cause flushing fluid 
from the flushinq fluid containinq reservoir to pass 
through the slide means for a sufficient time to return 

25 the fluid sample 'to the solids collection t'J.De and flush 
the slide assE!lltbly and the tu.De means. 

8. The apparatus as claimed in claims l or 7 wherein 
the t:ube means includes a needle asseml:>ly and a flexible 
tube connected thereto, said needle assembly beinq 
adap~ed to mount to a collection tube to extract said 

5 sample of test !luid and reinsert said sample with 
flushing fluid into the collection tube after examination 
of ~he ·sample with the microscope. 
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9 . The appara 'CUS as claimed in claims l or i wherein 
said means for ac'CiVa'Cing said pump means in said opera­
-:i ve ciirec'Cion includes means for con'Crolling the t:..-ne 
said pump means is opera'Ced to extract said sample so as 

5 to avoid pumping tes'C fluid into said flushing fluid sup­
ply. 

l O. The appara 'CUS as claimed in claim 7 and further 
including means for sensing fluid pressure in the tu.be 
means between the slide assembly and the pump means for 
producing a pressure signal. and 

5 means responsive to said pressure signal for in'Cer-
rup'Cinq opera'Cion of said pump means when said pressure 
becomes excessive. 

ll. A reusable slide assembly for use in urinalysis with 
a microscope, comprising: 

an elongate transparent glass enclosure having 
elonga'Ce upper and lower transparen'C flat walls which are 

5 spaced from each other to form a viewing chamber for use 
with a microscope, said wails being spaced by a dis'Cance 
commensurate with a spacing as encoun'Cered be'Cween a 
cover slip and a glass slide used in conven'Cional micro­
scope urinalysis: 

10 said glass enclosure terminating at.opposi'Ce ends at 
first and second pores; 

a holder having a midsec'Cion on which the glass 
enclosure is moun'Ced with a said wall facing 'Che midsec­
tion, said holder midsec'Cion further having a light 

15 passing opening loca'Ced in alignmen'C with the viewing 
chamber of t~e glass encloslire; 

said holder fur'Cher having firs'C and second tubes 
mounted to.opposite ends of the holder in general align-
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men-=. with t.he ::::.rst anCi. second. por<:.s o: t::ie glass enclc-
20 sure and. being in fluid flow communication with said 

first: and second ports of the glass enclosure. 

12. An apparatus tor drawing a sample of t:es-c fluid 
through a slide assem0ly f~r analysis with a microscope 
comprising: 

a flushing fluid supply; 
5 pump means for pumping fluid between the con-cainer 

and said flushing fluid supply; 
=eus~le slide means having a viewing chamber :or 

holding a fluid sample to enable direc~ viewing of the 
fluid sample by the microscope: said reus~le slide means 

10 being remova.bly moun-cable 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 sul:>stantially flat 

15 walls being cormnensurate with that required to enable 
said tes-c fluid to be moved into the viewing chamber for 
effective viewing with the microscope for test fluid 
analysis: 

said glass enclosure having end-loca-ced por-cs which 
20 are generally in alic;nment with <:~e elongate viewing 

Chamber SQ. as to avoid presenting sharp turns tO the f loW 
of fluid; 

tubing means f cr establishinq :lexillle fluid flow 
communication between the container and said reusable 

25 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 !luid from the container t~rough the viewing ch.aml:>er 
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30 of the glass enclosure withou~ passing into the flushing 
:luid supply; 

means :or activating the pump means i:i another 
operative direction for pumping flushing fluid from t~e 
flushing fluid supply through the viewing cha.mtler to 

35 flush ~he ·~est :luid sample therefrom into said con­
tainer. 

13. The apparatus as claimed in claim 11 or 12 wherein 
said reusable slide means has, at said viewinq chaml:ler, 
an overall thickness which extends over a desired length 
and is selected to enable said reusable slide means to 

5 operate with most ~icroscopes used in urinalysis. 

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 claimed in claim 13 wherein said 
reusable slide means includes an elcnqate support, said 
support having a midsection; said midsection havinq an 
elongate recess sized and shaped to freely and snugly 

5 receive said elongate glass enclosure: said midsection 
having a slot located in aliqnment 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 suf :iciently spaced from each other to 
avoid interference with the operation of a microscope 

5 focused on the viewing chamk>er, said end walls further 
having tubes extending therethrough which are i:n fluid 
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:low communicat:.::::. wit!l the pores of said glass enclosure 

and with said t'.!l:in; means. 

: 7. ~e apparatc.s as =laimed in claim 16 wherein the 

thickness profile of the midsection and the glass enclo­

sure is generall1 less than about ~hree millimeters. 

lS. 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 qlass enclosure protrudes 

a.bove the midsec-:!::n. 

19. ':'he reusable slide assembly as claimed in claim 13 

wherein the holder has end walls extendinq upwardly above 

the midsection, with said tubes mounted in said end walls 

and being in fluid flow communication with the ports of 

5 the glass enclosure. 

20. The reusable slide asseml:lly as claimed in claim 19 

wherein said end walls are sufficiently far apart so as 

to avoid interference with the operation of a microscope 

:ocused on ~he viewing cnamlJer. 
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