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BLOOD MONITORING SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

The present invention relies on, for priority, U.S.
Provisional Application No. 60/614,122, entitled “Blood
Monitoring System”, filed on September 29, 2004 and is a
continuation-in-part of U.s. Patent Application No.

11/048,108, filed on February 12, 2005.

FIELD OF THE INVENTION

The present invention relates generally to systems and
methods for monitoring blood constituents, and in particular,
to improved methods and systems for integrating a blood
monitoring system with a patient fluid delivery infusion
system for ©periodically measuring blood analytes and
parameters using electrochemical, photochemical, optical

techniques or a combination of the above techniques.

BACKGROUND OF THE INVENTION

Conventional methods and techniques for delivering drugs
to a patient when the drugs cannot be orally administered
include a) injection via a syringe and b) continuous delivery
of medication, typically intravenously. Syringe injections
have serious drawbacks, including risks of overdose and
frequent injections to the patient, depending on patient need.
Intravenous (IV) delivery systems require complicated and
tedious interconnections. The medications are often delivered
in a large dose through injection into the IV lines.

The infusion fluid delivery system has since added an
alternative to these traditional drug delivery techniques.
The infusion fluid delivery pump can be used to administer
drugs to a patient in small, predetermined doses. The infusion
pump can be controlled electronically to administer measured

quantities of a drug at predetermined time periods to deliver
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@i AT s THT 6 “the medication to a patient. For example,
United States Patent Number 4,919,596, assigned to IVAC
Holdings, describes a fluid delivery monitoring and control
apparatus for use in a medication infusion system.

Specifically, the ‘596 patent discloses “a fluid delivery
monitoring and control apparatus for use in a medical infusion
system employing a disposable fluid pathway and cassette,
which cassette contains a plurality of fluid channels, each of
which includes a positive displacement pump having a piston
mounted for reciprocating movement within a chamber and
respective intake and outlet valves for controlling fluid flow
through said chamber, the apparatus comprising: drive means
for coupling to a cassette in association with a selected
fluid channel including means for actuating said piston and
said intake and outlet wvalves in a controlled sequence;
encoding means coupled to the drive means for providing
signals indicative of home position and rate of movement of
said drive means; means for receiving rate command signals
defining a desired rate of fluid flow through an associated
cassette; means for ascertaining fluid flow rate from rate of
movement signals and from cassette indicia indicating piston
stroke volume and generating feedback signals indicative of
sensed flow rate; and means for combining the rate command
signals with said feedback signals to develop signals for
controlling the drive means.”

Since patient health requires the drawing of minimal
amounts of blood, the prior art places the measurement units
as close as possible to the infusion catheter. For example,
in the case of an IV infusion fluid delivery and patient blood
monitoring system, the measurement unit device must be located
on or near the patient arm. As a result, prior art patient
blood monitoring devices are cumbersome, especially when used
during operation or in critical care units, where numerous

other machines are present,.
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P’ nds"peeh™recognized that in addition to infusion fluid
delivery techniques, patient blood chemistry and monitoring of
patient blood chemistry are important diagnostic tools in
patient care. For example, the measurement of blood analytes
and parameters often give much needed patient information in
the proper amounts and time periods over which to administer a
drug. Such measurements have previously been taken by drawing
a patient blood sample and transporting such sample to a
diagnostic laboratory. Blood analytes and ©parameters,
however, tend to change frequently, especially in the case of
a patient under continual treatment, as with infusion fluid
delivery systems making this transport tedious.

For example, United States Patent Number 4,573,968, also
assigned to IVAC Holdings, discloses “a system for infusing
fluid into a patient and for monitoring patient blood
chemistry, comprising: an infusion line; a catheter at one end
of said infusion 1line and adapted for insertion into the
patient; a reversible infusion pump operable for pumping an
infusion fluid through said infusion line and said catheter in
a first direction for infusion into the patient; a blood
chemistry sensor mounted in flow communication with said
infusion line near said catheter for providing an indication
of patient blood chemistry upon contact with a patient blood
sample; and control means for controllably interrupting
operation of said infusion pump in said first direction to
interrupt supply of infusion fluid intoc the patient for a
selected time interval; said control means further including
means for operating said infusing pump for pumping infusion
fluid through said infusion line in a second direction for
drawing a patient blood sample through said catheter into
contact with said sensor and then to resume operation in said
first direction for reinforcing the drawn blood sample through
said catheter iptq the patient followed by resumed infusion of
gaid infusion fluid.”
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THItSG 3tEteéd Patent Number 5,758,643, assigned to
Metracor Technologies, discloses “a method for monitoriné a
predetermined parameter of a patient's blood while infusing an
infusion fluid through a sensor assembly and catheter into the
patient, the method comprising: operating an infusion pump in
a forward direction, to infuse the infusion fluid through the
sensor assembly and catheter into the patient; interrupting
infusion of the infusion fluid into the patient by operating
the infusion pump in a reverse direction, to draw a blood
sanple from the patient through the catheter and into the
sensor assembly; monitoring a signal produced by a first
sensor of the sensor assembly and detecting a change in the
signal indicative of the arrival of the blood sample at the
first sensor; ceasing operation of the infusion pump in the
reverse direction in response to detecting the arrival of the
blood sample at the first sensor; and monitoring the first
sensor signal while the blood sample is in sensing contact
with the first sensor, to produce a measurement of a
predetermined parameter of the patient's blood.”

The prior art systems mentioned above, for both infusion
fluid delivery systems and those infusion fluid delivery
systems integrated with blood monitoring systems, include
mechanisms for controlled fluid infusion and intermittent
measurement of blood analytes, such as glucose levels. Such
prior art systems typically use electrochemical sensors for
sensing and measuring the levels of an analyte in a blood
sample. For example, United Stated Patent Number 6,666,821,
assigned to Medtronic, Inc., discloses “a sensor system,
comprising: a sensor to sense a biological indicator; a
protective member located adjacent the sensor to shield the
sensor from a surrounding environment for a selectable time
period; and a processing circuit in communication with the
sensor to receive a signal of the biological indicator and to

indicate a therapy to be delivered.”
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fpe “eBoemdtitioned prior art systems, however, have
numerous disadvantages.

What is needed are improved methods and systems for
arranging and using single use sensors. Additionally, what is
needed are methods and systems that provide a plurality of
tape and cassette configurations to improve the efficiency and
effectiveness of blood monitoring.

In addition, what is needed are methods and systems for
combining electrochemical sensor measurements with optical
measurements to improve the accuracy and reliability of the
system and for allowing anticoagulants to be administered to
the patient without removing the apparatus.

What is also needed is a patient fluid infusion delivery
system and blood monitoring device wherein the blood
measurement unit is located near the infusion pump, for ease
of use in a critical care or surgical environment.

What is also needed is a system in which the tube used
for obtaining a blood sample is thin compared to the infusion
tube, to minimize the amount of blood drawn.

Also needed is a programmable, automated system and
method for obtaining blood samples for testing certain blood
parameters and data management of measurement results, thus
avoiding human recording errors and providing for central data
analysis and monitoring. Ideally, such a system would be
fully enclosed to protect patients and clinicians from sharp
instruments and/or blood contaminated substrates.

Additionally, what is needed is a patient infusion fluid
delivery system and blood monitoring device wherein a
controlled, variable volume pump is used for precise fluid

handling and for transporting fluid through the system.

SUMMARY OF THE INVENTION

The present invention is directed towards apparatuses and

methods for automated measurement of blood analytes and blood
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bhidnldter s 'Fo¥ “Hédside monitoring of patient blood chemistry.
Particularly, the current invention discloses a programmable
system that can automatically draw blood samples at a suitable
programmable time frequency (or at predetermined timing), can
automatically analyze the drawn blood samples and immediately
measure and display blood parameters such as glucose levels,
hematocrit levels, hemoglobin blood oxygen saturation, blood
gasses, lactate or any other blood parameter.

The apparatus described in the current invention can be
operated in connection to standard infusion sets and standard
vascular access points, and is capable of automatically
withdrawing blood samples for performing wvarious blood tests.
As described in detail in various embodiments, the automated
blood monitoring system disclosed by the current invention can
be operated in parallel with one or more infusion fluid
delivery systems, with external pressure transducers or other
devices connected to the same vascular access point without
requiring any manual intervention during the blood sampling
and measurement.

In one embodiment, the present invention dincludes a
device for periodically monitoring at least one predetermined
parameter of blood from a patient, comprising an access device
for gaining access to said blood with a catheter, a pump to
withdraw blood from the patient in a predetermined time
schedule, a dispenser to dispense a small amount of blood and
provide a blood sample, at least one sensor in contact with
said blocod sample, and a signal processor to measure a signal
produced by the at least one sensor upon contact with the
blood sample where the signal is indicative of said at least
one predetermined parameter. The access device can be a
catheter or an access device attached to a catheter.

Optionally, the dispenser and the at least one sensor are
contained in a disposable cassette or cartridge. The at least

one sensor is a single use sensor. The at least one single
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UsddensSE g 4 component of a manual test system. The at
least one predetermined parameter is blood glucose and the at
least one single use sensor is a glucose test strip. The at
least one single use sensor is pre-calibrated. The at least
one single use sensor produces measurements and the
measurements are corrected by independent optical measurements
of at least one blood parameter.

Optionally, the device automatically withdraws blood
through the catheter and measures said signal from an
undiluted blood sample and wherein said catheter is connected
in parallel to at least one external line capable of being
used for external infusion or capable of being used by an
external pressure transducer. Optionally, the device is
connected to a first lumen of a multiple lumen catheter having
at least a first and second lumen and wherein flow in at least
the second 1lumen is not stopped while withdrawing Dblood
through said first lumen. Optionally, the signal processor
produces measurements and wherein information derived from
said measurements is automatically communicated to another
device which can modify a therapy based on the measurement.

In another embodiment, the present invention includes a
method for periodically monitoring at least one predetermined
parameter of blood from a patient by accessing blood with a
catheter, comprising the steps of automatically withdrawing
blood from the patient in a predetermined time schedule,
dispensing a small amount of blood through a dispenser,
bringing at least one sensor in contact with the dispensed
blood, and processing a signal produced by the sensor upon
contact with the dispensed blood to measure said at least one
parameter.

In one embodiment, the present invention is an automated
system for periodically measuring blood analytes and blood
parameters, the system comprising: an integrated monitor

panel, a sensor cassette, and a control unit for controlling
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Yhid “ Periddie’ "neasurement of blood analytes and blood
parameters, wherein said control unit further comprises a
microprocessor unit; an internal communication 1link; an
external communication link; and a signal analyzer, wherein
the signal analyzer and at least one sensor in said sensor
cassette enable the automatic measurement of blood analytes
and blood parameters.

The present invention is also directed towards a method
for periodically measuring blood analytes and blood
parameters, the method comprising: programming a control unit
for operating an automatic system for periodically measuring
blood analytes and blood parameters, wherein said control unit
further comprises a microprocessor unit; an  internal
communication link; an external communication 1link; and a
signal analyzer, wherein the signal analyzer and an at least
one sensor in a sensor cassette enable automatic measurement
of blood analytes and blood parameters; and using an
integrated monitor panel.

The present invention is also directed towards a method
for periodically monitoring a predetermined parameter of
blood, the method comprising: obtaining access to a wvascular
access point with a catheter; operating a pump to withdraw
blood from a patient in a predetermined time schedule;
dispensing a small volume of blood; advancing a first sensor
to be in contact with the dispensed blood, wherein said first
sensor is one of a plurality of sensors in a sensor cassette;
and monitoring a signal produced by the first sensor upon
contact with a patient blood sample to produce a measurement
of one or a plurality of predetermined parameters of the
patient blood sample.

The signal analyzer of the automated system for
periodically measuring blood analytes and blood parameters
converts measurement signals into a usable output, preferably

indicative of blood chemistry. The control unit can also be
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programmed ~tov -periodically measure blood analytes and blood
parameters via a predetermined time schedule for withdrawing a
blood sample. The control unit can be programmed to withdraw
blood at fifteen minute intervals. Optionally, the
predetermined time schedule for withdrawing a blood sample is
manually entered.

Preferably, the blood parameters measured in the system
of the present invention include at least one of glucose,
hematocrit, lactase, hemoglobin, oxygenation level or a
combination thereof.

The automated system for periodically measuring blood
analytes and blood parameters of the present invention also
preferably comprises an automatic sampling interface mechanism
for withdrawing a blood sample from a patient and bringing a
blood volume to a sensor cassette. In a preferred embodiment,
the sensor cassette is disposable and replaced periodically.
The sensor cassette supports the use of at least one pre-
calibrated single use sensor, and more preferably comprises a
plurality of sensors arranged in a multiple layer tape
structure.

Each single wuse sensor is advanced sequentially and
positioned for direct contact with a blood sample through an
advancement means, wherein the advancement means comprises a
blood optical sensor for sensing the arrival and departure of
undiluted blood within the sensor cassette.

The sensor employed in the automated system for
periodically measuring blood analytes and blood parameters is
an electrochemical sensor capable of detecting the presence of
and enabling the measurement of the level of an analyte in a
blood sample via electrochemical oxidation and reduction
reactions at the sensor. Optionally, the sensor employed in
the automated system for periodically measuring blood analytes
and blood parameters is an optochemical sensor capable of

detecting the presence of and enabling the measurement of the
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leve I “of ~'aii~* dnalyte in a blood or plasma sample via
optochemical oxidation and reduction reactions at the sensor.

Optionally, the sensor cassette may include a plurality
of sensor cassettes, each comprising a different type of
sensor.

In a preferred embodiment of the automated system for
periodically measuring blood analytes and blood parameters of
the present invention, the control unit controls,
synchronizes, and checks the automatic operation of the system
via the internal communication link.

The control unit of the automated system for periodically
measuring blood analytes and blood parameters of the present
invention is connected to a patient via a tubing structure
connected to a catheter to transport fluids to and from a
vascular access point, such as a wvein or an artery. The
tubing structure contains at least one or a plurality of
lumens. In one embodiment, the tubing structure is multiple
lumen, containing at least a first tube and a second tube,
wherein the first tube is a standard infusion tube and the
second tube is a blood sampling tube.

In another embodiment, the catheter 6f the automated
system for periodically measuring blood analytes and blood
parameters 1is connected to the vascular access point and a
three-way junction. Thus, the system can control the
operation of an external infusion delivery system attached to
a vascular access point, which is shared with the automated
system for periodically measuring blood analytes and blood
parameters. Preferably, the automated system automatically
blocks infusion during operation via the control unit. In
addition, the control wunit transmits command signals to
deactivate external infusion fluid delivery system alarms when
halting dinfusion during blood sampling and measurement.

Subsequently, the control unit automatically resumes normal

10



10

15

20

25

30

WO 2007/064576 PCT/US2006/045359

gperation "ot -antusion of the external infusion fluid delivery
systen.

Optionally, the control unit of the automated system for
periodically measuring blood analytes and blood parameters
provides feedback to the external infusion fluid delivery
system in order to regulate an amount and a rate of infusing
fluid into a patient.

Optionally, the automated system for periodically
measuring blood analytes and blood parameters of the present
invention further comprises a fluid container for storing and
dispensing an anti-coagulant solution. The anti-coagulant
solution is one of: heparin, Warfarin, or Coumadin.

Still optionally, the automated system for periodically
measuring blood analytes and blood parameters further includes
alerts and integrated test systems. The alerts may include
alerts for detection of air in a line and detection of a
blocked tube. 1In addition, the alerts may include alerts for
hyperglycemia and hypoglycemia. The alerts may also include
alerts for a hemoglobin level below a defined level.

Optionally, the control unit of the automated system for
periodically measuring blood analytes and blood parameters
enables input of user-defined ranges for blood parameters.
Still optionally, the system alerts the user when the blood
measurement falls outside of the user-defined ranges for blood
parameters. Still optionally, the data from the system is
correlated with other blood parameters to indicate an overall
patient condition.

Optionally, the automated system for periodically
measuring blood analytes and blood parameters may be wired or
wireless. Still optionally, the control wunit further
comprises a battery compartment and at least one battery.

Optionally, the automated system for periodically
measuring blood analytes and blood parameters further

comprises a memory for storage of measurement results.

11
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weq I'T -bptiotially, the automated system for periodically
measuring blood analytes and blood parameters combines optical
and electrochemical measurements. The combined measurement
may include blood hematocrit levels and hemoglobin oxygenation
levels. Further still, the combined measurement improves the
accuracy of predicting whole blood glucose level from measured
plasma glucose level.

In another embodiment, the present invention is an
automated system for periodically measuring blood analytes and
blood parameters, the system comprising: a signal analyzer, a
sensor cassette, comprising at least one sensor; and an
automatic blood sampling interface for withdrawing a blood
sample and bringing the blood sample to the disposable sensor
cassette, wherein the signal analyzer and at least one sensor
enable automatic measurement of blood analytes and blood
parameters.

The aforementioned and other embodiments of the present
invention shall be described in greater depth in the drawings

and detailed description provided below.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the present
invention will ©be appreciated, as they Dbecome better
understood by reference to the following Detailed Description
when considered in connection with the accompanying drawings,
wherein:

Figure 1la illustrates one layout of the functional
elements of a first exemplary embodiment of an automated
device for analyzing blood parameters of the present
invention;

Figure 1b illustrates the layout of the functional
elements and workflow of a second embodiment of the blood

analysis device of the present invention;

12
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P guFe <1 “illustrates the layout of the functional
elements and workflow of a third embodiment of the blood
analysis device of the present invention;

Figure 1d illustrates the layout of the functional
elements and workflow of a fourth embodiment of the blood
analysis device of the present invention;

Figure 1le illustrates the functional elements of an
exemplary embodiment of the automated blood analysis device of
the present invention, connected to a multi-lumen catheter;

Figure 2a schematically illustrates a first embodiment of
a signal analyzer and a sensor used with the automated blood
analysis device of the present invention;

Figure 2b schematically dillustrates a second embodiment
of a signal analyzer and a sensor used with the automated
blood analysis device of the present invention;

Figures 3a-3d illustrate a sensor tape, as used in
Figures la-le and 2a-2b as a multiple-layer element in a first
arrangement;

Figures 4a-4d illustrate a sensor tape, as used in
Figures la-le and 2a-2b as a multiple-layer element in a
second arrangement;

Figures 5a and 5b illustrate the functional elements of
and operational implementation of the main unit of an
automated blood analysis device;

Figure 6a is an illustration of a sensor cassette as used
in the automated blood analysis device of the present
invention;

Figure 6b is an internal view of the fluid handling
mechanism of the sensor cassette of the present invention as
depicted in Figure 6a;

Figure 6c is an isolated and expanded illustration of the
drum structure of a sensor cassette as used in the automated

blood analysis device of the present invention;

13



10

15

20

25

30

WO 2007/064576 PCT/US2006/045359

Figure~ed 18" an isolated illustration of the test strip
handling mechanism of the sensor cassette as used in the
automated blood analysis device of the present invention;

Figures 6e and 6f are expanded illustrations of the blood
sample delivery operation as used in the as used in the
automated blood analysis device of the present invention;

Figure 6g and 6h are illustrations of the tubing cleaning
operation as used in the automated blood analysis device of
the present invention;

Figures 7a-7c depict a two-tape configuration of the
sensor cassette used in connection with the automated blood
analysis device of the present invention;

Figure 8, depicts another embodiment for isolating
measured blood, using glucose finger sticks attached onto a
tape;

Figures 9%9a and 9b depict configurations of an external
sealing valve used as part of the sampling interface mechanism
in one embodiment of the automated blood analysis device of
the present invention;

Figures 9c and 9d illustrate additional configurations of
the external sealing valve used as part of the sampling
interface mechanism in optional embodiments of the automated
blood analysis device of the present invention;

Figures 10a and 10b illustrate alternative methods for
controlling the flow of fluids in connection to the automated
blood analysis device of the present invention, as shown in
Figures la, 1b, 1lc, and 14d;

Figures 1la-11f illustrate both the system and
operational characteristics of an alternate tubing structure
used for automated fluid flow control in connection with one
embodiment of the automated blood analysis device of the

present invention;

14
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Fgute™® ¥9°'{{ 1lustrates a table of blood bolus volumes in

cubic centimeters according to the tube diameter in mm and its
length in cm.

Figures 13a-13f depict another alternate embodiment of
the automated blood analysis device of the present invention,
optionally wusing a single <channel infusion pump and an
additional controlled valve;

Figure 14 illustrates an automated blood analysis device,
such as that shown in Figures 1la-11f implemented with a
single channel external infusion pump;

Figure 15 illustrates a device similar to that described
with reference to Figures 1la-11f, wherein the infusion fluid
is stopped by pinching the tubing with two members;

Figures 16a-16f depict yet another alternate embodiment
of the automated blood analysis device of the present
invention, without infusion pump control;

Figure 17 iliustrates the disposable portion of the
automated blood analysis device in one arrangement;

Figure 18 depicts another optional embodiment of the
automated blood analysis device, wherein a saline bag is added
to the system for self-flushing:;

Figure 19 illustrates the layout of the functional
elements and workflow of another embodiment of the blood
analysis device of the present invention, wherein a controlled
volume pump is used for precise fluid handling; and

Figure 20 illustrates the layout of the functional
elements of another embodiment of the automated blood analysis
device, wherein a single use opening is employed to deliver

the blood sample to test substrate.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed towards apparatuses and
methods for automatically measuring blood analytes and blood

parameters during bedside monitoring of @patient Dblood

15
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dhehl §rsy e YRe system operates automatically to draw blood
samples at suitable, programmable frequencies to analyze the
drawn blood samples and obtain the desired blood optical
and/or electrochemical readings such as glucose levels,
hematocrit levels, hemoglobin blood oxygen saturation, blood
gasses, lactates or any other parameter as would be evident to
persons of ordinary skill in the art.

In particular, the apparatuses of the present invention
may be operated in conjunction with standard infusion sets and
are capable of automatically withdrawing blood samples for
performing various Dblood measurements. As described in
further detail below, various embodiments of the automated
blood monitoring system can be automatically operated in
parallel with infusion fluid delivery systems, external
pressure transducers, or other devices connected to the same
vascular access point without reguiring manual Iintervention
during Dblood sampling and measurement. Optionally, the
automated blood analysis system and the infusion delivery
system are integrated into a combined system. Still
optionally, the automated blood analysis system of the present
invention may include either a single lumen or multiple lumen
tubing structure to transport fluids to and from the vascular
access point.

In addition, the present invention is directed towards an
automated system that 1includes a plurality of sensors
(preferably single use sensors) that are packaged together in
a cassette (also referred to as “sensor cassette”
hereinafter). The sensors are preferably electrochemical ox
optochemical sensors, but other options such as sensors that
support optical blood measurements (without relying on
chemical reactions between the sample of blood and a chemical
agent embedded in the sensor) are disclosed. The present

invention also discloses apparatuses and methods that employ

16
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sefgs F-coffipdnénts” of manual test systems (e.g. blood glucose
test strips) for use in an automated measurement system.

In performing a measurement, the system of the present
invention automatically withdraws a blood sample through a
vascular access point, such as an arterial or venous line, and
advances a sensor in a sensor cassette to contact the drawn
patient blood sample. When connected in parallel with an
infusion fluid delivery 1line at the same vascular access
point, the system automatically blocks the infusion fluid
delivery until the blood sample is withdrawn, ensuring a
“clean” and undiluted blood sample. A similar automated
blocking mechanism is provided when the system is used with an
arterial 1line and is used in parallel with an external
pressure transducer. The automated blocking mechanism can be
used in both automated blood analysis devices with single
lumen tube structures and multiple lumen tube structures. The
sensors produce a signal or a plurality of signals (based on
electrochemical, optochemical, or optical response) that an
analyzer, preferably a component of a manual test system, for
example, but not limited to a blood glucose analyzer that uses
blood glucose strips, transforms and/or converts to a readable
output indicative of patient blood chemistry. Preferably, the
readable output is displayed in less than or equal to thirty
seconds. The system of the present invention can draw a blood
sample as often as every minute, although it is preferably
used at slower rates.

After completing the automatic blood measurement, the
system may then optionally re-infuse at least part of the
withdrawn blood into the patient and purge the tubing, if
required. If connected in parallel to an infusion fluid
delivery system, the system automatically resumes normal
infusion operation until the next blood chemistry reading is
desired. The apparatus may also dispose of at least a part of

the withdrawn blood volume in a waste container. Optionally,
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WHe MY st 8t dispdses of the entire blood sample and simply
resumes normal infusion operation.

The present invention is also directed towards a
plurality of tape and cassette configurations that improve the
efficiency and effectiveness of blood monitoring. The present
invention also advantageously combines electrochemical sensor
measurements with optical measurements of a plurality of blood
parameters and analytes, including, but not limited to
glucose, hematocrit, heart rate, and hemoglobin oxygenation
levels to improve the accuracy and reliability of the entire
system.

The present invention is also directed towards a
plurality of tubing and workflow configurations that can
improve the efficiency and effectiveness of blood monitoring
in various embodiments of the automated blood analysis system
of the present invention. Either single lumen or multiple
lumen tubing structures are attached to the catheter attached
to the wvascular access point. The tubing structure, as 1is
described in further detail below, may vary depending upon
functional and structural requirements of the system and are
not limited to the embodiments described herein.

In addition, the present invention 1is directed towards
features of the automated blood analysis device, such as, but
not limited to storage of measurement results for trending or
later download; alerts based on predefined levels or ranges
for blood parameters; connectivity to external devices such as
other monitors, external displays, external infusion punmps,
etc; integration of the automated blood analysis device with
an infusion pump that controls the rate and/or volume of
fluids that are delivered to the patient; and integration of
the automated blood analysis device with an infusion pump that
controls the rate and/or volume of a substance that is

delivered to the patient in order to regulate the rate of
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A&l ¥y ‘adedrdihg to the measured blood parameters in a
closed-loop system.

As referred to herein, the terms “blood analyte(s)” and
“blood parameter(s)” refers to such measurements as, but not
limited to, glucose level; ketone level; hemoglobin level;
hematocrit level; lactate level; electrolyte level (Na+, K+,
CL-, Mg, Ca); blood gases (pO2, pCO2, DpH):; cholesterol;
bilirubin level; and various other parameters that can be
measured from blood or plasma samples. The term “wascular
access point{s)” refer to venous or arterial access points in
the peripheral or central vascular system.

Reference will now be made in detail to specific
embodiments of the invention.. While the invention will be
described in conjunction with specific embodiments, it is not
intended to limit the invention to one embodiment. Thus, the
present invention is not intended to be limited to the
embodiments described, but is to be accorded the broadest
scope consistent with the disclosure set forth herein.

Referring now to Figure la, a preferred layout of the
functional elements of a preferred embodiment of an automated
device for analyzing blood parameters of the present invention
is 1illustrated. As shown in Figure la, automated blood
analysis device 1 is a device for automatically measuring
blood analytes and blood parameters. Automated blood analysis
device 1 is connected to a catheter or a venflon (not shown)
leading to the patient 2, in order to automatically collect
blood samples and automatically measure required blood
parameters. Preferably, automated blood analysis device 1
comprises main unit 3; sensor cassette 5, which is preferably
disposable; waste container 7; fluid container 9; first
infusion pump 11; and second infusion pump 13.

Preferably, first infusion pump 11 and second infusion
pump 13 are volumetric infusion pumps as are well-known in the

art for use in intravenous fluid administration systems,
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e s tys B Ehdr” ¥ypes of pumps such as peristaltic pumps,
piston pumps, or syringe pumps can also be wused. Also, but
not limited to such uses, it is preferred that first infusion
pump 11 is used to control the flow in the fluid delivery line
from fluid container 9 and second infusion pump 13 is used to
control the flow in line 16 used for drawing blood samples to
sensor cassette 5.

Automated blood analysis device 1 also comprises a series
of tubes, including line 16, which are described in further
detail below. In addition, automated blood analysis device 1
includes a first automated three-way stopcock 15 for
controlling the flow inside line 16 and a second automated
three-way stopcock 17 for controlling the flow of fluids to
and from the external tubing and/or external devices. The
operation of first stopcock 15 and second stopcock 17 is
preferably fully automated and controlled by main unit 3. An
automated sampling interface mechanism 18, described in
further detail below, enables a blood sample to be brought
automatically from line 16 to sensor 19 within sensor cassette
5.

As further described in detail, automated blood analysis
device 1 can work as a stand-alone device, or can be connected
in parallel with external infusions (on the same venous line)
or external pressure transducers (on the same arterial line).
A preferred location of connectivity is shown in Figure la.
Automated blood analysis device 1 enables blood sampling and
analysis on demand.

With reference to Figure 1la, the operational steps of
automated blood analysis device 1 will now be described
according to a preferred workflow when automated blood
analysis device 1 1is connected in parallel to external
infusions at the same vascular access point. It is to be
understood that such embodiment is exemplary but not limiting

and that the automated blood analysis device 1 may be
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WoHAdEEed " T StHer external devices at the same vascular
access point. Automated blood analysis device 1 blocks the
operation of any connected infusion and/or external device
(such as an external pressure transducer) during the period of
blood sampling, in order to ensure that the blood sample is
not diluted/altered by other fluids injected in the patient.

During normal operation, first stopcock 15 blocks line 16
and keeps the line to patient 2 open and second stopcock 17
enables the external infusion to flow freely into patient 2
while at the same time blocking the line coming from fluid bag
9.

When performing automated blood sampling and measurement
of required blood analytes, main unit 3 directs second
stopcock 17 to block incoming external infusions and to open
the line from fluid bag 9 to patient 2. Once the external
infusions are interrupted, pump 11 draws blood from patient 2.
The blood is drawn along the tube until the remaining infusion
volume and the initially diluted blood volume passes first
stopcock 15.

Main unit 3 calculates the required volume of blood to be
withdrawn based on the diameter and length of the tubing and
according to a programmable dead-space volume, which can be
either pre-calibrated or user-defined. Optionally, a blood
optical sensor 20 can be used to establish whether undiluted
blood has reached the tube segment proximal to first stopcock
15. When undiluted blood reaches first stopcock 15, first
stopcock 15 is repositioned to create an open line Dbetween
patient 2 and sensor cassette 5. Blood is then pumped into
line 16 via pump 13.

When undiluted blood reaches the tube segment proximal to
sensor cassette 5, a blood sample is automatically taken
inside sensor cassette 5 (by sampling interface mechanism 18)
whereby a sensor 19 (from a plurality of sensors within sensor

cassette 5) is placed into contact with the drawn blood
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use sensor, and is used to measure patient blood analyte (s)
and blood parameter (s). Sensor 19 is preferably a component of
a manual test device, such as, but not limited to glucose test
strips for measuring glucose levels.

While the blood sample is analyzed, blood withdrawal from
patient 2 is stopped, main unit 3 reverses the operation of
pump 11, and first stopcock 15 is repositioned to infuse blood
back into patient 2. The tubing components, including line
16, are then flushed by purging fluid from fluid bag 9. Blood
and fluids from line 16 are stored in waste container 7, which
is, for example, but not limited to a waste bag generally used
for storage of biological disposals. Optionally, the
remaining blood in line 16 can be infused back into patient 2
by reversing the direction of pump 13. After purging both line
16 and the line between fluid bag 9 and patient 2, main unit 3
redirects first stopcock 15 and second stopcock 17 to block
both line 16 and the line between fluid bag 9 and patient 2
and reopen the line from the external infusion device, into
patient 2.

Referring back to Figure la, in an alternate workflow of
a preferred embodiment of the present invention, once enough
blood is withdrawn and pumped to line 16, stopcock 15 is
turned and the volume of blood in line 16 is pushed by the
fluid coming from fluid bag 9. This method is referred to as
using a "bolus of blood" and is designed to reduce the amount
of blood withdrawn in line 16. The remaining steps in this
alternate workflow are as described above with respect to the
preferred embodiment in Figure 1a and will not be repeated
herein.

Figure 1b dillustrates the layout of the functional
elements and workflow of a second preferred embodiment of the
automated blood analysis device of the present invention.

This embodiment will be described with reference to Figure la,
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How il thed¥Ffétences between the designs. In the second
preferred embodiment, automated blood analysis device 1
employs a single pump 11 and does not require the usage of
second pump 13 (as shown in Figure 1la). Operationally, an
extra dead-space volume is initially withdrawn by single pump
11 to ensure that an undiluted blood volume has passed
stopcock 15. When the undiluted blood volume passes stopcock
15, stopcock 15 is repositioned to create an open line between
pump 11 and sensor cassette 5. The undiluted blood volume is
then pushed into line 16 by pump 11. The remaining
operational steps are not modified with respect to the
embodiment illustrated in Figure la, and thus will not be
repeated herein.

Figure 1c illustrates the 1layout of the functional
elements and workflow of a third preferred embodiment of the
blood analysis device of the present invention. Again, this
embodiment will be described with reference to Figure 1la,
noting the differences between the functionalities and
structures. In the third preferred embodiment, sensor
cassette 5 1is directly attached to the main tube, thus
eliminating the need for additional line 16. While many of
the operational steps are not modified with respect to Figure
la, there are some operational differences in the third
embodiment. For example, when the undiluted blood drawn by
pump 11 reaches the tube segment proximal to sensor cassette
5, a blood sample is automatically drawn into sensor cassette
5 via sampling interface mechanism 18. In addition, the third
preferred embodiment does not include stopcock 15, as shown in
Figure la.

Figure 1d illustrates the layout of the functional
elements and workflow of a fourth preferred embodiment of the
blood analysis device of the present invention. Again, this
embodiment will be described with reference to Figure la,

noting the differences between the designs. In the fourth
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praféftred Vembodifient of the blood analysis device of the
present invention, the device comprises a single pump 11, two
additional stopcocks 26 and 27, and line 28 positioned between
stopcock 26 and stopcock 15. The operation of the fourth
embodiment is described in further detail below. 1In order to
withdraw blood into line 16, stopcock 15 is turned to block
the main tube and blood is withdrawn above stopcock 27 by pump
11. Once the blood is drawn above stopcock 27, stopcock 27 is
turned while the operation of pump 11 is reversed, thus
pushing blood through stopcock 27 into line 16. The blood in
the 1line is then flushed with purging fluid from fluid
container 9. Stopcock 27 is then turned again, thus enabling
infusion back into line 28.

Now referring back to Figures la, 1b, 1lc, and 1d, the
infusion tube and line 16, as used in the first and second
embodiments la and 1b, respectively, can be made of commonly
used flexible transparent plastic materials such as
polyurethane, silicone or PVC. When line 16 is present in any
particular embodiment, it is preferably of the smallest
diameter possible, while still enabling blood flow without
clotting or hemolysis. For example, and not limited to such
example, line 16 has a diameter of less than or equal to 1 mm.

The tubing and stopcocks/valve sets of the present
invention can be implemented in various designs to support
operational requirements. Optionally, the tubing includes
filter lines to enable elimination of air embolism and
particle infusion. Additionally, the tubing can optionally
include a three-way stopcock that enables the user/clinician
to manually draw blood samples for laboratory tests. 1In
addition, three-way stopcock 17 may optionally dinclude a
plurality of stopcocks at its dinlet, each controlling a
separate external line. In another optional embodiment, the

positions of stopcock 15 and stopcock 17 can be interchanged,
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Thius* Pracing'stopcock 17 closer to the vascular access point
in patient 2 than stopcock 15 or cassette 5.

Preferably, automated blood analysis device 1 is
connected to an insertion element, such as, but not limited to
a catheter or a Venflon (not shown), inserted into a vein or
artery to provide a flow path for fluid infusion and drawing
of patient blood samples. Insertion into a vein or artery is
performed according to existing clinical indications that are
well known to those of ordinary skill in the art. This design
avoids repeated insertions of needles or catheter structures
into the patient as is commonly required with prior art blood
chemistry monitoring techniques. Connection of the automated
blood analysis device 1 to the catheter or venflon is made by
standard means such as luer-lock connectors, as are known in
the art. Optionally, the insertion element, catheter or
venflon, can be part of the tubing of automated device for
analyzing blood 1.

In another optional embodiment, the catheter may comprise
a multi-lumen catheter wherein one of the lumens is used for
automatically drawing the blood sample. Figure le illustrates
the functional elements of an exemplary embodiment of an
automated blood analysis device 1 that is connected to a
multi-lumen catheter. As shown in Figure le, the connection
is formed between the automated blood analysis device and
preferably the largest lumen of the multi-lumen catheter. The
remaining lumens of the plurality of Jlumens are used for
infusions or for measuring blood pressure by an external
pressure transducer. The remaining lumens are automatically
blocked during blood draw by external pinching components 120,
one for each additional lumen. The other components of the
system can be implemented as described above with reference to
Figures 1la, 1b, 1lc, and 1d. Optionally, when connecting
automated blood analysis device 1 to the proximal lumen of the

multi-lumen catheter, it 1is not necessary to stop other
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Thtusions wnile taking the blood sample, particularly when
inserting the multi-lumen catheter in a vein with a high blood
flow rate, such as, but not limited to, inserting a multi=-
lumen central vein catheter.

Fluid container 9 contains a fluid which preferably
includes an anti-coagulant agent. The anti-coagulant solution
is therefore added to the reinfused blood sample and is used
for purging the tubes in order to prevent clotting of the
patient blood sample outside the blood vessel. For example, a
low dose of heparin in a solution of saline may be used as the
anti-coagulant solution in the present invention. Other anti-
coagulant agents that may be used, include, but are not
limited to Warfarin and Coumadin.

Optionally, fluid container 9 may be a regular infusion
bag, such as but not limited to, a saline-filled bag,
administered to patient 2. Thus, automated blood analysis
device 1 also performs the task of regulating the infusion by
controlling the rate of pump 11. In this optional case,
stopcock 17 is not needed in the design, and automated blood
analysis device 1 acts as an integrated infusion and blood
analysis device.

Figure 2a schematically illustrates a first preferred
embodiment of a signal analyzer and a sensor used with the
automated blood analysis device of the present invention. In
this preferred embodiment, sensor 19 is preferably a single
use electrochemical sensor capable of detecting the presence
and/or measuring the level of an analyte in a blood sample via
electrochemical oxidation and reduction reactions at the
sensox. Flectrochemical sensor 19 provides electrical input
signal(s) to a signal analyzer 21, which converts these
signal(s) to a correlated usable output, which can be, but is
not limited to, an amount, concentration, or level of an
analyte, such as glucose, in the patient blood sample. Main

unit 3 ensures that electrochemical sensor 19 is maintained in
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di¥edt™ contact with the blood sample until the electrical
input signals reach a steady state condition, and signal
analyzer 21 measures the required blood analyte(s) and blood
parameter (s). The required time period for sensor 19 to be in
contact with a blood sample in order to enable the measurement
is on the order of seconds (or less}.

In a preferred embodiment the electrochemical sensor 19
comprises both a working and a counter enzyme electrode. A
counter electrode refers to an electrode paired with the
working enzyme electrode. A current equal in magnitude and
opposite in sign to the current passing through the working
electrode passes through the counter electrode. As used in
the present invention, the counter electrode also includes
those electrodes which function as reference electrodes (i.e.,
a counter electrode and a reference electrode may refer to the
same electrode and are used interchangeably).

Electrochemical sensors 19 are provided in suitable form
for obtaining the desired blood chemistry measurements. in
one preferred embodiment of the present invention, the blood
glucose level 1is measured. Referring back to Figure Z2a,
electrochemical sensors 19 as used for measuring blood glucose
level preferably comprise the same type (but not limited to
such type) as the sensors currently used in finger sticks for
glucose measurement. In this case, single use sensor 19
provides electrical potentials having a magnitude representing
concentration of glucose in the blood.

Figure 2b schematically illustrates a second preferred
embodiment of a signal analyzer and a sensor used with the
automated blood analysis device of the present invention. 1In
this preferred embodiment, sensor 19 is preferably a single
use optochemical sensor capable of detecting the presence
and/or enabling measurement of the level of an analyte in a
blood/plasma sample via optochemical oxidation and reduction

reactions at the sensor.
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ot éxiatiple; when using enzymatic reactions to measure a
blood analyte, a component 1is added to the enzymes, which
results in an optically measurable color change as a product
of the reaction. Either an optical detector or a combination
of a light source and an optical detector are used for
measuring the blood analyte by measuring the color, and more
particularly, color change, at the sensor.

In a third preferred embodiment (not shown) sensor 19 may
optionally be a surface or miniature container, such as but
not limited to a capillary tube, enabling storage of the blood
sample for optical measurements. In this embodiment, both a
light source and a light detector are used for measuring the
blood analyte based on reflected, transmitted or other known
optical effects such as Raman Spectroscopy, NIR or IR
Spectroscopy, FTIR or fluoroscopy.

Various methods are available for packaging sensors 19
and are described in further detail below. Packaging options
preferably include, but are not limited to: embedding a
plurality of sensors 19 in a multi-layered tape structure
encapsulated in a compact cassette formation; attaching a
plurality of sensors 19 to a tape; or packaging a plurality of
sensors 19 in a drum that enables singular selection of a
sensor 19.

Figures 3a, 3b, 3c, and 3d illustrate a sensor tape, as
used in Figures la-le (not shown) and 2a-2b (not shown) as a
multiple-layer element in a first preferred arrangement.
Figure 3a illustrates a transparent view of the multi-layer
sensor tape 23 as used in a preferred embodiment of the
present invention, and described in further detail below.
Figure 3b depicts the back layer of the sensor tape 23 as used
in a preferred embodiment of the present invention, and
described in further detail below. Figure 3c illustrates the
middle layer of the sensor tape 23 as used in a preferred

embodiment of the present invention, and described in further
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aetarl” pelow.” ""Figure 3d illustrates the front layer of the
sensor tape 23 as used 1in a preferred embodiment of the
present invention, and described in further detail below.
Sensor tape 23 preferably comprises at least one sensor 19,
and even more preferably comprises a plurality of sensors 19.

The preferred arrangement of sensor tape 23 comprises a
front layer (shown in Figure 3d) that defines at least one
rectangular hole capable of being placed in contact with a
corresponding hole in the infusion tube; a middle layer (shown
in Figure 3c), substantially coplanar with the front layer,
that is capable of transporting a blood sample by means of at
least one capillary channel and further includes a suitable
enzyme coating; and a back layer (shown in Figure 3b),
underlying the middle transporting layer, that comprises a
plurality of electrochemical sensor electrodes 19 for sensing
required blood analytes such as, but not limited to glucose.
Positioned at one end of the at least one capillary channel in
the middle transport layer is a hole provided for an air
outlet.

The front layer of sensor tape 23, and thus each sensor
19, may optiocnally be coated with a membrane for blocking the
enzyme layer. When using a membrane coating to block the
enzyme layer, sensor 19 measures the plasma analyte level,
such as plasma glucose level instead of the blood analyte
level. To measure the whole blood glucose level the reagents
at the sensor need to cause the red blood cells (RBC) to
explode via hemolysis of the blood at the capillary near the
sensor. In measuring the whole blood glucose level via
hemolysis, the resulting lysate cannot be returned into the
blood stream, and thus, such method reguires suitable
isolation of the measured blood sample. Optionally, the
membrane coating is placed inside sampling interface mechanism

18 for blocking the enzyme layer.
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Now "re€fér?Pihg to Figures 4a, 4b, 4c¢, and 4d, a sensor
tape, as used in Figures la-le (not shown) and 2a-2b (not
shown) as a multiple-layer element in a second preferred
arrangement is illustrated. The multi-layer sensor tape of
Figure 4 further includes a square compartment 25 in middle
layer 4c that effectively isolates blood for measurement.
Particularly, Figure 4c illustrates a preferred structural
embodiment of the middle layer of sensor tape 23 wherein the
blood first fills a square compartment 25 of the middle layer
through the rectangular opening 26 at the top layer shown in
Figure 4d. After square compartment 25 is filled with blood,
sensor tape 23 is advanced from a first position aligned with
the sampling interface mechanism 18 (not shown) to a second
position. At the shifted second position, the rectangular
opening 26 at the top layer is exposed to air. Thus, the
blood flows through the capillary channel to sensor 19 at a
slower rate. At the other end of the capillary channel is an
aperture 27 provided for an air outlet. Via this opening at
the other end of the capillary tube, the blood that reacts
with the enzyme and other reagents causing the hemolytic
reaction is effectively isolated from the blood that is
returned to the body.

As described with respect to Figures la-le and Figures
2a-2b above, single use sensors 19 are preferably packaged
into a disposable cassette 5 that is replaced periodically.
Sensor cassette 5 1is preferably sterile, and is also
preferably disposed after use with a single patient 2. Sensor
cassette 5 supports at least one or a plurality of single use
sensors 19 that are advanced sequentially and positioned for
direct contact with the drawn blood sample. After completing
a measurement, the used sensor 19 is automatically advanced
from the measurement location to a 1location for disposed
sSensors. Between measurements, the system moves a new sensor

19 forward, thus replacing the one used in the previous
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sensor cassette 5 can be available, but is not limited to 25,
50, or 100 measurement capacities. In a preferred design,
sensor cassette 5 also stores the consumed test supplies and
sample waster. As shown in Figures 1la, 1b, 1d, and le, an
external waste container 7 may optionally be used to store the
waste fluid and/or consumed test supplies.

In addition, sensor cassette 5 may optionally include
different types of single use sensors 19 in one cassette,
wherein each sensor is capable of measuring a different type
of blood analytes or blood parameters. In this case, sensor
selection is made based upon either operator programming or
selection before usage. In another optional embodiment,
sensor cassette 5 may include a plurality of cassettes, each
comprising a different type of sensor 19. The same automated
blood sampling means is used for each measurement.

The use of single-use sensors 19 (similar to the use of
finger stick sensors) eliminates the need for time-consuming
operator—~directed device calibration procedures. In
particular, each sensor cassette 5 can be factory pre-
calibrated. Optionally, sensor cassette 5 or plurality
thereof and individual sensors 19 of the same type have the
same pre-calibration values. Main display and control unit 3
can automatically read the cassette factory calibration values
by standard means well-known to those of ordinary skill in the
art, such as by reading the data from a barcode or an EPROM
embedded in sensor cassette 5. Optionally, factory values may
be entered manually.

In addition, sensor cassette 5 may be hermetically sealed
and/or include humidity controls means, such' as, but not
limited to a small bag of dessicant material. In another
option, each sensor 19 or a portion thereof, may be contained
in a packaging that is automatically opened prior to

measurement. Optionally, the measurement portion of the
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reagent area against moisture and/or 1light during storage
(particularly useful for both electrochemical and optochemical
sensors). The thin protective layer can be automatically
peeled off by a peeling element (not shown), prior to the
sensor being placed in position for measurement. The peeling
element may comprise, but is not limited to, an edge-knife
element strategically placed inside sensor cassette 5.

When using electrochemical sensors 19, sensor cassette 5
includes an electronic interface to main unit 3 of automated
blood analysis device 1 and/or signal analyzer 21. When using
optochemical or optical sensors 19, an electronic interface is
optional, and sensor cassette 5 can be designed to work with
only a mechanical interface to main unit 3 of automated blood
analysis device 1. In another embodiment, sensor cassette 5
may optionally include a small battery power supply in case of
power failure,

In a preferred embodiment, sensor cassette 5 may be
either attached or inserted into main unit 3 of automated
blood analysis device 1. In the alternative, main unit 3 may
include an external sub-unit (not shown) that serves as the
receiving interface for sensor cassette 5. Thus, sensor
cassette 5 can be placed in proximity to patient 2 without
limiting the size of main unit 3. In another embodiment,
sensor cassette 5 may optionally be attached to main unit 3 of
automated blood analysis device 1 by means of a data
connector, an optional power connection means, and tubing.

Automated blood analysis device 1 may optionally include
additional features and measurement mechanisms. As described
briefly above, in one preferred option, automated blood
analysis device 1 includes the capability of detecting whether
blood has reached the proximity of sensor cassette 5 and/or
the proximity of .stopcock 17 via a blood optical sensor.

Preferably, the method of detecting whether undiluted blood
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has™#&ached "the proximity of sensor cassette 5 and is ready
for sampling is to illuminate the tubing in the proximity of
sensor cassette 5. Based wupon the transmitted and/or
reflected signal, the device can establish whether the fluid
in the specific segment is undiluted blood. The amount of
withdrawn dead space is measured and the dead-space can also
be managed by optically sensing the arrival and departure of
blood from the line proximal to sensor cassette 5 and/or the
proximity of stopcock 17.

In another option, automated blood analysis device 1 may
include means for comparing the optical parameters of the
fluid inside the tubing at least at two separate measurement
points, wherein the at least one first measuring point 1is
indicative of the fluid in the proximity of sensor cassette 5
or line 16 leading to sensor cassette 5 (when line 16 is
used), and the second or last measuring point is a reference
point where it can be safely estimated that the blood 1is
undiluted. Preferably, this latter point is as close to the
vascular access point as possible.

In another optional embodiment, automated blood analysis
device 1 is capable of performing optical measurements on the
blood sample or fluid proximate to sensor cassette 5. The
automated blood analysis device 1 then combines optical
measurements with electrochemical measurements of Dblood
analytes. Thus, the potential inaccuracies in the measurement
of a required blood parameter are corrected by combining the
measurement of a blood parameter by means of a sensor 19 with
optical measurements of other related blood parameters.

In an exemplary embodiment, the optically measured
hematocrit level 1is used to correct for the influence of
hemodilution on blood analytes such as, but not limited to,
glucose. Preferably, hematocrit 1levels and Themoglobin
oxygenation levels are accurately measured using three

wavelengths. If for example, but not limited to such example,
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Pridividhal "8ensdr” 19 is a glucose test strip, the whole blood
glucose level measured by sensor 19 is influenced by the
hematocrit level. If the hematocrit level is high or low it
may alter the results, owing to factors that are separate from
vet compounded by the effects of different water distribution
in the different blood components. The glucose reading is
thus more accurate when the hemoglobin oxygenation and
hematocrit levels are taken into account. By measuring the
hemodilution, it also becomes possible to predict the
distribution of glucose in different fluid compartments within
the body, including, but not limited to, ECF and blood versus
ICF parameters. Other combinations regarding the number and
type of optical wavelengths and the parameters to be corrected
can be used according to known correlations between blood
parameters.

In still another optional embodiment, automated blood
analysis device 1 performs independent optical measurements of
the blood sample drawn in the infusion 1line in order to
measure at least one blood parameter or at least one blood
analyte, such as hemoglobin level. The blood sample inside
the infusion line is illuminated at a plurality of discrete
wavelengths selected from the near infrared (IR) spectrum. As
it is readily known to persons of ordinary skill in the art,
measurements of intensity of transmitted or reflected 1light at
these wavelengths are taken, and an analysis of transmittance
or reflectance ratios for various wavelengths is performed.
In one preferred embodiment of the system, the glucose level
is measured optically using several wavelengths, using
illumination principles described in further detail below.

The illumination source can be a single, multi-wavelength
laser diode, a tunable laser or a series of discrete LEDs or
laser diode elements, each emitting a distinct wavelength of
light selected from the near infrared region. Alternatively,

the illumination source can be a broadband near infrared (IR)
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emrttst, "Memttting wavelengths as part of a broadband
interrogation burst of IR light or radiation, such as Ilamps
used for spectroscopy. A plurality of detector arrays detect
light reflected and/or transmitted by sample blood. The
wavelength selection can be done by either sequencing single
wavelength light sources or by wavelength selective elements,
such as using different filters for the different detectors or
using a grating that directs the different wavelengths to the
different detectors. The detector array converts the reflected
light into electrical signals indicative of the degree of
absorption light at each wavelength and transfers the
converted signals to an absorption ratio analyzer such as
microprocessor 32 of main unit 3. The analyzer processes the
electrical signals and derives an absorption (e.g., a
reflection and/or transmittance) ratio for at least two of the
wavelengths. The analyzer then compares the calculated ratio
with predetermined values to detect the concentration and/or
presence of an analyte such as, but not limited to glucose,
hematocrit levels and/or hemoglobin oxygenation levels in the
patient blood sample. For example, changes in the ratios can
be correlated with the specific near infrared (IR) absorption
peak for glucose at about 1650 nm or 2000-2500 nm or around 10
micron, which varies with concentration of the blood analyte.
Figures 5a and 5b illustrate the functional elements of
and operational implementation of main control unit 3 (also
referred to as “main unit”) of an automated blood analysis
device 1 in several settings, including a ciinical setting.
Now referring to Figure 5a, the functional elements of the
main control unit 3 of an automated blood analysis device 1
are shown. Automated blood analysis device 1 is programmed to
operate via main control unit 3, enabling the automated blood
sampling and analysis at predetermined intervals or time
periods. For example, but not limited to such example, the

operator can opt for automated measurements of blood analytes
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{baddd” “on" ~dutohdted blood samples) as frequently as every
fifteen minutes. Shorter time periods, as short as one
minute, are also possible. Main unit 3 displays test results
as early as thirty seconds after the blood sample reaches the
sensor tape. Measurement results are stored in a device
memory 31 for trending or later download.

Main wunit 3 comprises a general purpose programmable
microprocessor unit 32 (not shown), as are well known to
persons of ordinary skill in the art; an internal
communication link 33; an external communication link 35; a
panel 37 including a display 38 and wvarious user interfaces;
and an optional battery 39. Preferably, signal analyzer 21,
pump 11, and optional pump 13 are embedded in one unit with
main unit 3. Main unit 3 can be manufactured in one unit or
in several separate sub-units to fit operational and physical
requirements.

Internal communication link 33 creates an electrical
communication connection between main unit 3 to sensor
cassette 5, three-way stopcock 17, pump 11, and signal
analyzer 21 if pump 11 and signal analyzer 21 are not embedded
in main unit 3. Thus, internal communication link 33 connects
main unit 3 to sensor cassette 5 and any other electronic or
electromechanical component of automated blood analysis device
1. Internal communication 1link 33 may be wired and/or
wireless. Internal communication link 33 may also be based on
a digital data link and/or on analog signals.

Internal communication 1link 33 enables main unit 3 to
control, synchronize, and check the proper automated operation
of the automated blood analysis device 1. Particularly, main
unit 3 also includes required alert and built-in test
capabilities. For example, pump 11 and main unit 3 can
include all alert features required from infusion pumps such
as detection of air in the line or detection of a blocked

tube. Main unit 3 also enables the user to define a goal value
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ora gyoal range ror the blood parameters measured by automated
blood analysis device 1. Thus, 1f a measurement is above or
below the defined range or value, main unit 3 issues an alert
to the user in audio and/or visible form, through wired or
wireless means.

External communication link 35 may optionally include
interfaces to external devices such as, but not limited to,
printers, hospital data network(s), external processors and
display units, other monitoring devices, and/or devices used
for infusing substances in the patient. The connection between
main unit 3 and the various possible external units can be
made via any of the known wired or wireless communication
methods, as are well-known in the art.

Optionally, main unit 3 can control the operation of an
external infusion pump that wuses the same vascular access
point for infusion as automated blood analysis device 1. In
this scenario, main unit 3 issues suitable command signals to
the external infusion pump to defuse alarms while halting
infusion during blood sampling and measurement. In addition,
main unit 3 ensures automatic restart of the external infusion
pump after the blood sample has been taken. As will be readily
apparent to those skilled in the art, the external infusion
pump includes an appropriate data interface for receiving and
interpreting the command signals. Thus, automated blood
analysis device 1 acts as an integrated fluid infusion and
blood analysis device.

Optionally, automated blood analysis device 1 can provide
feedback to an external infusion device in order to regulate
the amount and rate of infusing fluid substances into the
patient. Optionally, main wunit 3 can also control the
external infusion device, thus integrating the automatic
measurement and the external infusion device into one system.
In an integrated set-up, main unit 3 automatically supports

adaptive algorithms for adjustment of rate and volume of
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supgTdnces vEG ~pe "inrtused according to the measurements. In
addition, look-up tables and algorithms based on a measurement
history and/or required future trend are also supported. The
integrated system also supports infusion of bolus volumes
combined with continuous infusion. In addition, it 1is
possible to infuse several separate substances in parallel and
in correlation according to a required algorithm. For
example, main unit 3 controls and regulates the rate and
volume of an infusion of IV insulin in parallel with infusion
of a dextrose solution.

As shown in Figure 5b, automated blood analysis device 1
may optionally be connected to an integrated monitor 41 which
includes both display and human interface means. Integrated
monitor 41 can be placed proximate to a central counter where
at least part of the medical staff is located. In addition,
integrated monitor 41 is connected by wired or wireless links
to one or more automated devices for blood analysis 1. Thus,
one operator can control and check the operation of several
devices without requiring physical presence at the site of the
device. In another embodiment, data from automated blood
analysis device 1 can be displayed alongside other parameters
and/or vital signs. Optionally, data from data from automated
blood analysis device 1 may be correlated and analyzed with
other blood parameters and/or vital signals in order to
indicate the overall patient condition and/or to indicate
critical conditions that require intervention. In one
embodiment, main unit 3 performs this data analysis and/or
data correlation. Main unit 3 also facilitates data retrieval
and archiving as may be required.

Figure 6a is an 1illustration of a preferred sensor
cassette as used in the automated blood analysis device 1 of
the present invention. Sensor cassette 5 is preferably made
of plastic and has a clamshell-type structure. In one

preferred embodiment, but not limited to such embodiment,
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In another preferred embodiment, sensor 19 is a glucose test
strip.

An optional fluid trap 60 is located on the bottom of
sensor cassette 5. The lower panel of fluid trap 60 is sealed
to minimize fluid spill. When wused, fluid trap 60 is
optionally shaped to fill the outline of sensor cassette 5 and
has a volume large enough to contain extra blood samples and
other potential fluids (such as purging fluid) not used for
the measurements. Sensor cassette 5 also incliludes a drum 61
with a contact area (not shown) through which blood samples
are taken inside sensor cassette 5. Drum 61 also includes a
gear drive 62 enabling the rotation of sensors 19 into
position, such that they face the contact area (not shown)
during blood sample testing.

Figure 6b is an internal view of the fluid handling
mechanism of the preferred sensor cassette 5 of the present
invention as depicted in Figure 6a. Reference will also be
made to Figure 6a where necessary. The blood sampling
mechanism includes internal tubing 63 for fluid flow and
delivery; a three-way stopcock 64 to control the flow through
internal tubing 63; and an actuator 65 (shown in Figure 6a)
that is positioned adjacent to internal tubing 63 opposite to
the contact area (not shown), and serves to bend internal
tubing 203 so that a blood sample may be driven inside sensor
cassette 5 through the contact area. Internal tubing 63 also
contains blood sample area 66. As discussed in greater detail
below with reference to Figure 6g, an alcohol wipe is provided
to clean the tubing after each blood sample is measured and is
refreshed between cleanings with a drip reservoir.

Referring back to Figure 6a, additional optional features
related to the design of sensor cassette 5 and automated blood
analysis device 1 are described. An optical sensor (not

shown) measures fluid parameters, such as hemoglobin level
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hétatdcrit~1evel; and blood oxygen saturation, in the internal
tubing 63 through an opening 67 positioned close to stopcock
64 to ensure that the sampled fluid includes undiluted blood,
and in order to correct potential measurement errors made by
sensor 19 due to changes in the hematocrit level of the blood
sample.

Figure 6c is an isolated and expanded illustration of the
drum structure of the preferred sensor cassette 5 as used in
the automated blood analysis device of the present invention.
Gear drive 62 is used to move drum 61 and thus advance test
strips from test strip carrier area 68 to contact area (not
shown) . The sensor is advanced via advancement means, which
include, but are not limited to mechanical, electrical, and/or
optical devices for ensuring that sensor 19 is in position for
measurement. For example, when closed, an electronic circuit
indicates that sensor 19 is in position. In this preferred
embodiment, and as generally required by electrochemical
glucose test strips, electrical contact is made Dbetween the
electrodes of sensor 19 and signal analyzer 21 prior to
measurement.

Figure 6d is an isolated illustration of the test strip
handling mechanism of the preferred sensor cassette 5 as used
in the automated blood analysis device of the present
invention. Preferably, the test strip handling mechanism of
the present invention contains a set of fifty clean test
strips 69 placed into spring 70. Spring 70 has an arm 71
which wraps around one side of drum 61, thus keeping the test
strips fastened up against the drum 61. Used test strips 72
are deposited on the opposite side of the drum as clean test
strips 69.

Figures 6e and 6f are expanded illustrations of the blood
gample delivery operation as used in the automated Dblood
analysis device of the present invention. Reference will now

be made to either figure where appropriate. As shown in
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BRGNS < o rarum ol 15 rotated until the test strip 69 meets
electrical contacts (not shown, but located behind the test
strip) and is in position, sensed by connecting pins Pl and P2
(not shown). The three way stopcock (not shown), described
with reference to Figure 6b above, 1s rotated into the proper
position to retrieve a blood sample from the patient. The
blood pumping operation is then started. The optical sensor,
also described with reference to Figure 2b above, indicates
when blood is available in the sample area. The blood pump is
then stopped. The three way stopcock is rotated back to the
“IV to patient” position indicating that tube will deliver
fluid to the patient intravenously. The actuator/tube bender
65, as shown in Figure 6f, is actuated to press the tube
against the test‘strip. The blood pump is “backed up” until
the test strip registers the blood sample and the tubing is
returned to its original position.

Figure 6g and 6h are illustrations of the tubing cleaning
operation as used in the automated blood analysis device of
the present invention. The three way stopcock (not shown) is
rotated to the “IV solution into cassette” position. The
blood pump begins to clean out the tubing, or flush it, with
IV solution. The optical sensor is used for conformation.
The three way stopcock is rotated back to “IV to patient”
position. The drum 61 is rotated to dispose of the used test
strip and position the alcohol wipe 73 (also shown in Figure
2c) . The alcohol wipe 73 is provided to clean the tubing
after each blood sample is measured and is refreshed between
cleanings with a drip reservoir. The tube bender/actuator 65
is bent, as shown in Figure 6h to press the tube against the
alcohol wipe, thus cleaning the tube. The drum 61 is then
rotated back to its initial position.

Figures 7a, 7b, 7c and 8 depict exemplary embodiments of
sensor tape structures or sampling interface mechanisms that

effectively isolate blood for measurement. More specifically,
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Frglvds” 787" 957 "And 7c depict a two~tape configuration of the
sensor cassette used in connection with the automated blood
analysis device of the present invention. The sensor cassette
configuration of Figure 8 is similar to that described in
Figures 7a, 7b, and 7c¢, however, uses glucose finger sticks
attached onto a tape.

Referring now to Figures 7a, 7b, and 7c an internal tube
74 passes through cylindrical element 76, which rotates around
the internal tube. Internal tube 74 includes an opening 77
that is matched by window 78 in cylindrical element 76 each
time a new blood sample is required for a new measurement. In
this particular embodiment, sensor cassette 5 also includes a
first tape 80 that further includes a set of capillaries. When
the cylindrical element 76 is rotated and window 78 is matched
with opening 77, first tape 80 is rotated bringing a capillary
in contact with the blood and a blood sample is retained in
the capillary. Once blood is disposed on first tape 80, first
tape 80 and second tape 81 are advanced until the capillary
with the blood sample of first tape 80 touches a sensor 19 on
second tape 81. The blood sample is then transferred from
first tape 80 to sensor 19, enabling measurement of the
required blood parameter. In this configuration the first
tape 80, second tape 81, and the cylindrical element 76 are
driven by the same gear that is connected to drum 61.

Referring now to Figure 8, vyet another preferred
embodiment for isolating measured blood is depicted. The
sensor cassette configuration of Figure 8 is similar to that
described in Figures 7a, 7b, and 7¢, however, uses glucose
finger sticks attached onto a tape. Sensors 19 on second tape
81 are replaced with common glucose finger sticks attached to
the tape, as are well-known to those of ordinary skill in the
art. This design includes a first drum 83 and a second drum
85 rotating together, and driven by the same gear as

cylindrical element 76.

42



10

15

20

25

30

WO 2007/064576 PCT/US2006/045359

Kl €ePndtive “"mechanisms for enabling sampling interface
mechanism to withdraw the blood sample and bring it into
contact with sensor 19 are now presented. Figures 9a and %b
depict configurations of an external sealing valve used as
part of the sampling interface mechanism in one embodiment of
the automated blood analysis device of the present invention.
More specifically, Figures 9a and 9b illustrate yet another
preferred embodiment depicting the use of an external valve to
facilitate the sealing of the infusion tube with ease and
convenience. The output ports 91 and 92 of external valve 41
are positioned at 120° angles from each other to enable self
flushing of the valve inner tube 93.

Figure 9c¢ illustrates another configuration of an
external sealing valve used as part of the sampling interface
mechanism in one embodiment of the automated blood analysis
device of the present invention. Sampling interface mechanism
18 (not shown) includes a valve 41. When blood reaches valve
41, wvalve 41 is automatically rotated 90°, thus bringing a
blood sample inside sensor cassette 5. A capillary channel in
sensor 19 is brought into contact with the blood sample inside
valve 41, thus bringing a blood sample to the measurement area
of sensor 19.

Figure 9d illustrates another configuration of an
external sealing valve used as part of the sampling interface
mechanism in one embodiment of the automated blood analysis
device of the present invention. Now referring to Figure 9d,
sampling interface mechanism 18 includes a membrane or valve
43 that separates sensor cassette 5 and the tube bringing the
blood sample to sensor cassette 5 and at least one cannula 45.
When the blood reaches the proximity of membrane or valve 43,
cannula 45 is automatically advanced to penetrate valve 43 and
reach the lumen of the tube. A blood sample is then taken and
cannula 45 is retrieved inside sensor cassette 5 to bring the

blood sample to sensor 19.
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in yet another embodiment, Figures 10a and 10b illustrate
alternative methods for controlling the flow of fluids in
connection to the automated blood analysis device of the
present invention, and as shown in Figures la, 1b, 1lc, and 1d.
Reference will again be made to Figures 1la, 1b, 1c, and 1d
where necessary. As shown in Figure 10a, stopcock 15 (also
shown in Figures la, 1b, and 1d) can be replaced by other
means of blocking line 16, which can include, but are not
limited to, pump 13 or an external automatic pinching
component 116. If line 16 is blocked by pump 13 (if used) or
by external pinching component 116 (if used), there is no flow
of fluid from the main tube to line 16. Pressure valve 115
may additionally be used in order to further ensure that no
diffusion occurs between line 16 and the main tube.

As illustrated in Figure 10b, three-way stopcock 17 (also
shown in Figures la, 1b, 1c, and 1d) may be replaced by other
means of blocking the external infusion. The means include,
but are not 1limited to, an external automatic pinching
component 117 on the line coming from the external infusion,
or a data connection 35 between main unit 3 to the external
pump controlling the external infusion. As described in
detail above, if used, these alternative means ensure that
external infusion is automatically stopped when a blood sample
is required, and that the infusion is automatically restarted
after the blood sample has been taken. An additional pressure
valve (not shown) can be optionally added to the line coming
from the external infusion in order to provide further
disconnection between the lines.

In the following embodiments illustrated in Figures 11-
18, multiple lumen tubing structures preferably attached to
the catheter leading to the vascular access point via a
standard connector are disclosed. Reference will now be made
in detail to specific embodiments of the invention. While the

invention will be described in conjunction with specific
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embodiments, 1t 1s not intended to limit the invention to one

embodiment. Thus, the present invention is not intended to be
limited to the embodiments described, but is to be accorded
the broadest scope consistent with the disclosure set forth
herein.

Now referring to Figures 11-18, an alternative tubing
design may be used for automated fluid flow control in
connection with the automated blood analysis device of the
present invention. In this alternative embodiment using a
multiple lumen tubing structure, the device can be placed at a
greater distance from the catheter location, without a
significant sacrifice of the drawn blood volume. In a
preferred arrangement, the testing unit is located near the
infusion pump with a tube of 1.5m long between the testing
unit and the catheter. The system can either be located on
the post under the infusion fluid bag, as described in Figures
1la-11f, or under the infusion pump, as described in Figures
16a-16f. In the following embodiments, reference will only be
made to the distinct differences from those embodiments
described with reference to Figures 1-10 above. It is well
understood by those of ordinary skill in the art that certain
materials applied therein may also be applicable to the
embodiments described below, such as, but not limited to, pump
characteristics, system materials, and sensor cassette
characteristics. The alternative embodiments as described
with respect to Figures 11-18 disclose a multiple lumen tubing
structure.

Figures 1la-11f dillustrates both the system and its
operational characteristics. Reference to the system
components will be made with respect to Figure 1la. Figures
11b~11f will be referred to when describing the operational
characteristics of this embodiment.

Now referring to Figure 1lla, the automated blood analysis

device 128 includes all necessary pumps as described with
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rerererice "torrigures la-1ld above. In addition, automated
blood analysis device 128 is connected to an infusion fluid
bag 127 on one side and to the patient (not shown) on the
other side. Automated blood analysis device 128 is similar to
automated blood analysis device 1, described with reference to
Figures 1-10 above, however, employs a multiple lumen tubing
system that leads to the automated blood analysis device. It
is to be understood by those of ordinary skill in the art that
various components may be included in both designs of the
system and that this description of the multiple lumen tube
structure dis not limiting. For example, automated blood
analysis device 128 employs a disposable, sterile packaged
sensor cassette as described with respect to Figures la-1d
above. 1In addition, automated blood analysis device 128 also
uses a main unit for control, such as that described above and
referred to as main unit 3.

The catheter 121 coming out of the vascular access point,
such as a vein or artery, is connected to Y (or T) junction
(not visible). The connection to the catheter is accomplished
via using a standard connecter, known to those of ordinary
skill in the art, such as, but not limited to the connector
used for connecting Venflon infusion sets. The remaining two
ports of the junction are connected to two tubes, 122 and 129.
First tube 122 is the standard infusion tube, known to those
of ordinary skill in the art. Second tube 129 is used for
drawing sample blood. In a preferred embodiment, the blood
sampling tube 129 has a smaller diameter than the infusion
tube, and still more preferably is of the smallest diameter
possible to enable blood flow without clotting or hemolisys.

First tube 122 and second tube 129 are attached together.
Thus, in this second preferred embodiment of the automated
blood analysis device of the present invention, no three-way
stopcock, rotating wvalves, or other mechanisms are needed

proximate to the catheter. Further, this eliminates the need
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wo- igtacht ~tiem patient’s hand directly to a bulky device
creating a more user friendly automated blood analysis device.
The dual lumen tube structure leads directly to the automated
blood analysis device 128. As shown in Figure 1la, two
peristaltic pumps 124 and 125 are located in automated blood
analysis device 128, one for each tube.

Now referring to Figures 1lla-11£f, the normal operation of
infusion is described. The infusion fluid flows from infusion
fluid bag 127 +to the vascular access point at a rate
determined by infusion pump 125. Peristaltic pump 124 is on
hold at this point. BAs shown by the arrow in Figure 1lb, when
it is determined that a blood sample is needed, pump 125
reverses its direction and draws a small bolus of blood,
ensuring that an undiluted blood sample passes the Y (or T)
junction. As shown in Figure 1llc, pump 124 begins to draw the
blood bolus through the smaller of the two tubes 129. As
shown by the arrows in Figure 1llc, pump 125 pushes back the
infusion fluid at the same rate at which pump 124 draws blood.
Thus, the blood in first tube 122 is not moving.

After a large enough bolus of blood enters into tube 129,
as shown in Figure 11d, pump 124 still works at the same rate,
while pump 125 increases its flow rate substantially enough
such that the blood held in the catheter 121 1is infused back
to the body and the blood bolus in thin tube 129 moves up
toward the sensing device 123,

The testing step is illustrated in Figure 1lle. Here,
pump 124 stops operation and a valve or other mechanism on
thin tube 129 (shown as a small circle) is opened to allow for
a small volume of blood to travel towards the sensing device
123. Sensing device 123 has already been described in great
detail with reference to sensor cassette 5 above and will not
be discussed in further detail herein. It is to be understood
by one of ordinary skill in the art that the sensor devices as

described above are equally applicable to the embodiment
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geserrraed Tharern When the blood measurement is complete,
pump 124 resumes operation and the remaining blood bolus in
thin tube 129 is flushed into waste bag 126, as shown in
Figure 11f.

Optionally, the measurement stage as shown in Figure 11d
is skipped and the blood bolus is drawn through thin tube 129
to sensing device 123. Thus, pump 125 is not operated to push
the infusion fluid, If this option 1s exercised, a narrower
tube is used for drawing the blood, such as, but not limited
to a 0.5mm diameter tube. In using such a thin tube, filling
2m of the tube only requires 0.4cc of blood. Figure 12
illustrates a table of blood bolus volumes in cubic
centimeters according to the tube diameter in mm and its
length in cm.

The blood measurement method described in Figures 11a-11f
can also optionally be implemented by an external unit add-on
box that contains the sensing device 128 and controls a
commercial dual channel infusion pump that fulfills the
functionality of both pumps 124 and 125.

As shown in Figures 13a-13f, the automated blood analysis
device of the present invention may also be implemented using
a single channel dinfusion pump 125 and an additional
controlled wvalve 133. In this configuration, the two tubes
coming from the Y (or T) junction have the same diameter.
Thus, when the valve 133 is rotated to connect only those two
tubes, as shown in Figure 13c, and communication with the
infusion fluid bag is shut off completely, the blood bolus is
circulated in an effectively closed 1loop tube. The
circulatory pattern is shown in Figures 13c and 13d. As shown
in Figure 13e, the blood is tested by the sensing device 123.
Figure 13f illustrates the flushing of the remaining blood
bolus into waste bag 126.

Now referring to Figure 14, a device similar to that

described above with reference to Figures 1la-11f 1s shown,
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"However, “the™ device is implemented with a single channel

external infusion pump 148. Add-on device 143 comprises the
second pump (not shown), sensing device (not shown), and waste
bag (not shown). Operationally, the device functions is the
same manner as the configuration shbwn, in Figures 1lla-l11f.
The add-on device 143 controls the infusion pump 148 by means
of an electrical connection.

In yet another embodiment, Figure 15 illustrates a device
similar to that described with reference to Figures 1lla-l1f,
however, the need for an electrical connection with infusion
pump 158 is eliminated. In this embodiment, the infusion
fluid is stopped by pinching the tubing with two rods 154.
The diluted blood in the vein flows and the waste bag 126
begins to draw blood until an undiluted blood sample
approaches near the valve of sensing device 153. When the
measurement is complete, the blood is flushed into waste bag
126.

Figures 16a-16f depicts yet another embodiment of the
automated blood analysis device of the present invention. 1In
this implementation, the need for controlling the infusion
pump is eliminated. In addition, however, it does not
initiate the blockage alarm of the infusion pump and it
reduces the required amount of blood drawn by returning the
diluted blood portions back into the vascular access point, as
with the embodiment described with respect to Figures lla-11f.

As shown in Figure 16a, the catheter 161 coming out of
the wvascular access point, such as a vein or artery 1is
connected to a Y{(or T) Fjunction (not visible). The connection
to the catheter 1is accomplished wvia wusing a standard
connecter, known to those of ordinary skill in the art, such
as, but not limited to the connector used for connecting
Venflon infusion sets. The two other ports of the junction
are connected to two tubes, 162 and 172. First tube 162 is

the standard tube used for infusion as are well-known to those
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OFEHEHINa Py skilY in the art. Second tube 172 is used for
drawing sample blood, and is connected to the junction with a
valve, which can optionally be unidirectional. In a preferred
embodiment, the blood sampling tube 172 has a smaller diameter
than the infusion tube, and still more preferably is of the
smallest diameter possible to enable Dblood flow without
clotting or hemolisys. First tube 162 and second tube 172 are
attached together. The dual lumen tube leads directly into
automated blood analysis device 169, as shown in Figure 1l6a.
The infusion tube continues from the automated blood analysis
device 169 to the standard infusion pump 168 and infusion
fluid bag 167.

Now referring to Figures 16a-16f, the normal operation of
infusion is described. The infusion fluid flows from infusion
fluid bag 167 to the vascular access point, at a rate
determined by pump 173. At this point, pump 174 is non-
operational. When it is determined that a blood sample is
needed, the four-way stopcock 175 rotates 90° as shown in
Figure 16b. Thus, the infusion pump 173 is now connected to
empty infusion bag 166 and the infusion tube 162 is connected
to syringe pump 171. Infusion pump 173 continues operation and
infuses infusion fluid into empty infusion bag 166. Syringe
pump 171 draws a small bolus of blood out of the wvascular
access point, as required so that an undiluted blood sample
approaches the Y (or T) junction, as shown in Figure 16b. The
flow rate of the blood draw is so enough to ensure that the
catheter does not collapse.

As shown in Figure 16¢, pump 174 starts to draw the blood
bolus into the smaller tube 172. Syringe pump 171 pushes back
infusion fluid at the same rate of flow as pump 174 draws
blood. Thus, the blood collected in catheter 161 is not
moving.

After a large enough bolus of blood enters into tube 172,
pump 174 still works at the same rate, while syringe pump 171
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......... T eerit due

“Yaéresses " Its "flow rate substantially enough such that the
blood held in the catheter 161 is infused back to the body and
the blood bolus in thin tube 172 moves up toward the sensing
device 170. Subsequently, the four-way stopcock 175 rotates
back by 90° while the infusion fluid from the infusion pump
flows back to the vascular access point, as shown in Figure
led. Again, the blood bolus length in tube 172 is large
enough such that its center is not diluted with infusion
fluid. While valve 175 is in this position, the infusion
fluid accumulated at infusion fluid bag 166 can be transferred
into syringe pump 171 and from there back to the wvascular
access point on the next blood sampling period. This concept
is important, as the infusion fluid may contain medications,
and thus, its infused amount should be kept even when
interrupted by blood sampling. In addition, infusion fluid
bag 166 is kept empty and thus reduces its volume
requirements.

The testing step is illustrated in Figure 1l6e. Here,
pump 174 stops operation and a valve or other mechanism on
thin tube 172 (shown as a small circle) is opened to allow for
a small volume of blood to travel towards the sensing device
170. Sensing device 170 has already been described in great
detail with reference to sensor cassette 5 above and will not
be discussed in further detail herein. It is to be understood
by one of ordinary skill in the art that the sensor devices as
described above are equally applicable to the embodiment
described herein. When the blood measurement 1is complete,
pump 174 resumes operation and the remaining blood bolus in
thin tube 172 is flushed into waste bag 165, as shown in
Figure 16f.

Optionally, the measurement stage as shown in Figure 1léd
is skipped and the blood bolus is drawn through thin tube 172
to sensing device 170. Thus, pump 173 is not operated to push

the infusion fluid. If this option is exercised, a narrower
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e 8 i8ed fotr “drawing the blood, such as, but not limited
to a 0.5mm diameter tube. In using such a thin tube, filling
2m of the tube only requires 0.4cc of blood.

Figure 17 illustrates the disposable portion of the
automated Dblood analysis device 1in another embodimént.
Vascular access point 180 is connected to the catheter via a
connector. The tube 181 passes through the infusion pump 175,
which is connected to the infusion fluid bag. The set 1is
sterile prior to connection to the vascular access point. The
tubes are preconnected to the disposable measurement portions
of the device. After the system is connected to the infusion
bag and infusion pump, the system fills the tube with infusion
fluid automatically.

In another embodiment of the automated blood analysis
device, as shown in Figure 18, a saline bag 183 is added to
the system for self flushing without reliance on the external
infusion fluid that may contain medication. Saline bag 183 is
connected to the infusion tube via pump 171 in the flushing
step and pump 174 draws it into the thin tube 172 for flushing
the thin tube. The blood and saline mixture is flushed into
waste bag 166.

Figure 19 illustrates the layout of the functional
elements and workflow of another embodiment of the blood
analysis device of the present invention, wherein a controlled
volume pump is employed for precise fluid handling. Automated
blood analysis device 19 is connected to a catheter or a
venflon (not shown) leading to the patient 2, in oxder to
automatically collect blood samples and automatically measure
required Dblood parameters. Preferably, automated blood
analysis device 1 comprises main unit 3; sensor cassette 5,
which is preferably disposable; waste container 7; and
controlled volume pump 191.

Variable or controlled volume pump 191, such as but not

limited to a syringe pump is used for precise control of fluid
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et - tHroug™ the system. One of ordinary skill in the art
would appreciate that a peristaltic pump may be employed in
place of a syringe pump. Controlled volume pump 191 is
connected to a fluid access interface 18 for delivering the
blood sample to sensor cassette 5. As described with respect
to the embodiments above, sensor cassette 5 may optionally be
connected to a waste container 7 for disposing of at least a
part of the withdrawn blood volume. In the alternative, the
system disposes the entire blood sample and resumes normal
infusion operation. In yet another alternate embodiment, the
system reinfuses the entire sample and a waste container is
not required.

Automated blood analysis device 19 also comprises a
series of tubes, which have been described in detail above and
will not be repeated herein. In addition, automated blood
analysis device 19 includes a first automated valve 197 for
controlling the flow from an external intravenous line and a
second automated valve 198 for controlling the flow of fluids
to and from patient 2. The operation of valve 197 and valve
198 are fully automated and controlled by main unit 3. An
automated fluid access interface mechanism 18, described in
detail above and not repeated herein, enables a blood sample
to be brought automatically from the line to a blood sensor
within sensor cassette 5.

As shown in Figure 19, automated blood analysis device 19
can work as a stand-alone device, or can be connected in
parallel with external infusions (on the same venous line) or
external pressure transducers (on the same arterial line).

Referring again to Figure 19, the operational steps of
automated blood analysis device 19 will now be described
according to a preferred workflow when automated blood
analysis device 19 1is connected in parallel to external
infusions at the same vascular access point. It is to be

understood that such embodiment is exemplary but not limiting
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tHrdt that™ theé “"dlitomated blood analysis device 19 may be

connected to other external devices at the same vascular
access point. Automated blood analysis device 19 blocks the
operation of any connected infusion and/or external device
(such as an external pressure transducer) during the period of
blood sampling, in order to ensure that the blood sample is
not diluted/altered by other fluids injected in the patient.

An external infusion pump (not shown) is used to deliver
fluid from an external infusion line that is connected to the
same vascular access point as the automated blood analysis
device of the present invention. First valve 197 controls the
transport of intravenous fluid toward the controlled volume
punp 191, Second valve 198 controls the infusion of fluid
through the fluid access interface 192 to the patient. First
and second valves are preferably two and three way stopcocks,
the operation of which have been described in detail above
with respect to other embodiments.

When a sample cycle is initiated by the blood monitoring
device, valve 197 is closed. Thus, the system automatically
blocks the infusion fluid delivery until the blood sample is
withdrawn, ensuring a clean and undiluted blood sample.
Controlled volume pump 191 then withdraws a sample of blood
from patient by means of a syringe mechanism (not shown).
Controlled volume pump 191 may employ a blood sensor 199 to
verify the presence of blood prior to withdrawing a sample.

After a sample has been successfully withdrawn from the
patient 2, valve 198 is closed. The fluid access interface 18
is then initiated, sending the blood sample to sensor cassette
5 which connects to a signal processor to measure a signal
produced by the sensor upon contact with the blood sample
where the signal is indicative of at least one predetermined
parameter, such as glucose. After completing the automatic

blood measurement, the system may then optionally re-infuse at
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VEHSE “Hhart o £ the withdrawn blood into the patient and purge
the tubing, if required.

The system automatically resumes normal infusion
operation until the next blood chemistry reading is desired.
Thus, valve 198 is opened first and controlled volume pump 198
returns the intravenous fluid remaining in the line to patient
2. Valve 197 is then opened to resume normal operation of the
external infusion device. After a reading is obtained, fluid
access interface 18 and the tubing are flushed with
intravenous solution, using the controlled volume pump 191 and
valves 197 and 198.

Figure 20 illustrates the layout of the functional
elements of another embodiment of the automated blood analysis
device, wherein a single use opening is employed to deliver
the blood sample to the test substrate. Thus, the tubing
traditionally used for delivering the sample to sensor
cassette 5 is replaced with a single use transfer tube. This
embodiment of the plumbing system would reduce the need for
purging the tubing. Referring now to Figure 20, the fluid
access interface 18 allows for the sample to be delivered to
the sensor cassette via a single use opening on the fluid
access interface (not shown), or a single use transfer tube
2020. The excess fluid (waste) not needed for testing resides
in the transfer tube and need not be accessed again, thus
eliminating the need for a separate waste container.
Optionally, the single use opening may be a multi-use membrane
or multi-port valve.

The above examples are merely illustrative of the many
applications of the system of present invention. Although only
a few embodiments of the present invention have been described
herein, it should be understood that the present invention
might be embodied in many other specific forms without
departing from the spirit or scope of the invention.

Therefore, the present examples and embodiments are to be
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igofigtdered ~ag ~ i"llustrative and not restrictive, and the
invention is not to be limited to the details given herein,

but may be modified within the scope of the appended claims.
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We claim:

1. A device for periodically monitoring at least one

predetermined parameter of blood from a patient, comprising:

access device for gaining access to said blood with a
catheter;

a pump to withdraw blood from the patient in a
predetermined time schedule;

a dispenser to dispense a small amount of blood and
provide a blood sample;

at least one sensor in contact with said blood sample;

a controlled volume pump for transporting fluid through
the system; and

a signal processor to measure a signal produced by the at
least one sensor upon contact with the blood sample where the
signal is indicative of said at least one predetermined

parameter.

2. The device of claim 1 wherein the dispenser and the at
least one sensor are contained in a disposable cassette or

cartridge.

3. The device of claim 2 wherein the at least one sensor is

a single use sensor.

4. The device of claim 3 wherein the at least one single use

sensor is a component of a manual test system.
5. The device of claim 3 wherein the at least one

predetermined parameter is blood glucose and the at least one

single use sensor 1s a glucose test strip.
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e Tite device” §f claim 3 wherein the at least one single use

sensor is pre-calibrated.

7. The device of claim 3 wherein the at least one single use
sensor produces measurements and said measurements are
corrected by independent optical measurements of at least one

blood parameter.

8. The device of claim 1 wherein said device automatically
withdraws blood through the catheter and measures said signal
from an undiluted blood sample and wherein said catheter is
connected in parallel to at least one external line capable of
being used for external infusion or capable of being used by

an external pressure transducer.

9. The device of claim 1 wherein the signal processor
produces measurements and wherein information derived from
said measurements is automatically communicated to another

device which can modify a therapy based on the measurement.

10. A device for periodically monitoring at least one

predetermined parameter of blood from a patient, comprising:

access device for gaining access to said blood with a
catheter;

a pump to withdraw blood from the patient in a
predetermined time schedule;

a dispenser to dispense a small amount of blood and
provide a blood sample;

at least one sensor in contact with said blood sample;

a waste container in fluid contact with said at least one
sensor;

a controlled volume pump for transporting fluid through

the system; and
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4 signal processor to measure a signal produced by the at
least one sensor upon contact with the blood sample where the
signal is indicative of said at least one predetermined

parameter.

11. The device of claim 1 wherein the dispenser and the
at least one sensor are contained in a disposable cassette or

cartridge.

12. The device of claim 2 wherein the at least one

sensor is a single use sensor.

13. The device of claim 3 wherein the at least one
single use sensor is a component of an otherwise manual test

system.

14. The device of claim 3 wherein the at least one
predetermined parameter is blood glucose and the at least one

single use sensor is a glucose test strip.

15. The device of claim 3 wherein the at least one

single use sensor is pre-calibrated.

1le. The device of claim 3 wherein the at least one
single use sensor produces measurements and said measurements
are corrected by independent optical measurements of at least

one blood parameter.

17. The device of claim 1 wherein said device
automatically withdraws blood through the catheter and
measures said signal from an undiluted blood sample and
wherein said catheter is connected in parallel to at least one
external line capable of being used for external infusion or

capable of being used by an external pressure transducer.
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18. The device of claim 1 wherein the signal processor
produces measurements and wherein information derived from
said measurements is automatically communicated to another

5 device which can modify a therapy based on the measurement.

19. A device for periodically monitoring at least one
predetermined parameter of blood from a patient, comprising:
access device for gaining access to said blood with a
10 catheter;
a pump to withdraw blood from the patient in a
predetermined time schedule;
a dispenser to dispense a small amount of blood and
provide a blood sample;
15 at least one sensor in contact with said blood sample;
a single use tube in fluid contact with said at least one
sensor to capture waste;
a controlled volume pump for transporting fluid through
the system; and
20 a signal processor to measure a signal produced by the at
least one sensor upon contact with the blood sample where the
signal is indicative of said at least one predetermined

parameter.
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