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BLOOGD COLLECTION SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS
[6001] This application claims priority {o and the benefit of ULS. Provisional Application No.

63/241,310 which was filed on September 7, 2021, and 15 meorporated by reference herein i ity

entirety.
TECHNICAL FIELD
{8002} The present mvention relates to blood collection system, and more particularly, to

blood collection systems configured to draw blood from a patient and to fill a culture botile with
an accurate predetermined amount of blood.

BACKGROUND

[8003] Dwuring blood collection for blood cultures from patients in hospital or other settings; it
is inipottant fo provide the blood culture bottles with a targeted antount of blood to ensure thiat the
drawn volume s neither too large nor tee small, since inoculating the blood culture with an
undersized and oversized sample can adversely affect the accuracy of the results of the blood
culture analysis. At this moment, the only feedback to the medical personne] (typically) drawing
bloed from a patient 1s visually mongtoring the fluid level in the blood culture bottle during blood
draw and discontinuing collection when the fill volume is determined to have been reached.
j0804] Currently, the medical personnel make this determination visually. The blood culure
bottle has a scale of volume measures on the botile or the boitle label. Ofien, the medical personnel
are required to mark the target filling volume for the blood on the side of the bottle. In practice,
this method 1s susceptible to grror. When a medical professional is drawing blood inte the blood
culture bottle, the medical personnel may not hiold the botile in a precisely vertical orientation,
making it difficult or even impossible to determine the actual volume of the blood collected and
making 1t hkely that the target volume of the blood 1s not oblained. Another 1ssue that can affect
the accuracy of the volume of blood drawn is the lack of untform instructions for how to properly
inoculate the blood culture bottle with the target amount of blood. Also, the needs of the patient
(who may have difficulties during the blood draw that might distract the medical personnel from
accurately monitoring the blood draw) might adversely affect the accuracy of the volume of blood

drawn by the medical personnel.
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[(605] Successfully culturing and detecting a bacteria that has infected a patient is highly
dependent on collecting the bacteria in the blood sample taken from the patient. The probability
of having bacteria in the bleood sample increases with an increase in the volume of blood collected.
Therefore, collecting the target volume called for 1n a blood culture bottle, one example of which
is a BACTEC™ culture bottle, with precision, is very important.

{6066} As noted above, currently, the medical personnel collecting the blood sample must
visually determine when the correct volume of blood has been drawn and collected in the culture
bottle, and stop the collection precisely at that point to avoid over-filling the blood culture botile.
Therefore, methods and apparatus for collecting blood that can ensure a target volume of blood is
accurately collected continue 1o be sought.

BRIEF SUMMARY

{6607} Described herein is a bloed collection system for determining an accurate blood fill
volume in a collection vessel. The blood collection system includes a flow contponent and a blood
metering device connected to the flow component. The flow component comprisex a flow channel
having a T-junction. The blood metering deviee includes a control unit for operating the blood
metering device, a barrel configured to align with an opening. such as a neck, of a collection vessel
tor recetving the neck therewithin, and an adapter including a luer connector at a first end portion
thereof for coupling with the control unit and a second end portion thereof for coupling with the
barrel. The control unit includes a housing defining a bload flow conduit for blood from a patient
to flow therethrough, a valve disposed within the blood flow conduit, and an elecironic module
disposed within an electronic compartment of the housing. The valve 1s adapted to allow the blood
from the patient to flow through the blood flow conduit when the valve is i an open position and
to stop the blood from the patient from Howing through the blood flow conduit when the valve is
i a closed position. A pressure sensor is disposed in a channel adjacent to and in fluid
communication with the T-junction.

{6008} Also described herein 18 a method for determining an accurate blood fill volume m a
collection vessel ‘with the blood collection system described above. The method includes
connecting the blood metering device to the blood collection vessel such that the blood mietering
device 1s m fluid communication with the bloed collection vessel, inputling a predetermined fill
volume to the blood metering device, detenmining a gas pressure in the collection vessel with the

valve closed, determining a target gas pressure in the collection vessel at the predeternuned fill
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volurne based on the inputted predeternuned fill volume and determined gas pressure, determining
an expected amount of time to reach the predetermined fill volume based on the determined target
gas pressure, closing the valve when the expected amount of time to reach the predetermined fill
volume is reached, continuously determining a gas pressure in the collection vessel, continuously
comparing the determined gas pressure in the collection vessel with the determined target gas
pressure, and closing the valve when the determined gas pressure is equal to the determined target
gas pressure.  The determined target gas pressure in the collection vessel indicates that a target
volume of blood has entered the collection vessel.

[86069] Also described herein is an alternate method for delermining an accurale blpod Gl
volume i a collection vessel with the blood collection system described above, The method
inchides connecting the blood metering device to the blood collection vessel such that the blood
metering device 18 in fluid communication with the bloed coliection vessel, inputting a
predetermined fill volume 16 the blood metering device, determining a target gas pressure in the
collection vessel at the predetermined fill volume, opening the valve to allow biood drawn from a
patient 1o flow, measuring pressure at a T-junction of the flow component as the blood flows
therethrough, determining gas pressure in the collection vessel based on the measured pressure at
the T-junction of the flow component, comparing the determined gas pressure in the collection
vessel with the determined target gas pressure, closing the valve when the determined gas pressure
is equal to the determined tarpet gas pressure. The determined farget gas pressure in the collection
vessel indicates that a target volume of blood has emtered the collection vessel.

{6016} These and other aspects of the present invention will be better understood in view of
the drawings and following detailed description.

BRIEF DESCRIPTION OF DRAWINGS

[061%} FIG. 1 15 a blood collection system according to an embodiment of the present
mvention.

{6012} FIG. 2 13 a cross-sectional view of a blood metermg device of the bloed collection
system of FIG. 1.

[8013] FIG. 3 15 a cross-sectional view of a control unit of the blood metering device of FIG.
2.

[6014] FIG. 4 15 a flow chart of a method for determining an accurate blood il volume m a

gollection vessel, according to an emnbodiment of FIG. L.
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[6015] FIG: 5 is a flow chart of a method for determining an accurate blood fill volume i a
collection vessel, according to an alternate embodiment.

{6016} FIG. 6 is-a graph of blood dynamic viscosity (shear rate vs. blood viscesity).
DETAILED BESCRIPTION

[6617] Embodiments of the present disclosure are described in detail with reference to the
drawing figures whetein hke reference numerals identify similar or identical elements. It is to be
understood that the disclosed embodiments are merely examples of the disclosure, which may be
embodied 10 various forms, Well-known functions or constructions are not described 1 detail to
aveid obscuring the present disclosure i unnecessary detail. Therefore, specific stroctural and
functional details disclosed herein are not 1o be mterpreted as limiting, but merely as a basis for
the claims and as a representative basis for teaching one skilled in the art 1o variously employ the
present diselosure in virtually any appropriately detailed structure.

[0018] The bload metering device deseribed herein collects blood from a patient and fills a
blood collection vessel or collection botile, which the device is attached, with an accurate volume
of blood. The collection bottle is any suitable container for receiving a blood sample. One
example is a blood collection tube such a BD Vacutainer™ tube. BD Vacutainer is a registered
wrademark of Becton, Dickinson and Company. Another example is a blood culture bottle such as
the BACTEC bottle described above. The blood metermg device provides at least one oft 1) an
mdication when a target volume of blood has passed through the device and into the collection
bottle; or 2) an automatic shut off when a target volune of blood has passed through the device
and into the collection bottle.

[8019] FIG. 1 illustrates a blood collection system 10 comprising a blood metering device 12
according to an embodiment of the present technology, The blood collection system 10 includes
a butterfly needle 14, tubing 16, and a blood metering device 12 connected to the butterfly needle
14 via the tubing 16, Specifically, the buiterfly needle 14 15 connected to a first end 18 of the
tubing 16 and the blood metening device 12 1s comected {o a second end 20 of the tubing 16 viaa
tubing connector 22.

[8020] Although in the illustrations herein, the blood collection system 10 s illustrated with a
collection vessel 24 resting on its bottom surface, the blood collection system is not required to be
in this precise orientation. If the collection vessel 24 is held in an upright but tilled position, the

blood collection will also be tilted from vertical. Sine the pressure in the headspace of the culwure
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bottle 1y monitored by the blood collection system 10, the blood collection system: 10 isheld m a
position that penmits communication of the blood collection system 10 with the headspace of the
culture bottle to make the necessary measurements.

{0021} Therefore, directional terms, such as top and bottom, are referenced to an orientation
m which the blood metering device 12 is connected to a collection vessel 24 placed on a flat
surface. Howoever, the present nvention is not thereby limited to use in any particular orientation.
{80221 During the process of collecting a blood sample from a patient, the butterfly needle 14
1§ used 10 pierce a vein or an artery of the patient. Driven by the vacuwn pressure created by the
collection vessel 24, blood froin the patient is directed toward the collection vessel 24 through the
tubing 16. A flow of blood is collected in the collection vessel 24, Along the way, the blood
passes through the blood metering device 12.

jo023] Reterring to FIGS. 2 and 3, the blood metering device 12 includes a control unit 26, a
barrel 28, and an adapter 30 configured to connect the control unit 26 and the barrel 28.
Specifically, the control unit 26 1s connected to 3 first end portion 32 of the adapter 30, and the
barrel 28 is commected to a second end portion 34 of the adapter 30. Thus, the adapter 30 is
connected to the control unit 26 and barrel 28 such that the control unit 26 and barrel 28 are located
on top and bottom of the adapier 30, respectively. The control unit 26, 8 barrel 28, and an adapter
30 are all in fluid conumunication with each other such that blood drawn from a patient flows to
the collection vessel 24,

[6624] Referring particudarly to FIG. 3, the control unit 26 includes a housing 36, a valve 38,
and an electronic module 490 disposed within the housing 36, The housing 36 defines a blood flow
conduit 42 for blood from a patient to flow therethrough to the collection vessel 24, an electronic
compartment 44 for accommodating the efectromc module 40 therewithin, and a connection cavity
46 for engaging and coupling with the adapter 30.

[8025] The blood flow conduit 42 extends between a first open end 48 and a second open end
50 thereof. If the collection vessel 24 is supported by a flat, horizontal swrface, the orientation of
the blood flow conduit 42 is approximately vertical. As can be understood with reference to FIGS.
1-3, the blood flow conduit 42 s connected to and is 1n fhuid conmunication with the tubing 16,
via the tubing connector 22, at-the first open end 48 of the blood flow conduii 42, The blood flow
conduit 42 defines a passageway 52 therewithin for the drawn blood to travel therethrough and to

the collection vessel 24, The passageway 52 of the blood flow conduit 42 extends between the
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first open end 48 of the blood flow conduit 42 and the second open end 50 of the blood flow
conduit 42, The connection cavity 46 is connected to the blood flow condmt 42 at the second open
endd 50 thereof. As stated above, the connection cavity 46 is dimensioned and configured to tightly
engage and couple with the adapter 30,

[8626] The valve 38 13 positioned within the blood flow conduit 42, The valve 38 is integrated
witlt a valve actuater for controlling blood flow from a patient. Valves 38 suitable for this purpose
are well known 1o one skilled in the art and are not described in detail herein. Suitable valves for
the blood metéring device 12 mclude a pinch valve, diaphragnt valves, ball valves, slide valves,
check valves, release valves, etc.

{6027} The electronic module 40 is disposed within the electronic compartment 44 and
inchides a printed cirenit board (PCB) 54.-for controlling various components i the blood metering
device 12, a pressure sensor 56 connected o the PCB 54, a user input contrel 58, a valve actuator
for controlling the valve 38, and a battery.

{6628} The PCB 54 mcludes a microcontrolier having a processor and a memory therewithin,
and other electronics necessary to facilitate the operation of the various components of the blood
metering device 12. For example, the processor can actuate the valve actuator to open the valve
38 to commence the blood collection process and elose the valve 38 once the predetermined fill
volume has been filled 1n the collection vessel 24. The memiory stores mformation therein that
controls the operation of the blood metering device 12, Non-limiting examples of such information
includes total blood volume that passes through the blood metering device 12 (le., the
predetermined {ill volume), the maximum duration of the blood draw {after which time the bloed
metering device 12 terminates further collection of the blood from the patient), and changes in
blood flow rate from the patient indicative of vein collapse. In addition, the microcontroller
provides blood collection process nformation 16 the user via an LED (not shiown) or other suitable
irdicator/display installed on the blood mietering device 12, For example, the LED provides an
mdication of blood volume that has passed through the blood metering device 12 (illustrated as
colored light) and has reached the predetermined fifl volume. Other indicators that the
predetermined fill volume has been received by the collection vessel 24 include sensory alerts such
as vibration alert or audible signal.

[6029] The user mput control 58 allows a user to input mformation (e.g.. predetermined fill

volume) for the microcontroller to compute and determine necessary information for operating the
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blood collection system 10, In addition, the audio volume of the blood metering device 12 may
be adpusted via the user mput control 58.

180307 ‘The valve actuator controls the flow of blood collected from the patient by keeping the
valve 38 closed when blood draw from the patient commences. After blood draw 1s commenced,
the valve actuator receives a signal from the microcontroller indicating that blood flow has started.
In response to such signal, the valve actustor gradually causes the valve 38 to open. In addition,
the valve actuator is progranmumed, via the mucrocontrolier, to open the valve 38 in a manner that
niitigdtes hemolysis of the blood Howing through the blood flow conduit 42

[8031} Once the predetermined fill volume ot blood has been filled in the collection vessel 24,
the microcontrotler again sends a signal to the valve actuator indicating that the predetermined fill
volume has been reached. Inn response to such signal, the valve actuator causes the valve 38 to
close and automativally shut the blood metering device 12 off)

[0832] Suitable valve actuators are well known to one skilled in the art and are not described
m detail herein. Such actuators mclude moving magnet actuators, nucre actuators, selenoids,
paired magnets, DC motors, ete. that, in response to a signal, cause the valve 38 to open or close.
[6633] Referring agam to FIG. 3, a narrow channel 60 13 defined in the housing 36 of the
conttrod unit 26 and connects the blood flow conduit 42 and the pressure sensor 36 disposed within
the electronic compartment 44 of the housing 36. The channel 60 allows the pressure sensor 56 io
measure the gas pressure in the collection vessel 24 when the valve 38 is closed, which stops the
bloed from flowing through the blood metering device 12 and 1o the collection vessel 24,

{8034} Referrmg agam to FIGS. 2 and 3, as stated above, the adapter 30 i configured to
comnect to both the comtrol vnit 26 and the collection vessel 24. Specifically, the adapter 30
inchades a huer connector 62 af the first end portion 32 for coupling with the control unit 26 and s
needle (not shown) contained in a rubber sheath 64 at the second end portien 34 for coupling with
the collection vessel 24. The Iner connector 62 is inserted mto the connection cavity 46 of the
controf unit 26 such that the hier connector 62 is tightly engaged with the commection cavity 46 and
connected to the control unit 26. The needle in the adapter 30 is used to pierce a cap 66 of the
collection vessel 24 and to fill blood drawn from the patient in the collection vessel 24, Thus, the
blood metering device 12 is adapted to be flurdically coupled to the collection vessel 24, While,

in the depicted embodiment, the adapter 30 is connected to the control unit 26 via the lwer
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connector 62, alternatively, the adapter 30 may be coupled to the control unit 26 by other
conventional coupling means (e.g. threaded connection, snap connection, ete.}.

{8035} ‘The barrel 28 is contfigured to I connected to the adapter 30 at the second end portion
34 thereof. The barrel 28 1s designed and dimensioned such that once the needle pierces the cap
66 of the collection vessel 24, the barrel 28 aligns with a neck 68 of the collection vessel 24 such
that the neck 68 is received within the barrel 28,

[8036] The blood metering device 12 is made of one or more materials having suitable
properties for a desired application, including strength, weight, ngidity, etc. Plastic (e.g..
polypropylene, polyethylene, etc) is preferred for the housing 36 and barrel 2R of the blood
metering device 12,

{6637} The bleod metering device 12 according io the present technology is configured to
nontior, measure, and control the fill level of the collection vessel 24 (e.g.. the volume of the
blood introduced inio the collection vessel) by measuring the gas pressure i the colléction vessel
24 using the pressure sensor 56, Specifically, as the bleod enters the collection vessel 24, the pas
pressure m the collection vessel 24 increases, which ix caused by addition of the hiood to the
collection vessel 24, which reduces the gas volume in the container. Thus, the blood collection
system 10 mieasures the vacuum pressure in the collection vessel before and, during the bloed
collection process, estimates the amount of blood added to the collection vessel 24 at a specific
time. This estimation of the amount of blood added to the collection vessel 24 mav be calculated
using Bovle’s law, which states that the pressuwre of 3 given quantity of gas varies inversely with
its volume, This relationship 1s linear, if pressure on a gas doubles, its volume decreases by one-
half. The estimation may be determined using Boyle's law since the total volume of the collection
vessel 24 and the total amount of gasin the collection vessel 24 do not change.

{6638} Inthe device described herein, avalve 38 is provided in order te stop the flow of sample
into the collection vessel 24 in order to measure the mternal pressure of the collection vessel from
which the fifl vohune can be determined.

[6039] The valve 3% is located between a patient {(not shown) and the narrow channel 60 for
that s in communication ‘with pressure sensor 56 in the control vhit 26. The location of the valve
38 allows the pressure sensor 56 (o measure an imtial pressure at the narrow channel 60 of the
control unit 26. The pressure sensor 56 is disposed in an amtight chamber, so it is placed in a

closed systeny, and the only iifluence on the pressure sensor measurement is the fluid pressure of
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the blood in the passageway, which increases as the blood enters the collection vessel 24 and
increases the pressure in the headspace of the collection vessel 24, When the blood metering
device 12 is initially connected to the collection vessel (24 in FIG. 1) to commence the blood
collection process, the valve 38 1s mitially closed.

[6840] A membrane {not shown) may be disposed between the pressure sensor 36 and the
bloed Howing 1n the narrow channel 60 to ensure the sterility of blood sample from the patient and
that the sample is not contaminated by impurities such as bacteria that might be resident in non-
sterile areas of the pressure sensor 56. The membrane allows pressure to be transmitted from the
sterile area to the pressure sensor 56 but to block living organisms (e.g.. bacteria, fungi, elc.) from
travelling from the non-sterile pressure sensor area to the sterile area. The membrane can be air-
permeable, or aliernately flexible and non-permeable.

[B041] FIG. 4 illustrates a method 100 of determining an accurate bloed fill volume in a bloed
collection vessel 24 using the blood collection system 10 in accordance with the first embodiment
of the present technology. At step 102, a blood collection process is commenced by inputting (or
selecting) a predetermined desired fill volume {Vp) to the blood metering device 12 by a user.
Then, at step 104, with the valve 38 closed, the gas pressure in the collection vessel 24 s measured
using the pressure sensor 56 disposed in the control unit 26. By using the pressure sensor fill
algarithm hased on Boyle’s law, the user mnput and the measured gas pressure, the nucrocontroller
of the blood metering device 12 determines the farget pressure (Pr) of the gas in the collection
vessel 24 that will indicate that the desired fill volume (Vp) has been added into the collection
vessel at step 106. At step 108, using the pressure sensor filf algorithm and based on the target
pressure, the shortest expected amount of time (T) to reach Vp is caleulated. At step 110, a timer
for T is set, and a sipnal i3 sent to the valve aetuator to open the valve 38 to permit blood drawn
from a patzent to flow to the collection vessel 24. When 1 has reached, at step 112, a signal 16 sent
to the valvé actuator to close the valve 38 fo stop blood drawn from a patient {o flow to the
collection vessel 24, At step 114, the pressure sensor 56 measures the gas pressure m the collection
vessel 24 and transmits current pressure data to the microcontroller of the blood metering device
12, At step 116, the blood metering device 12 compares the received gas pressure data (e.g.,
current gas pressure in the collection vessel) with target pressure Pi. I the blood melering device
12 determines that the measured gas pressure (Po) i the collection vessel 24 at the current fill

volume is equal to the target pressure Py, a signal 13 sent to the valve actuator o keep the valve 38
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closed and the blood metering device 12 turns off avtomatically at step 118, If however, the blood
metering device 12 determines Pe is less than Py at step 116, the steps 104-116 are repeated until
P is equal to Py.

[0042] In an alternate embodiment, the fill Tevel of the collection vessel 24 (e.g., volume of
the blood in the collection vessel) is determined by measuring the gas pressure at the T-junction
point (Pr} 70 {shown in FIG. 3) located in the blood flow conduit 42 of the control unif 26. Thus,
rather than closing the valve 38 repeatedly and stopping blood flow to measure the pas pressure in
the collection vessel 24 during the blood collection process as described 1n the first embodiment,
an algorithm based on physical modelling of the fluid flow system 1s psed to mfer the gas pressure
i the collection vessel 24 based on the gas pressure at the T-junction point 70. The fluid pressure
at the T-panction point 70 18 continnously monittored and measured as the blood sample flows
through the passageway 32 and into the collection vessel 24. In one optional embodiment, the
correlation between the measured gas pressure at the T-junction point 70 and the gas pressuré m
the collection vessel 24 (from which the volume of the blood sample that has entered the collection
vessel 24 is determined) will be described in greater detail below.

[6043] The blood flow path comprises various components that channel the blood from
collection and into the collection vessel. Forexample, and as tlusirated, biood flows from a patient
and travels through the butter{ly needle 14, fubing 16, pressure sensor 36, blood flow conduit 42,
needle (not shown) contained in the rubber sheath 64 and into the collection vessel 24, Although
a particular selection and arrangement of components is deseribed, contemplated herein are other
components that can be arranged to convey heood collected from a patient to a blood collection
vessel, wheretn the fluid pressure in the passageway 13 measured by a sensor to determine the
amount of blood that has entered the collection vessel,

[0844] Becanse of the effect of the various components in the blood fluid pathway, the
measured pressure of the fluid by the pressure sensor 56 may be substantially different from the
pressure i1 the collection vessel 24. For example, the pressure of the blood drawn from the patient
drops from atmospheric pressure af the patient to 8.5 bhar (30 kilopascals) to 0.75 bar (75
kilopascals) absohute pressure of the collection vessel 24, Due to this presswe drop. the gas
pressure in the collection vessel (P} can differ substantially from what the pressure sensor 36

measures as the blood travels through the passageway 52 of the blood flow condust 42.
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[0045] The variables for determining the pressure at any given point in the biood flow pathway
inchade the blood vizcosity, the diameter of each of the various component of the blood flow
patlovay (e.g., blood flow conduit 42, the passageway 52), the flow rate, and the absolute pressure
in the collection vessel 24. None of these variables are known by the control unit 26. Optionally,
these variables can be related to the pressure drop and may be determined, for example, by using
the Hagen—Poiseuille equation.
8046} To accurately set the fill volume (Vo) 6f the collection vessel 24, the control unit 26 is
programmed o determime an accurate estimate of the value Pr at both the start and at the end of
the blood fill process. However, hecause the pressure sensor 56 is configured {0 measure the gas
pressure at the passageway 52 of the bloed flow conduit 42, described herein is a novel and
inventive way for the control nnit 26 to determine an accurate estimate of Pe at both the start and
end of the blood fill process.
[0847] In one enthodimient, the éstimate of Pe is based on the relationship between P and Pr.
Such arelationship is optionally derived by the application of the Hagen—Potseuille equation while
making assumptions about the sheer rate of blood in the device, the linear flow behavior of the
fluid-carrying components doring the blood draw, and the blood pressure in the patient.
[0048] In one examiple, resistances to flow can be modelled using the Hagen—VPoiseuille
equation (Ap = & p LQ / (xr')). In this equation the variables are:

Ap is the pressure difference between the two ends;

L is the length of fluid flow component;

it is the dynamie viscosity of the fluid (e.g., the blood);

(J is the volumetric flow rate of the fluid in the fluid flow component;

r 18 the pipe radigs; and

A 1x the cross-sectional area of the fluid flow channel 1 the fluid fow component.
[6049] Fora draw with a given length of a fluid flow component (e.g., tubing for purposes of
this example) L. £. and 7 remain constant provided that the fluid flow chamel of the relevant
component is not being pinched during the draw. Given these assumptions, the equation can he
simphified to:

Ap=c ¥ (1

where ¢ = 8LAm). (2}
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The flow resistance R of a given segment of tubing (i.e, a flow component} can then be defined
as;
R=Ap/ Q. (3
Combining these:
R=Ap/Q=c*pQ/Q=cu(d)
{6050} Forthe first section of blood collection compoenents, between the patient and the valve:
RI=cl*ul (5}
R2 =¢2 ¥ pl (6}
[8051} Durnig the blood fill process, the collection vessel pressure (Pe) may be estimated using
the following equation:

Pe=P¢+ { RziREj * (P 1P ambient} (7>

where R1 is the flow resistance between the palient and the valve 38, R2 18 {he flow resistance
between the valve 38 and the nside of the collection vessel 24, and Panveer 15 the antbient air
pressure. {R2/R1) is assumed 10 be a constant during the duration of the blood draw,
{8082} Although not Wishing to be held to a particular theory, this assumption is based on the
fact that there is the 4" power dependence on r. Therefore, resistance of a section of tubing will
be domtinated by the components with the narrowest flow channels (i.e., smallest v) in that section.
Inn the context of the bload collection system described herein, the narrowest flow channel is the
needle into the patient’s arm in the case of R1, and the needle prercing the septum of the collection
vessel in the case of R2.
[8653] In one embodiment in which the patient needle flow channel radius is approximately
equal to the radiuy of the flow channel for the collection vessel septum needle, the sheer vate v
will be the same for both R and R2. Also, fora iml/s fill rate (of the collection vessel) with a
).5mm inner diameter needle, the sheerrate is calculated to be 5093 per second. For tubing with a
Imm inner diameter, this value falls to a sheer rate of 2546 per second. The dynamic viscosity m
this region 1s substantially constant ag illustrated in FIG. 6.
[B054] This means the equation can be simplified to the following, which reveals that the value
of RZ/R 1 15 a constant.

(R2/R1} =(e2 * ) / (¢l * py = c2/el = constant (¥)

[8055] By using the equation:
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{(R2/RD) ={Pe-PT)/ (PT-Pampieny. (D)
(R2/R1) may be estimated immediately after {e.g., one second) opening the valve 38 for the first
time atfter connecting the blood collection system 10 to the patient. Since the pressure sensor 56
15 close o the collection vessel 24, 1 ix also possible to use a pressure spike at the pressure sensor
56 to infer (R2/R1} when blood first starts entering the collection vessel 24, Puguient 15 equal to the
patient blood pressure {e.g., 1 bar or 100 kilopascals) or may be tneasured prior {o the blood draw,
[8056] FIG. § ilustrates a method 300 of determining an accurate blood fill velume in a blood
collection vessel 24 using the blood collection system 10 in actordance with the aliernate
embodiment of the present technology. Atstep 302, a blood collection process 15 commenced by
mputting {or selecting) a predetermined fill volume (Vp) to the blood metering device 12 by a user.
By using the pressure sensor fill algorithm based on the Bovle's law and the user input; the
ntierocontroller of the blood metering device 12 determines the target pressure (P1) of the gas in
the collection vessel 24 that will indicate that the desired fill volume at {Vp} has been added into
the collection vessel at step 304, At step 306, a signal is sent to the valve actuator to open the
valve 38 to permit bleod drawn from a patient to flow through the blood metering device 12
Thereafter, at step 307, the blood collectionysystem 10 waits untii the blood drawn from the patient
starts fitling the collection vessel 24. At step 30&, pressure (P1) at the T-junction point 70 is
measured as blood flows therethrough. Then, at step 310, the microconiroller of the blood
metering device 12 determines the gas pressure (Po} in the collection vessel 24 based on Py and
using the algorithm hased on physical modelling of the fluid How systenm. At step 312, the blood
muetering device 12 compares Pe with Py If the blood metering device 12 determines that Pe i
equal to P1, a signal is sent to the valve actuator to close the valve 38 to stop the blood flow, and
the blood metering device 12 tuns off avtomatically at step 314, If, however, the blood metering
device 12 determines that Pc is less than Py at step 312, the valve 38 is kept open to permit the
blood to travel to the collection vessel 24, and the steps {308-312) are performed again. The steps
(308-312) are repeated until Pe is equal to Py
{0057} Deseribed herein is a blood collection system having a flow component comprising a
flow channel extending between a first end and a second end of the flow component; a butterfly
needle connecied to the first end of the flow component; and a blood metering device connected
to the second end of the flow component, the bleod metermg device having a control unit, the

contro! unit inclunding a housing defining a blood flow conduit for blood from a patient to flow
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therethrough, a valve disposed within the blood {low condutt, the vaive adapted to allow the
blood from the patient to flow through the blood flow condwit when the valve 1s in an open
position and to stop the blood from the patient from flowing throngh the blood flow cenduit
when the valve is 1n a closed posilion, and an electronic module disposed within an electronic
compartment of the housing. The system also has a barrel configured to align with a neck of a
collection vessel for receiving the neck therewithin and an adapter meluding a luer connector at a
first end portion thereof for coupling with the control unit and a second end portion thereof for
coupling with the barrel

[8058] In one aspect, the systent has a comection cavily s defined within the housing of the
control unit for engaging and coupling with the adapter. In a further aspect, the blood flow
conduit defines a passageway therewithin for the blood from the patient to travel therethrough
and to the collection vessel. In any of the above aspects, the electronie module includes a printed
circuit board for controlling components in the blood metering device, and a pressuré sensor
connected to the printed circuit board, and a user inpuf control. In any of the above aspects, a
channel is defined in the housing of the control unit and conneets the blood flow conduit and a
pressure sensor disposed within the electronic compartment of the housing. In any of the above
aspects, the channel allows the pressure seniser to measure a gas pressure in the collection vessel
when the valve is closed, which stops the blood from flowing through the blood metering device
and to the collection vessel

{6059} In any of the above aspects, the control unit, barrel, and adapter are all connected and
in {luid communication with each other such that blood from the patient flows to the collection
vessel.

[6660] In a further aspect, deseribed herein ts a method for determining an aceurate blood fill
volume in a collection vessel, the method comprising: providing a blood collection system
having a flow component with a flow channel extending therethrough between a first end and a
second end; a butterfly needle connected {o the first end of the flow component; and a blood
metering device connected to the second end of the flow component, the blood metering device
having a control unit, the contrél unit including a8 housing defiing a blood flow conduit for
blood from a patient {o flow therethrough, a valve disposed within the blood How conduit, and an
electronic module disposed within an electronic compartment of the housing. In a further aspect

the system has a barrel configured to align with a neck of a blood collection vesse] to receive the
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neck therewithin; and an adapter mcluding a luer connector at a first end portion thereof for
couphing with the control unit and a second end portion thereof for coupling with the barrel. The
method further comprises connecting the blood metering device to the blood cellection vessel
such that the blood metering device 18 in fhud communication with the blood collection vessel;
mputting a predetermined fill volume to the blood metering device; determining a gas pressure in
the collection vessel with the valve closed. According to the method, based on the inputied
predetermined fill volume and determined gas pressure, a target gas pressure is determined in the
collection vessel at the predetermuned fill volume. Based based on the determined target gas
pressure, an expected amount of time fo reach the predetermined fill volume 1s deternimed.
According to the method, the valve is closed when the expected amount of time to reach the
predetermined fill volume is reached. The gas pressure in the collection vessel 1s continuously
determined and the determined gas pressure in the collection vessel continuonsly compared with
the determined target gas pressure. The method further comprises closing the valve when the
determined gas pressure is equal to the determined target gas pressure, wherein the determined
target gas pressure in the collection vessel indicates that a target volunie of blood has entered the
collection vessel

[a061] In one aspect of the method, a channel is defined in the housing of the control unit
and cotmtects the blood How conduit and a pressure sensor disposed withun the electronic
compartment of the housing. Ina further aspect, the channel allows the pressure sensar to
measure the gas pressure in the collection vessel when the valve is closed, which stops the blood
from flowing through the blood metering device and to the collection vessel.

[8662] Also described herein is a blood eollection system having: i) a flow component
comprising a flow channel extending between a first end and a second end, the flow channel
having a T-junction: i) a buttertly needle connected to the first end of the flow component; 1) a
valve disposed between the butterfly needle and the T-junction of the flow channel; v} a
pressure sensor disposed in a channel adjacent to and in thud commmunication with the T-
junction, and v} a blood metering device connected to the second end of the flow component, the
blood metering device having: 1) a control unit, the control wit including a housing defining a
blood flow conduit for blood from a patient {o How therethrough and an electronic module
disposed within an electronic comparbment of the housing; 11} a barrel configured to align with a

neck of a collection vessel for receiving the neck therewithin: and i1} an adapter including a luer
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connector at a first end portion thereof for coupling with the control unit and a second end
portion thereof for coupling with the barrel.

|0063] In a further aspect, a connection cavity is defined within the housing of the control
amt for engaging and coupling with the adapter. In yet another aspect, the blood flow conduit
defines a passageway therewithin for the blood from the patient to travel therethrough and to the
collection vessel, According to any of the above aspects, the elecironic module mcludes @ printed
cirenit board for controlling components in the blood metering device, the pressure sensor
connected to the printed circuit board, and a user input control.  According to the above aspeets,
the channel 1s defined in the housing of the control unit and conects the blood flow conduit and
the pressure sensor. According to the above aspects, the control unit, barrel, and adapter are all
commected and in fluid communication with each other such that blood from the patient flows to
the collection vessel. According to the above aspects. the channel allows the pressure sensor to
pigasure a gas pressure at the T-junction.

{64} Described herein is a forther method for determining an accurate blood fill volume in
a collection vessel, the method comprising: providing a blood collection system having 1} a flow
component comprising a flow channel extendinig between a first end and a second end, the flow
component comiprising a T-junction: 11} a butterfly needle connected 0 the first end of the tlow
component; iii} a valve disposed between the buiterfly needle and the T-junction of the flow
component; iv} a pressure sensor connected to the flow component at the T-junction; and

[8065] v} a bleod metering device connected to the second end of the flow component, the
blood metering device having: 1) a control un#t, the control untt including a housing defining a
blood flew condut for blood from a patient fo flow therethrough and an electronic module
disposed within an electronic compartment of the housing; 11}y a barrel configured to align with a
neck of a blood collection vessel to receive the neck therewithing and ii1) an adapter including a
tuer connector at a first end portion thereof for coupling with the control unit and a second end
portion thereof for coupling with the barrel. The method further comprises: a) connecting the
blood metering device to the blood eotlection vessel such that the blood metering device is in
fiuid communication with the blood collectionvessel; b) inputting a predetermined fill volume to
the blood metermg device, ¢) deternuning a target gas pressure m the collection vessel at the
predetermined 3l volume; d) opening the valve o allow blood drawn from a patient to flow; )

measuring pressure st the T-junction of the flow component as the blood flows therethrough; )
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deternyining gas pressure-in the collection vessel based on the measured pressure at the T-
junction of the flow component; g) comparing the determined gas pressure in the collection
vessel with the determined target gas pressure; and h) closing the valve when the determined gas
pressure is equal to the determined targel gas pressure, wherein the determined target gas
pressure in the collection vessel indicates that a target volume of blood has entered the collection
vessel.

[80686] In a further aspect of the method, a chamuel is defined in the housing of the control
unit and connects the blood How conduit and & pressure sensor disposed within the electronic
compartment of the housing. In yet a further aspect, the channel allows the pressure sensor to
measure the gas pressure at the T-junction.

{6067} From the foregoing and with reference to the various figure drawings, those skilled in
the art will appreciate that certain modifications can also be made to the present disclosure without
departing from the scope of the samie. While several embodiments of the disclosure have been
shown in the drawings, it is not intended that the disclosure be limited thereto, as it is intended that
the disclosure be as broad in scope as the art will allow and that the specification be read likewise.
Therefore, the above description should not be construed as luniting, but merely ay
exemplifications of particular embodiments. Those skilled in the art will envision other

niodifications within the scope and spirit of the claims appended hereto.
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CLAIMS

i A bleod collection system comprising:
a flow component comprising a flow channel extending beiween a first end and a second
end of the flow component;
a buttertly needle connected to the first end of the flow component; and
a blood metering device connected to the second end of the flow component, the blood
pigtering device comprising;

a control unit, the control wnit including a bousing definnig a blood flow conduit
for blood from a patient to flow therethrough, a valve disposed within the blood flow
conduit, the valve adapted 1o allow the blood from the patient 1o flow through the hlood
flow conduit when the valve is in an open position and to stop the blood from the patient
from flowing through the blood flow conduit when the valve is in a closed position, and an
electronic module disposed within an electronic compartment of the housing;

a barrel configured to align with a neck of a collection vessel for recetving the neck
therewithin; and

an adapter including a luer connector at a first end portion thereof for coupling with

the control anit and a second end portion thereot for coupling with the barrel.

2. The blood collection system of claim I, wherein a connection cavity is defined within the

housing of the control nmt for engaging and coupling with the adapter.

3. The blood collection system of any one of claims 1 and 2, wherein the blood flow conduit
defines a passageway therewithin for the blood from the patient to travel therethrough and to the

collection vessel.

4, The blood collection system of any one of the precedimg claims, wherein the electronie
module includes a printed ciretit board for controlling components in the blood metering device,

a pressure sensor connected to the printed eircuit board, and a user input control.
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5. The blood collection system of any one of the preceding claims, wherein a channel 15
defined in the housing of the control unit and connects the bleod tlow conduit and a pressure sensor

disposed within the electronic compartment of the housing.

&, The blood collection system of claim 5, wherein the channel allows the pressure sensor to
measwre a gas pressure in the collection vessel when the valve is closed, which stops the blood
from Howing through the blood metering device and to the cellection vessel.

7. The blood volleciion system of any one of the preceding clamms, wherein the conirol unit,
barrel, and adapter are all connected and in fluid communication with each other such thatblood

from the patient flows to the collection vessel.

8. A method for detennining an accurate blood fill volume m a collection vessel, the method
comprising:
providing a blood collection systent comprising:
a flow component with a How channel extending therethrough between a first end
and a second end;
a butterfly needle connected to the first end of the flow component; and
a blood metering device connected to the second end of the flow component, the
blood metering device comprising;

a contro} untt, the control wnit mcluding a housing defining a blood flow
conduit for blood from a patient to flow therethrough, a valve disposed within the
blood flow conduif, and an eclectronie module disposed within an electronic
compartment of the housing;

a barrel configured 1o align with a neck of a blood collection vessel to
recerve the neck therewithin; and

an adapter including a tuer connector at a first end portion thercof for
couphing with the control unit and a seécond end portion thereof for coupling with
the barrel;

connecting the blood metering device te the blood collection vessel such that the blood

metering device is in fluid communication with the blood collection vessel;
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mputting a predetermined fill volume to the blood metering device;

determuning a gas pressure in the collection vessel with the valve closed;

determining, based on the inputted predetermined il volume and determined gas pressure,
a targetl gas pressure in the collection vessel at the predetermmed fill volume;

determing, based on the determined target gas pressure, an expected amount of time to
reach the predetermined fill volume;

closing the valve when the expected amount of time to reach the predetermined fill volume
1§ reached;

continuously determining a gas pressure in the collection vessel;

continnously comparing the determined gas pressure in the collection vessel with the
determined target gas pressure; and

closing the valve when the determined gas pressure is equal o the determined target gas
pressure, whetein the determined target gas pressure in the collection vessel indicates that a target

vohume of bleod has entered the collection vessel.

9. The method of claim &, wherein a channel is defined in the housing of the control unit and
conpects the blood flow conduit and a pressure sensor disposed within the electronic compartment

of the housmg,

10, The method of claim 9, wherein the channel allows the pressure sensor to measure the gas
pressure in the collection vessel when the valve 18 closed, which stops the bloed from flowing

through the blood metering device and to the collection vessel.

iL A bloed callection system comprising:

a flow component comprising a flow channel extending between a first end and a second
end, the flow channel having a T-junction;

a butterfly needle connected to the first end of the flow component;

a valve disposed between the butterfly needle and the T-junction of the flow channel;

a pressure sensor disposed in a channel adjacent to and in {Tuid communication with the T-

Jumnetion; and
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a blood metering device connected to the second end of the flow component, the blood
metering device comprising;

a control vnit, the conirel unit including a bousing defining a blood flow conduit
for blood from a patientto flow therethrough and an electronic module disposed within an
electronic compartment of the housing;

g barrel configured to align with a neck of a collection vessel for recetving the neck
therewithin; and

an adapter including a luer connector at a first end portion thereof for coupling with

the control unit and a second end portion thereof for coupling with the barrel.

12. The blood collection system of claim 11, wherein a connection cavity is defined within the

housing of the control unit for engaging and coupling with the adupter.

13 The bloed collection system of any one of claims 11 or 12, wherein the blood flow conduit
defines a passageway therewithin for the blood from the patient to travel therethrough and 1o the

collection vessel.

14, The blood collection system of any one of claims 11-13, wherein the electronic module
mchudes a printed circuit board for controlling components in the blood metering device, the

pressure sensor connected to the printed circuit board, and a vser input control,

15.  The blood collection system of any one of claims 11-14, wherein the channel is defined in

the housing of the control vnit and connects the blood flow conduit and the pressure sensor,

i6. The blood collection system of any one of claims 11-15, wherein the control umt, barrel,
and adapter are all connected and 1n fluid commumication with each other such that blood from the

patient flows to the collection vessel.

i7. The blood collection system of claim 15, wherein the channel allows the pressure sensor

to measure a gas pressure at the T-junction.
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18 A method for deternvining an accurate blood fill volume n a collection vessel, the method
comprising;
providing a blood cellection systemn comprising:
a flow component comprising a flow chamel extending between a firsi end and a
second end, the flow component comprising a T-junction;
g butterfly needle connected to the first end of the fiow component;
a valve disposed between the butterfly needle and the T-junction of the flow
component;
a pressure sensor connected to the flow component at the T-junction; and
a hlood metering device connected to the second end of the flow component, the
blood metering device comprising;

a control uait, the control unit including a housing detining a blood flow
conduit for blood from a patient to flow therethrough and mn electronic module
disposed within an electronic compartment of the housing;

a barrel confipured to align with a neck of a blood collection vessel to
recetve the neck therewithin; and

an adapter including a luer connector at a first end portion thereof for
coupling with the control unit and a second end portion thereof for coupling with
the barrel:

connecting the blood metering device to the blood collection vessel such that the blood
metering device s in fluid communication with the bloed collection vessel;

inputting a predetermined 1ill volume to the blood metering device;

determining a target gas pressure in the collection vessel at the predetermined fill velume;

opening the valve to allow blood drawn from a patient to flow;

measuring pressure at the T-junction of the flow component as the blood flows
therethrough;

determining gas pressuwe in the collection vessel based on the measured pressure at the T-
junction of the flow component;

comparing the determined gas pressure 1n the collection vessel with the determined {arget

gas pressure; and
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closing the valve when the determined gas pressure 1s equal to the determned target gas
pressure, wherein the determined tarpet gas pressure in the collection vessel indicates that a target

volume of blood has entered the collection vessel.

19. The method of claim I8, wherein a channel is defined in the housing of the control unit
and comects the blood flow conduit and a pressure sensor disposed within the electronic

compartment of the housing.

20. The method of clanm 19, wherein the channel allows the pressure sensor {o measure the gas

pressure at the T-junction.



