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FLUID LEVEL REGULATOR
Field Of Invention

The invention generally relates to systems for preparing biological specimens,
and more particularly, to devices for automatically monitoring and adjusting the fluid
level in biological sample containers.

Description of Related Art

Many medical diagnostic tests, such as pap smears, require a physician to
collect cells by brushing and/or scraping a skin or mucous membrane in a target
area with an instrument. The collected cells are typically smeared (*fixed”) onto a
slide, and stained to facilitate examination under a microscope by a cytotechnologist
and/or pathologist. For example, a pathologist may employ a polychrome technique,
characterized by staining the nuclear part of the cells, to determine the presence of
dysplasia or neoplasia. The pathologist may also apply a counter-stain for viewing
the cytoplasm of the cells. Because the sample may contain debris, blood, mucus
and other obscuring artifacts, the test may be difficult to evaluate, and may not
provide an accurate diagnostic assessment of the collected sample.

Cytology based on the collection of the exfoliated cells into a fluid preservative
offers many advantages over the traditional method of smearing the cells directly
onto the slide. A slide can be prepared from the cell suspension using a filter
transfer technique, as disclosed in US Patent Nos. 6,572,824, 6,318,190, 5,772,818,
5,364,597 and 5,143,627.

Filter transfer methods generally start with a collection of cells suspended in a
fluid. These cells may be collected and dispersed into a fluid preservative or they
may naturally exist in a collected biological fluid. Dispersion in fluid preservatives

containing methanol, such as PreservCyt™ solution, breaks up mucus and lyses red
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blood cells and inflammatory cells, without affecting the cells of interest. The fluid is
passed through a filter with a fixed diameter aperture covered by a membrane to
concentrate and collect the cells. Debris, such as lysed blood cells and dispersed
mucus, which flow through the pores of the membrane, are not collected on the
membrane and are greatly reduced in the collected specimen by the combined
methods of dispersion and filtering. Then the cells collected on the membrane are
transferred onto a slide for further processing, such as visual examination.

Filter transfer methods use a vacuum source to draw the cell containing fluid
across the membrane and into a filter cartridge. The vacuum source is only able to
draw fluid if the filter transfer apparatus positions the membrane end of the filter
cartridge into the fluid in the container. Therefore, in order to automate filter
cartridge and fluid container handling in a filter transfer method, the height of the
fluid, and therefore the amount of fluid, in a container is preferably within a
standardized range.

When the vacuum source is activated, the pressure inside the filter cartridge
is temporarily lowered. Filter transfer apparatuses use the “decay” of this temporary
pressure drop (the time elapsed before the pressure returns to atmospheric
pressure) to derive the amount of cells collected on the membrane of the filter. It has
been found that the height of the fluid in the container affects the decay time of the
pressure drop, as well as the amount of negative pressure needed to draw the fluid
into the filter and the amount of positive pressure needed to expel the fluid from the
filter (in @ membrane pre-wetting step),. These effects become more pronounced
when smaller amounts of fluid are used, such as with DNA analysis (vs. traditional
visualization).

Existing filter transfer methods use a frosted band and manual inspection to
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keep the amount of fluid in a container within a standardized range. In addition to
taking up valuable laboratory technician time, manually processing large numbers of
samples can potentially lead to errors because of human involvement in the
inspection and handling of samples. Such errors could include misreading the fluid
level and contamination of samples. Misreading the fluid level can lead to faults in
the filter transfer apparatus, decreasing throughput of the machines while faults are
remedied.

Contamination has at least two consequences. First, some biological
samples are very inconvenient, if not impossible, to re-harvest. While it is highly
inconvenient for a patient to repeat a pap smear, it is may not be possible to repeat a
biopsy on a mole that has been removed to test for malignancy. Second, for those
situations where a second sample collection is not a viable option, chain of custody
issues can have serious repercussions. Such chain of custody issues can call into
doubt entire batches of test results and, in the worst cases, all results from a clinical
lab.

Summary Of The Invention

In some embodiments, a biological specimen collection and transfer system,
comprises a biological sample container configured for storing a biological fluid
sample, and a fluid level regulator configured to determine a fluid level in the
biological sample container and to dispense a fluid into the container if the
determined fluid level is less than a desired fluid level. The system may also include
a filtration based biological specimen slide processor. The fluid level regulator
comprises a fluid level monitor, a fluid dispenser, and a controller in communication

with the fluid level monitor and the fluid dispenser.
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In some embodiments, the system also includes a vacuum source, a
specimen filter having an interior chamber and an opening in communication with the
chamber, a vacuum conduit configured to couple the vacuum source to the
specimen filter chamber, and a pressure sensor configured to measure a pressure in
the specimen filter chamber while the chamber is coupled with the vacuum source
and the opening is submerged in the fluid sample, wherein the controller determines
the fluid level based at least in part on the measured pressure. The system may
also include an elevator for moving the sample container relative to the specimen
filter, wherein the controller determines the fluid level in further part based on a
relative position of the elevator.

In some embodiments, the fluid level monitor comprises a light source
configured to emit light towards a surface of the fluid sample, and a light detector
configured to measure light reflected from the surface of the fluid sample, wherein
the controller determines the fluid level based at least in part on a measurement of
reflected light emitted from the light source.

In some embodiments, the fluid sample container is translucent and the fluid
level monitor comprises a light source configured to emit light towards a side of the
fluid sample container, and a light detector configured to measure light passing
through the fluid sample container, wherein the controller determines the fluid level
based at least in part on a measurement of detected light emitted from the light
source.

In some embodiments, the fluid level monitor comprises a sound source
configured to emit sound towards a surface of the fluid sample, and a sound detector

configured to measure sound reflected from the surface of the fluid sample, wherein
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the controller determines the fluid level based at least in part on a measurement of
reflected sound emitted from the sound source.

In some embodiments, the fluid level monitor comprising a scale, wherein the
controller determines the fluid level based at least in part of a measured weight of
the fluid sample container including the fluid sample

In some embodiments, a method of regulating a fluid level of a biological fluid
sample in a container during a process of transferring biological matter in the fluid
sample to a specimen slide, the method comprises monitoring a pressure of an
interior chamber of a specimen filter, the chamber coupled to a vacuum source and
having one end submerged in the fluid sample, determining a fluid level of the fluid
sample in the container based on a detected change in pressure of the specimen
filter chamber, and adding a liquid to the container if the determined fluid level is less
than a desired fluid level.

In some embodiments, a method of regulating a fluid level of a biological fluid
sample in a container during a process of transferring biological matter in the fluid
sample to a specimen slide, the method comprises emitting light into the container,
measuring an amount of light emitted into the container and reflected by the fluid
sample, determining a fluid level based on the measured reflected light, and adding
a liquid to the container if the determined fluid level is less than a desired fluid level.

Brief Description Of The Drawings

In order to better understand and appreciate the invention, reference should
be made to the drawings and accompany detailed description, which illustrate and
describe exemplary embodiments thereof. For ease in illustration and
understanding, similar elements in the different illustrated embodiments are referred

to by common reference numerals. In particular:
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Figure 1 is a schematic view of an exemplary filter / container interface of a
biological specimen collection and transfer system;

Figure 2 is the schematic view of another exemplary filter / container interface
of Figure 1;

Figure 3 is a schematic view of an exemplary filter / container interface of a
biological specimen collection and transfer system according to one embodiment of
the invention;

Figure 4A is a schematic view of the exemplary filter / container interface of
Figure 3;

Figure 4B is a schematic view of the exemplary filter / container interface of
Figure 3;

Figure 4C is a schematic view of the exemplary filter / container interface of
Figure 3;

Figure 5 is a schematic view of the exemplary filter / container interface of
Figure 3;

Figure 6 is a schematic view of an exemplary fluid regulation station of a
biological specimen collection and transfer system according to another embodiment
of the invention;

Figure 7 is a schematic view of an exemplary filter / container interface of a
biological specimen collection and transfer system according to another embodiment
of the invention;

Figure 8 is a schematic view of an exemplary fluid regulation station of a
biological specimen collection and transfer system according to another embodiment
of the invention;

Figure 9 is a schematic view of an exemplary fluid regulation station of a
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biological specimen collection and transfer system according to another embodiment
of the invention;

Figure 10 is a schematic view of an exemplary fluid regulation station of a
biological specimen collection and transfer system according to another embodiment
of the invention; and

Figure 11 is a schematic view of an exemplary filter / container interface of a
biological specimen collection and transfer system according to another embodiment
of the invention.

Detailed Description Of The lllustrated Embodiments

Referring to Figure 1, a filter / container interface 10 of a biological specimen
collection and transfer system 12 is shown. In this embodiment, the filter / container
interface 10 includes a vacuum source 14, a vacuum conduit 16, a filter cartridge 18,
a sample container 20, and an elevator 22. The vacuum conduit 16 is connected,
with air tight seals 24, to the vacuum source 14 and the filter cartridge 18. The filter
cartridge 18 has a membrane 26 at an open distal end 28, which is configured to be
submerged into a fluid 30 containing a biological specimen 32, such as collected
cervical cells. The sample container 20 holds the fluid 30 and the elevator 22 moves
the sample container 20 relative to the filter cartridge 18. Alternatively, the sample
container 20 can be stationary and the filter cartridge 18 can be movable.

The sample container 20 has a frosted band 34, which indicates a minimum
fluid level 36 and a maximum fluid level 38 for the collection and transfer system 12
to function properly. If there is less than the minimum level 36 of fluid 30, as shown
in Figure 1, the distal end 28 of the filter cartridge 18 will be exposed to air during
collection of the biological specimen 32. Exposure to air interferes with collection

and transfer by prematurely interrupting the collection process and drying the
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collected biological specimen 32. If there is more than the maximum level 38 of fluid
30, as shown in Figure 2, the fluid 30 will overflow out of the container 20 as the filter
cartridge 18 is inserted into the container 20 during the collection and transfer
process. The overflowing fluid 30 can contaminate the collection and transfer
system 12, the filter / container interface 10, and all subsequently processed
containers 20 and filter cartridges 18.

Referring to Figure 3, another biological specimen collection and transfer
system 12 is shown. The biological specimen collection and transfer system 12
generally includes a biological specimen slide processor (not shown) and the filter
/container interface 10. In this embodiment, the filter / container interface 10
includes the vacuum source 14, the vacuum conduit 16, the filter cartridge 18, the
sample container 20, the elevator 22, a pressure sensor 40, a fluid dispenser 42 and
a controller 44. The pressure sensor 40 is configured to accurately measure the
pressure inside of the filter cartridge 18. The controller 44 uses information from the
pressure sensor 40 and the elevator 22 to determine a fluid level 46 in the sample
container 20.

During the biological specimen collection and transfer process, the distal end
28 of the filter cartridge 18 is positioned just inside of the sample container 20, as
shown in Figure 4A. The vacuum source 14 is activated and the vacuum that it
generates is conveyed by the vacuum conduit 16 to the filter cartridge 18. Further,
the pressure sensor 40 is activated. Because the inside of the filter cartridge 18 is
open at the distal end 28, the pressure sensor 40 reads atmospheric pressure.

Then the elevator 22 raises the sample container 20, moving distal end 28 of
the filter cartridge 18 closer to the fluid 30 in the sample container 20, as shown in

Figure 4B. When the distal end 28 of the filter cartridge 18 touches the fluid 30 in the
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sample container 20, the fluid 30 closes the distal end 28 of the filter cartridge 18
and the pressure inside of the filter cartridge 18 drops precipitously. In this way, the
filter cartridge 18 acts as a probe for the fluid 30 in the sample container 20. The
controller 44 is configured to note this pressure drop and to use the position of the
elevator 22 at the time of the pressure drop and known parameters, such as the
starting positions of the filter cartridge 18 and the sample container 20, and the
dimensions of the sample container 20, to derive the height and amount of fluid 30 in
the sample container 20.

The controller 44 then derives the amount of fluid 30 needed to bring the fluid
level 46 to an optimal level 48 between the minimum level 36 and the maximum level
38. The fluid dispenser 42 then metes out the derived amount of fluid 30, which
does not contain any biological specimens 32, as shown in Figure 4C. After the fluid
level 46 is adjusted, the position of the elevator 22 can be reset and the pressure
sensor 40 can be used, as described above, to confirm the fluid level 46.

Alternatively, as shown in Figure 5, the elevator 22 can position the sample
container 20 so that the distal end 28 of the filter cartridge 18 is located at the
optimal level 48. Then the fluid dispenser 42 metes out fluid 30 until the pressure
sensor 40 detects a pressure drop inside of the filter cartridge 18. This pressure
drop coincides with the fluid level 46 reaching the optimal level 48.

Figure 6 shows an alternative embodiment wherein the biological specimen
collection and transfer system 12 comprises a fluid level station 50. The fluid level
station 50 contains the sample container 20, the fluid dispenser 42, the controller 44,
a light source 52 and a light sensor 54. The light source 52 and the light sensor 54
are located above the sample container 20 and directed into it. The light source 52

sends light into the sample container 20, which reflects off the fluid 30 in the sample
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container 20 and is detected by the light sensor 54. Using the data from the light
sensor 54 and known methods, the controller 44 derives the distance to the fluid 30.
Using this distance and known parameters about the fluid level station 50, the
controller 44 extrapolates the height of the fluid 30 and the amount of fluid 30 in the
sample container 20, and determines the amount of fluid 30 needed to bring the fluid
level 46 to the optimal level 48. The fluid dispenser 42 then metes out the derived
amount of fluid 30. Then the light source 52 and light sensor 54 can be used, as
described above, to verify the fluid level 46. The light source 52 comprises a cover
62, configured to close the light source 52 and prevent contamination by splashing
fluid 30. The light sensor 54 comprise a wiper 64, configured to clean the light
sensor 54. The cover 62 and wiper 64 can be used interchangeably with the light
source 52 and light sensor 54.

In an alternative embodiment, as shown in Figure 7, the fluid dispenser 42,
the controller 44, the light source 52 and the light sensor 54 can be incorporated into
the filter / container interface 10, but function as in the embodiment with the separate
fluid level station 50. In yet another alternative embodiment, as shown in Figure 8,
the light source 52 and light sensor 54 are replaced with a sound source 56 and a
sound detector 58, but function as in the embodiment using light. Covers 62 and
wipers 64 can also be used with these embodiments.

In still another alternative embodiment, as shown in Figure 9, the light source
52 and light sensor 54 are located across from each other along the line
approximating the optimal fluid level 48. The controller 44 in this embodiment, uses
the change in transmitted light with intervening fluid 30 to first confirm that the
amount of fluid 30 in the sample container 20 is below the minimum fluid level 36.

Then the fluid dispenser 42 metes out fluid 30 until the light sensor 54 detects a

10
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change in the transmitted light, signifying that the level of fluid 30 has reached the
optimal level 48.

Figure 10 shows an alternative embodiment wherein the fluid level station 50
includes the sample container 20, the fluid dispenser 42, the controller 44 and a
scale 60. The scale 60 is calibrated with an empty sample container 20 and weighs
the fluid 30 in a sample container 20 to be processed. The controller 44 uses the
weight of the fluid 30 to derive the amount and height of fluid 30 in the sample
container 20, and determines the amount of fluid 30 needed to bring the fluid level 46
to the optimal level 48. The fluid dispenser 42 then metes out the derived amount of
fluid 30. Then the scale 60 can reweigh the fluid 30 in the sample container 20 to
verify the fluid level 46.

In an alternative embodiment, as shown in Figure 11, the fluid dispenser 42,
the controller 44 and the scale 60 can be incorporated into the filter / container
interface 10, but function as in the embodiment with the separate fluid level station

50.

11
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CLAIMS

1. A biological specimen collection and transfer system, comprising:

a biological sample container configured for storing a biological fluid sample;
and

a fluid level regulator configured to determine a fluid level in the biological
sample container and to dispense a fluid into the container if the determined fluid
level is less than a desired fluid level.

2. The system of claim 1, further comprising a filtration based biological

specimen slide processor.

3. The system of claims 1 or 2, the fluid level regulator comprising

a fluid level monitor;

a fluid dispenser; and

a controller in communication with the fluid level monitor and the fluid
dispenser.

4, The system of any of claims 1 — 3, further comprising

a vacuum source;

a specimen filter having an interior chamber and an opening in
communication with the chamber;

a vacuum conduit configured to couple the vacuum source to the specimen
filter chamber; and

a pressure sensor configured to measure a pressure in the specimen filter
chamber while the chamber is coupled with the vacuum source and the opening is
submerged in the fluid sample, wherein the controller determines the fluid level

based at least in part on the measured pressure.

12
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5. The system of claim 3, further comprising an elevator for moving the
sample container relative to the specimen filter, wherein the controller determines
the fluid level in further part based on a relative position of the elevator.

6. The system of claim 3, the fluid level monitor comprising

a light source configured to emit light towards a surface of the fluid sample;
and

a light detector configured to measure light reflected from the surface of the
fluid sample, wherein the controller determines the fluid level based at least in part
on a measurement of reflected light emitted from the light source.

7. The system of claim 3, the fluid sample container being translucent,
fluid level monitor comprising

a light source configured to emit light towards a side of the fluid sample
container; and

a light detector configured to measure light passing through the fluid sample
container, wherein the controller determines the fluid level based at least in part on a
measurement of detected light emitted from the light source.

8. The system of claim 3, the fluid level monitor comprising

a sound source configured to emit sound towards a surface of the fluid
sample; and

a sound detector configured to measure sound reflected from the surface of
the fluid sample, wherein the controller determines the fluid level based at least in
part on a measurement of reflected sound emitted from the sound source.

9. The system of claim 3, the fluid level monitor comprising a scale,
wherein the controller determines the fluid level based at least in part of a measured

weight of the fluid sample container including the fluid sample.

13
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10. A method of regulating a fluid level of a biological fluid sample in a
container during a process of transferring biological matter in the fluid sample to a
specimen slide, the method comprising:

monitoring a pressure of an interior chamber of a specimen filter, the chamber
coupled to a vacuum source and having one end submerged in the fluid sample;

determining a fluid level of the fluid sample in the container based on a
detected change in pressure of the specimen filter chamber; and

adding a liquid to the container if the determined fluid level is less than a
desired fluid level.

11. A method of regulating a fluid level of a biological fluid sample in a
container during a process of transferring biological matter in the fluid sample to a
specimen slide, the method comprising:

emitting light into the container;

measuring an amount of light emitted into the container and reflected by the
fluid sample;

determining a fluid level based on the measured reflected light; and

adding a liquid to the container if the determined fluid level is less than a

desired fluid level.

14
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