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ANALYTICAL SYSTEM WITH CAPILLARY TRANSPORT
CROSS-REFERENCES TO RELATED APPLICATIONS
[0001]

This application is a non-provisional of and claims the benefit of the filing

date of U.S. Provisional Application No. 61/701,360, filed on September 14, 2012, which is

herein incorporated by reference in its entirety for all purposes.
BACKGROUND
[0002]

Embodiments of the invention can be directed to systems and methods that

utilize capillaries to analyze samples. For example, some embodiments of the invention
relate to systems and methods for accurately determing serum indices, e.g. for lipemia,
hemolysis, and icterus, from serum and plasma samples in uncapped sample tubes.
[0003]

Laky or chylous samples, of lipemic, hemolytic or icteric patients commonly

interfere with other laboratory tests that use optical methods. Thus, for reliable sample
handling automation, it is desirable to measure serum index before a sample is committed to
an analyzer for testing to avoid erroneous measurements. The serum index is typically

measured by sample aspiration and measurement on an analyzer instrument. For serum index
to be viable in an automation device, the complete cycle time for a sample needs to match or

exceed the speed of the sample throughput.
[0004]

U.S. Patent No. 5,734,468 (US '468) discloses a method and device for

detecting the presence of hemolysis, icteris and lipemia in a serum sample aspirated in a
transparent aspiration probe connected to a pump (see Fig. 4 of US '468). In the disclosed
system, a liquid sample volume from a sample container is aspirated into the aspiration probe

by applying an aspiration vacuum. The fluid sample is aspirated until the filling level in the
aspiration probe reaches an optical measurement section (see Fig. 2 of US '468). At the
optical measurement section, a connected fiber optics emits light into the optical transparent
section and detects the transmitted part of light in a detection fiber optics at the opposite side.
[0005]

A disadvantage of the disclosed system of US '468 is the need to include a

washing step for the aspiration probe including the measurement section, before a subsequent

sample can be measured. This reduces the throughput of the system and increases the risk of
erroneous measurement results due to contamination of the subsequent sample.
[0006]

U.S. Patent No. 7,688,448 B2 (US 448) discloses an apparatus that is used to

measure the serum index by a non-contact approach, emitting light through the primary
sample container (see schematics in Fig. 4 of US '448). The emitted light spectra of two
different light sources are combined by a beam splitter element and the combination is
directed to one defined point of the primary sample container. The absorption signal is
detected with a detector optic on the opposite side of the container and is recorded in a
computer unit (see Fig. 18 of US '448).
[0007]

A disadvantage of the disclosed apparatus of US '448 is that in the automatic

processing of primary sample containers in an laboratory environment, labels may be
attached to the containers. Labels can disturb or suppress the signal from the emitting optics.
This makes the apparatus unable to detect a valid serum index result for a sample provided
within a primary sample container.
[0008]

To overcome the previously described disadvantage of measuring through a

label applied to a primary sample container, US 2010/0303331 A l (US '331) suggests using
uncapped sample containers in combination with a sensor optic in a light tight measurement
container. The disclosed apparatus in US '331 uses a light source below the sample container
position and a camera in a moveable light tight box. When a sample is provided by a
conveyor track at the measurement position, the box is lowered until it produces a light tight
enclosure with the conveyor track (see Fig. 5B of US '331). The light source then emits a
broad spectrum of light from below to the sample and the camera detects the transmitted
signal from the sample to determine the serum index result.
[0009]

A disadvantage of the disclosed apparatus in US '33 1 is that for previously

centrifuged samples, no valid signal for serum index can be measured, since the emitted light
will be almost completely blocked by the coagulum. Thus, this system is unsuitable for
determining valid serum index results, based on blood serum or plasma.
[0010]

Embodiments of the invention address these and other problems, individually

and collectively.

BRIEF SUMMARY
[0011]

Embodiments of the present invention include a device and method to

overcome the previous mentioned disadvantages and enables an automatic system to measure
the serum index result for a sample by aspirating the serum or plasma fraction of the sample
in a disposable and optically transparent probe. The aspirated serum or plasma is then
measured at an optical reading unit to determine the serum index, without disturbing label or
coagulum signal attenuation. Further, the disposable is discarded and the subsequent
measurement is conducted with a new, clean disposable, which eliminates the risk of cross
contamination and the measurement of erroneous results.
[0012]

Although serum index measurements are described in detail, embodiments of

the invention are not limited thereto. Embodiments of the invention can be used to determine
any suitable characteristic of any suitable sample.
[0013]

One embodiment of the invention is directed to an analytical system

comprising a storage container configured to store a plurality of capillaries, and a capillary
orientation device. The analytical system may further comprise a gripper configured to
receive at least one of the plurality of capillaries. An end of the at least one capillary is
configured to contact a sample in a sample container and draw the sample in the capillary. In
the system, a reader is configured to detect a signal from the sample in the capillary.
[0014]

Another embodiment of the invention is directed to a method comprising

loading a plurality of capillaries into a storage container, transferring a capillary in the

plurality of capillaries to a gripper, contacting the capillary to a sample in a sample container
and drawing the sample into the capillary, and detecting a signal from the sample in the

capillary by a reader.
[0015]

These and other embodiments of the invention are described in further detail

below, with reference to the drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

FIG. 1A shows a block diagram of some components that are used in

embodiments of the invention.

[0017]

FIGs. 1B-1C show flowcharts illustrating methods according to an

embodiment of the invention.
[0018]

FIG. 2A shows a top perspective view of a sliding plate bulk feeder according

to an embodiment of the invention.
[0019]

FIG. 2B shows a botton perspective view of a sliding plate bulk feeder

according to an embodiment of the invention.
[0020]

FIG. 3A shows a top perspective view of a vibrating plate bulk feeder

according to an embodiment of the invention.
[0021]

FIG. 3B shows a close up, side cross-sectional view of a portion of the

vibrating plate bulk feeder shown in FIG. 3A .
[0022]

FIG. 3C shows a cross-sectional side view of the feeder shown in FIG. 3(a)

where a capillary drop lever is in a closed position in a capillary stop is in a raised position.
[0023]

FIG. 3D shows a cross-sectional side view of the feeder shown in FIG. 3(a)

where a capillary drop lever is in an option position in a capillary stop is in a lowered
position.
[0024]

FIG. 4 shows a top perspective view of a bulk feeder with a belt transport

bridge.
[0025]

FIG. 5 shows a top perspective view of a loading ramp and capillary rotator.

[0026]

FIG. 6 shows a perspective view of a bulk feeder with a wheel transport.

[0027]

FIG. 7 shows a close up perspective view of a bulk feeder with a wheel

transport.
[0028]

FIG. 8 shows a perspective view of a capillary loader according to an

embodment of the invention.
[0029]

FIGs. 9A-9C show a portion of a capillary rotator arm as it rotates a capillary

from a horizontal orientation to a vertical orientation.
[0030]

FIG. 10 shows a perspective view of a capillary manipulator transport

assembly according to an embodiment of the invention.

[0031]

FIGs. 11A and 1IB show detailed views of a capillary gripper according to an

embodiment of the invention.
[0032]

FIG. 12A shows a perspective view of a capillary reader according to an

embodiment of the invention.
[0033]

FIG. 12B shows a close up view of a clamping mechanism.

[0034]

FIG. 13A shows a front top perspective view of a capillary reader according to

an embodiment of the invention.
[0035]

FIG. 13B shows a front bottom perspective view of a capillary reader

according to an embodiment of the invention.
[0036]

FIG. 13C shows a portion of a capillary reader according to an embodiment of

the invention.
[0037]

FIG. 14 shows a graph of a relative signal vs. wavelength.

[0038]

FIG. 15 shows a block diagram of a computer apparatus.

DETAILED DESCRIPTION
[0039]

Embodiments of the invention can use glass or plastic capillaries to aspirate

samples and enable light absorption measurements. The capillaries can aspirate a sample in a
sample container by mere contact with the surface of the sample in the sample container. No
pumping action is required. After a measurement has taken place, the capillary that is used to
obtain the measurement is discarded, thereby eliminating carry-over contamination issues,
and satisfying the need to avoid washing.
[0040]

Capillaries having different lengths and inside diameters may be used in

embodiments of the invention. In some embodiments, suitable capillaries may include
lengths that are greater than about 10 mm long and less than about 1000 µιη inside diameter
or outside diameter. For example, a suitable capillary may be about 50 mm long and may
have about a 400 µιη inside diameter. Other suitable capillaries may have dimension that are
greater or less than these dimensions.
[0041]

The system according to an embodiment of the invention operates by loading a

single capillary from a capillary dispenser by means of a capillary orientation device such as

a capillary loader or a capillary rotator into a gripper. Other orientation devices may include
an appendage on a drop door or capillary door, alone or in combination with the capillary

loader or the capillary rotator.
[0042]

The gripper can be part of a capillary manipulation transport assembly, which

can move the capillary over an uncapped sample tube containing a sample. It can lower the

capillary until it contacts the surface of the sample in the sample tube. The sample is then
immediately drawn into the capillary by surface tension and adhesion forces.
Advantageously, no pumps are required in embodiments of the invention. Further, the
capillaries used in embodiments of the invention are disposable, thereby speeding up the

analytical process, because the capillaries are not washed. The risk of contamination is also
reduced relative to conventional systems, since the capillaries need not be reused in some
embodiments of the invention.
[0043]

In some embodiments of the invention, a capillary reader that reads the light

absorption through the capillary performs a reference scan without a capillary installed. The
capillary is then moved into the reader where another scan is performed measuring the
transmitted light. An absorbance is then calculated using these two scans. The light source
can comprise two LEDs (420 nm and "white" spectrum) whose emission, either directly or

through a fiber optic cable, is directed through a slit that allows the light to pass through the
center of the capillary. The reader, with clamps closing over the capillary cylindrical surface,
aligns the capillary to the slit and detection fiber cable. The refracted light is collected by the

detection fiber cable and is transmitted through an optical slit onto the diffraction grating of a
spectrophotometer. The reflected light from the grating can be measured with a diode array
detector providing a spectral measurement from 400 to 700 nanometers.
[0044]

Embodiments of the invention can advantageously be used to measure serum

index values in biological samples. However, embodiments of the inventions can be used to
measure values in other biological samples. For example, embodiments of the invention can
be used to detect the presence or absence of a particular analyte in a biological or chemical
sample.
[0045]

Before discussing specific embodiments of the invention, some descriptions of

some terms that are used in this application may be useful.

[0046]

A "storage container" may include any suitable body that may store structures

such as capillaries. A storage container may have any suitable geometry (e.g., a box-like
shape) and can have at least one entry and exit for capillaries. Suitable storage containers
may be constructed of any suitable material and may store greater than 50, 100 or even 1000
capillaires in some embodiments of the ivnention.
[0047]

A "gripper" can include any suitable device configured to grip another

structure such as a capillary. In some embodiments, the gripper may include a sleeve and a
collet so that the gripper can at least partially protect, and transport the capillary from
locations that may include, for example, a sample container with a sample and a reader that
can read a signal from a sample that is within the capillary.
[0048]

A "reader" may include any suitable device that can determine a characteristic

of a sample. In some embodiments, the sample may be present in a capillary and the
characteristic may relate to a serum index value associated with the sample. Suitable readers
may include emitters (e.g., optical emitters), detectors (e.g., optical detectors), and other
components (e.g., clamps, solenoids) that can facilitate the determination of a characteristic
of a sample.
[0049]

A "signal" may include any suitable electromagnetic impulse. In

embodiments of the invention, an output signal can be produced from a sample within a
capillary after the sample in the capillary receives an input signal. Suitable signals include
optical signals.
[0050]

FIG. 1A depicts a schematic block diagram of some components of a system

according to an embodiment of the invention. The components may include a capillary
storage container (or bin) 12, which may hold capillaries. The storage container 12 may be
present in a capillary dispenser unit. The system may also comprise a capillary transport 18
(which may include, for example, a wheel or a conveyor) which carries individual capillaries
to a capillary orientation device 14.
[0051]

The capillary orientation device 14 (e.g., a loader or a rotator) may be used to

supply a capillary to a gripper 16. The gripper 16 may carry a capillary, and may be
manipulated by a capillary manipulator transport assembly 20, so that the capillary contacts a
sample and is eventually transported to the reader 22. Each of these components is described
in further detail below.

[0052]

A computer apparatus 40 may control and/or receive data from the capillary

transport 18, the capillary orientation device 14, the capillary manipulator transport assembly
20, and the reader 22, as described herein. Some components of an exemplary computer

apparatus are shown in FIG. 15. The computer apparatus may include a computer readable
medium comprising code that allows a processor to perform any of the functions described
herein. Further, the computer readable medium may comprise a database of information that

can be used to determine the characteristics of the samples that are being analyzed. For
example, lookup tables correlating signals received from the samples being analyzed by the
readers to specific sample characteristics may be present in the computer readable medium
and/or the computer apparatus.
[0053]

FIGs. IB and 1C depicts an exemplary workflow for a capillary manipulation

and serum index measurement process according to an embodiment of the invention. It is
noted that embodiments of the invention are not limited to the particular number or order of
steps shown in FIGs. IB and 1C, and that other embodiments of the invention may include

more or less steps. It is also understood that further details regarding each of the steps are
described with respect to the specific components on the overall system and any of those
details may be incorporated into the steps below without departing from the scope of the
invention.
[0054]

Referring to FIG. IB, at step 102, capillaries are loaded into a storage

container of a capillary dispenser unit. Various examples of capillary dispenser units are
provided below. The capillaries may be loaded into the storage container by hand, or may be
loaded automatically by an external machine.
[0055]

In step 104, a sensor detects whether a capillary is present at a dispensing

position in the capillary dispenser unit. As will be shown in the various capillary dispenser
unit embodiments below, one capillary may be dispensed at a time from the capillary
dispenser unit.
[0056]

In step 106, if the capillary is not in the dispensing position in the capillary

dispensing unit, then a dispenser motor in the capillary dispensing unit is activated and the
capillary is dispensed to a loader. In step 108, if the capillary is in the dispensing position,
then the dispenser motor in the capillary dispensing unit is turned off.

[0057]

Referring now to FIG. 1C, in step 111, a determination is made as to whether

or not a capillary is present in the loader. An exemplary loader is shown in FIG. 8 and is
described in further detail below. If a capillary is in the loader, then a capillary gripper is
opened (step 112), and the capillary gripper is moved to a capillary loading position (step
114). An example of a capillary gripper is shown in FIG. 11A and is described in further
detail below. If a capillary is not in the loader, then the process may proceed back to step 104
in FIG. I B (step 152). The motor in the capillary dispensing unit may be activated to ensure
that a single capillary is present at a dispensing position and is present in the loader.
[0058]

In step 116, a reader clamp is then opened and closed (step 116). Exemplary

reader clamps are shown in FIGs. 12B and 13C. In this step, the reader releases any capillary
disposed therein to waste from the prior test. It is done at this time because of the dwell
period for the capillary to load into the gripper. This step can be accomplished without any
increase in cycle time.
[0059]

In step 118, the capillary gripper is then closed (step 118). This can be done to

ensure that the capillary is secured to the capillary gripper and can be transported to an
aspiration position where a sample tube containing a sample to be analyzed is located.
[0060]

In step 120, the capillary gripper and the capillary are moved to an aspiration

position. As will be described in further detail below, the capillary gripper can be moved
using a capillary manipulator transport assembly that includes a transporting arm. The
transporting arm may be capable of moving in X, Z, and/or Z directions to transport the
gripper and the capillary to the desired location.
[0061]

In step 121, a cue from the automation control system is sent to the serum

index control system when a sample tube is present. In step 122, if the sample tube is
present, then the capillary gripper is moved so that the capillary contacts the sample. A
reference scan (step 124) is then performed by the reader prior to reading any signals from
the sample to be analyzed. In step 126, the sample is aspirated into the capillary after the
capillary contacts the sample in the sample tube.
[0062]

In step 128, the reader clamps in the reader are then opened. The capillary

gripper is then moved by the transporting arm so that the capillary is in the reader clamps
(step 130) and can be read by the reader. In step 132, the reader clamps are then closed. The

capillary gripper is then opened (step 134), thereby releasing the capillary. The capillary

gripper is then moved away from the reader to a start position (step 136). In step 138, the
capillary gripper is then returned to a closed configuration.
[0063]

In step 140, an absorbance scan is then performed (step 140) on the sample in

the capillary, while the capillary is within the reader. A computer apparatus may then
analyze the output signal from the sample and may characterize the sample. After the scan is
completed, the reader clamps can be opened and the capillary drop into a waste container
situated below the reader clamps.
[0064]

Further details regarding the components in the system are provided below.

I.

Capillary Dispenser Units

A.

Sliding Plate Bulk Feeder

[0065]

FIGs. 2A and 2B depict an embodiment of the capillary dispenser unit 200

where the capillaries are stored in horizontal orientations in a storage container 204. The
storage container 204 may alternatively be referred to as a capillary reservoir (or bin) in some
embodiments. In this embodiment, the storage container 204 is limited on the bottom side by
a sliding plate (or tray) 218 coupled to and parallel with a planar deck 202.
[0066]

The sliding plate 218 comprises a small linear cavity suitable to accommodate

a single capillary. A capillary drop door 210 is coupled to the sliding plate 218 by a hinge
(not shown) and allows the capillary drop door 210 to pivot upward and downward. When
the capillary drop door 210 is in a downward position, the capillary in the small linear cavity
can roll down the top major surface 2 1OA of the capillary drop door 210. As it rolls down the
top major surface 2 1OA of the capillary drop door 210, one end of the capillary may contact
an appendage 2 10B that protrudes upward from the top major surface 2 1OA of the capillary
drop door 210. This has the effect of impeding the movement of one end of the capillary as it
rolls down the top major surface 2 1OA while the other end continues to roll down the top
major surface 2 1OA. The capillary then rotates so that it can be oriented with and enter an
aperture in a capillary loader (described in detail below).
[0067]

In this embodiment, two parallel linear slides 208 are attached to a bottom

surface of the planar deck 202. The sliding plate 218 is guided by grooves in the two parallel

linear slides 208, which are cooperatively structured with the lateral sides of the sliding plate
218.
[0068]

A linear crossbar 216, which may include a main crossbar body 216A and a

protrusion 2 10B extending upward from the main crossbar body 2 16A. The linear crossbar
216 can be attached to the middle portions of the parallel linear slides 208 and can be

oriented perpendicular to the orientations of the linear slides 208. The linear crossbar 216
may also be stationary and can restrict the movement of the capillary drop door 210.
[0069]

The protrusion 216A may contact a bottom surface of the capillary drop door

210. When the sliding tray 218 and the capillary drop door 210 move away from the depicted

drive motor 214 and the protrusion 216B approaches the hinge which attaches the capillary
drop door 210 to the sliding tray 218, the capillary drop door 210 is free to move downward
as shown in FIG. 2B. With the assistance of gravitational forces, this allows a capillary to

roll down the top major surface 2 1OA as described above.
[0070]

As shown in FIG. 2B, a drive motor 214 and a crank assembly 212 may be

attached to a bottom surface of the planar deck 202. They may be operatively coupled to the
sliding tray 218 to move the sliding tray 218 forward and backward.
[0071]

The storage container 204 can be of any suitable configuration or size. In this

example, the storage container 204 can be formed by two opposing walls 204A and two

parallel walls 204B oriented perpendicularly with respect to the end structures 204A. The
parallel walls 204B may be spaced at a distance that is slightly longer than the lengths of the
capillaries that are stored in the storage container 204. The opposing walls 204A have

downwardly sloped inner surfaces 204A-1 to allow the capillaries stored therein to funnel
down to a small cavity in the planar deck 202 and a cavity in the sliding tray 218 by gravity.
[0072]

The capillary dispensing unit 200 can start and stop with a signal from a

capillary loader, which is described in further detail below). In operation, a vibrator (not
shown) can facilitate the capillary orientation within the storage container 204. A single
capillary is deposited within a slot in the sliding tray 218 as the sliding tray 218 moves along
the bottom of the planar deck 202. The sliding tray 218 moves away from the drive motor
214 thereby allowing the capillary drop door 210 to open. The appendage 2 1OA on the

capillary drop door 210 imparts a rotation on the capillary as it rolls down the door to move it
to a vertical orientation and into the capillary loader (described in further detail below).

[0073]

One advantage of the capillary dispenser unit 200 embodiment shown in FIGs.

2A and 2B is that the capillary reservoir and the capillary loader (not shown in FIGs. 2A and
2B) can be close to each other. This provides for a more compact system and improves the

accuracy of transferring capillaries from the capillary dispenser unit 200 to the capillary
loader. Further, the capillary dispenser unit 200 can accurately and reliably dispense one

capillary at a time to the capillary loader.
B.

Vibrating Plate Bulk Feeder

[0074]

FIG. 3A depicts another embodiment of a capillary dispenser 300. The

capillary dispenser 300 in this embodiment includes an inclined surface on the bottom.
[0075]

The capillary dispenser 300 comprises a storage container 318, which can be

formed in part by opposing walls 304A, and two parallel walls 304B perpendicular to the
opposing walls 304A. The storage container 318 can store a plurality of capillaries (not
shown). The distance between the two opposing walls 304A may be slightly greater than the
lengths of the capillaries that will be stored in the storage container 318.
[0076]

A frame 338 is attached to one of the parallel walls 304B. The frame 338

supports a drive motor 312 which moves an actuator cam 314. A capillary stop lift bearing
310 and a spring 324 are also present. A capillary stop 322 is present to meter the number of

capillaries that will exit the storage container 318. The capillary stop 322 can be in the form

of a vertical plate-like structure that has an end that is positioned proximate the lowest point
of the storage container 318.
[0077]

As shown in FIG. 3B, a bottom plate 302 with an inclined surface can be work

in conjunction with the capillary drop lever 320. The bottom surface of the capillary stop 322
is also slanted downward so that the bottom surface of the capillary stop 322 and the inclined

surface of the bottom plate 302 are substantially parallel.
[0078]

As shown, when the capillary stop 322 is biased upward, a space between the

upper surface of the bottom plate 302 and a bottom surface of the capillary stop 322 is
slightly larger than the outer diameters of the capillaries between them. When the capillary
stop 322 is down, the capillary stop 322 and the bottom plate 302 can sandwich the

capillaries 50 so that they cannot move. One capillary 50A may not be sandwiched between

the capillary stop 322 and the bottom plate 302. When the drop lever 320 is actuated by

moving downward, the single capillary 50A may be released. This process is further
described below with respect to FIGs. 3C and 3D.
[0079]

During operation, a vibrator (not shown) facilitates capillary orientation within

the storage volume of the storage container 318. Further, the motor 312 attached to the
actuator cam 314 alternately actuates the capillary stop 322 and the capillary drop lever 320.
When the capillary drop lever 320 is closed by a spring force (spring not shown in FIG. 3B)
and the capillary stop 322 is lifted, the capillaries 50, 50A roll down the inclined surface
toward the capillary drop lever 320. A drop lever bearing 316 may be coupled to the actuator
cam 314, and the drop lever bearing 315 may actuate the capillary drop lever 320. When the
capillary stop 322 is lowered by spring force from spring 324, the capillary drop lever 320 is
opened allowing one capillary to drop. The capillaries under the capillary stop 322 are thus
prevented from moving. Also, in this embodiment, an appendage (not shown) on the bottom
plate 302 can impart a rotation on the capillary, as falls by gravity to a vertical orientation and
into the capillary loader (described in further detail below).
[0080]

FIG. 3C shows a cross-sectional side view of the capillary dispenser unit

shown in FIG. 3A where a capillary drop lever 320 is in a closed position and the capillary
stop 322 is in a raised position. In this state, the capillaries 50, 50A are free to roll down the

inclined bottom plate 302 towards a lower end of the bottom plate 302 towards the capillary
door 320. The actuator cam 314 pushes up on the capillary stop lift bearing 310, against the
compression force of the spring (see element 324 in FIG. 3) so that the capillary stop 322 is
lifted upward and does not contact the capillaries 50, 50A. The capillary door 320 is closed
in FIG. 3C.
[0081]

FIG. 3D shows a cross-sectional side view of the capillary dispenser unit

shown in FIG. 3A where a capillary drop lever 320 is in an open position and the capillary
stop 322 is in a lowered position. In this state, the capillaries 50 are restrained from rolling,

due to downward pressure from the capillary stop 322. However, the single capillary 50A

may be released as it is not constrained by the downward pressure of the capillary stop 322.
To open the capillary drop lever 320, the actuator cam 314 has a contacting portion 314A,
which contacts a drop lever bearing coupled to the drop lever 320. This motion causes the
bottom portion of the drop lever 320 to pivot to the right in FIG. 3D, thereby allowing the
capillary 50A to be released.

[0082]

The advantage of the capillary dispenser unit embodiment shown in FIGs. 3A-

3D is also the close distance between capillary reservoir and the capillary loader. This

embodiment is also less damaging to the sensitive capillaries, so that the number of broken
capillaries, and thus the number of jam situations in the capillary loader can be reduced.
C.

Bulk Feeder with Capillary Transport

[0083]

FIG. 4 depicts an embodiment of a capillary dispenser unit 400 including a

capillary transport unit. In this embodiment, the capillaries are stored in capillary storage
container 406 with an inclined surface on at least one side. The capillary transport unit
comprises a toothed transport belt arrangement, where one or more transport belts 414, each
with grooves, is suited to accommodate a single capillary 50 per groove. A gear driven
stepper motor 415 may be used to drive the belt 414.
[0084]

The toothed belt 414 can be applied to the inclined side of the capillary storage

container 406 transporting capillaries to the top of the capillary storage container 406. A
capillary stripper element 418 is arranged near a top area of the capillary storage container
406 to allow only one capillary per groove to exit the capillary storage container 406. At the

top of the capillary storage container 406, each capillary is passed to a conveyor 404 on a
transport bridge 412. In one embodiment of this transport bridge 404, an opening between
the two lane transport tooth belt is provided, to allow broken capillaries to fall down into a
waste container (not shown) underneath the opening of the transport bridge 404. The
transport bridge 404 may be formed by a number of columns 412A that are perpendicular to a
horizontal base 410 and a horizontal platform 412B. A capillary lifter and rotator assembly
408 can be at the opposite end of the bridge 412 as the capillary storage container 406. A Y-

Z crane assembly 402 can be on top of the capillary lifter and rotator assembly 408. A distal
end of the crane assembly 402 may contain a rotating arm that can manipulate a capillary to a
reader 405.
[0085]

FIG. 5 shows the loading ramp end of the transport bridge 412. The capillary

550 is passed to the loading ramp tooth belt 528 transporting the capillary 550 to a capillary

lift surface 520 with an approximately 5 degree slope. Other slope values are possible in
other embodiments of the invention. The capillary 550 is lifted from the groove of the
loading ramp tooth belt 528 that is moved by rollers 538 and subsequently slides downwards
on the capillary lift surface 520 into a cavity 530A of a capillary rotator 530, which can be

driven by a rotator solenoid 526 attached to a frame 532. The capillary rotator 530 rotates
(e.g., clockwise) the capillary 550 to a vertical position to provide a single capillary 550 to

the capillary manipulator transport assembly.
[0086]

During the operation of the transport arrangement, a sensor element 522 near

the capillary lift surface 520 detects the presence of a capillary on the loading ramp tooth belt
528 and in response to the capillary rotator availability, it controls the tooth belt transport

arrangement such that single capillaries are released to the capillary lift surface 520 if the
capillary rotator 530 is in horizontal position.
[0087]

One advantage of this embodiment is the flexibility in the positioning of

capillary storage container (e.g., the hopper) and the capillary rotator. The transport
arrangement can be adapted to the requirement of the surrounding system. Further, an
automatic capillary disposal function avoids the loading of broken capillaries into the
capillary rotator and thus avoids malfunctions in the serum index measurement system.
[0088]

FIG. 6 depicts another embodiment of a capillary dispenser unit 600. The

capillary dispenser unit 600 comprises a slotted wheel transport unit 608 that rotates on the
wheel frame 630 to transport capillaries between the capillary storage container 606 (e.g., a
capillary hopper) and the capillary rotator 706. The toothed wheel 610 comprises spokes
6 10B which support a circular rim 6 1OA comprising multiple grooves 600A-1 suited to

accommodate a single capillary per groove.
[0089]

The slotted wheel 610 enters the capillary storage container 606 on its inclined

side and transports capillaries by rotation of the wheel 610 in an upwards direction to the top

portion of the storage container 606. A stripper element 634 is arranged on the top portion of
the storage container 606 to allow only one capillary 50 per groove to exit the storage
container 606 and to be further transported to the capillary rotator 706 (see FIGs. 6 and 7).
With reference to both FIGs. 6 and 7, the capillary 50 is lifted from the groove of the toothed
wheel 610 by a capillary lift surface formed by parallel capillary guides 702. The capillary
50 then slides down the capillary guides 702 into the cavity of the capillary rotator 706,

which can be present in a capillary loader 620.
[0090]

FIG. 6 also shows a read head assembly 612 (or reader), a capillary gripper

618, and a sample tube 614. A linear servo drive 622 may manipulate a transport assembly

which may move the capillary gripper 618.

[0091]

Referring to FIG. 7, if a broken capillary is transported by the toothed wheel

610 to the capillary guides 702, the broken capillary will directly fall downwards through an

opening between the guides into a waste container (not shown). The capillary rotator 705
rotates the capillary 50 in vertical position to provide a single capillary 50 to the capillary
manipulator transport assembly.
[0092]

During operation, a sensor element (not shown in FIG. 7) near the capillary

guides 702 detects the presence of a capillary on the slotted wheel 610. In response to the

capillary rotator 706 availability, the sensor element controls the slotted wheel transport
arrangement such that a single capillary is released to the capillary lift surface if the rotator
706 is in a horizontal position.
[0093]

One advantage of the embodiment illustrated in FIGs. 6-7 is also the flexibility

in the positioning of storage container and the capillary rotator by adjusting the wheel
diameter (however, the transport distance may not be as flexibly adjustable as in the transport
bridge embodiment). The loading of the storage container with a volume of capillaries can be
either achieved by direct access to the storage container or by a storage container loading
mechanism. The capillary storage container loading mechanism may be, for instance, an
additional container that can be pre-loaded with a volume of capillaries and is moveable to
the storage container on a sliding transport system. In operation, if the storage container
loading mechanism is in close contact with the storage container (preferably positioned above
the open storage container), then the pre-loaded capillaries can be released from the storage
container loading mechanism to the storage container volume.
[0094]

An additional advantage of this embodiment is that the transport of capillaries

between the storage container and the rotator can occur without the need for synchronization
of multiple transport belts by a complex pulley arrangement. Also, in this system, the broken
capillary disposal function avoids the loading of broken capillaries into the capillary loader
and thus avoids malfunctions in the serum index measurement system.
[0095]

In this and in other embodiments of the invention, the bulk loading of the

capillary storage container can be accomplished by prepackaging capillaries within a
disposable package of capillaries. The package can be placed in the storage container, and
then a retaining flap can be removed or a door can be opened on the package bottom. This

allows the capillaries to empty from the package bottom and into the storage container as it is
lifted from the storage container.
II.

Capillary Loaders and Rotators

A.

Capillary Loader

[0096]

FIG. 8 depicts one embodiment for a capillary loader 800 that receives a

vertical oriented capillary from one of the previously described capillary dispenser units and
provides the capillary to the capillary manipulator transport assembly. The capillary loader
800 can be used with the dispenser unit embodiments shown in FIGs. 2 and 3 above, and can

receive individual capillaries from them.
[0097]

In embodiments of the invention, the capillary is provided from the capillary

dispenser unit in a vertical position and enters the capillary loader 800 through an inlet funnel
802. A capillary detector in the capillary loader 800 uses an LED and a photodiode sensor

812 to sense the presence of a capillary in the loader 800. A light beam can enter a portion of

an elongated housing 810 and exit through a beam dump 804. The presence of a capillary
will create a reflection of the light beam from the outer wall of the capillary onto the
photodiode sensor. The housing 810 can have somewhat of a "C" shape, where the inner
portion of the "C" shape can receive a capillary manipulator transport assembly.
[0098]

In operation, the capillary manipulator transport assembly (not shown in FIG.

8) actuates a release button 806 allowing the capillary that is in the inlet funnel 802 to drop

by gravity into the capillary manipulator transport (e.g., the gripper 1008 in FIGs. 10-1 1). An
inclined top surface 808 at the base of the capillary loader 800 indexes the capillary extension
from the capillary manipulator transport collet and allows the capillary manipulator transport
to move outward without elevating beforehand. To reduce rebounding effects of a capillary
from the inclined surface, a damper (not shown) can be added. An adjustment direction 814
is also shown in FIG. 8 .
B.

Capillary Rotator

[0099]

FIGs. 9A-9C depict another embodiment for a capillary loader/rotator that

receives a horizontally oriented capillary from one of the previously described capillary

dispenser units and provides the capillary to a gripper (or capillary manipulator transport
assembly).
[0100]

In FIG. 9A, the capillary 50 is transported by the wheel 610 from the capillary

storage container to the capillary rotator 706. In response to a signal from a capillary sensor
(not shown) near the capillary guides 702, the capillary 50 is transported to the capillary
guides 702 and slides along a capillary lift surfaces 702A of the capillary guides 702 into the
cavity of the capillary rotator 706. The capillary rotator 706 is positioned horizontally in
FIG. 9A.
[0101]

In FIG. 9B, the capillary rotator 706 is moved by a rotator arm from a

horizontal position to a vertical position to release the capillary 50. The capillary 50 slides
into the gripper 1008, aligned with the rotator cavity at the release position.
[0102]

In FIG. 9C, the capillary 50 has been completely transferred from the capillary

rotator 706 to the gripper 1008. An inclined top surface 1070 at the base of the capillary
loader indexes the capillary extension from the capillary manipulator transport collet in the
gripper 1008 and allows the gripper 1008 to move outward without elevating it beforehand.
To reduce rebounding effects of a capillary 50 from the inclined surface, a damper can be
added.
III.

Capillary Manipulator Transport (Gripper)

[0103]

FIG. 10 shows a subsystem 1000 comprising a capillary loader 800, and a

gripper 1008 working in conjunction with the capillary loader 800. The subsystem 1000
further comprises a sample tube 1006, a crane 1004, and a read head assembly 1002 that can
be manipulated by the crane 1004. The components of the subsystem 1000 transports a
capillary by rotation, and up and down movement from a capillary loading position to an
aspiration position, and then to a reading position.
[0104]

Referring to FIG. 11A, the gripper (alternatively referred to as a "capillary

gripper" or " capillary manipulator transport ") 1008 comprises a base structure 1116 that
comprises a capillary loading port 1010 and is coupled to and supports a linear release sleeve
1114. While the release sleeve 1014 may have any suitable dimensions, it may have a
diameter of about 4.8 mm in some embodiments of the invention. A collet 1018 is internally
concentric with the release sleeve 1114 and is fastened to a base structure 1116 by the clamp

at a screw location, while a disk structure 1120 is at the other end of the release sleeve 1114.
A release lever 1016 is coupled to the disk structure 1120. The release lever 1016 pivots on
the base structure 1116 and is rotated by the retraction of the solenoid actuator 1019. The
rotation of the release lever 1016 pulls the release sleeve 1114 upwards. The upward position
of the release sleeve 1114 provides clearance for the collet fingers 101 8A allowing the
fingers 101 8A to spring open allowing clearance for capillary 1014. A solenoid actuator
1018 may be located proximate the base structure 1116. Other gripper embodiments may

comprise fewer or more parts than the combination of parts shown in FIG. 10. For example,
other gripper embodiments could include only the described release sleeve 1114 and collet
1018.

[0105]

During operation, the empty capillary gripper 1008 is aligned with the

capillary loader 800 (or rotator as previously described), allowing the capillary to drop by
gravity through a capillary loading port 1010 into the gripper funnel. The loaded capillary
1014 is clamped in the gripper 1008 for transport using a collet type clamp 1018, similar to

an architect's drafting pencil as shown in FIG. 11A . For sample aspiration, the gripper 1008
is first rotated in a horizontal direction over the uncapped sample tube 1020 and lowered to

an aspiration position in which the lower open end of the capillary 1014 has physical contact
with the fluid sample (see FIG. 1IB). The sample aspiration is performed with the capillary
1014 retained within the gripper 1008. In one embodiment, the sample is drawn into the

capillary 1008 by surface tension and adhesion forces. Alternatively a temporary connection
of a vacuum source to the upper open end of the capillary 1008 can be applied to increase the
aspiration speed and volume.
[0106]

After aspiration of sample fluid, the gripper 1008 can be elevated again over

the uncapped sample tube 1020 and rotated in a horizontal direction to a capillary reader at a
reading position. At this position, the reader clamps the capillary by its own clamping
mechanism (as described below), while the capillary 1014 is released from the capillary
gripper 1008 by opening the collet 1018 using a solenoid actuator 1019 with a spring return.
IV.

Capillary Reader

[0107]

FIGs. 12A-12B and 13A-13C depict embodiments for a capillary reading unit

comprising a clamping mechanism for a capillary and a reading head to conduct an optical
measurement to determine the serum index of a liquid sample in the capillary.

[0108]

FIG. 12A shows a capillary reading unit 1002 (alternatively a "reader")

comprising a base structure 1222 and a solenoid actuator 1210 coupled to the base structure
1222. The solenoid actuator 1210 is coupled to a linear cam 1240 that is positioned between

two roller bearings 1220. Translating arms 1244 can be move laterally in an adjustment
direction 1232, and can be connected to the two roller bearings 1220, as well as a linear slide
1214. Two clamps 1242 may be coupled to the arms 1244, and they can respectively include

a detection fiber fitting 1216 and an aperture 1218 for receiving light from a light source (not
shown). A capillary 1250 may be disposed between the clamps 1242.
[0109]

In operation, the translating arms 1244 of the clamping mechanism with

clamps 1242 open by activating a solenoid 1210 to activate a linear roller slide mechanism.
The mechanism may comprise a linear cam 1240 which is driven by the solenoid 1210. The
linear cam 1240 can separate roller bearings 1220 1214, which can push apart the translating
arms 1242 in an adjustment direction 1232. The translating arms 1244 may close by a spring
force provided by a spring 1230 clamping the capillary 1250 in "V" feature of aperture (see
FIG. 12B). A clearance within the clamps 1242 provided by the translating arms 1244 in the

actuator mechanism provides a clamping action that self-aligns the capillary 1250. The
clamps 1242 provided by the translating arms 1244 can open to release the capillary 1250
after measuring the serum index, which drops then by gravity into a waste container (not
shown). Within the clamps 1242 provided by the translating arms 1244, a emitting (not
shown) and detection fiber optic is positioned in a centric bore-hole for each clamp. Light
emitted from the emitting fiber passes through a slit in an aperture 1218. The emitted light
may comprise light with a single or different wavelengths. The aperture is comprised of a
100 micrometer by 800 micrometer slit (depending on the capillary internal dimensions)

whereby the long dimension of the slit is oriented along the axis of the capillary. A detection
fiber fitting 1216 and an aperture 1218 are also shown and receive a signal from the sample
in the capillary 1250 that is held between the clamps 1242.
[0110]

This signal can then be received by an appropriate optical detector, which in

conjunction with a computer apparatus, can determine one or more absorbences at one or
more predetermined wavelengths. As known by those of ordinary skill in the art, the
computer apparatus can estimate the serum indices using the determined absorbences.

[0111]

FIGs. 13A-13C show another reader according to an embodiment of the

invention.
[0112]

FIG. 13A shows a top, perspective view of the reader. The reader comprises a

solenoid 1310 that is coupled to a base structure 1336. Linear slides 1328 are coupled to the
base structure 1336, and the linear slides are coupled to translating arms 1344. Each
translating arm 1344 has a return spring post 1320 extending upward from it. A spring (not
shown) may be attached to the return spring posts 1320 so that the translating arms 1344 are
biased towards each other in the absence of outward pressure. A detection fiber fitting 1322
and an excitation fiber fitting 1326 are coupled to the translating arms 1344.
[0113]

FIG. 13B shows a bottom, perspective view of the reader. As shown in FIG.

13 A, a linear cam 1340 can be driven up and down by the solenoid actuator 1310. With the

aid of roller bearings 1338, the linear cam 1340 can then push the linear slides 1328 and the
translating arms 1344 apart as the linear cam 1340 moves upward. When the linear cam 1340
moves (e.g. downward), a spring (not shown) attached to the spring posts 1320 can pull the
translating arms 1344 together so that a capillary 1350 can be secured between the clamps
1352 attached to the translating arms 1344. This is also shown in FIG. 13C.
[0114]

Referring to FIGs. 13A and 13B, in operation, the translating arms 1344 of the

clamping device (including clamps 1352) open by activating a solenoid 1310 to activate a
linear roller slide device. The linear slide device may comprise a linear cam 1340 which is
vertically driven by the solenoid 1310. The linear cam 1340 can separate roller bearings
1338, which can push apart the translating arms 1344 on a linear slide 1328. The translating

arms 1344 may close by use of a return spring (not shown) attached to the post 1320 on each
translating arm 1344. A clearance within the clamps provided by the translating arms 1344 in
the actuator mechanism provides a clamping action that self-aligns the capillary 1350. The
clamps 1352 provided by the translating arms 1244 can open to release the capillary 1350
after measuring the serum index, which drops then by gravity into a waste container (not
shown). Within the clamps 1352 provided by the translating arms 1344, a emitting and a
detection fiber optic is positioned in a centric bore-hole for each clamp 1352. The emitting
and detection fiber optics may be respectively disposed in excitation and detection fiber
fittings 1326, 1322, respectively. As in the prior example, light emitted from the emitting
fiber passes through a slit in an aperture 1324. The aperture is comprised of a 100

micrometer by 800 micrometer slit (depending on the capillary internal dimensions) whereby
the long dimension of the slit is oriented along the axis of the capillary. An excitation
aperture 1324 is also shown in FIG. 13 A .
[0115]

The signal from the sample in the capillary 1350 can then be received by an

appropriate optical detector, which in conjunction with a computer apparatus, can determine
one or more absorbences at one or more predetermined wavelengths. As known by those of
ordinary skill in the art, the computer apparatus can estimate the serum indices using the
determined absorbences.
V.

Serum Index Measurement

[0116]

FIG. 14 depicts the combined emitted spectrum of the 420 nm and white LED

detected by the detection fiber optics. Other combinations of LEDs can also work for this
purpose.
[0117]

Before each sample measurement, a reference scan is performed without a

capillary to determine a reference spectrum signal in air. A transmittance spectrum signal is
measured from the next sample read. Absorbance values are calculated using the reference
and transmittance scans for multiple wavelengths. Hemoglobin, icteric and lypemia indices
are calculated using a specialized mathematical algorithm. It is possible to collecting a signal

from each wavelength from 400 to 700 nm. However, any number of wavelengths within
this spectrum will work with an appropriate mathematical algorithm.
VI.

Computer Apparatus Subcomponents

[0118]

FIG. 15 is a block diagram of elements that may be present in a computing

device or system configured to execute a method or operation in accordance with some
embodiments of the invention. The subsystems shown in FIG. 15 are interconnected via a
system bus 575. Additional subsystems such as a printer 574, a keyboard 578, a fixed disk
579, a monitor 576, which is coupled to a display adapter 582, and others are shown.

Peripherals and input/output (I/O) devices, which couple to an I/O controller 571, can be
connected to the computing system by any number of means known in the art, such as a serial
port 577. For example, the serial port 577 or an external interface 581 can be used to connect
the computing device to a wide area network such as the Internet, a mouse input device, or a

scanner. The interconnection via the system bus 575 allows a programmed central processor
573 (e.g., a microprocessor, CPU, etc.) to communicate with each subsystem and to control

the execution of instructions that may be stored in a system memory 572 or the fixed disk
579, as well as the exchange of information between subsystems. The system memory 572

and/or the fixed disk 579 may embody a computer-readable medium.
[0119]

Any of the software components or functions described in this application,

may be implemented as software code to be executed by a processor using any suitable
computer language such as, for example, Java, C++ or Perl using, for example, conventional
or object-oriented techniques. The software code may be stored as a series of instructions, or
commands on a computer readable medium, such as a random access memory (RAM), a read
only memory (ROM), a magnetic medium such as a hard-drive or a floppy disk, or an optical
medium such as a CD-ROM. Any such computer readable medium may reside on or within a
single computational apparatus, and may be present on or within different computational

apparatuses within a system or network.
[0120]

The above description is illustrative and is not restrictive. Many variations of

the invention will become apparent to those skilled in the art upon review of the disclosure.
The scope of the invention should, therefore, be determined not with reference to the above

description, but instead should be determined with reference to the pending claims along with
their full scope or equivalents.
[0121] One or more features from any embodiment may be combined with one or more

features of any other embodiment without departing from the scope of the invention.
[0122]

A recitation of "a", "an" or "the" is intended to mean "one or more" unless

specifically indicated to the contrary.
[0123]

All patents, patent applications, publications, and descriptions mentioned

above are herein incorporated by reference in their entirety for all purposes. None is admitted
to be prior art.

WHAT IS CLAIMED IS:
1.

An analytical system comprising:

a storage container configured to store a plurality of capillaries;
a gripper configured to receive at least one of the plurality of capillaries,
wherein an end of the capillary is configured to contact a sample in a sample container and
draws the sample in the capillary; and

a reader configured to detect a signal from the sample in the capillary.
2.

The analytical system of claim 1 further comprising:

a capillary drop door disposed underneath the storage container.
3.

The analytical system of claim 1 wherein the storage container is in a

capillary dispenser unit, and a bottom of the storage container comprises a sloped floor, and
wherein the analytical system further comprises:
a capillary stop comprising a bottom surface, wherein a distance forming a
space between the sloped floor and the bottom surface is approximately equal to an outer

diameter of a capillary disposed between the sloped floor and the bottom surface; and
a capillary drop lever, wherein the capillary drop lever is configured to release
one capillary at a time from the capillary dispenser unit.
4.

The analytical system of claim 1 further comprising:

a transport bridge disposed between the reader and the storage container, the
transport bridge configured to transport capillaries proximate to the reader.
5.

The analytical system of claim 1 further comprising:

a rotator comprising a slot, wherein the slot is configured to receive one
capillary and is configured to receive a capillary in a horizontal position, and change the
position to the capillary to a vertical position.
6.

The analytical system of claim 1 further comprising:

a dispenser wheel positioned between the storage container and the reader,
wherein the dispenser wheel is configured to dispense capillaries.
7.

The analytical system of claim 1 further comprising:

capillary guides and a rotator, wherein the capillary guides are configured to
provide one capillary at a time to the rotator.
8.

The analytical system of claim 1 further comprising:

a capillary orientation device, configured to orient the at least one capillary to
the gripper, and wherein the capillary orientation device comprises a capillary loader
configured to receive the gripper, the capillary loader comprising an inlet funnel and a sensor
for sensing the presence of the capillary.
9.

The analytical system of claim 1 further comprising:

a capillary manipulator transport assembly comprising a transporting arm,
wherein the transporting arm is configured to move the gripper containing a capillary to a
sample tube, aspirate a volume of sample from the sample tube, and move gripper containing

the capillary to the reader.
10.

The analytical system of claim 1 wherein the reader comprises a

clamping device, an optical input element and an optical output element, wherein the
clamping device is configured to clamp a single capillary between the optical input element
and the optical output element.

11.

The analytical system of claim 1 wherein the analytical system is

configured to measure a serum index value in the sample.
12.

The analytical system of claim 1 further comprising:

a capillary orientation device, configured to orient the at least one capillary to
the gripper.
13.

A method comprising:

loading a plurality of capillaries into a storage container;

transferring a capillary from the plurality of capillaries to a gripper;
contacting the capillary to a sample in a sample container and drawing the
sample into the capillary; and

detecting a signal from the sample in the capillary by a reader.

14.

The method of claim 13 wherein transferring the capillary to the

gripper comprises:

orienting the capillary in a vertical direction using a loader or a rotator, and

wherein the method further comprises inserting the capillary into the gripper.
15.

The method of claim 13 further comprising, after detecting:

determining a serum index value associated with the sample.
16.

The method of claim 13 wherein transferring the capillary to the

gripper comprises using a conveyer to transfer the capillary.
17.

The method of claim 13 wherein transferring the capillary to the

gripper comprises using a wheel to transfer the capillary.
18.

The method of claim 13 wherein the capillary storage unit is in a

capillary dispenser unit, and wherein the method further comprises:
dispensing one capillary at a time from the capillary dispenser unit.

19.

The method of claim 13 wherein the reader comprises clamps and

wherein the method further comprises clamping the capillary between the clamps.

20.

sleeve.

The method of claim 13 wherein the gripper comprises a collet and a
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