wo 2014/158469 A1 || I} NN OO0 OO0 O A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/158469 A1

2 October 2014 (02.10.2014) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
A61B 5/145 (2006.01) A61B 5/157 (2006.01) kind of national protection available): AE, AG, AL, AM,
. .. i AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/US2014/017036 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
19 February 2014 (19.02.2014) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(25) Filing Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(26) Publication Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(30) Priority Data: ZW.
61/777,728 12 March 2013 (12.03.2013) UsS
(84) Designated States (uniess otherwise indicated, for every
(71) Applicant: EDWARDS LIFESCIENCES CORPORA- kind of regional protection available): ARIPO (BW, GH,
TION [US/US]; One Edwards Way, Irvine, CA 92614 GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(72) Inventor: KEIDAR, Yaron; Edwards Lifesciences, One TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Edwards Way, Legal Department, Irvine, CA 92614 (US) EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
’ ? ? ’ MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
(74) Agents: CRAPENHOFT, Michael et al.; Edwards Lifes- TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,

ciences, One Edwards Way, Irvine, CA 92614 (US).

KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: CLOSED BLOOD SAMPLING SYSTEM WITH ACCESS PORT FOR ANALYTE MEASUREMENT

(57) Abstract: Systems and methods are provided for allow-
ing access to blood samples from a subject to facilitate ana-
Iyte concentration measurements. The system includes a
sampling line having an end configured for location in a sub-
ject's vasculature. The system also includes an access port
located in fluid communication with the sampling line. The
access port is configured for receiving at least a portion of
the blood sample receiving end of an analyte test strip. Using
the test strip, a user may determine an analyte concentration
of'the subject's blood.



WO 2014/158469 A1 |IIWAL 00TV A0 0 T AR

Published:
—  with international search report (Art. 21(3))



WO 2014/158469 PCT/US2014/017036

S1-

CLOSED BLOOD SAMPLING SYSTEM WITH ACCESS PORT
FOR ANALYTE MEASUREMENT

TECHNICAL FIELD

[0001] A closed blood sampling system for sampling blood from a subject,
wherein such system comprises an access port in fluid communication with the
vasculature of a subject for insertion of an analyte test strip to perform an analyte

measurement of the blood.
BACKGROUND

[0002] Various medical procedures and protocols require frequent blood analyte
measurement of a patient. For example, some protocols may require measurement of an
analyte, such as glucose concentration, every hour or so from a patient over an extended
time. Frequent blood draws can be disruptive to the patient’s care and can also
unnecessarily waste patient blood.

[0003] For this reason, closed systems have been developed that allow for frequent
blood draws and conservation of patient blood. These systems include needle or catheter
access to a patient’s vasculature and a sampling line comprising a vacuum device and an
access port. The access port is configured to receive a syringe needle. The care giver
draws blood from the patient using the vacuum device. The blood is drawn to the access
port. The user can then draw blood using a syringe inserted into the access port. The
remaining blood is then returned to the patient. The blood sample may either be provided
to a laboratory for analysis or the blood from the syringe may be dropped on a
conventional analyte strip (e.g., a glucose strip) for analysis by a conventional analyte
meter (e.g., a conventional glucose meter).

[0004] Present methods for measuring the concentration of an analyte in a subject’s
blood, however, have a number of drawbacks. First, sending a blood sample for a
laboratory for analysis is time consuming and not suitable for real-time or near-real-time
analyte concentration monitoring. In addition, using a syringe for regularly drawing blood

samples is inconvenient and requires the disposal of each syringe used. This method also
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does not efficiently conserve the patient’s blood, due to the excess blood drawn by the
syringe.

SUMMARY

[0005] Systems and methods are provided for allowing access to blood samples from a
subject via a closed blood sampling system, such that an analyte concentration measure of
the blood may be made with an analyte test strip. Using the test strip, a user may
determine an analyte concentration of the subject’s blood.

[0006] In one aspect, the present invention embraces a closed blood sampling system
that includes (i) a sampling line having a first end configured for location in the
vasculature of a subject, (if) a vacuum device positioned in fluid communication with the
sampling line, and (iii) a first access port in fluid communication with the sampling line.
The first access port is located between the first end of the sampling line and the vacuum
device. The first access portion is configured for (i) receiving at least a portion of a
sample receiving end of an analyte test strip and (i7) introducing a blood sample from the
subject to the at least a portion of the sample receiving end of the analyte test strip for
analyte measurement.

[0007] In another aspect, the present invention embraces a closed blood sampling
system that includes (7) a sampling line having a first end configured for location in the
vasculature of a subject and a second end, (if) a first access port in fluid communication
with the sampling line, and (iii) a second access port in fluid communication with the
sampling line. The first access portion is configured for (i) receiving at least a portion of a
sample receiving end of an analyte test strip and (i7) introducing a blood sample from the
subject to the at least a portion of the sample receiving end of the analyte test strip for
analyte measurement. The second access port is located between the first access port and
the second end of the sampling line. The second access port is configured for receiving a
vacuum device.

[0008] In a further aspect, the present invention embraces a method for measuring an
analyte in a subject’s blood. First, a closed blood sampling system is provided. The
closed blood sampling system includes (i) a sampling line having a first end configured for

location in the vasculature of the subject, (if) a vacuum device positioned in fluid
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communication with the sampling line, and (iii) a first access port in fluid communication
with the sampling line. The first access port is located between the first end of the
sampling line and the vacuum device. The first access portion is configured for

(i) receiving at least a portion of a sample receiving end of an analyte test strip and (ii)
introducing a blood sample from the subject to the at least a portion of the sample
receiving end of the analyte test strip for analyte measurement. Next, the first end of the
sampling line is inserted into the vasculature of the subject. Then a vacuum pressure is
applied with the vacuum device to thereby draw blood from the subject to the location of
the first access port. At least a portion of a sample receiving end of an analyte test strip is
inserted into the first access port to expose at least a portion of the sample receiving end of
the analyte test strip to the subject’s blood. Finally, a blood analyte concentration of the

subject’s blood is determined using the analyte test strip.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Having thus described embodiments of the system in general terms, reference
will now be made to the accompanying drawings, where:

[0010] FIG. 1 is a perspective view of an exemplary closed blood sampling system in
accordance with the present invention;

[0011] FIGs. 2A and 2B are cross-sectional views of an exemplary access port in
accordance with the present invention;

[0012] FIG. 3 is a perspective view of another exemplary closed blood sampling
system in accordance with the present invention; and

[0013] FIG. 4 is perspective view of an analyte measurement device being used in
conjunction with a closed blood sampling system in accordance with the present invention.
[0014] FIG. 5 is a flow chart for an exemplary method for measuring an analyte in a

subject’s blood in accordance with the present invention.
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DETAILED DESCRIPTION

[0015] Embodiments of the present system and methods now may be described more
fully hereinafter with reference to the accompanying drawings, in which some, but not all,
embodiments of the system are shown. Indeed, the system and methods may be embodied
in many different forms and should not be construed as limited to the embodiments set
forth herein; rather, these embodiments are provided so that this disclosure may satisfy
applicable legal requirements. Like numbers refer to like elements throughout.

[0016] As used in the specification, and in the appended claims, the singular forms
“a”, “an”, “the”, include plural referents unless the context clearly dictates otherwise. The
term “comprising” and variations thereof as used herein is used synonymously with the
term “including” and variations thereof and are open, non-limiting terms.

[0017] Blood, as used herein, should be construed broadly to include any body fluid
with a tendency to occlude lumens of various body-access devices during sampling. The
body access devices include blood access devices such as catheters, tubes, and stents.
[0018] Systems and methods are provided herein for allowing access to blood samples
from a subject via a closed blood sampling system, such that an analyte concentration
measure of the blood may be made. Generally, the system of the present invention
includes an access port in fluid communication with a sampling line of the closed blood
sampling system. The access port is configured to receive a test sampling end of an
analyte test strip and place the analyte test strip in contact with subject blood in the
sampling line. In this manner, a measurement of an analyte concentration in the blood can
be determined via analysis of the analyte test strip. The analyte concentration determined
from analysis of the analyte test strip may be used as an independent determination of the
analyte concentration of the subject’s blood.

[0019] Accordingly, in one aspect, the present invention embraces a closed blood
sampling system for facilitating analyte measurements of a subject’s blood. An exemplary
closed blood sampling system 10 in accordance with the present invention is depicted in
FIG. 1. The blood sampling system 10 typically includes a sampling line 11, a vacuum
device 12, and an access port 15. The sampling line 11 includes a first end (e.g., a

proximal end) that is configured for location in the vasculature of a subject.
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[0020] The vacuum device 12 is in fluid communication with the sampling line 11.
The vacuum device 12 is configured for drawing a blood sample from the subject and
directing the blood sample to the access port 15. The vacuum device 12 is thus considered
upstream of the first end of the sampling line 11. In this regard, the vacuum device 12
typically includes a pump 12a (e.g., a hand pump or a rotating valve structure) for creating
a suction force for drawings a blood sample from the subject. That said, the vacuum
device 12 may be any device capable of drawing a blood sample from the subject and
directing the blood sample to the access port 15. As depicted in FIG. 1, the vacuum
device 12 may include a reservoir 13 for retaining a portion of a blood sample drawn from
the patient. As depicted in FIG. 1, the vacuum device 12 is typically integrated with the
closed blood sampling system 10.

[0021] The access port 15 is in fluid communication with the sampling line 11 and
with the vacuum device 12. The access port 15 is positioned between the first end of the
sampling line 11 and the vacuum device 12. In terms of blood sample flow, the access
port 15 is positioned so that the vacuum device 12 can draw a blood sample from the
subject and direct the blood sample to the access port 15. Accordingly, the access port 15
may be upstream of the first end of the sampling line 11 and downstream of the vacuum
device 12.

[0022] The access port 15 is configured to provide access to fluid within the access
port 15. As depicted in FIGs. 2A and 2B, the access port 15 typically includes a hollow
bore 20 in fluid communication with the sampling line 11 and a sealing septum 21. The
sealing septum 21 typically includes a resealable aperture 22 through which fluid within
the access port 15 can be accessed. In this regard, the sealing septum 21 may have a first
portion 21a and a second portion 21b with an aperture (e.g., slit) therebetween. The first
portion 21a and the second portion 21b typically join to form a mechanical seal to prevent
leakage through the aperture 22. The septum 21 can be formed of a latex, silicone,
urethane, or synthetic rubber material. Alternately, the septum 21 can be formed of a
thermoplastic elastomer. The material used for the septum typically is non-toxic and
sterilizable such as by means of radiation, steam, or Ethylene Oxide.

[0023] The access port 15 is typically configured to receive at least a portion of a

sample receiving end of an analyte test strip (e.g., a test strip used to measure glucose,
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cholesterol, proteins, uric acid, phenylalanine, ketones, or enzymes). The dimensions of
the hollow bore, septum, and aperture are sized to receive the test strip. In this regard, the
aperture typically has at least one dimension (e.g., a length) of between about

5 millimeters and 10 millimeters for receiving the sample receiving end of an analyte test
strip (e.g., a glucose test strip). In some embodiments, this dimension may be at least
about 6 millimeters. When a portion of a test strip is inserted into the access port 15, the
outer surface of the sealing septum 21 (e.g., the first portion 21a and the second

portion 21b) mates with the test strip to form a mechanical seal to prevent leakage through
the aperture 22.

[0024] In some alternative embodiments, the septum may not include an aperture but
may be merely puncturable by a portion of a test strip, for example, a wicking portion of
the strip. In this instance, the septum would have at least one dimension (e.g., a length or
a radius) of between about 5 millimeters and 10 millimeters for receiving sample receiving
end of an analyte test strip. In some embodiments, this dimension may be at least about 6
millimeters.

[0025] Any commercially available strip can be adapted to the present device and
methods. In one aspect, a low volume (e.g., a few microliters, sub-microliters, or
nanoliters), wicking-type analyte strip is used in conjunction with a low-volume access
port to minimize the amount and duration of the blood need for the analyte strip. In other
aspects, a custom strip, or portions of a commercial strip are customized, for the instant
device and method. Thus, the depth of penetration of the portion of the strip can be very
shallow (e.g., a few microns or millimeters).

[0026] The access port 15 allows a user or caregiver to obtain a sample of a subject’s
blood for analyte concentration measurement. For example, the vacuum device 12 can be
operated to draw a blood sample from the subject via the sampling line 11 such that blood
is present at the access port 15. A sample receiving end of an analyte strip may then be
introduced through the access port 15 to contact the subject’s blood. The analyte test strip
may then be used to determine a concentration of an analyte in the blood (e.g., a blood
glucose concentration).

[0027] As depicted in FIG. 1, the closed blood sampling system may include a shut off

valve 16 located between the access port 15 and the vacuum device 12. The shut off valve



WO 2014/158469 PCT/US2014/017036

-7 -

16 may be used to maintain a blood sample at the access port 15 after a blood draw to
facilitate blood sampling. In particular, the shut off valve 16 may be closed after the blood
draw to maintain a vacuum and thereby the blood at the access port 15 for sampling.
Closing the shut off valve 16 to maintain a vacuum may be particularly helpful if the
vacuum device 12 is manually operated.

[0028] In an alternative embodiment, at least a portion of the vacuum device 12 may
be removable from the closed blood sampling system 10. By way of an exemplary
alternative embodiment depicted in FIG. 3, the closed blood sampling system 10 may
include a vacuum-device access port 14 that is in fluid communication with the sampling
line 11 and is configured for receiving a removable vacuum device 12. In a particular
exemplary embodiment, the removable vacuum device 12 could be a syringe. The
vacuum-device access port 14 typically includes a hollow bore and a sealing septum
having a resealable aperture through which access to fluid within the second access port
can be accessed. The aperture typically has at least one dimension of between about

0.1 millimeter and 5 millimeters for receiving a portion of the removable vacuum device
(e.g., for receiving a syringe needle or syringe tip). The septum may not include an
aperture and instead may be puncturable, in which case the septum may have a dimension
of between about 0.1 millimeter and 5 millimeters for receiving a syringe needle. The
septum can be formed of a latex, silicone, urethane, or synthetic rubber material.
Alternately, the septum can be formed of a thermoplastic elastomer. The material used for
the septum typically is non-toxic and sterilizable such as by means of alcohol swabbing,
peroxide vapor, radiation, steam, UV, or Ethylene Oxide. The vacuum-device access port
may include a luer for connecting the second access port to a syringe or other form of
vacuum device.

[0029] In another aspect, the present invention embraces a method for measuring an
analyte in a subject’s blood. In this regard, FIG. 5 depicts an exemplary method 50 for
measuring an analyte in a subject’s blood. First, as shown in step 51, a closed blood
sampling system 10 as described herein is provided. Next, as shown in step 52, the first
end of the sampling line 11 is inserted into the vasculature of a subject. As shown in step
53, a vacuum pressure is then applied with the vacuum device 12 to thereby draw blood

from the subject to the location of the access port 15. If the closed blood sampling
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system 10 includes a shut off valve 16, the shut off valve 16 may then be closed to
maintain a vacuum and, thus, ensure that blood is at the access port 15 for sampling. As
shown in step 54 and as depicted in FIG. 4, at least a portion of a sample receiving end of
an analyte test strip 31 is then inserted into the access port 15 to expose at least a portion
of the sample receiving end of the analyte test strip 31 to the subject’s blood. Finally, as
shown in step 55, a blood analyte concentration of the subject’s blood is determined using
the analyte test strip 31. For example, the opposite end of the test strip 31 may be inserted
into an analyte measurement device 30 for determining a concentration of an analyte (e.g.,
blood glucose).

[0030] The results of the analyte measurement from the test strip can be used in
various ways. In some embodiments, the results can be used as an independent
verification of current analyte concentration. In other embodiments, the results may be
used in conjunction with data from an alternative analyte monitoring system, such as a
continuous analyte monitoring, for purposes of calibration, trend analysis, etc. of the
alternative analyte monitoring system. As an example, embodiments of the invention may
be used in conjunction with an interstitial fluid (IF) analyte sensor or an intravenous
analyte sensor. By way of a particular example, in one embodiment, a method of the
present invention may further comprise determining a blood analyte concentration of the
subject’s blood using an IF or intravenous analyte sensor. An offset value representing a
difference between an analyte concentration determined from the analyte test strip and an
analyte concentration determined from the analyte sensor could then be generated.

[0031] Where the analyte measurement device 30 and test strip 31 are considered of
sufficient accuracy, the results from the test strip may be used as a data point for
calibrating an analyte sensor based on the offset value. Alternatively, the test results and
offset value may be used to compensate subsequent analyte concentration values
determined from samples of the subject’s blood using analyte test strips.

[0032] As an example of the latter scenario, one or more readings from an analyte
measurement device 30 could be taken over time and compared with corresponding
readings from an analyte monitoring system. This can be used to determine an accurate
offset between the readings of the two devices, such that once the analyte monitoring

system is removed from the subject, subsequent readings from the analyte measurement
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device 30 can be applied to this offset to provide a more accurate analyte reading. In other
words, in one stage of patient care an II or intravenous analyte sensor may provide
continuous analyte monitoring, whereas a closed blood sampling system as described
herein may be used in conjunction with the analyte monitoring device 30 to provide
analyte monitoring during another stage of patient care.

[0033] As another example, one or more readings from an analyte measurement
device 30 could be taken over time and compared with corresponding readings from an
analyte monitoring system. Trending information may be established indicating a drift by
either the measurement device 30 or the analyte monitoring system.

[0034] Although many embodiments of the present system have just been described
above, the present system may be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will satisfy applicable legal requirements. Also, it will be
understood that, where possible, any of the advantages, features, functions, devices, and/or
operational aspects of any of the embodiments of the present system described and/or
contemplated herein may be included in any of the other embodiments of the present
system described and/or contemplated herein, and/or vice versa.

[0035] While certain exemplary embodiments have been described and shown in the
accompanying drawings, it is to be understood that such embodiments are merely
illustrative of and not restrictive on the broad system, and that this system not be limited to
the specific constructions and arrangements shown and described, since various other
changes, combinations, omissions, modifications and substitutions, in addition to those set
forth in the above paragraphs, are possible. Those skilled in the art will appreciate that
various adaptations, modifications, and combinations of the just described embodiments
can be configured without departing from the scope and spirit of the system. Therefore, it
is to be understood that, within the scope of the appended claims, the system may be

practiced other than as specifically described herein.
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WHAT IS CLAIMED IS:

1. A closed blood sampling system, comprising:

a sampling line comprising a first end configured for location in the vasculature of
a subject;

a vacuum device positioned in fluid communication with said sampling line; and

a first access port located between the first end of said sampling line and said
vacuum device, said first access port being in fluid communication with said sampling
line, said first access port being configured for (i) receiving at least a portion of a sample
receiving end of an analyte test strip and (ii) introducing a blood sample from the subject
to the at least a portion of the sample receiving end of the analyte test strip for analyte

measurement.

2. The system of claim 1, comprising a shut off valve positioned between said

vacuum device and said first access port.

3. The system of claim 1, wherein said first access port comprises a septum
comprising an aperture having at least one dimension of between about 5 millimeters and

10 millimeters for receiving the sample receiving end of an analyte test strip.

4. The system of claim 1, wherein said first access port comprises a septum
comprising an aperture having at least one dimension of at least about 6 millimeters for

receiving the sample receiving end of an analyte test strip.

5. The system of claim 1, wherein said first access port comprises a septum
comprising a resealable aperture for receiving the sample receiving end of an analyte test

strip.

6. The system of claim 1, wherein said first access port has a volume of between

about one nanoliter and one milliliter.
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7. A closed blood sampling system, comprising:
a sampling line comprising a first end configured for location in the vasculature of

a subject and a second end;

a first access port being in fluid communication with said sampling line, said first
access port being configured for (i) receiving at least a portion of a sample receiving end
of an analyte test strip and (i) introducing a blood sample from the subject to the at least a
portion of the sample receiving end of the analyte test strip for analyte measurement; and

a second access port located between said first access port and the second end of
said sampling line, said second access port being in fluid communication with said

sampling line, said second access port being configured for receiving a vacuum device.

8. The system of claim 7, wherein said second access port comprises a septum
comprising an aperture having at least one dimension in the range of 0.1 to 5 millimeters

for receiving a syringe.

9. The system of claim 7, wherein said second access port comprises a luer for

connecting said second access port to a syringe.

10. The system of claim 7, comprising a shut off valve positioned between said

first access port and said second access port.

11. The system of claim 7, wherein said first access port comprises a septum
comprising an aperture having at least one dimension of between about 5 millimeters and

10 millimeters for receiving the sample receiving end of an analyte test strip.

12. The system of claim 7, wherein said first access port comprises a septum
comprising an aperture having at least one dimension of at least about 6 millimeters for

receiving the sample receiving end of an analyte test strip.
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13. The system of claim 7, wherein said first access port comprises a septum
comprising a resealable aperture for receiving the sample receiving end of an analyte test
strip.

14. The system of claim 7, wherein said first access port has a volume of between

about one nanoliter and one milliliter.

15. A method for measuring an analyte in a subject’s blood, comprising:
providing a closed blood sampling system comprising:
a sampling line comprising a first end configured for location in the
vasculature of the subject;
a vacuum device positioned in fluid communication with the sampling line;
and
a first access port located between the first end of the sampling line and the
vacuum device, the first access port being in fluid communication with the
sampling line, the first access port being configured for (7) receiving at least a
portion of a sample receiving end of an analyte test strip and (ii) introducing a
blood sample from the subject to the at least a portion of the sample receiving end
of the analyte test strip for analyte measurement;
inserting the first end of the sampling line into the vasculature of the subject;
applying a vacuum pressure with the vacuum device to thereby draw blood from
the subject to the location of the first access port;
inserting at least a portion of a sample receiving end of an analyte test strip into the
first access port to expose at least a portion of the sample receiving end of the analyte test
strip to the subject’s blood; and
determining a blood analyte concentration of the subject’s blood using the analyte

test strip.
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16. The method of claim 15, wherein:

the closed blood sampling system comprises a shut off valve positioned between
the vacuum device and the first access port; and

the method further comprises closing the shut off valve after applying a vacuum
pressure with the vacuum device to thereby draw blood from the subject to the location of

the first access port.
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