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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority to United
States Provisional Application No. 62/378,971, filed Au-
gust 24, 2016, entitled "Finger-Based Capillary Blood
Collection Device", the entire disclosure of which is here-
by incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Disclosure

[0002] The present disclosure relates generally to de-
vices adapted for use with biological fluids. More partic-
ularly, the present disclosure relates to devices for con-
trolling the flow of blood.

2. Description of the Related Art

[0003] Blood sampling is a common health care pro-
cedure involving the withdrawal of at least a drop of blood
from a patient. Blood samples are commonly taken from
hospitalized, homecare, and emergency room patients
either by finger stick, heel stick, or venipuncture. Once
collected, blood samples may be analyzed to obtain med-
ically useful information including chemical composition,
hematology, or coagulation, for example. Blood tests de-
termine the physiological and biochemical states of the
patient, such as disease, mineral content, drug effective-
ness, and organ function. Blood tests may be performed
in a clinical laboratory or at the point-of-care near the
patient.
[0004] Lancet devices are used in the medical field for
puncturing the skin of a patient to obtain a small sample
of capillary blood from the patient. Certain diseases, such
as diabetes, require that a patient’s blood be tested on
a regular basis to monitor, for example, the patient’s
blood sugar levels. Additionally, test kits, such as cho-
lesterol test kits, often require a small blood sample for
analysis. The blood collection procedure usually involves
pricking a finger or other suitable body part in order to
obtain the blood sample. Typically, the amount of blood
needed for such tests is relatively small and a small punc-
ture wound or incision normally provides a sufficient
amount of blood for these tests.
[0005] Upon puncturing the skin of a patient using a
lancet device, the blood will spread and remain on a sur-
face of the finger.

SUMMARY OF THE INVENTION

[0006] The present disclosure provides a collection de-
vice which directs a flow of blood into a container and
provides a controlled blood flow path that ensures blood
flow from a collection site to a collection container.
[0007] The device for attached flow of blood of the

present disclosure achieves this using three key techni-
cal elements to control the flow of blood in the desired
manner. First, controlling and guiding a blood sample
from a skin surface of a patient to a collection housing
via a first flow directing attachment portion. Second, con-
trolling and guiding the blood sample from a first end of
a collection housing to a second end of the collection
housing via capillary transfer. Third, controlling and guid-
ing the blood sample from the second end of the collec-
tion housing into a collection cavity of a collection con-
tainer via a second flow directing attachment portion.
With a first end of a housing in communication with a
source of blood, a first flow directing attachment portion,
a flow channel, a second flow directing attachment por-
tion, and an interior wall surface of a container provide
attachment portions to establish attached blood flow, for
a first drop of blood and subsequent blood to follow, from
the first end of the housing to a collection cavity of the
container.
[0008] In accordance with an embodiment of the
present invention, a device for attached flow of blood
includes a housing defining a centerline and having a
first end, a second end, and a flow channel having an
inlet and an outlet, a portion of the flow channel offset
from the centerline of the housing, and the flow channel
having a first flow directing attachment portion adjacent
the inlet and a second flow directing attachment portion
adjacent the outlet; and a container removably connect-
able to the housing, the container defining a collection
cavity and having an interior wall, wherein, with the con-
tainer connected to the housing, the outlet of the flow
channel is in fluid communication with the collection cav-
ity of the container and the outlet of the flow channel is
adjacent the interior wall of the container.
[0009] In one configuration, the first flow directing at-
tachment portion provides a first fluid attachment point
for blood to attach to for controlling the flow of blood from
a skin surface to a portion of the housing. In another
configuration, the second flow directing attachment por-
tion provides a second fluid attachment point for blood
to attach to for controlling the flow of blood from a portion
of the housing to the collection cavity of the container. In
yet another configuration, with the first end of the housing
in communication with a source of blood, the first flow
directing attachment portion, the flow channel, the sec-
ond flow directing attachment portion, and the interior
wall of the container provide attachment portions to es-
tablish attached blood flow, for a first drop of blood and
subsequent blood to follow, from the first end of the hous-
ing to the collection cavity of the container. In one con-
figuration, with the inlet of the flow channel in communi-
cation with a source of blood, the blood fluidly attaches
to the first flow directing attachment portion and flows
from the first flow directing attachment portion to the flow
channel. In another configuration, the blood is subse-
quently pulled through the flow channel to the second
flow directing attachment portion via capillary action. In
yet another configuration, the blood fluidly attaches to
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the second flow directing attachment portion and the in-
terior wall of the container to flow from the flow channel
into the collection cavity of the container. In one config-
uration, the first end of the housing includes a sloped wall
surface, the first flow directing attachment portion ex-
tends from the sloped wall surface, and the sloped wall
surface defines a flow channel entry. In another config-
uration, the first flow directing attachment portion is an
attachment pillar. In yet another configuration, the first
flow directing attachment portion comprises a plurality of
attachment pillars. In one configuration, the second flow
directing attachment portion is an attachment lip. In an-
other configuration, the second flow directing attachment
portion is an extended capillary tube portion. In yet an-
other configuration, the second flow directing attachment
portion is an inward curved lip. In one configuration, the
second flow directing attachment portion is a planar cut
lip. In another configuration, the second flow directing
attachment portion is an extended pillar structure. In yet
another configuration, the outlet of the flow channel ex-
tends beyond the second end of the housing.
[0010] In accordance with another embodiment of the
present invention, a device for attached flow of blood
includes a housing defining a centerline and having a
first end, a second end, a hollow needle, and a flow chan-
nel having an inlet and an outlet, a portion of the flow
channel offset from the centerline of the housing, the flow
channel having a flow directing attachment portion adja-
cent the outlet, and the hollow needle between the first
end of the housing and the flow channel; and a container
removably connectable to the housing, the container de-
fining a collection cavity and having an interior wall,
wherein, with the container connected to the housing,
the outlet of the flow channel is in fluid communication
with the collection cavity of the container and the outlet
of the flow channel is adjacent the interior wall of the
container.
[0011] In one configuration, the flow directing attach-
ment portion provides a fluid attachment point for blood
to attach to for controlling the flow of blood from a portion
of the housing to the collection cavity of the container. In
another configuration, with the first end of the housing in
communication with a source of blood, the hollow needle,
the flow channel, the flow directing attachment portion,
and the interior wall of the container provide attachment
portions to establish attached blood flow, for a first drop
of blood and subsequent blood to follow, from the first
end of the housing to the collection cavity of the container.
In yet another configuration, with the inlet of the flow
channel in communication with a source of blood, the
blood fluidly attaches to a portion of the hollow needle
and flows through the hollow needle to the flow channel.
In one configuration, the blood is subsequently pulled
through the flow channel to the flow directing attachment
portion via capillary action. In another configuration, the
blood fluidly attaches to the flow directing attachment por-
tion and the interior wall of the container to flow from the
flow channel into the collection cavity of the container. In

yet another configuration, the housing includes a sloped
wall surface between the hollow needle and the flow
channel, and the sloped wall surface defines a flow chan-
nel entry. In one configuration, the flow directing attach-
ment portion is an attachment lip. In another configura-
tion, the flow directing attachment portion is an extended
capillary tube portion. In yet another configuration, the
flow directing attachment portion is an inward curved lip.
In one configuration, the flow directing attachment portion
is a planar cut lip. In another configuration, the flow di-
recting attachment portion is an extended pillar structure.
In yet another configuration, the outlet of the flow channel
extends beyond the second end of the housing. In one
configuration, the device further includes a flow directing
ring around the hollow needle. In another configuration,
the hollow needle includes a lancing blade. In yet another
configuration, with the first end of the housing in commu-
nication with a source of blood, a first drop of blood at-
taches to the lancing blade and flows through the hollow
needle to the flow channel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above-mentioned and other features and
advantages of this disclosure, and the manner of attain-
ing them, will become more apparent and the disclosure
itself will be better understood by reference to the follow-
ing descriptions of embodiments of the disclosure taken
in conjunction with the accompanying drawings, wherein:

Fig. 1 is a cross-sectional view of a device for at-
tached flow of blood in accordance with an embod-
iment of the present invention.
Fig. 2 is the device of Fig. 1 engaged with a finger
in accordance with an embodiment of the present
invention.
Fig. 3 is a perspective view of a first flow directing
attachment portion of a device for attached flow of
blood in accordance with an embodiment of the
present invention.
Fig. 4 is a perspective view of a first flow directing
attachment portion of a device for attached flow of
blood in accordance with another embodiment of the
present invention.
Fig. 5 is a perspective view of a first flow directing
attachment portion of a device for attached flow of
blood in accordance with another embodiment of the
present invention.
Fig. 6 is a perspective view of a first flow directing
attachment portion of a device for attached flow of
blood in accordance with another embodiment of the
present invention.
Fig. 7A is a perspective view of a second flow di-
recting attachment portion of a device for attached
flow of blood in accordance with an embodiment of
the present invention.
Fig. 7B is a perspective view of the attached flow of
blood with a second flow directing attachment portion
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and an interior wall of a container in accordance with
an embodiment of the present invention.
Fig. 8A is a perspective view of a second flow di-
recting attachment portion of a device for attached
flow of blood in accordance with another embodi-
ment of the present invention.
Fig. 8B is a perspective view of the attached flow of
blood with a second flow directing attachment portion
and an interior wall of a container in accordance with
another embodiment of the present invention.
Fig. 9A is a perspective view of a second flow di-
recting attachment portion of a device for attached
flow of blood in accordance with another embodi-
ment of the present invention.
Fig. 9B is a perspective view of the attached flow of
blood with a second flow directing attachment portion
and an interior wall of a container in accordance with
another embodiment of the present invention.
Fig. 10A is a perspective view of a second flow di-
recting attachment portion of a device for attached
flow of blood in accordance with another embodi-
ment of the present invention.
Fig. 10B is a perspective view of the attached flow
of blood with a second flow directing attachment por-
tion and an interior wall of a container in accordance
with another embodiment of the present invention.
Fig. 11 is a cross-sectional view of a device for at-
tached flow of blood in accordance with another em-
bodiment of the present invention.
Fig. 12 is an enlarged view of an open cell foam
material taken along section 12 of Fig. 11 in accord-
ance with another embodiment of the present inven-
tion.
Fig. 13 is a perspective view of a container having
a sample stabilizer in accordance with an embodi-
ment of the present invention.
Fig. 14 is a perspective view of a container having
a sample stabilizer in accordance with another em-
bodiment of the present invention.
Fig. 15 is a perspective view of a container having
a sample stabilizer in accordance with another em-
bodiment of the present invention.
Fig. 16 is a perspective view of a container having
a sample stabilizer in accordance with another em-
bodiment of the present invention.
Fig. 17 is a cross-sectional view of a device for at-
tached flow of blood engaged with a finger in accord-
ance with another embodiment of the present inven-
tion.
Fig. 18 is a perspective view of a hollow needle of a
device for attached flow of blood in accordance with
an embodiment of the present invention.
Fig. 19 is a perspective view of a hollow needle of a
device for attached flow of blood in accordance with
another embodiment of the present invention.
Fig. 20 is a perspective view of a hollow needle of a
device for attached flow of blood in accordance with
another embodiment of the present invention.

Fig. 21 is a perspective view of a hollow needle of a
device for attached flow of blood in accordance with
another embodiment of the present invention.
Fig. 22 is a perspective view of a hollow needle of a
device for attached flow of blood in accordance with
another embodiment of the present invention.
Fig. 23 is a perspective view of a hollow needle of a
device for attached flow of blood in accordance with
another embodiment of the present invention.
Fig. 24 is a perspective view of a hollow needle of a
device for attached flow of blood in accordance with
another embodiment of the present invention.
Fig. 25A is a perspective view of a container of a
device for attached flow of blood, with the container
connected to a housing, in accordance with an em-
bodiment of the present invention.
Fig. 25B is a perspective view of a container of a
device for attached flow of blood, with the container
removed from a housing in a first position, in accord-
ance with an embodiment of the present invention.
Fig. 25C is a perspective view of a container of a
device for attached flow of blood, with the container
removed from a housing in a second position, in ac-
cordance with an embodiment of the present inven-
tion.
Fig. 26A is a perspective view of a container of a
device for attached flow of blood, with the container
connected to a housing, in accordance with another
embodiment of the present invention.
Fig. 26B is a perspective view of a container of a
device for attached flow of blood, with the container
removed from a housing, in accordance with another
embodiment of the present invention.
Fig. 27A is a perspective view of a container of a
device for attached flow of blood, with the container
connected to a housing, in accordance with another
embodiment of the present invention.
Fig. 27B is a perspective view of a container of a
device for attached flow of blood, with the container
removed from a housing in a first position, in accord-
ance with another embodiment of the present inven-
tion.
Fig. 27C is a perspective view of a container of a
device for attached flow of blood, with the container
removed from a housing in a second position, in ac-
cordance with another embodiment of the present
invention.
Fig. 28A is a perspective view of a container of a
device for attached flow of blood, with the container
connected to a housing, in accordance with another
embodiment of the present invention.
Fig. 28B is a perspective view of a container of a
device for attached flow of blood, with the container
removed from a housing, in accordance with another
embodiment of the present invention.

[0013] Corresponding reference characters indicate
corresponding parts throughout the several views. The
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exemplifications set out herein illustrate exemplary em-
bodiments of the disclosure, and such exemplifications
are not to be construed as limiting the scope of the dis-
closure in any manner.

DETAILED DESCRIPTION

[0014] The following description is provided to enable
those skilled in the art to make and use the described
embodiments contemplated for carrying out the inven-
tion. Various modifications, equivalents, variations, and
alternatives, however, will remain readily apparent to
those skilled in the art. Any and all such modifications,
variations, equivalents, and alternatives are intended to
fall within the spirit and scope of the present invention.
[0015] For purposes of the description hereinafter, the
terms "upper", "lower", "right", "left", "vertical", "horizon-
tal", "top", "bottom", "lateral", "longitudinal", and deriva-
tives thereof shall relate to the invention as it is oriented
in the drawing figures. However, it is to be understood
that the invention may assume alternative variations and
step sequences, except where expressly specified to the
contrary. It is also to be understood that the specific de-
vices and processes illustrated in the attached drawings,
and described in the following specification, are simply
exemplary embodiments of the invention. Hence, specif-
ic dimensions and other physical characteristics related
to the embodiments disclosed herein are not to be con-
sidered as limiting.
[0016] The device for attached flow of blood 10 of the
present disclosure provides a controlled blood flow path
that ensures attached blood flow from a collection site to
a collection container. The device for attached flow of
blood 10 of the present disclosure achieves this using
three key technical elements to control the flow of blood
in the desired manner. First, controlling and guiding a
blood sample from a skin surface of a patient to a collec-
tion housing via a first flow directing attachment portion.
Second, controlling and guiding the blood sample from
a first end of a collection housing to a second end of the
collection housing via capillary transfer. Third, controlling
and guiding the blood sample from the second end of the
collection housing into a collection cavity of a collection
container via a second flow directing attachment portion.
[0017] Figs. 1-10B illustrate an exemplary embodi-
ment of a device for attached flow of blood of the present
disclosure. Referring to Figs. 1-10B, a device for attached
flow of blood 10 of the present disclosure provides a con-
trolled blood flow path that ensures attached blood flow
from a collection site to a collection container.
[0018] Upon puncturing the skin of a patient using a
typical lancet device, the blood will spread and remain
on a surface of the finger. Without controlling the blood
and the flow of blood, the blood may remain on a surface
of the finger and may not readily flow to a collection con-
tainer.
[0019] Referring to Figs. 1-10B, in one exemplary em-
bodiment, a device for attached flow, i.e., providing flow

directing attachment portions for a blood sample to attach
to for guiding and controlling the flow of the blood sample
from a collection site to a collection container, of blood
10 generally includes a housing 12 and a collection con-
tainer 14 that is removably connectable to the housing
12. The container 14 defines a collection cavity 70 and
includes an interior wall or interior wall surface 72.
[0020] Referring to Figs. 1-10B, the housing 12 defines
a centerline CL and includes a first end 20, a second end
22, and a flow channel 24. The flow channel 24 includes
an inlet 26 and an outlet 28. A portion of the flow channel
24, e.g., a middle portion 30, is offset from the centerline
CL of the housing 12. This ensures that the outlet 28 of
the flow channel 24 is adjacent to an interior wall surface
72 of the container 14, as described in more detail below.
The flow channel 24 also includes a first flow directing
attachment portion 32 at the inlet 26 and a second flow
directing attachment portion 34 at the outlet 28. In one
embodiment, the outlet 28 of the flow channel 24 extends
beyond the second end 22 of the housing 12 as shown
in Figs. 1 and 2.
[0021] Referring to Figs. 1 and 2, with the container 14
connected to the housing 12, the outlet 28 of the flow
channel 24 is in fluid communication with the collection
cavity 70 of the container 14 and the outlet 28 of the flow
channel 24 is adjacent the interior wall surface 72 of the
container 14.
[0022] In one embodiment, the first end 20 of the hous-
ing 12 includes a sloped wall surface 36. In this manner,
the sloped wall surface 36 provides physical structure,
i.e., a wall surface, which allows the first flow directing
attachment portion 32 to extend upwards from. For ex-
ample, referring to Fig. 1, the first flow directing attach-
ment portion 32 extends upwards from the sloped wall
surface 36 to the inlet 26 of the housing 12. In one em-
bodiment, the sloped wall surface 38 defines a flow chan-
nel entry 38.
[0023] The device for attached flow of blood 10 of the
present disclosure provides a controlled blood flow path
that ensures attached blood flow from a collection site to
a collection container. The device for attached flow of
blood 10 of the present disclosure achieves this using
three key technical elements to control the flow of blood
in the desired manner. First, controlling and guiding a
blood sample from a skin surface of a patient to a collec-
tion housing via a first flow directing attachment portion.
Second, controlling and guiding the blood sample from
a first end of a collection housing to a second end of the
collection housing via capillary transfer. Third, controlling
and guiding the blood sample from the second end of the
collection housing into a collection cavity of a collection
container via a second flow directing attachment portion.
[0024] For example, referring to Fig. 2, with the first
end 20 of the housing 12 in communication with a source
of blood 16, the first flow directing attachment portion 32,
the flow channel 24, the second flow directing attachment
portion 34, and the interior wall surface 72 of the container
14 provide attachment portions to establish attached
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blood flow, for a first drop of blood 16 and subsequent
blood 16 to follow, from the first end 20 of the housing
12 to a collection cavity 70 of the container 14.
[0025] The first key blood flow path element 40 in-
volves directing the first drop of blood 16 away from a
surface S of a finger F in a direction towards a collection
container 14. In one embodiment, with the first end 20 of
the housing 12 in communication with a source of blood
16, the first flow directing attachment portion 32 provides
a pillar which the first drop of blood 16 attaches to and
flows down and into the flow channel 24 of the housing
12 in a controlled manner. In other words, a first drop of
blood 16 attaches to the first flow directing attachment
portion 32 and flows from the first flow directing attach-
ment portion 32 to the flow channel 24.
[0026] In one embodiment, the sloped wall surface 36
provides a downward attached flow path from the first
flow directing attachment portion 32 to the flow channel
24 of the housing 12. After the first drop of blood 16 at-
taches to and flows down the first flow directing attach-
ment portion 32, the subsequent blood 16 follows the
attached blood flow path of the first drop of blood 16 from
the first end 20 of the housing 12 to the collection cavity
70 of the container 14.
[0027] The second key blood flow path element 42 in-
volves directing the blood 16 down the flow channel 24
to the second flow directing attachment portion 34 in a
direction towards a collection container 14. For example,
the first drop of blood 16, and subsequent blood 16, is
pulled through the flow channel 24 to the second flow
directing attachment portion 34 via capillary motion. In
one embodiment, the flow channel 24 is a capillary flow
channel. In one embodiment, the flow channel 24 is a
capillary tube that uses capillary forces to pull the blood
16 down the flow channel 24 away from the surface S of
the finger F.
[0028] The third key blood flow path element 44 in-
volves directing the blood 16 from the flow channel 24
into the collection container 14. The device 10 of the
present disclosure ensures transition from the flow chan-
nel 24 to the container 14 via attached flow. For example,
the blood 16 attaches to the second flow directing attach-
ment portion 34 and the interior wall surface 72 of the
container 14 to flow from the flow channel 24 into the
collection cavity 70 of the container 14.
[0029] The third key blood flow path element 44 involv-
ing directing the blood 16 from the flow channel 24 into
the collection container 14 is the reason that it is important
that a portion of the flow channel 24, e.g., a middle portion
30, is offset from the centerline CL of the housing 12.
This ensures that the outlet 28 of the flow channel 24,
and the second flow directing attachment portion 34, is
adjacent to an interior wall surface 72 of the container 14
to ensure the transition of the attached blood flow from
the flow channel 24 to the container 14.
[0030] The blood 16 will only flow down and out the
flow channel 24 into the container 14 if the blood 16 is
able to find another portion to attach to. The second flow

directing attachment portion 34 and the interior wall sur-
face 72 of the container 14 provide such attachment por-
tions to control the blood 16 to the collection cavity 70 of
the container 14 via attached blood flow.
[0031] As described above, once this pathway of at-
tached blood flow is established, the subsequent blood
16 follows and flows along this attached blood flow. In
the above-described manner, the device 10 of the
present disclosure establishes attached blood flow, for a
first drop of blood 16 and subsequent blood 16 to follow,
from the first end 20 of the housing 12 to a collection
cavity 70 of the container 14.
[0032] The first flow directing attachment portion 32
may include a variety of different designs and structures
as shown in Figs. 3-6. Additional alternative designs and
structures of the first flow directing attachment portion 32
are contemplated. For example, referring to Fig. 3, in one
embodiment, the first flow directing attachment portion
32 is an attachment pillar 50. The attachment pillar 50 is
a single pillar structure that may have a variable diameter
and length. The pillar 50 may include hydrophilic surface
properties to attract the first drop of blood and establish
a flow path to the second capillary section. In one em-
bodiment, the pillar 50 may have a diameter of between
0.25 mm to 4 mm, and a length of between 2 mm and 20
mm.
[0033] Referring to Fig. 4, in another embodiment, the
first flow directing attachment portion 32 is a plurality of
attachment pillars 52. The plurality of attachment pillars
52 may include pillars having different sizes and struc-
tures including a variety of different number of pillars. In
one configuration, the plurality of attachment pillars 52
provide multiple surfaces for the first drop of blood to
establish a flow path without smearing to the side of the
structure or pooling in an undesired location. The multiple
pillars 52 can also provide for additional capillary action
due to the multiple capillary sections created between
the individual pillar structures. In one configuration, the
plurality of attachment pillars 52 may include between 2
and 10 attachment pillars, such as between 5 and 10
attachment pillars. In one embodiment, the each pillar
may have a diameter of between 0.25 mm to 4 mm, and
a length of between 2 mm and 20 mm.
[0034] Referring to Fig. 5, in another embodiment, the
first flow directing attachment portion 32 is a protruding
structure 54. The protruding structure 54 guides the at-
tached flow of blood and may include different shapes,
sizes, and structures. In this configuration, the slanted
structure provides a hydrophilic surface for the first drop
of blood to attach to and be guided to the second capillary
section. Optionally the thickness of the slanted structure
may be from about 0.25 to about 5 mm.
[0035] Referring to Fig. 6, in another embodiment, the
first flow directing attachment portion 32 is a capillary
groove portion 56. The capillary groove portion 56 guides
the attached flow of blood and may include different
shapes, sizes, and number of grooves. In this configura-
tion, the pillar structure having grooves aids with higher
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capillary force due to the increased surface in the grooves
thereby acting as capillary channels for the first drop of
blood to be wicked from the finger and transferred to the
second capillary channel. In one configuration, the
number of grooves provided may be between 1 and 20,
and the diameter of each groove may be between 0.25
mm and 1 mm.
[0036] The second flow directing attachment portion
34 may include a variety of different designs and struc-
tures as shown in Figs. 7A-10B. Additional alternative
designs and structures of the second flow directing at-
tachment portion 34 are contemplated. For example, re-
ferring to Figs. 1 and 2, in one embodiment, the second
flow directing attachment portion 34 is an attachment lip
60. The attachment lip 60 is a lip designed to establish
attached blood flow into the collection cavity 70 of the
container 14 as described above. The attachment lip 60
provides a surface for the blood to expand and form a
droplet to establish attachment to the collection cavity.
[0037] Referring to Figs. 7A and 7B, in another em-
bodiment, the second flow directing attachment portion
34 is an extended capillary tube portion 62. In one con-
figuration, the extended capillary tube portion may extend
between 2 mm and 10 mm beyond the flow channel 24.
The extended capillary tube portion 62 may be spaces
from the wall of the collection container a distance of less
than 1 mm.
[0038] Referring to Figs. 8A and 8B, in another em-
bodiment, the second flow directing attachment portion
34 is an inward curved lip 64. The inward curved lip struc-
ture aids in the attachment of the blood from a portion of
the housing to the surface of the collection cavity. In one
configuration, the inward curved lip structure may extend
beyond the flow channel 24 from about 0.5 to about 10
mm.
[0039] Referring to Figs. 9A and 9B, in another em-
bodiment, the second flow directing attachment portion
34 is a planar cut lip 66. The planar cut lip 66 also aids
in the formation of a blood droplet and the establishment
of an attachment of blood to the surface of a collection
cavity. In one configuration, the planar cut lip may have
an angle from about 10° to about 80°.
[0040] Referring to Figs. 10A and 10B, in another em-
bodiment, the second flow directing attachment portion
34 is an extended pillar structure 68. In one configuration,
the extended pillar structure may extend beyond the flow
channel 24 a distance of from about 0.5 mm to about 10
mm.
[0041] Referring to Figs. 1, 2, 17, and 25A-28B, exem-
plary embodiments of a collection container 14 of the
present disclosure are shown. Additional alternative de-
signs and structures of the container 14 are contemplat-
ed. A collection container 14 of the present disclosure is
removably connectable to the housing 12. The container
14 defines a collection cavity 70 and includes an interior
wall or interior wall surface 72. Referring to Figs. 1 and
2, with the container 14 connected to the housing 12, the
outlet 28 of the flow channel 24 is in fluid communication

with the collection cavity 70 of the container 14 and the
outlet 28 of the flow channel 24 is adjacent the interior
wall surface 72 of the container 14. In one configuration,
the inner diameter of the flow channel 24 may be from
about 0.5 mm to about 2 mm.
[0042] Referring to Figs. 25A-25C, in one embodiment,
the container 14 includes a removably connectable cap
74 and a tether element 76. In such an embodiment, the
cap 74 is removed when the container 14 is connected
to the housing 12 as shown in Fig. 25A. The tether ele-
ment 76 ensures that the cap 74 still remains secured to
a portion of the container 14 with the cap 74 disconnected
from an open top end 78 of the container 14 as shown
in Fig. 25B. Once a desired amount of blood 16 is col-
lected within the container 14, the container 14 is re-
moved from the housing 12 and the cap 74 is connected
to the container 14 to protectively seal the blood 16 within
the container 14 as shown in Fig. 25C.
[0043] Referring to Figs. 26A-26B, in one embodiment,
the container 14 includes a resealable septum 80. In such
an embodiment, with the container 14 connected to the
housing 12, a portion of the flow channel 24 pierces the
septum 80 so that the flow channel 24 is in fluid commu-
nication with the collection cavity 70 of the container 14.
Once a desired amount of blood 16 is collected within
the container 14, the container 14 is removed from the
housing 12 and the septum 80 automatically reseals to
the closed, sealed position to protectively seal the blood
16 within the container 14 as shown in Fig. 26B.
[0044] Referring to Figs. 27A-27C, in one embodiment,
the container 14 includes a deformable dispensing por-
tion 82. In such an embodiment, with the container 14
removed from the housing 12, a portion of the blood 16
may be dispensed from the container 14 by activation of
the deformable portion 82. For example, the deformable
portion 82 is transitionable between an initial position
(Figs. 27A-27B) in which the blood 16 is contained within
the collection cavity 70 and a deformed position (Fig.
27C) in which a portion of the blood 16 is expelled from
the collection cavity 70 of the container 14. The deform-
able portion 82 is squeezed to transition from the initial
position (Figs. 27A-27B) to the deformed position (Fig.
27C). In this manner, the blood 16 may be transferred to
a device intended to analyze the sample, e.g., such as
a point-of-care testing device, a cartridge tester, or a near
patient testing device, while minimizing the exposure of
the medical practitioner to the blood sample. In one em-
bodiment, the container 14 also includes an end cap 84
to safely seal an exit portion 86 of the container 14. When
a user is ready to expel a portion of blood 16 from the
container 14, the end cap 84 is removed from the exit
portion 86 of the container 14 before dispensing blood 16.
[0045] Referring to Figs. 28A-28B, in one embodiment,
the container 14 includes an extension tube 88. The ex-
tension tube 88 is compatible with analyzers and analyz-
ing devices.
[0046] Figs. 17-24 illustrate another exemplary em-
bodiment of a device for attached flow of blood of the
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present disclosure. Referring to Figs. 17-24, a device for
attached flow of blood 100 of the present disclosure pro-
vides a controlled blood flow path that ensures attached
blood flow from a collection site to a collection container.
[0047] Upon puncturing the skin of a patient using a
lancet device, the blood will spread and remain on a sur-
face of the finger. Without controlling the blood and the
flow of blood, the blood will remain on a surface of the
finger and will not flow to a collection container.
[0048] Referring to Figs. 17-24, in one exemplary em-
bodiment, a device for attached flow of blood 100 gen-
erally includes a housing 112 and a collection container
14 that is removably connectable to the housing 112. The
container 14 defines a collection cavity 70 and includes
an interior wall or interior wall surface 72. The same con-
tainers 14 that are compatible with the device 10 de-
scribed above with reference to Figs. 1-10B are compat-
ible with the device 100 described with reference to Figs.
17-24.
[0049] Referring to Fig. 17, the housing 112 defines a
centerline CL and includes a first end 120, a second end
122, a hollow needle 123, and a flow channel 124. The
flow channel 24 includes an inlet 126 and an outlet 128.
A portion of the flow channel 124, e.g., a bottom portion
130, is offset from the centerline CL of the housing 112.
This ensures that the outlet 128 of the flow channel 124
is adjacent to an interior wall surface 72 of the container
14, as described in more detail below. The flow channel
124 also includes a flow directing attachment portion 134
at the outlet 128. In one embodiment, the outlet 128 of
the flow channel 124 extends beyond the second end
122 of the housing 112 as shown in Fig. 17. In one em-
bodiment, the hollow needle 123 is between the first end
120 of the housing 112 and the flow channel 124.
[0050] In the embodiment shown in Figs. 17-24, the
hollow needle 123 functions similar to the first flow di-
recting attachment portion 32 described above with re-
spect to device 10 shown in Figs. 1-10B.
[0051] Referring to Fig. 17, with the container 14 con-
nected to the housing 112, the outlet 128 of the flow chan-
nel 124 is in fluid communication with the collection cavity
70 of the container 14 and the outlet 128 of the flow chan-
nel 124 is adjacent the interior wall surface 72 of the
container 14.
[0052] Upon puncturing the skin of a patient using a
lancet device, the blood will spread and remain on a sur-
face of the finger. Without controlling the blood and the
flow of blood, the blood will remain on a surface of the
finger and will not flow to a collection container.
[0053] The device for attached flow of blood 100 of the
present disclosure provides a controlled blood flow path
that ensures attached blood flow from a collection site to
a collection container. The device for attached flow of
blood 100 of the present disclosure achieves this using
three key technical elements to control the flow of blood
in the desired manner.
[0054] For example, referring to Fig. 17, with the first
end 120 of the housing 112 in communication with a

source of blood 16, the hollow needle 123, the flow chan-
nel 124, the flow directing attachment portion 134, and
the interior wall surface 72 of the container 14 provide
attachment portions to establish attached blood flow, for
a first drop of blood 16 and subsequent blood 16 to follow,
from the first end 120 of the housing 112 to the collection
cavity 70 of the container 14.
[0055] The first key blood flow path element 140 in-
volves directing the first drop of blood 16 away from the
surface S of the finger F in a direction towards a collection
container 14. In one embodiment, with the first end 120
of the housing 112 in communication with a source of
blood 16, a first drop of blood 16 attaches to a portion of
the hollow needle 123 and flows through the hollow nee-
dle 123 to the flow channel 124 in a controlled manner
as shown in Fig. 17.
[0056] In this manner, a portion of the hollow needle
123 provides an attachment portion that functions similar
to the first flow directing attachment portion 32 described
above with respect to device 10 shown in Figs. 1-10B.
The device 100 of the present disclosure including a hol-
low needle 123 provides an advantage in that the hollow
needle 123 can also be used to lance a skin surface S
of a finger F to provide a source of blood 16. In such an
embodiment, no separate lancet device is required. For
example, in one embodiment, the hollow needle 123 may
include a lancing blade 151 that can be used to lance a
skin surface S of a finger F to provide a source of blood
16. In such an embodiment, with the first end 120 of the
housing 112 in communication with a source of blood 16,
a first drop of blood 16, and subsequent blood 16, attach-
es to the lancing blade 151 and flows through the hollow
needle 123 to the flow channel 124.
[0057] After the first drop of blood 16 attaches to a por-
tion of the hollow needle 123 and flows through the hollow
needle 123, the subsequent blood 16 follows the at-
tached blood flow path of the first drop of blood 16 from
the first end 120 of the housing 112 to the collection cavity
70 of the container 14.
[0058] The second key blood flow path element 142
involves directing the blood 16 or pulling the blood 16
through the flow channel 124 to the flow directing attach-
ment portion 134 via capillary motion. In one embodi-
ment, the second key blood flow path element 142 in-
volves directing the blood 16 or pulling the blood 16
through the hollow needle 123 and the flow channel 124
to the flow directing attachment portion 134 via capillary
motion in a direction towards a collection container 14.
For example, the first drop of blood 16, and subsequent
blood 16, is pulled through the flow channel 124 to the
flow directing attachment portion 134 via capillary motion.
In one embodiment, the flow channel 124 is a capillary
flow channel. In one embodiment, the flow channel 124
is a capillary tube that uses capillary forces to pull the
blood 16 down the flow channel 124 away from the sur-
face S of the finger F.
[0059] In one embodiment, the housing 112 includes
a sloped wall surface 136 between the hollow needle 123
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and the flow channel 124. In one embodiment, the sloped
wall surface 138 defines a flow channel entry 138. In one
embodiment, the sloped wall surface 136 provides a
downward attached flow path from the hollow needle 123
to the flow channel 124 of the housing 112.
[0060] The third key blood flow path element 144 in-
volves directing the blood 16 from the flow channel 124
into the collection container 14. The device 100 of the
present disclosure ensures transition from the flow chan-
nel 124 to the container 14 via attached flow. For exam-
ple, the blood 16 attaches to the flow directing attachment
portion 134 and the interior wall surface 72 of the con-
tainer 14 to flow from the flow channel 124 into the col-
lection cavity 70 of the container 14.
[0061] The third key blood flow path element 144 in-
volving directing the blood 16 from the flow channel 124
into the collection container 14 is the reason that it is
important that a portion of the flow channel 124, e.g., a
bottom portion 130, is offset from the centerline CL of the
housing 112. This ensures that the outlet 128 of the flow
channel 124, and the flow directing attachment portion
134, is adjacent to an interior wall surface 72 of the con-
tainer 14 to ensure the transition of the attached blood
flow from the flow channel 124 to the container 14.
[0062] The blood 16 will only flow down and out the
flow channel 124 into the container 14 if the blood 16 is
able to find another portion to attach to. The flow directing
attachment portion 134 and the interior wall surface 72
of the container 14 provide such attachment portions to
control the blood 16 to the collection cavity 70 of the con-
tainer 14 via attached blood flow.
[0063] As described above, once this pathway of at-
tached blood flow is established, the subsequent blood
16 follows and flows along this attached blood flow. In
the above-described manner, the device 100 of the
present disclosure establishes attached blood flow, for a
first drop of blood 16 and subsequent blood 16 to follow,
from the first end 120 of the housing 112 to a collection
cavity 70 of the container 14.
[0064] As discussed above, a portion of the hollow nee-
dle 123 that provides an attachment portion for the flow
of blood 16 functions similar to the first flow directing at-
tachment portion 32 described above with respect to de-
vice 10 shown in Figs. 1-10B.
[0065] The hollow needle 123 may include a variety of
different designs and structures as shown in Figs. 18-24.
Additional alternative designs and structures of the hol-
low needle 123 are contemplated. For example, referring
to Figs. 18 and 19, in one embodiment, the hollow needle
123 includes a bevel cut hollow needle. In one configu-
ration, the bevel of the needle may have a length of be-
tween 3 mm and 6 mm and the lumen inner diameter
may be between 0.25 mm and 4 mm.
[0066] As discussed above, referring to Figs. 20 and
21, in one embodiment, the hollow needle 123 may in-
clude a lancing blade 151 that can be used to lance a
skin surface S of a finger F to provide a source of blood 16.
[0067] Referring to Fig. 21, in another embodiment,

the hollow needle 123 includes a flow directing ring 155
around the hollow needle 123. The flow directing ring 155
prevents blood 16 from flowing down the hollow needle
123 and ensures that the blood 16 flows through the hol-
low needle 123 to the flow channel 124. Figs. 22-24 il-
lustrate additional alternative designs and structures of
the hollow needle 123. The needle bevels serve as the
additional first flow directed attachment sections, similar
to the pillar structure portion 32 as described above with
reference to Fig. 3.
[0068] The flow directing attachment portion 134 may
include a variety of different designs and structures as
shown in Figs. 7A-10B. Additional alternative designs
and structures of the flow directing attachment portion
134 are contemplated. The flow directing attachment por-
tion 134 of device 100 may include the same designs
and structures as the second flow directing attachment
portion 34 of device 10 as described above and as shown
in Figs. 7A-10B.
[0069] Another advantage of a device 10, 100 of the
present disclosure is that the device 10, 100 is able to
effectuate distributed mixing of a sample stabilizer 200
within a blood sample 16. Referring to Figs. 11 and 12,
in one embodiment, a sample stabilizer 200 is positioned
within a portion of flow channel 24, 124 such that a blood
sample 16, as the blood sample 16 follows the controlled
attached blood flow from a collection site to a collection
container of the present disclosure, will pass through the
sample stabilizer 200. In this manner, the blood sample
16 may be mixed with a sample stabilizer 200, such as
an anticoagulant or other additive, provided within a por-
tion of device 10, 100. The sample stabilizer 200 can be
an anticoagulant, or a substance designed to preserve
a specific element within the blood such as, for example,
RNA, protein analyte, or other element.
[0070] Referring to Figs. 11 and 12, in one embodi-
ment, the sample stabilizer 200 includes a material 202
including pores 204 and a dry anticoagulant powder 206
that is within the pores 204 of the material 202. In this
manner, the device 10, 100 may include a dry anticoag-
ulant, such as Heparin or EDTA, deposited on or within
a portion of the flow channel 24, 124. In one embodiment,
the material 202 is an open cell foam that contains dry
anticoagulant dispersed within the cells of the open cell
foam to promote the effectiveness of the flow-through
mixing and anticoagulant uptake. In one embodiment,
the sample stabilizer 200 is the dry anticoagulant powder
206.
[0071] In one embodiment, the open cell foam may be
treated with an anticoagulant to form a dry anticoagulant
powder 206 finely distributed throughout the pores 204
of the open cell foam. As the blood sample 16 flows
through the flow channel 24, 124, the blood sample 16
passes through the open cell foam and is exposed to the
anticoagulant powder 206 available throughout the inter-
nal pore structure of the open cell foam. In this manner,
the blood sample 16 dissolves and mixes with the dry
anticoagulant powder 206 while passing through the ma-
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terial 202 or open cell foam.
[0072] The open cell foam may be a soft deformable
open cell foam that is inert to blood, for example, a mela-
mine foam, such as Basotect® foam commercially avail-
able from BASF, or may consist of a formaldehyde-mela-
mine-sodium bisulfite copolymer. The open cell foam
may also be a flexible, hydrophilic open cell foam that is
substantially resistant to heat and organic solvents. In
one embodiment, the foam may include a sponge mate-
rial.
[0073] The anticoagulant or other additive may be in-
troduced into the open cell foam by soaking the foam in
a liquid solution of the additive and water and subse-
quently evaporating the water forming a dry additive pow-
der finely distributed throughout the internal structure of
the foam.
[0074] Figs. 13-16 illustrate exemplary embodiments
of a sample stabilizer 200 being including within a con-
tainer 14.
[0075] For example, referring to Fig. 13, in one embod-
iment, anticoagulant lyophilized spheres 210 are provid-
ed within collection cavity 70 of container 14. As blood
16 follows the attached flow of the present disclosure into
the container 14, the anticoagulant lyophilized spheres
210 dissolve within the blood 16 upon contact with the
blood 16.
[0076] Referring to Fig. 14, in another embodiment,
the sample stabilizer 200 includes a floating anticoagu-
lant coated open cell foam material 220. Referring to Fig.
15, in another embodiment, the sample stabilizer 200
includes a floating anticoagulant coated floating ball 230.
Referring to Fig. 16, in another embodiment, the contain-
er 14 includes an anticoagulant coated wall surface 240
and a mixing ball 242.
[0077] While this disclosure has been described as
having exemplary designs, the present disclosure can
be further modified within the spirit and scope of this dis-
closure. This application is therefore intended to cover
any variations, uses, or adaptations of the disclosure us-
ing its general principles. Further, this application is in-
tended to cover such departures from the present disclo-
sure as come within known or customary practice in the
art to which this disclosure pertains and which fall within
the limits of the appended claims.
[0078] Further aspects are:

Aspect 1. A device for attached flow of blood, the
device comprising:

a housing defining a centerline and having a first
end, a second end, and a flow channel having
an inlet and an outlet, a portion of the flow chan-
nel offset from the centerline of the housing, and
the flow channel having a first flow directing at-
tachment portion adjacent the inlet and a second
flow directing attachment portion adjacent the
outlet; and
a container removably connectable to the hous-

ing, the container defining a collection cavity and
having an interior wall,
wherein, with the container connected to the
housing, the outlet of the flow channel is in fluid
communication with the collection cavity of the
container and the outlet of the flow channel is
adjacent the interior wall of the container.

Aspect 2. The device of aspect 1, wherein the first
flow directing attachment portion provides a first fluid
attachment point for blood to attach to for controlling
the flow of blood from a skin surface to a portion of
the housing.

Aspect 3. The device of aspect 1, wherein the second
flow directing attachment portion provides a second
fluid attachment point for blood to attach to for con-
trolling the flow of blood from a portion of the housing
to the collection cavity of the container.

Aspect 4. The device of aspect 1, wherein, with the
first end of the housing in communication with a
source of blood, the first flow directing attachment
portion, the flow channel, the second flow directing
attachment portion, and the interior wall of the con-
tainer provide attachment portions to establish at-
tached blood flow, for a first drop of blood and sub-
sequent blood to follow, from the first end of the hous-
ing to the collection cavity of the container.

Aspect 5. The device of aspect 1, wherein, with the
inlet of the flow channel in communication with a
source of blood, the blood fluidly attaches to the first
flow directing attachment portion and flows from the
first flow directing attachment portion to the flow
channel.

Aspect 6. The device of aspect 5, wherein the blood
is subsequently pulled through the flow channel to
the second flow directing attachment portion via cap-
illary action.

Aspect 7. The device of aspect 6, wherein, the blood
fluidly attaches to the second flow directing attach-
ment portion and the interior wall of the container to
flow from the flow channel into the collection cavity
of the container.

Aspect 8. The device of aspect 1, wherein the first
end of the housing includes a sloped wall surface,
the first flow directing attachment portion extends
from the sloped wall surface, and the sloped wall
surface defines a flow channel entry.

Aspect 9. The device of aspect 1, wherein the first
flow directing attachment portion is an attachment
pillar.
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Aspect 10. The device of aspect 1, wherein the first
flow directing attachment portion comprises a plu-
rality of attachment pillars.

Aspect 11. The device of aspect 1, wherein the sec-
ond flow directing attachment portion is an attach-
ment lip.

Aspect 12. The device of aspect 1, wherein the sec-
ond flow directing attachment portion is an extended
capillary tube portion.

Aspect 13. The device of aspect 1, wherein the sec-
ond flow directing attachment portion is an inward
curved lip.

Aspect 14. The device of aspect 1, wherein the sec-
ond flow directing attachment portion is a planar cut
lip.

Aspect 15. The device of aspect 1, wherein the sec-
ond flow directing attachment portion is an extended
pillar structure.

Aspect 16. The device of aspect 1, wherein the outlet
of the flow channel extends beyond the second end
of the housing.

Claims

1. A device for attached flow of blood, the device com-
prising:

a housing defining a centerline and having a first
end, a second end, and a flow channel having
an inlet and an outlet, a portion of the flow chan-
nel offset from the centerline of the housing, the
flow channel having a flow directing attachment
portion adjacent the outlet; and
a container removably connectable to the hous-
ing, the container defining a collection cavity and
having an interior wall,
wherein, with the container connected to the
housing, the outlet of the flow channel is in fluid
communication with the collection cavity of the
container and the outlet of the flow channel is
adjacent the interior wall of the container,
characterized in that
the housing having a hollow needle between the
first end of the housing and the flow channel.

2. The device of claim 1, wherein the flow directing at-
tachment portion provides a fluid attachment point
for blood to attach to for controlling the flow of blood
from a portion of the housing to the collection cavity
of the container.

3. The device of claim 1, wherein, with the first end of
the housing in communication with a source of blood,
the hollow needle, the flow channel, the flow directing
attachment portion, and the interior wall of the con-
tainer provide attachment portions to establish at-
tached blood flow, for a first drop of blood and sub-
sequent blood to follow, from the first end of the hous-
ing to the collection cavity of the container.

4. The device of claim 1, wherein, with the inlet of the
flow channel in communication with a source of
blood, the blood fluidly attaches to a portion of the
hollow needle and flows through the hollow needle
to the flow channel.

5. The device of claim 4, wherein the blood is subse-
quently pulled through the flow channel to the flow
directing attachment portion via capillary action.

6. The device of claim 5, wherein, the blood fluidly at-
taches to the flow directing attachment portion and
the interior wall of the container to flow from the flow
channel into the collection cavity of the container.

7. The device of claim 1, wherein the housing includes
a sloped wall surface between the hollow needle and
the flow channel, and the sloped wall surface defines
a flow channel entry.

8. The device of claim 1, wherein the flow directing at-
tachment portion is an attachment lip.

9. The device of claim 1, wherein the flow directing at-
tachment portion is an extended capillary tube por-
tion.

10. The device of claim 1, wherein the flow directing at-
tachment portion is an inward curved lip.

11. The device of claim 1, wherein the flow directing at-
tachment portion is a planar cut lip.

12. The device of claim 1, wherein the flow directing at-
tachment portion is an extended pillar structure.

13. The device of claim 1, wherein the outlet of the flow
channel extends beyond the second end of the hous-
ing.

14. The device of claim 1, further comprising a flow di-
recting ring around the hollow needle.

15. The device of claim 1, wherein the hollow needle
includes a lancing blade.

16. The device of claim 15, wherein, with the first end of
the housing in communication with a source of blood,
a first drop of blood attaches to the lancing blade and
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flows through the hollow needle to the flow channel.
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