wO 20247258629 A1 | NI 0000 KOO0 00 0 0

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
19 December 2024 (19.12.2024)

(10) International Publication Number

WO 2024/258629 Al

WIPO I PCT

(51) International Patent Classification:
A61B 5/15 (2006.01) A61M 39/10 (2006.01)
A61B 5/153 (2006.01)

(21) International Application Number:
PCT/US2024/031729

(22) International Filing Date:
30 May 2024 (30.05.2024)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
63/521,028 14 June 2023 (14.06.2023) UsS
18/677,611 29 May 2024 (29.05.2024) UsS

(71) Applicant: BECTON, DICKINSON AND COMPANY
[US/US]; 1 Becton Drive, Mail Code 110, Franklin Lakes,
New Jersey 07417-1880 (US).

(72) Inventors: MA, Yiping; 2220 N. 2300 E., Layton, Utah
84040 (US). BURKHOLZ, Jonathan Karl, 1971 S.
‘Wasatch Dr, Salt Lake City, Utah 84108 (US). BASCIANO,
Christopher Anthony; 2818 Walden Rd., Apex, North
Carolina 27502 (US). BALASUBRAMANIAN, Sivara-
makrishnan; 2029 Poplar High Place, Cary, North Caroli-
na 27519 (US). NAGARAJAN, Siddharth; 99/4, Ground
Floor, 3rd A Cross, Doctors Layout, Kasturi Nagar, Banga-
lore, Karnataka 560043 (IN).

Agent: BLAIR, Whitney; Kirton McConkie, 36 South
State Street, Suite 1900, Salt Lake City, Utah 84111 (US).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ,DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE, KG,
KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,

(54) Title: ARTERIAL HEMOSHIELD DEVICE FOR ARTERIAL BLOOD DRAW AND RELATED METHODS

FIG.1C

(57) Abstract: An arterial catheter system may include a catheter assembly, which may include a catheter adapter. The arterial catheter
system may include an arterial catheter extending from a distal end of the catheter adapter. The arterial catheter system may include
a needle assembly, which may include a needle hub and an introducer needle. The arterial catheter system may include an arterial
hemoshield device coupled to the catheter assembly. The arterial catheter system may include a fluid pathway within the arterial catheter,
the catheter adapter, and the arterial hemoshield device. A first fluidic resistance within a portion of the fluid pathway within the arterial
hemoshield device may be greater than a second fluidic resistance within the fluid pathway distal to the portion of the fluid pathway.

[Continued on next page]



WO 2024/258629 A | [IH1I] ) 00000000V 0O

MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM, KE,LR,LS, MW, MZ NA,RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

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



WO 2024/258629 PCT/US2024/031729

ARTERIAL HEMOSHIELD DEVICE FOR ARTERIAL BLOOD
DRAW AND RELATED METHODS

BACKGROUND

[0001] A catheter is commonly used to infuse fluids into vasculature of a patient. For example,
the catheter may be used for infusing normal saline solution, various medicaments, or total
parenteral nutrition. The catheter may also be used for withdrawing blood from the patient.
[0002] The catheter may include an over-the-needle 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.

[0003] In order to verify proper placement 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 a catheter assembly including the catheter. Once placement of the needle has been
confirmed, the clinician may temporarily occlude flow in the vasculature and remove the needle,
leaving the catheter in place for future blood withdrawal or fluid infusion.

[0004] For blood withdrawal or collecting a blood sample from a patient, a blood collection
container may be used. The blood collection container may include a syringe or a test tube with a
rubber stopper at one end. In some instances, the blood collection container has had all or a portion
of air removed from the test tube so pressure within the blood collection container is lower than

ambient pressure. Such a blood collection container is often referred to as an internal vacuum or a
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vacuum tube. A commonly used blood collection container is a VACUTAINER® blood collection
tube, available from Becton Dickinson & Company.

[0005] The blood collection container may be coupled to the catheter. When the blood
collection container is coupled to the catheter, a pressure in the vein is higher than a pressure in
the blood collection container, which pushes blood into the blood collection container, thus filling
the blood collection container with blood. A vacuum within the blood collection container
decreases as the blood collection container fills, until the pressure in the blood collection container
equalizes with the pressure in the vein, and the flow of blood stops.

[0006] Unfortunately, as blood is drawn into the blood collection container, red blood cells are
in a high shear stress state and susceptible to hemolysis due to a high initial pressure differential
between the vein and the blood collection container. Hemolysis may result in rejection and discard
of a blood sample. The high initial pressure differential can also result in catheter tip collapse, vein
collapse, or other complications that prevent or restrict blood from filling the blood collection
container. As the blood collection container fills, a pressure differential between the vein and the
blood collection container decreases, and filling of the blood collection tube with blood slows
significantly. The risk for hemolysis is much higher in the case of arterial blood draw due to higher
pressure in the artery in comparison to venous blood draw.

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

implementations described herein may be practiced.
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SUMMARY

[0008] The present disclosure generally relates to an arterial catheter system configured for
blood draw or collection, as well as related devices and methods. In some embodiments, the arterial
catheter system may include a catheter assembly, which may include a catheter adapter and an
arterial catheter. In some embodiments, the catheter adapter may include a distal end and a
proximal end. In some embodiments, the arterial catheter may extend from the distal end of the
catheter adapter.

[0009] In some embodiments, the arterial catheter system may include a needle assembly,
which may include a needle hub and an introducer needle extending from the needle hub. In some
embodiments, the arterial catheter system may include an arterial hemoshield device coupled to
the catheter assembly. In some embodiments, the arterial catheter system may include a fluid
pathway within the arterial catheter, the catheter adapter, and the arterial hemoshield device.
[0010] In some embodiments, a first fluidic resistance within a portion of the fluid pathway
within the arterial hemoshield device may be greater than a second fluidic resistance within the
fluid pathway distal to the portion of the fluid pathway. In some embodiments, the first fluidic
resistance within the portion of the fluid pathway may facilitate a decreased flow rate of arterial
blood within the portion of the fluid pathway such that the maximum shear stress is reduced and
there is a decreased risk of hemolysis of the arterial blood that will be collected.

[0011] In some embodiments, the arterial hemoshield device may include a distal end,
which may include a luer adapter. In some embodiments, the arterial hemoshield device may
include a proximal end, which may include a blood collection device. In some embodiments, the

arterial hemoshield device may include an extension tube extending between the distal end and the
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proximal end. In some embodiments, the portion of the fluid pathway may be disposed within the
extension tube.

[0012] In some embodiments, the extension tube may include a distal end and a proximal
end. In some embodiments, the distal end of the extension tube may be integrated with the luer
adapter. In some embodiments, the proximal end of the extension tube may be integrated with the
blood collection device. In some embodiments, the luer adapter may be a first luer adapter. In some
embodiments, the blood collection device may include a second luer adapter. In some
embodiments, the arterial catheter system may include a third luer adapter coupled to the second
luer adapter. In some embodiments, the extension tube may include a distal end and a proximal
end. In some embodiments, the distal end of the extension tube may be integrated with the first
luer adapter. In some embodiments, the proximal end of the extension tube may be integrated with
the third luer adapter. In some embodiments, a geometric factor Gr of the portion of the fluid
pathway may be different than a geometric factor Gr of another portion of the fluid pathway. In
some embodiments, the extension tube may have no more than one lumen extending therethrough.
[0013] In some embodiments, the arterial hemoshield device may include a compact
connector, which may include a spiral tube. In some embodiments, the portion of the fluid pathway
may be disposed within the spiral tube. In some embodiments, the catheter adapter may include a
side port disposed between the distal end of the catheter adapter and the proximal end of the
catheter adapter. In some embodiments, the catheter assembly may include another extension tube
extending from the side port. In some embodiments, a distal end of the another extension tube may
be integrated with the side port. In some embodiments, a proximal end of the other extension tube
may be integrated with a Y-adapter. In some embodiments, the compact connector may be coupled

to the Y-adapter. In some embodiments, a geometric factor Gr of the portion of the fluid pathway



WO 2024/258629 PCT/US2024/031729

is different than a geometric factor Gr of another portion of the fluid pathway. In some
embodiments, the spiral tube may have no more than one lumen extending therethrough.

[0014] In some embodiments, the arterial hemoshield device may include a female luer
adapter coupled to catheter assembly. In some embodiments, the arterial hemoshield device may
include a blood collection device, which may include a distal end. In some embodiments, the distal
end of the blood collection device may include a male luer adapter coupled to the female luer
adapter. In some embodiments, the male luer adapter may include a distal opening. In some
embodiments, the arterial hemoshield device may include a cannula in fluid communication with
the male luer adapter. In some embodiments, the cannula may include a distal end and a sharp
proximal tip. In some embodiments, an elongated neck may be disposed between the male luer
adapter and the sharp proximal tip. In some embodiments, the portion of the fluid pathway extends
from the distal opening through the sharp proximal tip. In some embodiments, a geometric factor
Gr of the portion of the fluid pathway may be different than a geometric factor Gr of another portion
of the fluid pathway.

[0015] In some embodiments, a method of blood collection may include inserting the
arterial catheter of the arterial catheter system into an artery of a patient. In some embodiments,
the arterial catheter system may include the catheter assembly. In some embodiments, the catheter
assembly may include the catheter adapter, which may include the distal end and the proximal end.
In some embodiments, the catheter assembly may include the arterial catheter extending from the
distal end of the catheter adapter.

[0016] In some embodiments, the arterial catheter system may include the needle assembly,

which may include the needle hub and the introducer needle extending from the needle hub. In
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some embodiments, the arterial catheter system may include the arterial hemoshield device
coupled to the catheter assembly. In some embodiments, the arterial catheter system may include
the fluid pathway within the arterial catheter, catheter adapter, and the arterial hemoshield device.
In some embodiments, the first fluidic resistance within the portion of the fluid pathway within the
arterial hemoshield device may be greater than the second fluidic resistance within the fluid
pathway distal to the portion of the fluid pathway.

[0017] In some embodiments, the method of blood collection may include collecting
arterial blood in a particular blood collection device, which may be coupled to the catheter
assembly, whereby the arterial blood flows through the portion of the fluid pathway and into the
particular blood collection device.

[0018] In some embodiments, a method of manufacturing the arterial catheter system may
include coupling the catheter assembly to the needle assembly. In some embodiments, the method
of manufacturing may include coupling an arterial hemoshield device to the catheter assembly
such that the arterial hemoshield device is in fluid communication with the catheter assembly and
a portion of the fluid pathway is within the arterial catheter, the catheter hub, and the arterial
hemoshield device.

[0019] In some embodiments, the method of manufacturing may include selecting a length
L of a portion of the fluid pathway within the hemoshield device and an inner diameter D of the
portion of the fluid pathway within the hemoshield device such that a first fluidic resistance within
the portion of the fluid pathway is greater than a second fluidic resistance within the fluid pathway
distal to the portion of the fluid pathway.

[0020] It is to be understood that both the foregoing general description and the following

detailed description are examples and explanatory and are not restrictive of the invention, as
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claimed. It should be understood that the various embodiments 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 SEVERAL VIEWS OF THE DRAWINGS

[0021] Example embodiments will be described and explained with additional specificity and
detail through the use of the accompanying drawings in which:

[0022] Figure 1A is an upper perspective view of an example arterial hemoshield device,
according to some embodiments;

[0023] Figure 1B is a cross-sectional view of the arterial hemoshield device of Figure 1A,
according to some embodiments;

[0024] Figure 1C is an upper perspective view of the arterial hemoshield device of Figure
1A coupled to an example arterial catheter assembly, according to some embodiments;

[0025] Figure 2A is an upper perspective view of another example arterial hemoshield
device, according to some embodiments;

[0026] Figure 2B is a cross-sectional view of the arterial hemoshield device of Figure 2B,
according to some embodiments;

[0027] Figure 2C 1s an upper perspective view of the arterial hemoshield device of Figure
2A coupled to the arterial catheter assembly of Figure 1C, according to some embodiments;
[0028] Figure 3A is an upper perspective view of an example arterial catheter system,

according to some embodiments; and
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[0029] Figure 3B is an upper perspective view of an example portion of an arterial catheter
system, according to some embodiments;

[0030] Figure 4A is an upper perspective view of an example arterial catheter system,
illustrating an example compact connector, according to some embodiments;

[0031] Figure 4B is a cross-sectional view of a portion of the arterial catheter system of
Figure 4A, according to some embodiments;

[0032] Figure 5A is an upper perspective view of an example arterial hemoshield device,
according to some embodiments;

[0033] Figure 5B is a cross-sectional view of the arterial hemoshield device of Figure SA,
according to some embodiments;

[0034] Figure 5C is an upper perspective view of a portion of the arterial hemoshield device
of Figure 5A, according to some embodiments;

[0035] Figure 5D is a cross-sectional view of the portion coupled to a remaining portion of
the arterial hemoshield device of Figure SA, according to some embodiments;

[0036] Figure 6A is an upper perspective view of an example arterial catheter system,
according to some embodiments;

[0037] Figure 6B is a cross-sectional view of the arterial catheter system of Figure 3A,

illustrating an example needle assembly removed, according to some embodiments.

DESCRIPTION OF EMBODIMENTS
[0038] Referring now to Figures 1A-1C, in some embodiments, an arterial hemoshield
device 10 may include a distal end 12, which may include a luer adapter 14 configured to couple

to a catheter adapter or another suitable vascular access device. In some embodiments, the arterial
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hemoshield device 10 may be configured to reduce a maximum shear stress on arterial blood drawn
from an artery into an arterial catheter system and thereby reduce a risk of hemolysis of the arterial
blood, providing an improved blood sample. In some embodiments, the arterial hemoshield device
10 may include a proximal end 16, which may include a blood collection device 18. In some
embodiments, the blood collection device 18 may include or correspond to a blood collection
container. In some embodiments, the blood collection container may include a syringe, an
evacuated blood collection tube (or vacuum tube), a small sample collection device, or any other
container configured to collect blood from a patient via a pressure differential.

[0039] In some embodiments, the blood collection device 18 may include a needle
assembly 19, which may include a needle 20 configured to receive a blood collection container. In
these and other embodiments, the blood collection container may include the evacuated blood
collection tube. In these embodiments, the blood collection container may have all or a portion of
air removed so pressure within the blood collection container is lower than ambient pressure.
[0040] In some embodiments, the needle assembly 19 may include one or more threads,
which may be configured to couple to a holder 22 of the blood collection device 18, which may be
generally cylindrical and may be configured to hold the blood collection container. In some
embodiments, the holder 22 may be integrally formed with the needle assembly 19 or coupled to
the needle assembly 19 via bonding or another suitable method. In some embodiments, the holder
22 may surround the needle 20. In some embodiments, the needle assembly 19 and the holder 22
may include or correspond to a luer lock access device, such as, for example, the VACUTAINER®
LUER-LOK™ ACCESS DEVICE available from Becton Dickinson & Company. In some
embodiments, the holder 22 may include or correspond to the blood collection tube holder 127

described in U.S. Patent Application No. 17/075,420, filed October 20, 2020, entitled “BLOOD
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COLLECTION SYSTEM WITH USER-ADJUSTED PRESSURE MANAGEMENT AND
RELATED METHODS,” which is incorporated by reference in its entirety.

[0041] In some embodiments, the luer adapter 14 may be a first luer adapter. In some
embodiments, the arterial hemoshield device 10 may include a second luer adapter 24. In some
embodiments, the blood collection device 18 may include the second luer adapter 24. In some
embodiments, the needle 20 may be integrated with the second luer adapter 24. In some
embodiments, a proximal end of the needle 20 may be enveloped within an elastomeric sheath 26.
In some embodiments, the elastomeric sheath 26 may include an open distal end 28 and a closed
proximal end 30. In some embodiments, in response to the blood collection container pushing the
elastomeric sheath 26 distally, the needle 20 may pierce the elastomeric sheath 26, and the needle
20 may insert into a cavity of the blood collection container.

[0042] In some embodiments, the arterial hemoshield device 10 may include an extension
tube 32, which may extend between the distal end 12 of the arterial hemoshield device 10 and the
proximal end 16 of the arterial hemoshield device 10. In some embodiments, the extension tube
32 may be rigid or semi-rigid, which may reduce a likelihood of kinking. In some embodiments,
the extension tube 32 may be flexible such that it is configured to bend. In some embodiments, the
extension tube 32 may be constructed of plastic. In some embodiments, the extension tube 32 may
include no more than one lumen extending therethrough.

[0043] In some embodiments, the arterial hemoshield device 10 may include a third luer
adapter 34, which may be coupled to the second luer adapter 24. In some embodiments, the
extension tube 32 may include a distal end 36 and a proximal end 38. In some embodiments, the
distal end 36 may be coupled to or integrated with the first luer adapter. In some embodiments, the

proximal end of the extension tube 32 may be coupled to or integrated with the third luer adapter
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34. In other embodiments, the proximal end of the extension tube 32 may be coupled to or
integrated with the blood collection device 18 and the arterial catheter system may not include the
third luer adapter 34.

[0044] In some embodiments, the arterial hemoshield device 10 may act as a flow resistor
in a fluid pathway of an arterial catheter system, illustrated, for example, in Figure 1C, or another
vascular access system. In some embodiments, the arterial catheter system may include an arterial
catheter assembly 37, which may include a catheter adapter 39 and an arterial catheter 40. In some
embodiments, the arterial catheter 40 may be secured within the catheter adapter 39 and may
extend distally from the catheter adapter 39. In some embodiments, the catheter adapter 39 may
include a distal end 42, a proximal end 44, and a lumen extending through the distal end 42 and
the proximal end 44. In some embodiments, an introducer needle 45 may extend from a needle
shield through the arterial catheter 40.

[0045] In some embodiments, the arterial catheter assembly 37 may be integrated. In further
detail, in some embodiments, another extension tube 46 may extend from a side port 48 the catheter
adapter 39. In some embodiments, a proximal end of the other extension tube 46 may include a
fourth luer adapter 50, which may be coupled to the first luer adapter. In some embodiments, the
arterial catheter assembly 37 may be straight and/or the first luer adapter may be coupled to the
proximal end 44 of the catheter adapter 39. In some embodiments, one or more of the first luer
adapter, the second luer adapter 24, the third luer adapter 34, and the fourth luer adapter 50 may
include a slip or thread or clip male luer adapter, a slip or thread female luer adapter, a needleless
connector, a blunt cannula, or another suitable access device.

[0046] In some embodiments, the arterial catheter 40 may include an arterial catheter. In

some embodiments, the arterial catheter 40 may be shorter and/or more rigid than an intravenous
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catheter, such as a peripheral intravenous catheter. In some embodiments, the arterial hemoshield
device 10 may be coupled to the arterial catheter assembly 37 in any number of suitable ways. In
some embodiments, the fluid pathway of the arterial catheter system may include one or more of
the following: the arterial catheter 40, the catheter adapter 39, the other extension tube 46, the
fourth luer adapter S0, the first luer adapter, the extension tube 32, the third luer adapter 34, the
second luer adapter 24, and the blood collection device 18. In some embodiments, the arterial
hemoshield device 10 may lower a flow rate of blood within the fluid pathway of the arterial
catheter system, which may in turn lower a shear rate for hemolysis management. In some
embodiments, the arterial catheter assembly 37 may be substituted with another type of vascular
access device, such as, for example, a venipuncture device, an infusion disposable, a blood
collection access device, or a blood collection container.

[0047] In some embodiments, a geometric factor Gr of a portion of the fluid pathway within
the extension tube 32 may equal L / D* wherein L is the length of the extension tube 32 and D is
the inner diameter of the portion of the fluid pathway within the extension tube 32. In these
embodiments, the portion of the fluid pathway may be cylindrical along an entirety of the length
L, and the inner diameter D may be constant along the length L. The length L corresponds to an
entire length of the extension tube 32, according to some embodiments. In some embodiments, the

geometric factor Gr of the portion of the fluid pathway within the extension tube 32 may be defined
such that a fluidic resistance Ry = % Gr, where Gr= # . In some embodiments, the geometric

factor Gr of the portion of the fluid pathway may be selected to reduce a maximum shear stress on
arterial blood drawn from an artery and thereby reduce a risk of hemolysis of the arterial blood.
[0048] A blood cell experiences shear stress as it flows in a fluid pathway. The maximum

shear stress is along the wall of the fluid pathway, or wall shear stress. Wall shear stress on blood
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cells is considered a major source of mechanical damage to blood cells. For a cylindrical fluid

path, the wall shear stress is typically expressed as:

in which AP is the pressure drop along a path with a length of L and an interior radius of r. & is
shrinkage index.
[0049] To fill a certain volume of collection tube, V, with a flow rate of J, the time needed

can be simply assessed by:

[= :8MV-L (A—Lp)

v
Q Tr4

in which g is the dynamic viscosity of the fluid. Hemolysis is typically associated with both the
wall shear stress and the time a blood cell is exposed to wall shear stress. From literature, it has

been widely considered that hemolysis index can be approached as a function of’

HI(%) = A * t* *

in which A4, o, and £ are coefficients.
[0050] In principle, the hemolysis index is related to pressure gradient and cross-sectional

characteristic dimension:

Ay B
AP 1
HI(%) « (T) . (;:)““‘W‘“
Fluid flow in a particular extension tube with a cylindrical fluid pathway therethrough can be
analyzed using Poiseuille’s equation:

_mD*AP AP
¢= 128ul Ry

where AP 1s a change in pressure gradient across the length of the particular extension tube, D and

L are the inner diameter and length, respectively, of the cylindrical fluid pathway through the
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128ulL . .1 .
nnli is the fluidic resistance. The

particular extension tube, u is the viscosity of a fluid, and Ry =

particular extension tube may include or correspond to the extension tube 32. Since u is the

viscosity of the fluid and not part of the extension tube geometry, the geometric factor Gy is defined

such that Ry (the fluidic resistance) is Ry = % Gr , where Gr= ﬁ .

[0051] In some embodiments, the extension tube 32 may have multiple sections with
lengths (L1, L2, L3) and inner diameters of (D1, D2, D3), the geometric factor is then:

L1 L2 L3

Or = 5i T o0 T oae

In some embodiments, the extension tube 32 may have an inner diameter that changes over the

length of the extension tube, the geometric factor is then:

p _fL dl
=)y D(*

In some embodiments, the extension tube 32 may have a cross section that is not circular. In this
case, the geometric factor can be determined by measuring the flow rate (Q) at given pressure (AP)

with known viscosity (u) fluid:

C. — TAP
7~ 128uQ
[0052] In some embodiments, the fluidic resistance may be a first fluidic resistance. In some

embodiments, the first fluidic resistance of the portion of the fluid pathway within the extension
tube may be greater than a second fluidic resistance within the fluid pathway distal to the portion
of the fluid pathway. For example, the first fluidic resistance may be greater than a particular
fluidic resistance within a lumen of the catheter adapter 39, where arterial blood may travel prior
to reaching the extension tube 32 and the arterial hemoshield device 10 through which blood may

be collected.
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[0053] In some embodiments, the arterial catheter 40 may be a 20G arterial catheter. In
these embodiments, the length L and the inner diameter D may be selected such that the geometric
factor G of the portion of the fluid pathway within the extension tube 32 is 3.41E+06 (1/in’) or
higher. In some embodiments, the length L and the inner diameter D for a 20G arterial catheter
may be selected such that the geometric factor Gy of the portion of the fluid pathway within the
extension tube 32 is 3.41E+06 (1/in*)+/- 10%.

[0054] In some embodiments, the arterial catheter 20 may be a 18G arterial catheter. In
these embodiments, the length L and the inner diameter D may be selected such that the geometric
factor G of the portion of the fluid pathway within the extension tube 32 is 2.88E+06 (1/in*) or
higher. In some embodiments, the length L and the inner diameter D for a 18G arterial catheter
may be selected such that the geometric factor Gy of the portion of the fluid pathway within the
extension tube 32 is 2.88E+06 (1/in®)+/- 10%.

[0055] In some embodiments, the arterial catheter 20 may be a 22G arterial catheter. In
these embodiments, the length L and the inner diameter D may be selected such that the geometric
factor G of the portion of the fluid pathway within the extension tube 32 is 1.05E+07 (1/in*) or
higher. In some embodiments, the length L and the inner diameter D for a 24G arterial catheter
may be selected such that the geometric factor Gy of the portion of the fluid pathway within the
extension tube 32 is 1.05E+07 (1/in*)+/- 10%.

[0056] In some embodiments, the arterial catheter 20 may be a 24G arterial catheter. In
these embodiments, the length L and the inner diameter D may be selected such that the geometric
factor G of the portion of the fluid pathway within the extension tube 32 is 3.20E+07 (1/in*) or

higher. In some embodiments, the length L and the inner diameter D for a 24G arterial catheter
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may be selected such that the geometric factor Gr of the portion of the fluid pathway within the
extension tube 32 is 3.20E+07 (1/in*)+/- 10%.

[0057] In some embodiments, the fluid pathway of the arterial catheter system, which may
include one or more of the needle assembly 19, the extension tube 32, and the arterial catheter
assembly 37 (which may include the other extension tube 46), may include an entirety of a blood
collection pathway through which blood flows during blood collection. The system geometric
factor Gg for the fluid pathway of the arterial catheter system can be determined in similar fashion
as described earlier.

[0058] Referring now to Figures 2A-2C, an arterial hemoshield device 52 is illustrated,
according to some embodiments. In some embodiments, the arterial hemoshield device 52 may be
similar or identical to the arterial hemoshield device 10 of Figures 1A-1C in terms of one or more
included features and/or operation. In some embodiments, the proximal end of the extension tube
32 may be integrated with the blood collection device 18. In some embodiments, the arterial
hemoshield device 52 may include a clamp 54, which may be disposed on the extension tube 32.
In some embodiments, the clamp 54 may be configured to move between a clamped position and
an unclamped position or between a more clamped position and a less clamped position. In some
embodiments, the clamp 54 may prevent or reduce fluid flow through the extension tube 32 in
response to the clamp 54 being in the clamped position.

[0059] In some embodiments, the clinician may adjust flow resistance within the arterial
catheter system by manually changing fluid characteristics of the arterial catheter system via the
clamp 54. In some embodiments, in response to the clamp 54 being in the clamped position, flow
resistance within the arterial catheter system may be increased and blood flow through the

extension tube 32 may be reduced. In these embodiments, a risk of hemolysis may be reduced. In
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some embodiments, to decrease the flow resistance within the arterial catheter system after the
blood collection container nears filling, the clinician may move the clamp to the unclamped
position, which may allow faster blood collection when a risk of hemolysis is reduced.

[0060] In some embodiments, the clamp 54 may include a slide clamp, which may include
a slot that becomes progressively narrower. In these and other embodiments, the extension tube 32
may be flexible and compliant. In some embodiments, the clinician may adjust an inner diameter
of the extension tube 32 by adjusting a depth of the extension tube 32 within the slot of the slide
clamp. The clinician may in turn adjust a flow resistance within the arterial hemoshield device 52.
In some embodiments, the clamp 54 may include a roller clamp, a slide clamp, a pinch clamp, or
another suitable type of clamp.

[0061] Referring now to Figure 3A, an arterial catheter assembly 118 is illustrated,
according to some embodiments. In some embodiments, the arterial catheter assembly 118 may
include an arterial hemoshield device 120, which may be integrated with the arterial catheter
assembly 37. In further detail, in some embodiments, the distal end 12 of the arterial hemoshield
device 120 may be integrated with an adapter 122 of the arterial catheter assembly 37, as
illustrated, for example, in Figure 3A, or integrated with the catheter adapter 39 itself. In these and
other embodiments, the arterial hemoshield device 120 may not be removable from the arterial
catheter assembly 118. In some embodiments, the distal end of the extension tube 32 may be
integrated with the adapter 122 or the catheter adapter 39. In some embodiments, the adapter 122
may include a Y-adapter, a T-adapter, or another suitable adapter. In some embodiments, the other
extension tube 46 may be shorter than the extension tube 52 such that the adapter 122 provides a
port for near patient blood collection or sampling. In some embodiments, the arterial hemoshield

device 120 may be similar or identical to one or more of the following in terms of one or more
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included features and/or operation: the arterial hemoshield device 10 of Figures 1A-1C and the
arterial hemoshield device 52 of Figures 2A-2C.

[0062] Referring now to Figure 3B, a portion 124 of an arterial catheter assembly is
illustrated, according to some embodiments. In some embodiments, the portion 124 of the arterial
catheter assembly may include an arterial hemoshield device 126, which may be coupled to or
integrated with an instrument delivery device 127, which may deliver a probe, a catheter, or a
guidewire through a particular arterial catheter assembly (as illustrated, for example, in Figure
3A). In some embodiments, the arterial hemoshield device 126 may be similar or identical to one
or more of the following in terms of one or more included features and/or operation: the arterial
hemoshield device 10 of Figures 1A-1C and the arterial hemoshield device 52 of Figures 2A-2C.
[0063] In some embodiments, the instrument delivery device 127 may include any suitable
instrument delivery device. In some embodiments, the instrument delivery device 127 may be
further described in U.S. Patent No. 11,969,247, granted April 30, 2024, entitled “EXTENSION
HOUSING A PROBE OR INTRAVENOUS CATHETER,” U.S. Patent Application No
16/388,650, filed April 18, 2019, entitled “INSTRUMENT DELIVERY DEVICE HAVING A
ROTARY ELEMENT,” U.S. Patent No. 11,173,277, granted November 16, 2021, entitled
“MULTI-DIAMETER CATHETER AND RELATED DEVICES AND METHODS,” U.S. Patent
No. 11,406,795, filed August 9, 2022, entitled “DELIVERY DEVICE FOR A VASCULAR
ACCESS INSTRUMENT,” U.S. Patent No. 11,337,628, granted May 24, 2022, entitled
“SYRINGE-BASED DELIVERY DEVICE FOR A VASCULAR ACCESS INSTRUMENT,”
U.S. Patent No. 11,547,832, granted January 10, 2023, entitled “CATHETER DELIVERY
DEVICE AND RELATED SYSTEMS AND METHODS,” and U.S. Patent No. 11,504,503,

granted November 22, 2022, entitled “VASCULAR ACCESS INSTRUMENT HAVING A
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FLUID PERMEABLE STRUCTURE AND RELATED DEVICES AND METHODS,” which are
incorporated by reference in their entirety.

[0064] Referring now to Figures 4A-4B, an arterial catheter system 410 is illustrated,
according to some embodiments. In some embodiments, the arterial catheter system 410 may be
configured to reduce a maximum shear stress on arterial blood drawn from an artery into the
arterial catheter system 410 and thereby reduce a risk of hemolysis of the arterial blood, providing
an improved blood sample. In some embodiments, the arterial catheter system 410 may be similar
or identical to the arterial catheter system of one or more of Figures 1C, 3A, and 3B in terms of
one or more included features and/or operation.

[0065] In some embodiments, the arterial catheter system 410 may include an arterial
catheter assembly 412, which may include a catheter adapter 414. In some embodiments, the
catheter adapter 414 may include a distal end 416 and a proximal end 418. In some embodiments,
the arterial catheter assembly 412 may include an arterial catheter 420 extending from the distal
end 416 of the catheter adapter 414. In some embodiments, the arterial catheter 420 may be shorter
and/or more rigid than an intravenous catheter, such as a peripheral intravenous catheter.

[0066] In some embodiments, the arterial catheter system 410 may include a needle
assembly 422, which may include a needle hub 424 and an introducer needle 426. In some
embodiments, the arterial catheter system 410 may include a tube 428 coupled to the arterial
catheter assembly 412 and having a distal end 430 and a proximal end 432. In some embodiments,
the arterial catheter system 410 may include a fluid pathway 434 extending through at least the
arterial catheter 420, catheter adapter 414, and the tube 428.

[0067] In some embodiments, a geometric factor Gr of a portion 436 of the fluid pathway

434 within the tube 428 may equal L / D*, wherein L is the length of the tube 428 and D is the
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inner diameter of the portion of the fluid pathway 434 within the tube 428. In these embodiments,
the portion 436 of the fluid pathway 434 may be cylindrical along an entirety of the length L, and
the inner diameter D may be constant along the length L. The length L corresponds to an entire
length of the tube 428, according to some embodiments. In some embodiments, the geometric

factor Gr of the portion 436 of the fluid pathway 434 within the tube 428 may be defined such that
a fluidic resistance Ry = % Gr, where Gr= ﬁ . In some embodiments, the geometric factor Gr

of the portion 436 of the fluid pathway 434 may be selected to reduce a maximum shear stress on
arterial blood drawn from an artery and thereby reduce a risk of hemolysis of the arterial blood.
[0068] In some embodiments, the fluidic resistance may be a first fluidic resistance. In some
embodiments, the first fluidic resistance of the portion 436 of the fluid pathway 434 within the
tube 428 may be greater than a second fluidic resistance within the fluid pathway 434 distal to the
portion 436 of the fluid pathway 434. For example, the first fluidic resistance may be greater than
a particular fluidic resistance within a lumen 438 of the catheter adapter 414, where arterial blood
may travel prior to reaching the tube 428 and adapter 440, which may be coupled to a blood
collection device for blood collection.

[0069] As stated previously, a blood cell experiences shear stress as it flows in a fluid
pathway. The maximum shear stress is along the wall of the fluid pathway, or wall shear stress.
Wall shear stress on blood cells is considered a major source of mechanical damage to blood cells.

For a cylindrical fluid path, the wall shear stress is typically expressed as:

T:l.ﬂ.(kr)

2 L
in which AP is the pressure drop along a path with a length of L and an interior radius of 7. & is

shrinkage index.
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[0070] To fill a certain volume of collection tube, }, with a flow rate of ), the time needed

can be simply assessed by:

g/ (2)

Tir#
in which g is the dynamic viscosity of the fluid. Hemolysis is typically associated with both the
wall shear stress and the time a blood cell is exposed to wall shear stress. From literature, it has
been widely considered that hemolysis index can be approached as a function of:

HI(%) = A * ¢ * 8

in which A4, o, and fare coefficients.
[0071] In principle, the hemolysis index is related to pressure gradient and cross-sectional

characteristic dimension:

e 1
Hl(q/(}) = (T) . (;;)4‘1’}

[0072]  Fluid flow in a particular tube with a cylindrical fluid pathway therethrough can be
analyzed using Poiseuille’s equation:

_mD*AP AP
~128ul Ry

where AP is a change in pressure gradient across the length of the tube, D and L are the inner

diameter and length, respectively, of the cylindrical fluid pathway through the particular tube,

128uL . . 4. . .
nnli is the fluidic resistance. The particular tube may

f is the viscosity of a fluid, and Ry =
include or correspond to the tube 428. Since p 1s the viscosity of the fluid and not part of the tube

geometry, the geometric factor Gyis defined such that Ry (the fluidic resistance) is Ry = % Gt,

L
where Gr=—; .
D
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[0073] In some embodiments, the tube 428 may have multiple sections with lengths (L1,

L2, L3) and inner diameters of (D1, D2, D3), the geometric factor is then:

L1 L2 L3
Gy =—+=—=+=2=
f D14 D24 D34

In some embodiments, the tube 428 may have an inner diameter that changes over the length of

the tube, the geometric factor is then:

- fL dl
R IOE
In some embodiments, the tube 428 may have a cross section that is not circular. In this case, the

geometric factor can be determined by measuring the flow rate (Q) at given pressure (AP) with

known viscosity (u) fluid:

C. — AP
F 7 128u0Q
[0074] In some embodiments, the first fluidic resistance, which may be lower than the

second fluidic resistance, may facilitate a decreased flow rate of arterial blood within the portion
436 of the fluid pathway 434 within the tube 428 such that the maximum shear stress is reduced
within the portion 436 of the fluid pathway 434 and there is a decreased risk of hemolysis of the
arterial blood that will be collected. In these embodiments, the length L. and the inner diameter D
of the tube 428, which may determine the geometric factor Gr of the portion 436 of the fluid
pathway 434, may be selected to increase the first fluidic resistance and decrease the flow rate
within the portion 436 of the fluid pathway such that the risk of hemolysis is decreased but the
flow rate is still adequate for blood collection.

[0075] In some embodiments, the arterial catheter 420 may be a 20G arterial catheter. In
these embodiments, the length L and the inner diameter D may be selected such that the geometric

factor Gy of the portion 436 of the fluid pathway 434 within the tube 428 is 3.33E+06 (1/in*) or
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higher. In these embodiments, the length L. and the inner diameter D may be selected such that the
geometric factor Gr of the portion 436 of the fluid pathway 434 within the tube 428 is 3.41E+06
(1/in®) or higher. In some embodiments, the length L and the inner diameter D may be selected
such that the geometric factor Gy of the portion 436 of the fluid pathway 434 within the tube 428
is 3.33E+06 (1/in?) or higher.

[0076] In some embodiments, the arterial catheter 20 may be a 18G arterial catheter. In
these embodiments, the length L and the inner diameter D may be selected such that the geometric
factor Gy of the portion of the fluid pathway within the tube 428 is 2.88E+06 (1/in®) or higher.
[0077] In some embodiments, the arterial catheter 20 may be a 22G arterial catheter. In
these embodiments, the length L and the inner diameter D may be selected such that the geometric
factor Gy of the portion of the fluid pathway within the tube 428 is 1.05E+07 (1/in*) or higher.
[0078] In some embodiments, the arterial catheter 20 may be a 24G arterial catheter. In
these embodiments, the length L and the inner diameter D may be selected such that the geometric
factor Gy of the portion of the fluid pathway within the tube 428 is 3.20E+07 (1/in®) or higher.
[0079] In some embodiments, the tube 428 may include no more than one lumen 442
extending therethrough. In these embodiments, a single lumen may be sufficient for the tube 428
in the arterial catheter system 410 since arterial catheters are rarely used for infusion where an
extension tube with higher fluidic resistance might reduce the infusion rate significantly. In some
embodiments, the catheter adapter 414 may include a side port 444 disposed between the distal
end 416 of the catheter adapter 414 and the proximal end 418 of the catheter adapter 414. In some
embodiments, an extension tube 454 may include a distal end coupled to or integrated with the
side port 444. In some embodiments, the extension tube 454 may include a proximal end coupled

to or integrated with an adapter 456, which may a Y-adapter or another suitable adapter. In some

23



WO 2024/258629 PCT/US2024/031729

embodiments, the adapter 456 may include at least two ports, one for blood collection and the
other for pressure monitoring. In some embodiments, a needleless access connector 457 may be
coupled to one or more ports of the adapter 456.

[0080] In some embodiments, a compact connector 458 may include the tube 428 therein.
In some embodiments, the tube 428 may include a spiral or coil shape, which may facilitate a
compact device for easy use by a clinician. In some embodiments, the tube 428 may be flexible,
rigid, or semi-rigid. In some embodiments, the tube 428 may be constructed of plastic or another
suitable material. In some embodiments, a proximal end 460 of the compact connector 458 may
include a female luer or another suitable adapter for coupling to a blood collection device. In some
embodiments, the proximal end 460 may include a septum 461 configured to compress in response
to coupling the proximal end 460 with the blood collection device. In some embodiments, in
response to compressing of the septum 461, the blood collection device may be in fluid
communication with the fluid pathway 434. In some embodiments, a distal end 462 of the compact
connector 458 may be coupled to or integrated with the adapter 456.

[0081] Referring now to Figures SA-5B, a hemoshield device 520 is illustrated, according
to some embodiments. In some embodiments, the hemoshield device 520 may include a distal end
522 and a proximal end 524. In some embodiments, the distal end 522 of the hemoshield device
520 may include a male luer adapter 526, which may include a distal opening 528. In some
embodiments, the hemoshield device 520 may include a cannula 530 in fluid communication with
the male luer adapter 526. In some embodiments, the cannula 530 may include a distal end 532
and a sharp proximal tip 534. In some embodiments, the cannula 530 may be constructed of metal
or another suitable material configured to punctuate a seal of a blood collection container, such as

a blood collection tube. In some embodiments, an elastomeric sheath 531, and in response to
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insertion of the blood collection container being inserted into the hemoshield device 520, the sharp
proximal tip 534 may puncture the elastomeric sheath 531, which may be compressed in a distal
direction by the blood collection container.

[0082] In some embodiments, the hemoshield device 520 may include an elongated neck 535
disposed between the male luer adapter 526 and the sharp proximal tip 534. In some embodiments,
a fluid pathway of an arterial catheter system may include a portion 536 within the hemoshield
device 520, the portion 536 extending from the distal opening 528 through the sharp proximal tip
534. In some embodiments, a diameter 537 of the portion 536 of the fluid pathway is constant. In
some embodiments, an entire length 538 of the portion 536 of the fluid pathway is represented by
L, and the diameter 537 of the portion 536 of the fluid pathway is represented by D.

[0083] In some embodiments, the male luer adapter 526 of the hemoshield device 520 may
include a collar 539, which may extend around a protrusion 540 of the male luer adapter 526. In
some embodiments, the distal opening 528 may be disposed within a distal-most portion of the
protrusion 540. In some embodiments, an inner surface of the collar 539 may be threaded to form
a luer-lock fit with a corresponding female luer adapter. In other embodiments, the inner surface
of the collar 539 may be smooth to form a slip-fit with a corresponding female luer adapter. In
some embodiments, the portion 536 of the fluid pathway may be formed entirely by the cannula
530, which may extend through the collar 539 and form the protrusion 540 and the distal opening
528.

[0084] In some embodiments, an outer diameter of the collar 539 may be greater than an outer
diameter of the elongated neck 535. In some embodiments, the hemoshield device 520 may include
a holder 541 configured to receive a blood collection container, such as a blood collection tube. In

some embodiments, the holder 541 may include a cylindrical body 542. In some embodiments, the
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sharp proximal tip 534 may be disposed in a center of the cylindrical body 542 to facilitate puncture
of a seal of the blood collection container in response to insertion of the blood collection container
within a proximal opening 544 of the cylindrical body 542.

[0085] In some embodiments, an outer diameter of the cylindrical body 542 may be greater
than the outer diameter of the elongated neck 535. In some embodiments, the elongated neck 535
may be disposed between the holder 541 and the collar 539. In some embodiments, the distal end
532 of the cannula 530 may be integrated and secured within the elongated neck 535. In some
embodiments, the elastomeric sheath 531 may be coupled to an inner surface of the holder 541.
[0086] Referring now to Figures SC-5D, in some embodiments, the hemoshield device 520 may
include a female luer adapter 546 disposed at a proximal end of the elongated neck 535. In some
embodiments, the distal end of the holder 541 may include a male luer adapter 548. In some
embodiments, the female luer adapter 546 may be coupled to the male luer adapter 548. Thus, in
some embodiments, the hemoshield device 520 may include an extension 550, which a user may
couple to the holder 541 to provide the elongated neck 535 and an increased L, which may decrease
the risk of hemolysis. In these and other embodiments, D may correspond to an inner diameter of
the cannula 530. In some embodiments, an inner diameter of the elongated neck 535 may be equal
to D along all or a portion of the elongated neck 535. In some embodiments, the male luer adapter
548 may be similar or identical to the male luer adapter 526 in terms of one or more features and/or
operation.

[0087] Referring now to Figures 6A-6B, an arterial catheter system 552 is illustrated, according
to some embodiments. In some embodiments, the arterial catheter system 552 may be similar or
identical to the arterial catheter system of one or more of Figures 1C, 3A, 3B, 4A, and 4B in terms

of one or more included features and/or operation. In some embodiments, the arterial catheter
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system 552 may include an arterial catheter 554, and a female luer adapter 556 coupled to the
arterial catheter 554. In some embodiments, the arterial catheter system 552 may include the
hemoshield device 520, which may reduce the risk of hemolysis.

[0088] In some embodiments, the arterial catheter system 552 may include a catheter adapter
558, which may include a distal end 560, a proximal end 562, and a lumen 564 extending through
the distal end 560 of the catheter adapter 558 and the proximal end 562 of the catheter adapter 558.
In some embodiments, the arterial catheter 554 may extend distally from the distal end 560 of the
catheter adapter 558.

[0089] In some embodiments, the male luer adapter 526 of the hemoshield device 520 may be
coupled to the female luer adapter 556. In some embodiments, the arterial catheter system 552
and/or a location of the female luer adapter 556 may vary. In some embodiments, the arterial
catheter system 552 may include an extension tube 66, which may include a distal end integrated
with a side port 568 of the catheter adapter 558 and a proximal end integrated with the female luer
adapter 556. In some embodiments, the side port 568 may be disposed in between the distal end
560 and the proximal end 562 of the catheter adapter 558 and in fluid communication with the
lumen 564. In some embodiments, the proximal end 562 of the catheter adapter 558 may include
the female luer adapter 556, and the hemoshield device 520 may be coupled to the proximal end
562 of the catheter adapter 558.

[0090] In some embodiments, a septum 570 may be disposed within the lumen 564 of the
catheter adapter 558. In some embodiments, an introducer needle 572 of a needle assembly 574
may extend through the septum 570 and the arterial catheter 554 when the arterial catheter system
552 is inserted into the vasculature of the patient. In some embodiments, the needle assembly 574

may be removed from the arterial catheter system 552 in response to the arterial catheter 554 being
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inserted into the vasculature. In some embodiments, the introducer needle 572 may include a sharp
distal tip 76 and may extend from a needle hub 578 of the needle assembly 574, which may be
coupled to the proximal end 562 of the catheter adapter 558.

Typically, a maximum shear stress during blood collection through an arterial catheter 554 is much
higher than a maximum shear stress during blood collection using another type of catheter, i.e. a
venous catheter. Fluid flow in a particular cannula with a cylindrical fluid pathway can be
analyzed using Poiseuille’s equation:

_mD*AP AP
~128ul Ry

where AP is a change in pressure gradient across the length of the fluid pathway, D and L are the

inner diameter and length, respectively, of the cylindrical fluid pathway through the particular

128ul
D%

cannula, pis the viscosity of a fluid, and R; = is the fluid resistance. The particular

cannula may include or correspond to the cannula 530, and the cylindrical fluid pathway may
include or correspond to the portion 536. Since u is the viscosity of the fluid and not part of the

extension tube geometry, a geometric factor Gy is defined such that Ry (the fluid resistance) is

_128p _ L
Ry = — Gr, where Gs= o

[0091] In some embodiments, the portion 536 of the fluid pathway may have multiple
sections with lengths (L1, L2, L3) and inner diameters of (D1, D2, D3), the geometric factor is

then:

Gt 2 13
f 7 p1*  Dp2* D3t

In some embodiments, the portion 536 of the fluid pathway may have an inner diameter that

changes over the length of the fluid pathway, the geometric factor is then:
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. - fL dl
77 ) DO
In some embodiments, the portion 536 of the fluid pathway may have a cross section that is not

circular. In this case, the geometric factor can be determined by measuring the flow rate (Q) at

given pressure (AP) with known viscosity (¢) fluid:

G, — TAP
7~ 128u0

[0092] In some embodiments, the diameter of the portion 536 of the fluid pathway may be
greater than a minimum inner diameter of the arterial catheter 554. In some embodiments, D* /L
is equal to or less than a predetermined value, which may be based at least in part on the gauge of
the arterial catheter 554. In some embodiments, the predetermined value may correspond to a value
at which the risk of hemolysis is determined to below.

[0093] In some embodiments, the fluidic resistance within the portion 536 of the fluid
pathway may facilitate a decreased flow rate of arterial blood within the portion 536 of the fluid
pathway 534 within the cannula 530 such that the maximum shear stress is reduced and there is a
decreased risk of hemolysis of the arterial blood that will be collected. In these embodiments, the
length L and the inner diameter D of the cannula 530, which may determine the geometric factor
Gr of the portion 536 of the fluid pathway, may be selected to increase the fluidic resistance and
decrease the flow rate within the portion 536 of the fluid pathway such that the risk of hemolysis
is decreased but the flow rate is still adequate for blood collection.

[0094] In some embodiments, a fluidic resistance within the portion 536 of the fluid
pathway may be a first fluidic resistance. In some embodiments, the first fluidic resistance of the
portion of the fluid pathway within the extension tube may be greater than a second fluidic

resistance within the fluid pathway distal to the portion 536 of the fluid pathway. For example, the
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first fluidic resistance may be greater than a particular fluidic resistance within a lumen of the
catheter adapter 564, where arterial blood may travel prior to reaching the extension tube 32 and
the arterial hemoshield device 10 through which blood may be collected.

[0095] All examples and conditional language recited herein are intended for pedagogical
objects to aid the reader in understanding the invention and the concepts contributed by the
inventor to furthering the art and are to be construed as being without limitation to such specifically
recited examples and conditions. Although embodiments of the present inventions have been
described in detalil, it should be understood that the various changes, substitutions, and alterations

could be made hereto without departing from the spirit and scope of the invention.
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CLAIMS
We claim:
1. An arterial catheter system, comprising;:
a catheter assembly, comprising:
a catheter adapter, comprising a distal end and a proximal end;
an arterial catheter extending from the distal end of the catheter adapter;
a needle assembly, comprising:
a needle hub,;
an introducer needle;
an arterial hemoshield device coupled to the catheter assembly; and
a fluid pathway within the arterial catheter, the catheter adapter, and the arterial hemoshield
device;
wherein a first fluidic resistance within a portion of the fluid pathway within the arterial
hemoshield device is greater than a second fluidic resistance within the fluid pathway distal to the
portion of the fluid pathway.
2. The arterial catheter system of claim 1, wherein the arterial hemoshield device
comprises:
a distal end, comprising a luer adapter;
a proximal end, comprising a blood collection device; and
an extension tube extending between the distal end and the proximal end, wherein the
portion of the fluid pathway is disposed within the extension tube.
3. The arterial catheter system of claim 2, wherein the extension tube comprises a distal

end and a proximal end, wherein the distal end of the extension tube is integrated with



WO 2024/258629 PCT/US2024/031729

the luer adapter, wherein the proximal end of the extension tube is integrated with the
blood collection device.

4. The arterial catheter system of claim 2, wherein the luer adapter is a first luer adapter,
wherein the blood collection device comprises a second luer adapter, further
comprising a third luer adapter coupled to the second luer adapter, wherein the
extension tube comprises a distal end and a proximal end, wherein the distal end of the
extension tube is integrated with the first luer adapter, wherein the proximal end of the
extension tube is integrated with the third luer adapter.

5. The arterial catheter system of claim 2, wherein a geometric factor Gr of the portion of
the fluid pathway is different than a geometric factor Gr of another portion of the fluid
pathway.

6. The arterial catheter system of claim 2, wherein the extension tube has no more than
one lumen extending therethrough.

7. The arterial catheter system of claim 1, wherein the arterial hemoshield device
comprises a compact connector, wherein the compact connector comprises a spiral
tube, wherein the portion of the fluid pathway is disposed within the spiral tube.

8. The arterial catheter system of claim 7, wherein the catheter adapter further comprises
a side port disposed between the distal end of the catheter adapter and the proximal end
of the catheter adapter, wherein the catheter assembly further comprises another
extension tube extending from the side port, wherein a distal end of the another
extension tube is integrated with the side port, wherein a proximal end of the other
extension tube is integrated with a Y-adapter, wherein the compact connector is

coupled to the Y-adapter.
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9. The arterial catheter system of claim 7, wherein a geometric factor Gr of the portion of
the fluid pathway is different than a geometric factor Gr of another portion of the fluid
pathway.

10. The arterial catheter system of claim 7, wherein the spiral tube has no more than one
lumen extending therethrough.

11. The arterial catheter system of claim 1, wherein the arterial hemoshield device
comprises,

a female luer adapter coupled to catheter assembly;

a blood collection device, comprising:

a distal end, comprising a male luer adapter coupled to the female luer adapter, the
male luer adapter comprising a distal opening;

a cannula in fluid communication with the male luer adapter, wherein the cannula
comprises a distal end and a sharp proximal tip; and

an elongated neck disposed between the male luer adapter and the sharp proximal
tip,

wherein the portion of the fluid pathway extends from the distal opening through
the sharp proximal tip.

12. The arterial catheter system of claim 11, wherein a geometric factor Gr of the portion
of the fluid pathway is different than a geometric factor Gr of another portion of the
fluid pathway.

13. A method of blood collection, comprising:

inserting an arterial catheter of an arterial catheter system into an artery of a patient,

wherein the arterial catheter system comprises:
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a catheter assembly, comprising:

a catheter adapter, comprising a distal end and a proximal end,;

an arterial catheter extending from the distal end of the catheter adapter;
a needle assembly, comprising:

a needle hub;

an introducer needle;

an arterial hemoshield device coupled to the catheter assembly;

a fluid pathway within the arterial catheter, catheter adapter, and the arterial
hemoshield device, wherein a first fluidic resistance within a portion of the fluid pathway
within the arterial hemoshield device is greater than a second fluidic resistance within the
fluid pathway distal to the portion of the fluid pathway; and
collecting arterial blood in a blood collection device coupled to the catheter assembly,

whereby the arterial blood flows through the portion of the fluid pathway and into the blood
collection device.
14. The method of claim 13, wherein the arterial hemoshield device comprises:
a distal end, comprising a luer adapter;
a proximal end, comprising a blood collection device; and
an extension tube extending between the distal end and the proximal end, wherein the
portion of the fluid pathway is disposed within the extension tube.
15. The method of claim 13, wherein the arterial hemoshield device comprises a compact
connector, wherein the compact connector comprises a spiral tube, wherein the portion
of the fluid pathway is disposed within the spiral tube.

16. The method of claim 13, wherein the hemoshield device comprises:
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a female luer adapter coupled to the arterial catheter;
a blood collection device, comprising:
a distal end, comprising a male luer adapter coupled to the female luer adapter, the
male luer adapter comprising a distal opening;
a cannula in fluid communication with the male luer adapter, wherein the cannula
comprises a distal end and a sharp proximal tip; and
an elongated neck disposed between the male luer adapter and the sharp proximal
tip,
wherein the portion of the fluid pathway extends from the distal opening through
the sharp proximal tip.
17. A method of manufacturing an arterial catheter system having a fluid pathway therein,
the method comprising:
coupling a catheter assembly to a needle assembly, wherein the catheter assembly
comprises a catheter hub and an arterial catheter extending distally from the catheter hub;
coupling an arterial hemoshield device to the catheter assembly such that the arterial
hemoshield device is in fluid communication with the catheter assembly and the fluid pathway is
within the arterial catheter, the catheter hub, and the arterial hemoshield device; and
selecting a length L of a portion of the fluid pathway within the arterial hemoshield device
and an inner diameter D of the portion of the fluid pathway within the arterial hemoshield device
such that a first fluidic resistance within the portion of the fluid pathway is greater than a second

fluidic resistance within the fluid pathway distal to the portion of the fluid pathway.
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