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BLOOD DRAW SYRINGE WITH HEMOLYSIS PROTECTION

CROSS-REFERENCE TO RELATED APPLICATION

{6001] The present application claims priority to United States Provisional Application
Serial No. 63/090,602, entitled “Blood Draw Syringe with Heroolysis Protection”, filed
October 12, 2020, the entive disclosure of which is hereby incorporated by reference in its
cntirety.

BACKGROUND
{00021 A catheter is commonly used to infuse fluids into vasculature of a patient. For
examople, the catheter may be used for infusing normal saline solution, various medicarents,
or total parenteral nutrition,
{0083]  The catheter may include a peripheral intravenous ("IV”) catheter. In this case, the
catheter may be mounted over an introducer needle having a sharp distal tip. The catheter and
the introducer needle may be assembled so that the distal tip of the introducer needle extends
beyond the distal tip of the catheter with the bevel of the needle facing up away from skin of
the patient. The catheter and introducer needle are generally inserted at a shallow angle through
the skin into vasculature of the patient.
{6004]  In order to verify proper placeroent of the introducer needle and/or the catheter in
the blood vessel, a clinician generally confirms that there is “flashback”™ of blood in a flashback
chamber of the catheter assembly. Ounce placement of the needle has been confirmed, the
clinician may remove the introducer needle, leaving the catheter jn place for funure fluid
infusion.
{0005] Blood draws through peripheral intravenous catheters are not routinely performed,
in large part due to a risk of hemolysis of a blood sample withdrawn through the peripheral

intravenous catheter. When blood draw is perforrmed through the peripheral intravenous
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catheter, a commonly used blood colfection container is a VACUTAIN ER® blood collection
tube, available from Becton Dickinson & Company. In some instances, a syringe may instead
be used. However, the syringe has not been shown to reduce a risk of hemolysis compared to
the VACUTAINER®.

{0606]  Unfortunately, as blood is drawn into the syringe or VACUTAINER®, red blood
cells are in a high shear stress state and susceptible to hemolysis doe to a high pressore
differential between the vein and the syringe or VACUTAINER®. Hemolysis may result in
rejection and discard of a blood sample. The high pressure differential can also result in catheter
tip collapse, vein collapse, or other complications.

{0007] The subject matter claimed herein is not Hmited to embodiments that solve any
disadvantages or that operate only in environments such as those described above. Rather, this
background is only provided to illustratc one example technology area where some

implementations described herein may be practiced.

SUNMMARY
{6088] The present disclosure generally relates to a blood collection device and related
devices, systems, and methods. In some embodiments, a blood collection system may inchide
a catheter assembly, which may include a catheter adapter and a catheter extending distally
from the catheter adapter. o some embodiments, the blood collection system may include the
blood coliection device coupled to the catheter assembly. In some embodiments, the blood
collection device may inchide a syringe, which may include a distal end. In some embodiments,
the blood collection device may include a flow restrictor, which may include a distal end and
a proximal end. In some embodiments, the proximal end of the flow restrictor may be coupled

to the distal end of the syringe.
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{6089]  Insome embodiments, the catheter assembly may include an extension tube. In some
embodiments, a distal end of the extension tube may be integrated with the catheter adapter. In
some embodiments, the blood collection device may be coupled to a proximal end of the
extension tube.

{6018]  In some embodiments, the distal end of the syringe may include a first luer adapter.
In some embodiments, the proximal end of the flow restrictor may inchide a second luer adapter
coupled to the first luer adapter. In some embodiments, the flow restrictor may be
maonolithically formed as a single unit. In these and other ernbodiments, the distal end of the
flow restrictor may include a third luer adapter.

{6011] Insome embodiments, the distal end of the flow restrictor may inclode the third uer
adapter. In these and other embodiments, the flow restrictor may include an extension tube
disposed between the second luer adapter and the third luer adapter. In these and other
embodiments, the flow restrictor may include a first piece monolithically formed as a single
unit and a second piece monolithically formed as a single wmit. In some embodiments, a
proximal end of the cxiension tube may be integrated within the first piece. In some
embodiments, a distal end of the extension tube may be integrated within the second piece. In
some embodiments, the first ptece may include the second tuer adapter. In some embodiments,
the second piece may include the third luer adapter.

{6012] In some embodiments, a geometric factor of the flow restrictor is represented by Gy
In some embodiments, Grmay be 1.43E7 1/in® £ 30%. In some embodiments, Grmay be 3.70E6
Vin® £ 30%. In some embodiments, Gy may be between 1.43E7 and 3.70E6. In some

embodiments, Gr may be 14387 1/in® £ 10% or 3.7086 1/in’ £ 10%.

{6013] In some embodiments, the flow restrictor may inciude a fluid pathway extending

through the flow restrictor. In some embodiments, a diameter of the fluid pathway may be
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uniform along an entirety of a length of the fluid pathway. In these embodiments, the diameter
is represented by D, the length is represented by L, and D*/ L may be 2.7E-7 or 7.6E-8.

{6014] 1t is to be understood that both the foregoing general description and the following
detailed description are cxamples and explanatory and are not restrictive of the invention, as
claimed. It should be understood that the various cmbodiments are not limited to the
arrangements and instrumentality shown in the drawings. It should also be understood that the
embodiments may be combined, or that other embodiments may be utilized and that structural
changes, unless so claimed, may be made without departing from the scope of the various
embodiments of the present invention. The following detailed description is, therefore, not to

be taken in a limiting sense.

BRIEF DESCRIPTION OF THE DRAWINGS

{6015] Example embodiments will be described and explained with additional specificity
and detail through the use of the accompanying drawings in which:

{0016] Figare 1A is an upper perspective view of an example blood collection device that
includes heroolysis protection, according fo some erabodiments;

{6017] Figure 1B is a cross-sectional view of the blood collection device of Figure 1A,
according to some embodiments;

{6018]  Figure 2A is an upper perspective view of another examople blood collection device
that includes hemolysis protection, according to some embodiments;

{06191 Figure 2B is a cross-sectional view of the blood collection device of Figure 24,
according to some ernbodiments;

{00281 Figure 3 is an upper perspective view of an example blood collection system,
according to some embodiments;

{6021] Figure 4 is a bar graph illustrating blood collection rates with various catheter gauges

and flow restrictors under different syringe draw rates, according to some embodiments;
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{0022] Figure 5 is 2 bar graph illustrating maximum shear stress with various catheter
gauges and flow restrictors under different syringe draw rates, according to some embodiments;
and

{60231 Figore 6 is a graph illustrating plasma free hemoglobin for catheter assemblies with

and without a flow gestrictor, according {0 some embodiments.

DESCRIPTION OF EMBODIMENTS

{6024]  Tn some embodiments, a biood collection device 10 may include a syringe 12, which
may include a distal end 14 and a proximal end 16. In some embodiments, the syringe 12 may
inclade a sliding plunger 18 that fits tightly in a barrel or tube 20, In some embodiments, the
stiding plunger 18 may be pulled proximally with respect to the tube 20, allowing the syringe
12 to draw in a liquid, such as blood, through an orifice 22 at the distal end 14. In some
embodiments, the sliding plunger 18 may be pushed distally with respect to the tube 20,
allowing the syringe 12 to then expel the Hyguid through the orifice 22. In some embodiments,
the syringe 12 may be configured to hold between about 1 and 20 milliliters of the lquid.
{80251 1o some embodiments, the blood collection device 10 may include a flow restrictor
24, which may inchude a distal end 26 and a proximal end 28, In some embodiments, the
proximal end 28 of the flow restrictor 24 may be coupled to the distal end 14 of the syringe 12.
T some embodiments, the flow restrictor 24 may be removably coupled to the distal end 14 of
the syringe 12. In other embodiments, the flow restrictor 24 may be permanently coupled to
the distal end 14 of the syringe 12.

{6026] Iv some embodiments, the distal end 14 of the syringe 12 may include a first luer
adapter 30. In some embodiments, the proximal end 16 of the flow restrictor 24 may include a
second luer adapter 32 coupled to the first fuer adapter 30. In some embodiments, the first luer
adapter 30 may inclode a male luer adapter, which may be threaded or engaged in a slip-fit

with the second luer adapter 32, which may include a female lper adapter. In some
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embodiments, a threaded connection between the first luer adapter 30 and the second luer
adapter 32 may prevent accidental uncoupling of the syringe 12 from the flow reswrictor 24
during blood collection.

{60271 1o some cmbodiments, the flow restrictor 24 may be monolithically formed as a
single unit, as illustrated, for exarple, in Figures 1A-18. In these and other erabodiments, the
distal end 26 of the flow restrictor 24 may include a third huer adapter 34, In some
embodiments, the third luer adapter 34 may include a male luer adapter. In sornoe embodinments,
the distal end 26 of the flow restrictor 24 may be configured to couple to a catheter assembly,
which may be inserted into vasculature of a patient. In some embodiments, the sliding plunger
18 may be pulled int a proximal direction to withdraw blood from vasculature of the patient into
the tabe 20 of the syringe 12.

{6028]  In some embodiments, a length of the flow restrictor 24 may be less than a length of
the syringe 12 to facilitate easy handling by a user. In some embodiments, the flow restrictor
24 may inchide a fluid pathway 36 extending through the flow restrictor 24. Generally, blood
celis experience shear stress as blood flows 1o a fluid pathway. The maximoum shear stress 8
along the wall of the blood cell, or wall shear stress. Wall shear stress on blood cells is
considered a major source of hemolysis and mechanical damage to blood cells.

{6029]  In some embodiments, the flow restrictor 24 may provide hemolysis protection. In
further detatl, the flow restrictor 24 may limit a maximum blood collection rate, which in tum
may limit 3 maximum shear stress during blood collection and reduce hemolysis. In some
embodiments, the flow restrictor 24 may be configured to limit a maximum shear stress that

blood cells are exposed to during a syringe draw to a predetermined or target vahue.
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{6030¢] Fluid flow in a flow restrictor with a tubular fluid pathway therethrough can be
analyzed using Poisenille’s equation:
AP AP
28 R
where P is a change in pressure gradient across the flow restrictor, D and L are the inner
diameter and length, respectively, of the fluid pathway 36 through the flow restrictor,

. . . . . 128l | . . . , . ,
g is the viscosity of a fluid, and Ry = s the fluid resistance. Since g is the viscosity

of the fluid and not part of the flow restrictor geometry, a geometric factor Gy is defined such

1284 - . L .
= £ Gy , where Gy= = fn some embodiments, the flow

that Ry (the fhiid resistance) is Ry =
restrictor may include the flow restrictor 24 or the flow restrictor 38 (see, for example, Figiwes
2A-28B).

{0031] In response to the fluid pathway 30 having multiple sections with lengths (L1,
L2, 1.3} and inner diameters of (21, D2, D3), the fiuid resistance is:

- L3 L2 L3

Gr =gt oo T om

In some embodiments, the flow restrictor may be configured to limit Gy, and thereby Hmit
hemolysis. For example, for the flow restrictor 24, G may be about 1.43E7 Vin'. In some
embodiments, for the flow restrictor 24, Grmay be 14357 Hind £ 10% or 1.43E7 1/in’ + 30%.
{0032]  In some embodiments, an inner diameter of the fluid pathway 36 may be uniform
along an entirety of a length of the fluid pathway 36. In some embeodiments, B4 / L is about
2.7E-7 which may reduce the wall sheer stress to reduce hemolysis when the flow restrictor 24
is used with a 20G catheter. o some embodiments, D4 / L is about 7.08-8, which may reduce
the wall sheer stress to reduce hemolysis when the flow restrictor 24 1s used with a 22G
catheter.

{6033]  Referring now to Figures 2A-28, in some embodiments, the biood collection device

10 may include a flow restrictor 38. fu some crobodiments, the flow restrictor 38 may be similar
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or identical to the flow restrictor 24 in terms of one or more features and/or operation. In some
embodiments, the flow restrictor 38 may also be configured to limit Gy and thereby limit
hemolysis. For example, for the flow restrictor 38, Gy may be about 37086 1/iv’. In some
embodiments, for the flow restrictor 38, Gy may be 3.70E6 Vin' £+ 10% or 3.70E6 1/in’® + 30%.
In some embodiments, a particular flow restrictor, such as, for example, the flow restrictor 24
or the flow restrictor 38, may have a Gy between 1.43E7 and 3.70E6. In some embodiments,
the inner diarocter of the fluid pathway 36 roay be variable along a length of the fluid pathway
36. In these and other embodiments, the flow restrictor 38 may include multiple sections
formed with tubes baving different inner diameters that are joined together or a single tube with
a varying inner diameter along us length.

{0034] 1o some embodiments, the distal end 26 of the flow restrictor 38 may inchide the
third luer adapter 34. In these and other embodiments, the flow restrictor 38 may include an
extension tube 44 disposed between the second luer adapter 32 and the third huer adapter 34.
In these and other embodiments, the flow restrictor 38 may include a first piece 40
monolithically formed as a single unit and/or a second piece 42 monolithically formed as a
single unit. In some embodiments, a proximal end of the extension tube 44 may be integrated
within the first piece 40. In some embodiments, a distal end of the extension wbe 44 may be
integrated within the second piece 42. In some ernbodiments, the first piece 40 may include the
second luer adapter 32, In some embodiments, the second picce 42 may include the third luer
adapter 34.

{8035]  In some embodiments, a length of the flow restrictor 38 may be less than the length
of the syringe 12 to facilitate easy handling by the user. In some embodiments, the flow
restrictor 38 may include the fluid pathway 36 extending through the flow restrictor 24. In some
embodiments, the inner diameter of the fluid pathway 36 may be uniform along an entirety of

the length of the fluid pathway 36. In some embodinents, the inner diarneter is represented by
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D, the length is represented by L, and D*/ L is 2.7E-7, which may reduce the wall sheer stress
to reduce hemolysis when the flow restrictor 38 is used with a 20G catheter. In some
embodiments, the inner diameter is represented by 23, the length is represented by £, and 04/
L is 7.0E-8, which mayv reduce the wall sheer stress to reduce herolysis when the flow
restrictor 38 is used with a 22( catheter.

{6036] Referring now to Figure 3, a flow restrictor, such as the flow restrictor 24 {see, for

.

cxampie, Figures 1A-1B) or the flow restrictor 38 (see, for example, Figures 2A-2B), may be
coupled to a catheter assembly 46. In some embodiments, the catheter assembly 46 may include
a catheter adapter 48 and a catheter 50 extending distally from the catheter adapter 48. In some
embodiments, the catheter assembly 46 may include an extension tube 52. In some
embodiments, a distal end of the extension tube 52 may be integrated with the catheter adapter
48. In some embodiments, the blood collection device 10 may be coupled to a proximal end of
the extension tube 52.

{6037]  In some embodiments, a needie assembly 54 may be coupled to the catheter
assernbly 46. In some embodiments, the needle assembly 54 may include a needle hub 56 and
an infroducer needle 58 secured within the needie bub 56, In some embodiments, in response
to the catheter 50 being inserted into the vasculature of the patient, the needle assembly 54 may
be rernoved from the catheter assembly 46. In some embodiments, the proximal end of the
extension tube 52 maay he integrated with a side port 60 of the catheter adapter 48.

{6038] In some embodiments, the catheter assembly 46 may include or cotrespond to any
suitable catheter assembly, such as, for example, the BD NEXIVA™ Closed IV Catheter
system, the BD CATHENA™ Catheter system, the BD VENFLON™ Pro Safely Shielded IV
Catheter systemy, the BD NEOFLON™ IV Cannula system, the BD INSYTE™

AUTOQCGUARD™ B{ Shielded IV Catheter system, or another suitable catheter assembly. In

e
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some embodiments, the catheter 58 may include a peripheral intravenous catheter (PIVC), a
peripherally inserted central catheter (PICC), a midline catheter, or another suitable catheter.
{60391  Insome embodiments, inresponse to insertion of the catheter 50 into the vasculature,
blood may flow proximally through a fluid pathway of the catheter assembly 46, which may
inciude one or more of the following: the catheter 50, the catheter adapter 48, the extension
tube 52, an adapter 62, the flow restrictor, and the syringe 12.

{0040]  Referring now to Figure 4, a bar graph illustrates blood collection rates with various
catheter gauges and flow restrictors under different syringe draw rates, according o some
embodiments. “Hemoshield 17 refers to a first example flow restrictor coupled to a catheter
assembly. Hemoshield 1 may include the flow restrictor 24 of Figures 1A-1B or the flow
restrictor 38 of Figares 2A-2B coupled to the catheter assembly. In this example, DM/L for
Hemoshield | is about 7 ¢-8, but DM/L may vary. “Hemoshicld 27 vefers to another example
flow restrictor coupled to the catheter assembly. Hemoshield 2 may include the flow restrictor
24 of Figures 1A-1B of the flow restrictor 38 of Figures 2A-28 coupled fo the catheter
asscrnbly. In this example, DM4/L. for Hemoshield 2 is about 2.7 e-8, but DM/L may vary. “No”
refers to the catheter assembly that is not coupled to a flow restrictor,

{0041] In the absence of a flow restrictor, the blood flow rate varies significantly with the
syringe draw rate. However, with the use of the flow restrictors (Hemoshield 1 and Hemoshield
2 in the experiment), the flow rate through the catheter during blood collection becomes
independent of the syringe draw rate. This will greatly reduce variation in syringe draws in the
clinical setting, according to some embodiments,

{6042] Figure 5 is a bar graph illustrating maximuom shear stress with various catheter
gauges and flow restrictors under different syringe draw rates, according to some embodiments.
Again, “Hemoshield 17 refers to the first example flow restrictor coupled to the catheter

assembly. Hemoshield 1 may include the flow restrictor 24 of Figures 1A-1B or the tlow

-16-
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restrictor 38 of Figures 2A-2B coupled to the catheter assembly. In this example, DM/L for
Hemoshield 1 is about 7 e-8, but DM/L may vary. “Hemoshield 27 refers to another example
flow restrictor coupled to the catheter assernbly. Hemoshield 2 may include the flow restrictor
24 of Figures 1A-1B of the flow restrictor 38 of Figures 2A-2B coupled to the catheter
assembly. In this example, DA/L for Hemoshield 2 is about 2.7 e-8, but DA4/L may vary. “No”
refers to the catheter assembly that is not coupled to a flow restrictor. “UT 21G7 refers to a
prior art catheter assembly with a 21G catheter.

{6043] The resultant max shear stress for each catheter gauge can be shown as a ratio to the
max shear stress of a UT 21C with VACUTAINER®, which was previously considered the
gold standard for blood draws. As shear stress leads to mechanical hemolysis, reducing the
shear stress of catheter draws to that of the UT 21G reduces the risk of hemolysis. The data
shows that for an 18G catheter, the risk of hemolysis is fow when using a syringe to draw blood.
However, as the catheter’s gauge increases, the risk of hemolysis also increases. For a 200
catheter, the risk of hemolysis is moderate at low syringe pull rates, but increases at higher pull
rates. With a low restrictor with D24/L of 2.7 e-7 the max shear with a catheter draw is reduced
to the max shear of 21G UT for all tested syringe draw rates. For a 22G catheter, the risk of
hemolysis is significant at higher draw rates. A flow restrictor with DA/L of 7 ¢-8 again
reduces the shear rate to that of the gold standard for all tested syringe pull rates. For a 24G
catheter, the tested flow restrictors are able to reduce the max shear stress 2.5 o 3% depending
on the syringe draw rate.

{0044] Figure 6 is a graph illustrating plasma free hemoglobin for catheter assemblies with
and without a flow restrictor, according to some embodiments. “TAG” vefers to a prior ant
catheter assembly, namely the INSYTE™ AUTOGUARD™ BC Shielded IV Catheter
available from Becton Dickinson & Company of Franklin Lakes, New Jersey. “IAG+H” refers

to the prior art catheter assernbly coupled to a flow restrictor, such as the flow restrictor 24 of

-
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Figures 1A-1B or the flow restrictor 38 of Figures 2ZA-2B. “UT” refers to another prior art
catheter assembly. Hemoshield 1 was used in a hemolysis study with 24G IAG where all
saroples were hemolyrzed (measurved by the presence of plasma free hemoglobin) in the absence
of a flow restrictor. With Hemoshield 1, hemolysis was reduced to the level of UT 21G.

{0045]  All examples and conditional langnage recited herein are intended for pedagogical
objects to aid the reader in vnderstanding the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being without loitation to such
specifically recited examples and conditions. Although embodiments of the present inventions
have been described in detail, it should be understood that the various changes, substifutions,
and alterations could be made hereto without departing from the spirit and scope of the

invention.

12
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WHAT IS5 CLAIMED i5:

A blood collection device, comprising:
a syringe, comprising a distal end; and

a flow restrictor, comprising a distal end and a proximal end, wherein the

proximal end is coupled to the distal end of the syringe.

2.

The blood collection device of claim 1, wherein the distal end of the flow restrictor
is configured to couple to a catheter assembly.

The blood collection device of claim 1, wherein the distal end of the syringe
comprises a first luer adapter, wherein the proximal end of the flow restrictor
comprises a second laer adapter coupled to the first luer adapter.

The blood collection device of claim 3, wherein the flow restrictor is monolithically
formed as a single unit.

The blood collection device of claim 4, wherein the distal end of the flow restrictor
comprises a third luer adapter.

The blood collection device of claim 3, wherein the distal end of the flow restrictor
comprises a third Iner adapter, wherein the flow restrictor further comprises an
extension tube disposed between the second luer adapter and the third luer adapter.
The blood coliection device of claim 6, wherein the flow restrictor comprises a first
piece monolithically formed as a single unit and a second piece monolithically
formed as a single unit, wherein a proximal end of the extension tube is integrated
within the first piece, wherein a distal end of the extension tube is integrated within
the second piece, wherein the first piece comprises the second luer adapter, wherein
the second piece cormprises the third luer adapter.

The blood collection device of claim 1, wherein a geometric factor of the flow

restrictor is represented by Gy, wherein Gy is 1.43E7 Hin' + 30%.

-13-
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9.

10.

The blood collection device of claim 1, wherein a geometric factor of the flow
restrictor is represented by Gy, wherein Gy is 3.70E6 Hin® + 30%.

A blood collection system, cormprising:

a catheter assembly, comprising:

a catheter adapter; and

a catheter extending distally from the catheter adapter; and

a blood collection device coupled 1o the catheter assembly, the blood collection device

coraprising:

a syringe, comprising a distal end; and

a flow restrictor, comprising a distal end and a proximal end, wherein the

proximal end is coupled to the distal end of the syringe.

il

14.

15.

The blood collection system of claim 10, wherein the catheter assembly further
comprises an extension tube, wherein a distal end of the extension tube is integrated
with the catheter adapter, wherein the blood collection device is coupled to a

proximal end of the cxtension fube.

2. The blood coliection system of claim 10, wherein the distal end of the syringe

comprises a first luer adapter, wherein the proximal end of the flow restrictor

comprises a second laer adapter coupled to the first luer adapter.

. The blood collection system of claim 12, wherein the flow restrictor is

monolithically formed as a single unit.

The blood collection system of claim 13, wherein the distal end of the {low restrictor
comprises a third fuer adapter.

The blood cellection system of claim 12, wherein the distal end of the flow restrictor
comprises a third huer adapter, wherein the flow restrictor further comprises an

extension tube disposed between the second luer adapter and the third luer adapter.

-14-
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16. The blood collection system of claim 15, wherein the flow restrictor comprises a

17.

20

first piece monolithically formed as a single unit and a second piece monolithically

formed as a single unit, wherein a proximal end of the extension wibe is integrated

within the first piece, wherein a distal end of the extension tube is integrated within

the second picce, wherein the first piece comprises the second luer adapter, wherein

the second piece comprises the third luer adapter.

The blood collection system of claim 10,

restrictor is represented by Gy, wherein Gy

. The blood collection system of claim 10,

restrictor is represented by Gy, wherein Gr

. The blood collection system of claim 10,

restrictor is represented by Gy, wherein Gy

The blood collection system of clamm 10,

restrictor is represented by Gy, wherein Gy

10%.
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wherein a geometric {actor of the flow
is 1L43E7 1in’ + 30%.

wherein a geometric factor of the flow
is 3.70E6 Vin'+ 30%.

wherein a geometric factor of the flow
is hetween 1.43E7 and 3.70ES.

wherein a geometric factor of the flow

is 143E7 1/4An? % 10% or 3.70F6 Vind



