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FLUIDIC SYSTEM FOR A FLOW CYTOMETER
TECHNICAL FIELD
[0001] This invention relates generally to the flow cytometer field, and more

specifically to an improved fluidic system in the flow cytometer field.

BACKGROUND
[0002] The fluidic system of a conventional flow cytometer incorporates an air
and/or vacuum pump to pressurize and pump sheath fluid from a high-pressure
container to the interrogation zone of a flow cell. These fluidic systems are typically
arduous to assemble (which increases the costs of the flow cytometer), heavy to haul
(which limits the repair options), and challenging to calibrate (which induces errors
in the data). Thus, there is a need in the flow cytometer field to create an improved
fluidic system. This invention provides such improved fluidic system for a flow

cytometer.

BRIEF DESCRIPTION OF THE FIGURE
[0003] The FIGURE is a schematic representation of the fluidic system of the

preferred embodiment of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT
[0004] The following description of the preferred embodiment of the invention
is not intended to limit the invention to this preferred embodiment, but rather to
enable any person skilled in the art of flow cytometers to make and use this

invention.
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[0005] As shown in the FIGURE, the fluidic system 10 of the preferred
embodiment includes a sheath pump 12 to pump sheath fluid 14 from a sheath
container 16 into an interrogation zone 18 and a waste pump 20 to pump the sheath
fluid 14 and a sample fluid 26 as waste fluid 22 from the interrogation zone 18 into a
waste container 24. The sheath pump 12 and/or the waste pump 20 draw sample
fluid 26 from a sample container 28 into the interrogation zone 18. The fluidic
system 10 also includes a controller 30 to adjust the flow rate of the sample fluid 26
from the sample container 28 into the interrogation zone 18. The interrogation zone
18 functions to provide a location for the fluidic system 10 and an optical system of
the flow cytometer to cooperatively facilitate the analysis of the sample fluid 26. The
interrogation zone 18 is preferably enclosed within a removable flow cell 32, but may
alternatively be defined by any suitable system or device. The fluidic system 10 is
preferably incorporated into a flow cytometer, but may be alternatively incorporated
into any suitable system that pumps a first fluid from a first container into an
interrogation zone, draws a second fluid from a second container into the
interrogation zone, and pumps the combined fluids from the interrogation zone into
a third container.

[0006] The sheath pump 12 of the preferred embodiment functions to pump
sheath fluid 14 from a sheath container 16 into an interrogation zone 18. The sheath
fluid 14 functions to hydrodynamically focus the sample fluid 26. The process of
hydrodynamic focusing results in laminar flow of the sample fluid 26 within the flow
cell 32 and enables the optical system to illuminate, and thus analyze, the particles
within the sample fluid 26 with uniformity and repeatability. Preferably, the sheath

fluid 14 is buffered saline or de-ionized water, but the sheath fluid 14 may
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alternatively be any suitable fluid to hydrodynamically focus the sample fluid 26. The
sheath container 16 functions to contain the sheath fluid 14. The sheath container 16
is preferably a vented tank with a volume of approximately 1 L, but the sheath tank
may alternatively be any suitable container to contain the sheath fluid 14. Preferably,
the sheath pump 12 is a positive displacement pump. More preferably, the sheath
pump 12 is a peristaltic pump with a flexible tube and one or more cams that pump
the sheath fluid 14 through the flexible tube. The sheath pump 12 preferably has a
known flow rate to pump speed ratio, such that control of the speed of the sheath
pump 12 corresponds to a control of the flow rate of the sheath fluid 14. With this
pump type, the fluidic system 10 is relatively easy to assemble, light to haul, quick to
control, and easy to clean. Alternatively, the sheath pump 12 may be any suitable
pump that pumps sheath fluid 14 from a sheath container 16 into an interrogation
zone 18.

[0007] The waste pump 20 of the preferred embodiment functions to pump
the waste fluid 22 from the interrogation zone 18 into a waste container 24.
Preferably, the waste fluid 22 includes the sheath fluid 14 and the sample fluid 26.
Alternatively, the waste fluid 22 may include any fluid that exits the interrogation
zone 18. The waste container 24 is preferably a vented tank with a volume of
approximately 1 L, but the waste tank may alternatively be any suitable container to
contain the waste fluid 22. Like the sheath pump 12, the waste pump 20 is preferably
a positive displacement pump and more preferably a peristaltic pump with a flexible
tube and one or more cams that pump the waste fluid 22 through the flexible tube.
The waste pump 20 preferably has a known flow rate to pump speed ratio, such that

control of the speed of the waste pump 20 corresponds to a control of the flow rate of
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the waste fluid 22. With this pump type, the fluidic system 10 is relatively easy to
assemble, light to haul, quick to control, and easy to clean. Alternatively, the waste
pump 20 may be any suitable pump that pumps waste fluid 22 from a waste
container 24 into an interrogation zone 18.

[0008] The sheath pump 12 and the waste pump 20 of the preferred
embodiment cooperate to draw the sample fluid 26 from the sample container 28
and through a drawtube 34. The sample fluid 26 contains particles to be analyzed by
the flow cytometer. The sample fluid 26 is preferably blood, but the sample fluid 26
may alternatively be any suitable fluid to be analyzed by the flow cytometer. The
sample container 28, which functions to contain the sample fluid 26, is preferably an
open beaker with a volume of approximately 5 mL, but may alternatively be any
suitable container to contain the sample fluid 26. The drawtube 34, functions to
convey the sample fluid 26 from the sample container 28 into the interrogation zone
18, is a conventional drawtube, but may alternatively be any suitable device to convey
the sample fluid 26.

[0009] The sheath pump 12 and the waste pump 20 preferably cooperate to
draw the sample fluid 26 from the sample container 28 into the interrogation zone 18
through the use of a pressure differential (e.g., the sheath pump 12 “pushes” the
sheath fluid 14 and the waste pump 20 “pulls” the sheath fluid 14 and the sample
fluid 26). In order to allow a variable flow rate of the sample fluid 26, the fluidic
system 10 preferably allows for a variable flow rate of the sheath fluid 14 and/or the
waste fluid 22. In a first variation, the sheath pump 12 and the waste pump 20 are
driven by a single motor, but with a variable drive ratio device (e.g., transmission),

such that the sheath pump 12 and the waste pump 20 may be operated at different
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pump speeds and, therefore, allow for a variable flow rate of the sheath fluid 14
and/or the waste fluid 22. In a second variation, the sheath pump 12 and the waste
pump 20 are driven by a single motor, but the fluidic system 10 includes at least one
by-pass valve located near the sheath pump 12 and/or the waste pump 20. The by-
pass valve diverts a variable amount of the fluid flow and, therefore, allows for a
variable flow rate of the sheath fluid 14 and/or waste fluid 22. In a third variation,
the sheath pump 12 and the waste pump 20 are driven by a single motor, but the
fluidic system 10 includes at least one restrictive valve located near the sheath pump
12 and/or the waste pump 20. The restrictive valve alters the fluid flow and,
therefore, allows for a variable flow rate of the sheath fluid 14 and/or waste fluid 22.
In a fourth variation, the sheath pump 12 and the waste pump 20 are driven by
separate motors with separate controls and, therefore, allows for a variable flow rate
of the sheath fluid 14 and/or waste fluid 22. The fluidic system 10 may, however,
include other suitable variations that draw the sample fluid 26 from the sample
container 28 into the interrogation zone 18 through the use of a pressure differential.
[0010] The controller 30 of the preferred embodiment functions to adjust the
flow rate of the sample fluid 26 from the sample container 28 into the interrogation
zone 18. Preferably, the controller 30 adjusts the flow rate of the sample fluid 26 by
adjusting the variable flow rate of the sheath fluid 14 and/or the waste fluid 22. More
preferably, the controller 30 adjusts the flow rate of the sample fluid 26 by allowing
an adjustable flow rate of the sheath fluid 14 from the sheath container 16 to the
interrogation zone 18, while maintaining a consistent flow rate of the waste fluid 22
from the interrogation zone 18 into the waste container 24. The advantage of this

arrangement is a finer control of the flow rate of the sample fluid 26. Alternatively,
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the controller 30 may adjust the flow rate of waste fluid 22 while maintaining the
flow rate of the sheath fluid 14, or may simultaneously adjust the flow rates of the
sheath fluid 14 and the waste fluid 22. Furthermore, the controller 30 may employ
one technique (such as allowing an adjustable flow rate of the sheath fluid 14, while
maintaining a consistent flow rate of the waste fluid 22) in most situations, and may
employ another technique (such as simultaneously adjusting the flow rates of the
sheath fluid 14 and the waste fluid 22) in other situations to quickly response to a
user input. The controller 30 is preferably a proportional-integral-derivative (PID)
controller, but may alternatively be a proportional-integral (PI) controller, a
proportional-derivative (PD) controller, a proportional (P) controller, or any other
suitable controller.

[0011] The fluidic system 10 of the preferred embodiment also includes a
pressure sensor 36 that functions to measure a pressure of the sheath fluid 14 as
close as possible to the inlet for the sample fluid 26. This measured pressure is an
adequate estimate for the pressure of the sample fluid 26. The pressure sensor 36
preferably measures a pressure differential between the top of the drawtube 34 near
the flow cell 32 and the bottom of the drawtube 34 near the sample container 28, but
may alternatively measure a pressure differential between the drawtube 34 and
atmosphere. The controller 30 is preferably connected to the pressure sensor 36 and
adjusts the flow rate of the sample fluid 26 based on the measured pressure. The
controller 30 may alternatively or additionally be connected to other suitable devices
to assist in the control of the flow rate of the sample fluid 26. In a first variation, the
fluidic system 10 may include a flow meter that functions to measure the flow rate of

the sample fluid 26 from the sample container 28 into the interrogation zone 18. In a
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second variation, the fluidic system 10 may include an input device that functions to
receive information related to a fluidic resistance of a drawtube 34 that transports
the sample fluid 26 from the sample container 28 into the interrogation zone 18. The
input device is preferably an optical device (e.g., a bar code scanner) or an
electromagnetic device (e.g., a RFID receiver) that functions to automatically scan
and read a code on the drawtube 34. The code is preferably cross-referenced with
empirically derived information regarding the fluidic resistance of the drawtube 34.
The input device may alternatively be a user-interface device that accepts a code or
value related to the fluidic resistance of the drawtube 34. In a third variation, the
fluidic system 10 may be substantially self-calibrating according to the following
steps: the user places a drawtube 34 of the flow cell 32 into a known fluid (such as
buffered saline), the user pumps waste fluid 22 from the interrogation zone 18 into a
waste container 24 while maintaining a negligible flow rate of the sheath fluid 14
thereby drawing the known fluid through the drawtube 34 and into the interrogation
zone 18, and the fluidic system 10 (through measurement of the flow rate of the
waste fluid 22 or any other suitable parameter) estimates the resistance of the
drawtube 34. With this estimated resistance of the drawtube 34 for the flow cell 32
combined with the measured pressure of the sheath fluid 14, the controller 30
adjusts the flow rate of the sample fluid 26 with greater accuracy and control.

[0012] The fluidic system 10 of the preferred embodiment also includes a first
fluidic capacitor 38 located between the sheath container 16 and the interrogation
zone 18 and a second fluidic capacitor 40 located between the interrogation zone 18
and the waste container 24. The fluidic capacitors 38 and 40 function to attenuate

pulsations within the fluidic system 10. More specifically, the first fluidic capacitor
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38 functions to temporarily expand/contract to thereby accumulate/release the
sheath fluid 14 and attenuate pulsations within the sheath fluid 14. Similarly, the
second fluidic capacitor 40 functions to temporarily expand/contract to thereby
accumulate/release the waste fluid 22 and attenuate pulsations within the waste fluid
22, The fluidic capacitors 38 and 40 are selected from the group consisting of
bellows-type with a diaphragm, bellows-type without a diaphragm, captive ball-type,
and flexible tube-type. The fluidic capacitors 38 and 40 are preferably similar to the
fluidic attenuators described in U.S. Patent Application Serial Number 11/297,667
entitled “Pulsation Attenuator For A Fluidic System” and filed 07 December 2005,
which is hereby incorporated in its entirety by this reference. The fluidic capacitors
38 and 40 may, however, be any suitable device to attenuate pulsations within the
fluidic system 10.

[0013] The fluidic system 10 of the preferred embodiment also includes a valve
42 located between the first fluidic capacitor and the interrogation zone 18, and a
valve 44 located between the interrogation zone 18 and the second fluidic capacitor.
The valves 42 and 44 function to facilitate the control of the sheath fluid 14 and the
waste fluid 22. The valves 42 and 44 are preferably check-valves, but may
alternatively be any suitable valve to facilitate the control of the sheath fluid 14 and
the waste fluid 22.

[0014] The fluidic system 10 of the preferred embodiment is preferably
operated with the following steps: (1) pumping sheath fluid 14 from a sheath
container 16 into an interrogation zone 18 and pumping the sheath fluid 14 and the
sample fluid 26 as waste fluid 22 from the interrogation zone 18 into a waste

container 24, thereby drawing sample fluid 26 from a sample container 28 into the
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interrogation zone 18; and (2) adjusting the flow rate of the sample fluid 26 from the
sample container 28 into the interrogation zone 18. As explained above, step (2)
preferably includes allowing a substantially adjustable flow rate of the sheath fluid 14
from the sheath container 16 to the interrogation zone 18, while maintaining a
substantially consistent flow rate of the waste fluid 22 from the interrogation zone 18
into the waste container 24. The operation of the fluidic system 10 also preferably
includes attenuating pulsations within the sheath fluid 14 and the waste fluid 22.

[0015] As a person skilled in the art of flow cytometers will recognize from the
previous detailed description and from the figures and claims, modifications and
changes can be made to the preferred embodiment of the invention without

departing from the scope of this invention defined in the following claims.
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CLAIMS

I Claim:

1.

A fluidic system for pumping sheath fluid and sample fluid into an

interrogation zone of a flow cytometer, comprising:

2.

a sheath pump adapted to pump sheath fluid from a sheath container into an
interrogation zone;

a waste pump adapted to pump waste fluid from the interrogation zone into a
waste container;

wherein at least one of the sheath pump and the waste pump draw sample
fluid from a sample container into the interrogation zone; and

a controller adapted to adjust the flow rate of the sample fluid from the
sample container into the interrogation zone by controlling at least one of the

flow rates of the sheath fluid and the waste fluid.

The fluidic system of Claim 1, wherein the controller is adapted to adjust the

flow rate of the sample fluid by allowing an adjustable flow rate of the sheath fluid

from the sheath container to the interrogation zone.

3.

The fluidic system of Claim 2, wherein the controller is adapted to adjust the

flow rate of the sample fluid by maintaining a consistent flow rate of the waste fluid

from the interrogation zone into the waste container.

4.

The fluidic system of Claim 3, wherein the controller is a proportional-

integral-derivative controller (PID controller).

10
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5. The fluidic system of Claim 1, further comprising a flow meter adapted to
measure the flow rate of the sample fluid from the sample container into the
interrogation zone, wherein the controller is coupled to the flow meter and is

adapted to adjust the flow rate of the sample fluid based on the measured flow rate.

6. The fluidic system of Claim 1, further comprising a pressure sensor adapted to
measure a pressure of the sample fluid; wherein the controller is coupled to the
pressure sensor and is adapted to adjust the flow rate of the sample fluid based on

the measured pressure.

7. The fluidic system of Claim 6, further comprising an input device adapted to
receive information related to a resistance of a drawtube that transports the sample
fluid from the sample container into the interrogation zone; wherein the controller is
coupled to the input device and is adapted to adjust the flow rate of the sample fluid

based on the resistance of the drawtube and the measured pressure.

8. The fluidic system of Claim 7, wherein the input device is adapted to receive

the information from a code coupled to the drawtube.

9. The fluidic system of Claim 1, further comprising a first fluidic capacitor
located between the sheath container and the interrogation zone and adapted to
temporarily expand and accumulate the sheath fluid to attenuate pulsations within

the sheath fluid.

11
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10.  The fluidic system of Claim 9, wherein the first fluidic capacitor is selected
from the group consisting of bellows-type with a diaphragm, bellows-type without a

diaphragm, captive ball-type, and flexible tube-type.

11.  The fluidic system of Claim 9, further comprising a check-valve located

between the first fluidic capacitor and the interrogation zone.

12.  The fluidic system of Claim 9, further comprising a second fluidic capacitor
located between the interrogation zone and the waste container and adapted to
temporarily expand and accumulate the waste fluid to attenuate pulsations within
the waste fluid.

13.  The fluidic system of Claim 12, wherein the second fluidic capacitor is selected
from the group consisting of bellows-type with a diaphragm, bellows-type without a

diaphragm, captive ball-type, and flexible tube-type.

14.  The fluidic system of Claim 12, further comprising a check-valve located

between the interrogation zone and the second fluidic capacitor.

15.  The fluidic system of Claim 1, wherein the sheath pump is a peristaltic pump.

16.  The fluidic system of Claim 15, wherein the waste pump is a peristaltic pump.

12
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17. A method for pumping sheath fluid and sample fluid into an interrogation
zone of a flow cytometer, comprising the steps of:

1. pumping sheath fluid from a sheath container into an interrogation zone and
pumping waste fluid from the interrogation zone into a waste container,
thereby drawing sample fluid from a sample container into the interrogation
zone; and

2. adjusting the flow rate of the sample fluid from the sample container into the

interrogation zone.

18.  The method of Claim 17, wherein step (2) includes allowing a substantially
adjustable flow rate of the sheath fluid from the sheath container to the interrogation
zone, while maintaining a substantially consistent flow rate of the waste fluid from

the interrogation zone into the waste container.

13
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19.  The method of Claim 18, further comprising the steps of:

0. pumping waste fluid from the interrogation zone into a waste container while
maintaining a negligible flow rate of the sheath fluid, thereby drawing a
known fluid through a drawtube and into the interrogation zone, and
estimating the resistance of the drawtube;

wherein step (2) includes adjusting the flow rate of the sample fluid based at least

partially on the estimated resistance of the drawtube.

20. The method of Claim 18, further comprising the steps of attenuating

pulsations within the sheath fluid; and attenuating pulsations within the waste fluid.

14
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