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BLOOD COLLECTION SYSTEM AND AUTOMATIC BLOOD COLLECTION
DEVICE

CROSS-REFERENCE TO RELLATED APPLICATION
[0001] The present application claims priority to United States Provisional Application
Serial No. 62/760,465, filed November 13, 2018, entitled “Blood Collection System and
Automatic Blood Collection Device”, the disclosure of which is hereby incorporated by

reference in its entirety.

BACKGROUND OF THE INVENTION
1. Field of the Disclosure

[0002] The present disclosure relates generally to blood collection systems. More
particularly, the present disclosure relates to an automatic blood collection device and a blood
collection constraint and detection device.

2. Description of the Related Art

[0003] Conventional blood collection sets require a nurse or medical practitioner to
manually insert a draw tip into multiple blood tubes after a patient’s vein or artery is
successfully pierced and the blood is ready to be collected. A nurse or medical practitioner
needs one hand at the patient’s side to manage the blood collection and to take care of the
needle to make sure it is in the right position and/or angle to ensure an optimal blood collection
result. This makes it difficult to handle multiple blood tubes by only one hand which require
a draw tip of the blood collection set to be forced through a rubber sealing of each individual
blood tube to activate the vacuum of each blood tube to receive blood within the blood tube.
This process can require a significant amount of time to collect a required blood sample within
multiple blood tubes.

[0004] A nurse or medical practitioner may also need to manually fasten an elastic rubber
bandage to a patient before inserting a needle into a patient’s vein or artery to begin a blood
collection procedure. It can be difficult for a nurse or medical practitioner to identify a patient’s
vein or artery before inserting the needle. During a blood collection procedure, it is difficult
for a nurse or medical practitioner to efficiently and quickly perform these tasks

simultaneously.
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SUMMARY OF THE INVENTION

[0005] The present disclosure provides a blood collection system including an automatic
blood collection device and a blood collection constraint and detection device. The automatic
blood collection device provides a clamping subsystem, a translation subsystem, and a rotation
subsystem that allows a device of the present disclosure to automatically collect a blood sample
within a plurality of blood collection containers. The device of the present disclosure frees the
hands of a nurse or medical practitioner after a patient’s vein or artery is successfully pierced
so that the nurse or medical practitioner can focus on taking care of a patient’s needle side to
manage blood collection.

[0006] In accordance with an embodiment of the present invention, an automatic blood
collection device includes a housing having a first end, a second end, and a holder defining a
receiving cavity; a clamping subsystem in communication with the receiving cavity, the
clamping subsystem transitionable between a first position in which a collection container is
receivable within the receiving cavity and a second position in which the clamping subsystem
locks the collection container within the receiving cavity; a translation subsystem in
communication with the holder, the translation subsystem transitionable between a first setting
in which the translation subsystem moves the holder towards the first end and a second setting
in which the translation subsystem moves the holder away from the first end; and a rotation
subsystem in communication with the holder, the rotation subsystem transitionable between an
off setting and an on setting in which the rotation subsystem rotates the holder relative to the
housing.

[0007] In one configuration, the automatic blood collection device includes a second
clamping subsystem in communication with a receiving portion, the second clamping
subsystem transitionable between a first position in which a first portion of a blood collection
set is receivable within the receiving portion and a second position in which the second
clamping subsystem locks the first portion of the blood collection set within the receiving
portion. In another configuration, the receiving portion is located at the first end. In yet another
configuration, with the translation subsystem in the first setting, the translation subsystem
moves the collection container, locked within the receiving cavity, towards the first end into
engagement with the first portion of the blood collection set. In one configuration, with the
collection container engaged with the first portion of the blood collection set, a blood sample
is collected within the collection container. In another configuration, the automatic blood
collection device includes a detection subsystem that monitors a level of the blood sample that

is collected within the collection container. In yet another configuration, with the blood sample
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collected within the collection container, and with the translation subsystem in the second
setting, the translation subsystem moves the collection container away from the first end and
disengages the collection container from the first portion of the blood collection set. In one
configuration, the holder defines a second receiving cavity, and with the clamping subsystem
in the first position, a second collection container is receivable within the second receiving
cavity. In another configuration, with the clamping subsystem in the second position, the
clamping subsystem locks the second collection container within the second receiving cavity.
In yet another configuration, the clamping subsystem includes a lock portion and a cam portion,
with the clamping subsystem in the first position, the cam portion is disengaged from the lock
portion, and with the clamping subsystem in the second position, the cam portion engages the
lock portion to contact and lock the collection container within the receiving cavity. In one
configuration, the clamping subsystem includes a first motor that moves the cam portion into
engagement with the lock portion. In another configuration, the automatic blood collection
device includes a first switch, wherein actuation of the first switch activates the first motor
thereby moving the cam portion into engagement with the lock portion. In yet another
configuration, the translation subsystem includes a translation gear system and a translation
component in communication with a portion of the holder, wherein with the translation
subsystem in the first setting, the translation gear system rotates the translation component in
a first direction to move the holder towards the first end, and with the translation subsystem in
the second setting, the translation gear system rotates the translation component in a second
direction to move the holder away from the first end. In one configuration, the translation
subsystem includes a second motor in communication with the translation gear system. In
another configuration, the automatic blood collection device includes a second switch, wherein
actuation of the second switch activates the second motor thereby driving the translation gear
system. In yet another configuration, the second direction is opposite the first direction. In
one configuration, the rotation subsystem includes a rotation gear system having a clutch
mechanism. In another configuration, the clutch mechanism includes a clutch tab on a portion
of the rotation gear system and a clutch slot defined on a portion of the holder, wherein with
the rotation subsystem in the off setting, the clutch tab is disengaged from the clutch slot, and
with the rotation subsystem in the on setting, the clutch tab engages the clutch slot and the
rotation gear system rotates the holder relative to the housing. In yet another configuration,
the rotation subsystem includes a third motor in communication with the rotation gear system.
In one configuration, the third motor is automatically activated to drive the rotation gear

system.
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[0008] In accordance with another embodiment of the present invention, a blood collection
system includes an automatic blood collection device including a housing having a first end, a
second end, and a holder defining a receiving cavity; a clamping subsystem in communication
with the receiving cavity, the clamping subsystem transitionable between a first position in
which a collection container is receivable within the receiving cavity and a second position in
which the clamping subsystem locks the collection container within the receiving cavity; a
translation subsystem in communication with the holder, the translation subsystem
transitionable between a first setting in which the translation subsystem moves the holder
towards the first end and a second setting in which the translation subsystem moves the holder
away from the first end; and a rotation subsystem in communication with the holder, the
rotation subsystem transitionable between an off setting and an on setting in which the rotation
subsystem rotates the holder relative to the housing; and a blood collection constraint and
detection device including a constraint subsystem having a housing defining an arm receiving
cavity and a securement mechanism in communication with the arm receiving cavity, the
securement mechanism transitionable between a first position in which an arm of a patient is
receivable within the arm receiving cavity and a second position in which the securement
mechanism secures the arm within the arm receiving cavity; and a detection subsystem in
communication with the constraint subsystem, wherein with the arm within the arm receiving
cavity and the securement mechanism in the second position, the detection subsystem identifies
a blood circulation portion of the arm of the patient.

[0009] In one configuration, the securement mechanism automatically transitions from the
first position to the second position when the arm is received within the arm receiving cavity.
In another configuration, with the arm within the arm receiving cavity and the securement
mechanism in the second position, the detection subsystem automatically identifies the blood
circulation portion of the arm of the patient. In yet another configuration, with the securement
mechanism in the second position, the securement mechanism secures the arm within the arm
receiving cavity such that the blood circulation portion of the arm of the patient is exposed. In
one configuration, the detection subsystem includes an infrared lighting mechanism. In another
configuration, the blood circulation portion is a vein. In yet another configuration, the blood

circulation portion is an artery.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The above-mentioned and other features and advantages of this disclosure, and the

manner of attaining them, will become more apparent and the disclosure itself will be better
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understood by reference to the following descriptions of embodiments of the disclosure taken
in conjunction with the accompanying drawings, wherein:

[0011] FIG. 1 is a perspective view of an automatic blood collection device in accordance
with an embodiment of the present invention.

[0012] FIG. 2 is a partial exploded, perspective view of an automatic blood collection device
in accordance with an embodiment of the present invention.

[0013] FIG. 3 is a perspective view of an automatic blood collection device illustrating
interior portions of the device in accordance with an embodiment of the present invention.
[0014] FIG. 4 is a perspective view of a first clamping subsystem with a collection container
received within a receiving cavity in accordance with an embodiment of the present invention.
[0015] FIG. 5 is a cross-sectional view of a first clamping subsystem in accordance with an
embodiment of the present invention.

[0016] FIG. 6A is a perspective view of a second clamping subsystem with a portion of a
blood collection set received within a receiving portion in accordance with an embodiment of
the present invention.

[0017] FIG. 6B is an elevation view of a second clamping subsystem with a portion of a
blood collection set received within a receiving portion in accordance with an embodiment of
the present invention.

[0018] FIG. 7 is a perspective view of a translation subsystem and a rotation subsystem with
collection containers received within receiving cavities in accordance with an embodiment of
the present invention.

[0019] FIG. 8 is a partial perspective view of a rotation subsystem with collection containers
received within receiving cavities in accordance with an embodiment of the present invention.
[0020] FIG.9 is a partial perspective view of a rotation subsystem with collection containers
received within receiving cavities in accordance with an embodiment of the present invention.
[0021] FIG. 10 is a perspective view of a blood collection constraint and detection device
in accordance with an embodiment of the present invention.

[0022] Corresponding reference characters indicate corresponding parts throughout the
several views. The exemplifications set out herein illustrate exemplary embodiments of the
disclosure, and such exemplifications are not to be construed as limiting the scope of the

disclosure in any manner.



WO 2020/102174 PCT/US2019/060890

DETAILED DESCRIPTION

[0023] The following description is provided to enable those skilled in the art to make and
use the described embodiments contemplated for carrying out the invention. 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.

[0024] For purposes of the description hereinafter, the terms “upper”, “lower”, “right”,
“left”, “vertical”, “horizontal”, “top”, “bottom™, “lateral”, “longitudinal”, and derivatives
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 various alternative variations, except where
expressly specified to the contrary. It is also to be understood that the specific devices
illustrated in the attached drawings, and described in the following specification, are simply
exemplary embodiments of the invention. Hence, specific dimensions and other physical
characteristics related to the embodiments disclosed herein are not to be considered as limiting.
[0025] The present disclosure is directed to a blood collection system including an automatic
blood collection device and a blood collection constraint and detection device. The automatic
blood collection device provides a clamping subsystem, a translation subsystem, and a rotation
subsystem that allows a device of the present disclosure to automatically collect a blood sample
within a plurality of blood collection containers. The device of the present disclosure frees the
hands of a nurse or medical practitioner after a patient’s vein or artery is successfully pierced
so that the nurse or medical practitioner can focus on taking care of a patient’s needle side to
manage blood collection.

[0026] In an exemplary embodiment, a blood collection system 1 of the present disclosure
includes an automatic blood collection device 10 (Figs. 1-9) and a blood collection constraint
and detection device 200 (Fig. 10).

[0027] Figs. 1-9 illustrate an exemplary embodiment of the present disclosure. Referring to
Figs. 1-9, an automatic blood collection device 10 includes a housing 20, a first clamping
subsystem 22, a translation subsystem 24, a rotation subsystem 26, a second clamping
subsystem 28, and a detection subsystem 30.

[0028] The automatic blood collection device 10 of the present disclosure provides a first
clamping subsystem 22 that is adapted to secure and lock a plurality of collection containers
100 within the housing 20 of the automatic blood collection device 10 to automatically receive
a blood sample; a second clamping subsystem 28 that is adapted to secure and lock a first

portion 152 of a blood collection set 150 within a portion of the automatic blood collection
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device 10 to automatically receive a blood sample; a translation subsystem 24 that is adapted
to raise and lower the holder 36 and the collection containers 100 therein; a rotation subsystem
26 that is adapted to rotate the holder 36 relative to the housing 20; and a detection subsystem
30 that monitors a level of the blood sample that is collected within the collection container
100.

[0029] Referring to Fig. 1, in one embodiment, the housing 20 of the automatic blood
collection device 10 includes a first end 32, a second end 34, and a holder 36 defining a
receiving cavity 38. In an exemplary embodiment, the holder 36 defines a plurality of receiving
cavities 38. For example, the holder 36 defines a first and second receiving cavity 38, and with
the first clamping subsystem 22 in the first position, a second collection container 100 is
receivable within the second receiving cavity 38. With the first clamping subsystem 22 in the
second position, the first clamping subsystem 22 locks the second collection container 100
within the second receiving cavity 38. The holder 36 of the automatic blood collection device
10 can include any number of receiving cavities 38 for receiving any number of collection
containers 100 for a particular automatic blood collection procedure.

[0030] The receiving cavities 38 of the holder 36 are sized and shaped to receive collection
containers 100 that are adapted to receive and store a portion of a blood sample. In one
exemplary embodiment, the collection containers are evacuated tubes containing a vacuum that
draws a blood sample within a collection chamber or interior 108 of the collection container
100. For example, in one embodiment, the collection container 100 includes a first end 102, a
second end 104, and a sidewall 106 extending therebetween and defining an interior 108. The
collection container 100 contains the vacuum. The collection container 100 includes a closure
110 sealing the first end 102.

[0031] Referring to Figs. 1-5, in one embodiment, a first clamping subsystem 22 of the
automatic blood collection device 10 is adapted to secure and lock a plurality of collection
containers 100 within the housing 20 of the automatic blood collection device 10 to
automatically receive a blood sample.

[0032] In an exemplary embodiment, the first clamping subsystem 22 is in communication
with the receiving cavities 38. The first clamping subsystem 22 is transitionable between a
first position in which a collection container 100 is receivable within a respective receiving
cavity 38 and a second position in which the first clamping subsystem 22 secures and locks the
collection container 100 within the receiving cavity 38.

[0033] Referring to Fig. 4, in one embodiment, the holder 36 includes five receiving cavities

38 for receiving five collection containers 100 therein, respectively. In such an embodiment,
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the first clamping subsystem 22 is transitionable between a first position in which the five
collection containers 100 are receivable within a respective receiving cavity 38 and a second
position in which the first clamping subsystem 22 simultaneously secures and locks all five
collection containers 100 within the respective receiving cavity 38. In some embodiments, the
holder 36 may define more than five receiving cavities 38 for receiving more than five
collection containers 100 therein, respectively. In other embodiments, the holder 36 may
define less than five receiving cavities 38 for receiving less than five collection containers 100
therein, respectively.

[0034] Referring to Figs. 4 and 5, in an exemplary embodiment, the first clamping subsystem
22 includes a lock portion 40 and a cam portion 42. In one embodiment, the first clamping
subsystem 22 includes five lock portions 40 in communication with the cam portion 42. Each
lock portion 40 is able to secure and lock a collection container 100 within a respective
receiving cavity 38. Referring to Fig. 4, the cam portion 42 includes ramp portions 44. In one
embodiment, the cam portion 42 includes five ramp portions 44. In such an embodiment, each
of the ramp portions 44 of the cam portion 42 are able to simultaneously engage a respective
lock portion 40.

[0035] In an exemplary embodiment, with the first clamping subsystem 22 in the first
position, the cam portion 42 is disengaged from the lock portion 40, e.g., the ramp portions 44
of the cam portion 42 are disengaged from the respective lock portions 40.

[0036] In an exemplary embodiment, with the first clamping subsystem 22 in the second
position, the cam portion 42 engages the lock portion 40 to contact and lock the collection
container 100 within the receiving cavity 38, e.g., each of the ramp portions 44 of the cam
portion 42 simultaneously engage a respective lock portion 40. In this manner, the ramp
portions 44 of the cam portion 42 contact and force the lock portions 40, respectively, in a
direction generally along arrow A (Fig. 4) to contact and lock each collection container 100
within a respective receiving cavity 38.

[0037] Referring to Fig. 5, the first clamping subsystem 22 includes a first motor 46 that
moves the cam portion 42 into engagement with the lock portion 40. The first motor 46 is in
communication with the cam portion 42. In an exemplary embodiment, actuation of the first
motor 46 rotates the cam portion 42 between the first position and the second position. In one
embodiment, the automatic blood collection device 10 includes a first switch 48 and actuation
of the first switch 48 activates the first motor 46 thereby moving the cam portion 42 into
engagement with the lock portion 40 as described above. In other embodiments, the automatic

blood collection device 10 could be programmed to automatically activate the first motor 46
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upon a desired event thereby moving the cam portion 42 into engagement with the lock portion
40 as described above.

[0038] In other exemplary embodiments, the first clamping subsystem 22 may include other
clamping mechanisms that are transitionable between a first position in which a collection
container 100 is receivable within a receiving cavity 38 of the holder 36 and a second position
in which the first clamping subsystem 22 locks the collection container 100 within the receiving
cavity 38 of the holder 36.

[0039] Referring to Figs. 1-3 and 6A-7, in one embodiment, a second clamping subsystem
28 of the automatic blood collection device 10 is adapted to secure and lock a first portion 152
of a blood collection set 150 within a portion of the automatic blood collection device 10 to
automatically receive a blood sample.

[0040] Referring to Figs. 1-3 and 6A-7, in an exemplary embodiment, the housing 20 defines
a receiving portion 50. In one embodiment, the receiving portion 50 is located at the first end
32. The second clamping subsystem 28 is in communication with the receiving portion 50. In
an exemplary embodiment, the second clamping subsystem 28 is transitionable between a first
position in which a first portion 152 of a blood collection set 150 is receivable within the
receiving portion 50 and a second position in which the second clamping subsystem 28 locks
the first portion 152 of the blood collection set 150 within the receiving portion 50.

[0041] Referring to Figs. 6A and 6B, in one exemplary embodiment, the second clamping
subsystem 28 includes a second switch 52, a first clamp link 54, a second clamp link 56, and a
pin joint 58. The first clamp link 54 and the second clamp link 56 are movable, pivotable, or
slidable relative to the pin joint 58.

[0042] In an exemplary embodiment, positioning the first portion 152, e.g., a draw tip, of a
blood collection set 150 within the receiving portion 50 of the housing 20 automatically
activates the second clamping subsystem 28 to move from the first position to the second
position. In another exemplary embodiment, activation of the second switch 52 causes
movement of the first clamp link 54 and the second clamp link 56 from the first position of the
second clamping subsystem 28 to the second position of the second clamping subsystem 28.
[0043] In such an embodiment, with the second clamping subsystem 28 in a first position,
the first portion 152, e.g., a draw tip, of a blood collection set 150 is positioned within the
receiving portion 50 of the housing 20. Next, the second switch 52 can be activated to cause
movement of the first clamp link 54 and the second clamp link 56 from the first position of the

second clamping subsystem 28 to the second position of the second clamping subsystem 28 to
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secure and lock the first portion 152 of the blood collection set 150 within the receiving portion
50 of the housing 20 for an automatic blood collection procedure.

[0044] In one embodiment, the second clamping subsystem 28 provides audible feedback
that the second clamping subsystem 28 has transitioned to the locked second position. In this
manner, a medical practitioner is provided with feedback that the first portion 152 of the blood
collection set 150 is securely clamped to the automatic blood collection device 10.

[0045]  After the automatic blood collection procedure, the second switch 52 can be activated
again to move the first clamp link 54 and the second clamp link 56 from the second position of
the second clamping subsystem 28 to the first position of the second clamping subsystem 28
so that the first portion 152 of the blood collection set 150 can be removed from the receiving
portion 50 of the housing 20.

[0046] In another embodiment, with the second clamping subsystem 28 in a first position,
positioning the first portion 152, e.g., a draw tip, of a blood collection set 150 within the
receiving portion 50 of the housing 20 automatically activates the second clamping subsystem
28 to move from the first position to the second position. For example, in such an embodiment,
the receiving portion 50 of the housing 20 may include a sensor to detect when the first portion
152, e.g., a draw tip, of a blood collection set 150 is received within the receiving portion 50
of the housing 20.

[0047] In other exemplary embodiments, the second clamping subsystem 28 may include
other clamping mechanisms that are transitionable between a first position in which a first
portion 152 of a blood collection set 150 is receivable within the receiving portion 50 and a
second position in which the second clamping subsystem 28 locks the first portion 152 of the
blood collection set 150 within the receiving portion 50.

[0048] Referring to Figs. 1 and 7, in one embodiment, a translation subsystem 24 of the
automatic blood collection device 10 is adapted to raise and lower the holder 36 and the
collection containers 100 therein.

[0049] Referring to Figs. 1 and 7, in an exemplary embodiment, the translation subsystem
24 is in communication with the holder 36 and the translation subsystem 24 is transitionable
between a first setting in which the translation subsystem 24 moves the holder 36 towards the
first end 32 of the housing 20 and a second setting in which the translation subsystem 24 moves
the holder 36 away from the first end 32 of the housing 20.

[0050] Referring to Fig. 7, for example, with the translation subsystem 24 in the first setting
and a collection container 100 received and secured within a receiving cavity 38 of the holder

36 by the first clamping subsystem 22, and with a first portion 152 of a blood collection set

10
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150 secured within a receiving portion 50 by the second clamping subsystem 28, the translation
subsystem 24 moves the holder 36 and the collection container 100, locked within the receiving
cavity 38, towards the first end 32 of the housing 20 into engagement with the first portion 152
of the blood collection set 150. The translation subsystem 24 moves the holder 36 and the
collection container 100 therein towards the first end 32 of the housing 20 until the closure 110
of the first end 102 of a first collection container 100 is successfully pierced by the first portion
152 of the blood collection set 150. Upon the first portion 152 of the blood collection set 150
piercing the closure 110 of the collection container 100, blood collection is automatically
performed due to the vacuum contained within the collection container 100 that draws a blood
sample within a collection chamber or interior 108 of the collection container 100. Once the
first portion 152 of the blood collection set 150 pierces the closure 110 of the collection
container 100, the blood collection set 150 and the collection container 100 are in fluid
communication and the vacuum draws a blood sample within the interior 108 of the collection
container 100.

[0051] Inanexemplary embodiment, with the collection container 100 engaged with the first
portion 152 of the blood collection set 150, a blood sample is automatically collected within
the collection container 100. In an exemplary embodiment, with the blood sample collected
within the collection container 100, and with the translation subsystem 24 in the second setting,
the translation subsystem 24 moves the collection container 100 away from the first end 32 of
the housing 20 and disengages the collection container 100 from the first portion 152 of the
blood collection set 150. In one embodiment, the translation subsystem 24 is manually
transitionable from the first setting to the second setting. In other embodiments, the translation
subsystem 24 is automatically transitionable from the first setting to the second setting.

[0052] For example, in one exemplary embodiment, the automatic blood collection device
10 includes a detection subsystem 30 that monitors a level of the blood sample that is collected
within the collection container 100. Once the detection subsystem 30 detects that a sufficient
amount of a blood sample has been collected within the collection container 100, the detection
subsystem 30 automatically activates the translation subsystem 24 to the second setting so that
the translation subsystem 24 moves the holder 36 and the collection container 100 therein away
from the first end 32 of the housing 20 and away from the first portion 152 of the blood
collection set 150. In this manner, the translation subsystem 24 moves the collection container
100 out of engagement with the blood collection set 150 thereby automatically stopping blood
collection. The translation subsystem 24 moves the holder 36 to its original home position

with a collected blood sample within the collection container 100. In one embodiment, the
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detection subsystem 30 includes an infrared sensor for monitoring a level of the blood sample
that is collected within the collection container 100. In other embodiments, the detection
subsystem 30 may include other mechanisms for monitoring a level of the blood sample that is
collected within the collection container 100.

[0053] Referring to Figs. 1 and 7, in one exemplary embodiment, the translation subsystem
24 includes a translation gear system 60, a translation component 62 in communication with a
portion of the holder 36, and a second motor 64 in communication with the translation gear
system 60. In an exemplary embodiment, the translation component 62 includes a screw-nut
mechanism.

[0054] In an exemplary embodiment, with the translation subsystem 24 in the first setting,
the translation gear system 60 rotates the translation component 62 in a first direction to move
the holder 36 towards the first end 32 of the housing 20 and with the translation subsystem 24
in the second setting, the translation gear system 60 rotates the translation component 62 in a
second direction to move the holder 36 away from the first end 32 of the housing 20.

[0055] In one embodiment, the translation subsystem 24 includes a second motor 64 that
moves the translation gear system 60 between the first direction and the second direction. In
one embodiment, the second direction is opposite the first direction.

[0056] In an exemplary embodiment, the automatic blood collection device 10 includes a
second switch 66 and actuation of the second switch 66 activates the second motor 64 thereby
moving the translation gear system 60 between the first direction and the second direction. In
one embodiment, the second switch 66 is the same switch as the first switch 48. In one
embodiment, the second switch 66 is a separate switch from the first switch 48.

[0057] In other exemplary embodiments, the translation subsystem 24 may include other
mechanisms for raising and lowering the holder 36 and the collection containers 100 therein.
[0058] Referring to Figs. 7-9, in one embodiment, a rotation subsystem 26 of the automatic
blood collection device 10 is adapted to rotate the holder 36 relative to the housing 20.

[0059] Referring to Figs. 7-9, in an exemplary embodiment, the rotation subsystem 26 is in
communication with the holder 36 and the rotation subsystem 26 is transitionable between an
off setting and an on setting in which the rotation subsystem 26 rotates the holder 36 relative
to the housing 20.

[0060] Referring to Figs. 7-9, in one exemplary embodiment, the rotation subsystem 26
includes a rotation gear system 70 having a clutch mechanism 72 and a third motor 78 in

communication with the rotation gear system 70.
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[0061] In one embodiment, the clutch mechanism 72 includes a clutch tab 74 on a portion
of the rotation gear system 70 and a clutch slot 76 defined on a portion of the holder 36. In this
manner, with the rotation subsystem 26 in the off setting, the clutch tab 74 is disengaged from
the clutch slot 76, and with the rotation subsystem 26 in the on setting, the clutch tab 74 engages
the clutch slot 76 and the rotation gear system 70 rotates the holder 36 relative to the housing
20.

[0062] In one embodiment, the rotation subsystem 26 is manually transitionable between the
off setting and the on setting. In other embodiments, the rotation subsystem 26 is automatically
transitionable between the off setting and the on setting. In one embodiment, the third motor
78 is automatically activated to drive the rotation gear system 70. For example, after the
translation subsystem 24 moves the collection container 100 out of engagement with the blood
collection set 150 and moves the holder 36 to its original home position with a collected blood
sample within the collection container 100, the clutch tab 74 of the rotation subsystem 26 will
engage the clutch slot 76 to activate the clutch connection. Activation of the clutch connection
will automatically activate the third motor 78 to rotate the rotation gear system 70 in one
direction until the next available empty collection container 100 is located in a tube piercing
position and is ready for blood collection. The third motor 78 of the rotation subsystem 26 of
the present disclosure rotates the rotation gear system 70 a predetermined amount in one
direction so that the next available empty collection container 100 is rotated into a tube piercing
position and in alignment with the first portion 152 of the blood collection set 150 that is
securely positioned within the second clamping subsystem 28. In this manner, the next empty
collection container 100 is in a tube piercing position and is ready to automatically receive a
blood sample in the manner described above.

[0063] In other exemplary embodiments, the rotation subsystem 26 may include other
mechanisms for rotating the holder 36 relative to the housing 20.

[0064] In one exemplary embodiment, the automatic blood collection device 10 of the
present disclosure is powered by a chargeable battery. In this manner, the automatic blood
collection device 10 is a wireless device that is portable and is easily carried by a patient in
both in-patient and out-patient environments.

[0065] Referring to Figs. 1-9, the use of an automatic blood collection device 10 having a
first and second clamping subsystem 22, 28, a translation subsystem 24, and a rotation
subsystem 26 that allows a device 10 of the present disclosure to automatically collect a blood
sample within a plurality of blood collection containers 100 will now be described. The device

10 of the present disclosure frees the hands of a nurse or medical practitioner after a patient’s
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vein or artery is successfully pierced so that the nurse or medical practitioner can focus on
taking care of a patient’s needle side to manage blood collection.

[0066] Referring to Figs. 1-5, first a medical practitioner inserts a desired number of
sterilized empty collection containers 100 within respective receiving cavities 38 of the holder
36, with the first clamping subsystem 22 in the first position. Advantageously, the automatic
blood collection device 10 of the present disclosure allows for a plurality of collection
containers 100 to be used in an automatic blood collection procedure.

[0067] Next, with the collection containers 100 properly positioned within respective
receiving cavities 38 of the holder 36, the medical practitioner can press the first switch 48 to
activate the first motor 46 thereby moving the cam portion 42 into engagement with the lock
portion 40 of the first clamping subsystem 22. In this manner, the ramp portions 44 of the cam
portion 42 contact and force the lock portions 40, respectively, in a direction generally along
arrow A (Fig. 4) to contact and lock each collection container 100 within a respective receiving
cavity 38.

[0068] Next, a medical practitioner prepares a blood collection set 150 having a first portion
152, e.g., a draw tip end, and a patient end needle. Referring to Figs. 6A and 6B, in one
exemplary embodiment, with the second clamping subsystem 28 in a first position, positioning
the first portion 152, e.g., a draw tip, of a blood collection set 150 within the receiving portion
50 of the housing 20 automatically activates the second clamping subsystem 28 to move from
the first position to the second position in which the second clamping subsystem 28 locks the
first portion 152 of the blood collection set 150 within the receiving portion 50. In one
embodiment, the second clamping subsystem 28 provides audible feedback that the second
clamping subsystem 28 has transitioned to the locked second position. In this manner, a
medical practitioner is provided with feedback that the first portion 152 of the blood collection
set 150 is securely clamped to the automatic blood collection device 10. With the first portion
152 of the blood collection set 150 secured to the automatic blood collection device 10, the
medical practitioner uses the patient end needle of the blood collection set 150 to pierce into
the patient’s vein for a blood collection procedure.

[0069] After the medical practitioner completes the preparation for the blood collection
procedure on the patient side, the medical practitioner can press the second switch 66 which
activates the second motor 64 thereby moving the translation gear system 60 in the first setting
in a first direction in which the translation subsystem 24 moves the holder 36 towards the first
end 32 of the housing 20. In this manner, the translation subsystem 24 moves the holder 36

and the collection container 100, locked within the receiving cavity 38, towards the first end
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32 of the housing 20 into engagement with the first portion 152 of the blood collection set 150.
The translation subsystem 24 moves the holder 36 and the collection container 100 therein
towards the first end 32 of the housing 20 until the closure 110 of the first end 102 of a first
collection container 100 is successfully pierced by the first portion 152 of the blood collection
set 150. Upon the first portion 152 of the blood collection set 150 piercing the closure 110 of
the collection container 100, blood collection is automatically performed due to the vacuum
contained within the collection container 100 that draws a blood sample within a collection
chamber or interior 108 of the collection container 100. Once the first portion 152 of the blood
collection set 150 pierces the closure 110 of the collection container 100, the blood collection
set 150 and the collection container 100 are in fluid communication and the vacuum draws a
blood sample within the interior 108 of the collection container 100. Advantageously, the
automatic blood collection device 10 of the present disclosure allows the medical practitioner
to automatically collect a blood sample within the collection container 100 and frees the hands
of the medical practitioner so that the medical practitioner can focus on taking care of a
patient’s needle side during blood collection.

[0070] As described above, the automatic blood collection device 10 includes a detection
subsystem 30 that monitors a level of the blood sample that is collected within the collection
container 100. Once the detection subsystem 30 detects that a sufficient amount of a blood
sample has been collected within the collection container 100, the detection subsystem 30
automatically activates the translation subsystem 24 to the second setting so that the translation
subsystem 24 moves the holder 36 and the collection container 100 therein away from the first
end 32 of the housing 20 and away from the first portion 152 of the blood collection set 150.
In this manner, the translation subsystem 24 moves the collection container 100 out of
engagement with the blood collection set 150 thereby automatically stopping blood collection.
The translation subsystem 24 moves the holder 36 to its original home position with a collected
blood sample within the collection container 100.

[0071] Next, in some embodiments, the automatic blood collection device 10 provides
automatic activation of the rotation subsystem 26. For example, in one exemplary
embodiment, the third motor 78 is automatically activated to drive the rotation gear system 70.
For example, after the translation subsystem 24 moves the collection container 100 out of
engagement with the blood collection set 150 and moves the holder 36 to its original home
position with a collected blood sample within the collection container 100, the clutch tab 74 of
the rotation subsystem 26 will engage the clutch slot 76 to activate the clutch connection.

Activation of the clutch connection will automatically activate the third motor 78 to rotate the
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rotation gear system 70 in one direction until the next available empty collection container 100
is located in a tube piercing position and is ready for blood collection. In this manner, the
automatic blood collection device 10 of the present disclosure automatically rotates a collection
container 100 that includes an appropriate amount of a blood sample out of a tube piercing
position and rotates a new empty collection container 100 into the tube piercing position for
automatic blood collection.

[0072] Next, the automatic blood collection device 10 is used as described above to repeat
the collection steps for the next collection container 100. The automatic blood collection
device 10 can be used in this manner until all the desired collection containers 100 include an
appropriate amount of a blood sample. After each of the collection containers 100 are filled
with a blood sample, the automatic blood collection device 10 of the present disclosure
automatically terminates all rotary and translational motors. The collection containers 100 are
maintained in a locked position by the first clamping subsystem 22 while the medical
practitioner removes the first portion 152 of the blood collection set 150 from the second
clamping subsystem 28. At an appropriate time, the medical practitioner can then transition
the first clamping subsystem 22 from the second position to the first position to safely remove
the collection containers 100 from the automatic blood collection device 10.

[0073] Fig. 10 illustrates an exemplary embodiment of the present disclosure. Referring to
Fig. 10, a blood collection constraint and detection device 200 of the present disclosure
includes a constraint subsystem 202 and a detection subsystem 204. The blood collection
constraint and detection device 200 of the present disclosure can be used with the automatic
blood collection device 10 (Figs. 1-9). For example, the blood collection constraint and
detection device 200 provides help to a medical practitioner at a patient’s side while the
automatic blood collection device 10 helps with automatically collecting a blood sample.
[0074] In one exemplary embodiment, the constraint subsystem 202 includes a housing 210
defining an arm receiving cavity 212 and a securement mechanism 214 in communication with
the arm receiving cavity 212. The securement mechanism 214 is transitionable between a first
position in which an arm of a patient is receivable within the arm receiving cavity 212 and a
second position in which the securement mechanism 214 secures the arm within the arm
receiving cavity 212. In one embodiment, the securement mechanism 214 automatically
transitions from the first position to the second position when the arm is received within the
arm receiving cavity 212. With the securement mechanism 214 in the second position, the
securement mechanism 214 secures the arm within the arm receiving cavity 212 such that the

blood circulation portion of the arm of the patient is exposed. The constraint subsystem 202
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of the present disclosure provides a device for a medical practitioner to automatically secure a
patient’s arm during a blood collection procedure. In this manner, the constraint subsystem
202 of the present disclosure frees the medical practitioner from the time and efforts of
manually fastening an elastic rubber bandage to a patient. This is especially critical when a
large number of patients are treated within a short period of time and the device of the present
disclosure allows the medical practitioner to be more efficient and focus on more critical
aspects during a blood collection procedure.

[0075] In one exemplary embodiment, the detection subsystem 204 is in communication
with the constraint subsystem 202. For example, with the arm within the arm receiving cavity
212 and the securement mechanism 214 in the second position, the detection subsystem 204
identifies a blood circulation portion of the arm of the patient. In one embodiment, with the
arm within the arm receiving cavity 212 and the securement mechanism 214 in the second
position, the detection subsystem 204 automatically identifies the blood circulation portion of
the arm of the patient. In an exemplary embodiment, the detection subsystem 204 includes an
infrared lighting mechanism.

[0076] The detection subsystem 204 of the present disclosure provides a device for a medical
practitioner to automatically identify a patient’s vein or artery before inserting a needle during
a blood collection procedure.

[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 disclosure. This
application is therefore intended to cover any variations, uses, or adaptations of the disclosure
using its general principles. Further, this application is intended to cover such departures from
the present disclosure 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.
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WHAT IS CLAIMED IS:

1. An automatic blood collection device, comprising:

a housing having a first end, a second end, and a holder defining a receiving cavity;

a clamping subsystem in communication with the receiving cavity, the clamping
subsystem transitionable between a first position in which a collection container is receivable
within the receiving cavity and a second position in which the clamping subsystem locks the
collection container within the receiving cavity;

a translation subsystem in communication with the holder, the translation subsystem
transitionable between a first setting in which the translation subsystem moves the holder
towards the first end and a second setting in which the translation subsystem moves the holder
away from the first end; and

a rotation subsystem in communication with the holder, the rotation subsystem
transitionable between an off setting and an on setting in which the rotation subsystem rotates

the holder relative to the housing.

2. The automatic blood collection device of claim 1, further comprising a second
clamping subsystem in communication with a receiving portion, the second clamping
subsystem transitionable between a first position in which a first portion of a blood collection
set is receivable within the receiving portion and a second position in which the second
clamping subsystem locks the first portion of the blood collection set within the receiving

portion.

3. The automatic blood collection device of claim 2, wherein the receiving portion

is located at the first end.

4, The automatic blood collection device of claim 2, wherein with the translation
subsystem in the first setting, the translation subsystem moves the collection container, locked
within the receiving cavity, towards the first end into engagement with the first portion of the

blood collection set.

5. The automatic blood collection device of claim 4, wherein with the collection
container engaged with the first portion of the blood collection set, a blood sample is collected

within the collection container.
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6. The automatic blood collection device of claim 5, further comprising a detection
subsystem that monitors a level of the blood sample that is collected within the collection

container.

7. The automatic blood collection device of claim 5, wherein with the blood
sample collected within the collection container, and with the translation subsystem in the
second setting, the translation subsystem moves the collection container away from the first

end and disengages the collection container from the first portion of the blood collection set.

8. The automatic blood collection device of claim 1, wherein the holder defines a
second receiving cavity, and with the clamping subsystem in the first position, a second

collection container is receivable within the second receiving cavity.

9. The automatic blood collection device of claim 8, wherein with the clamping
subsystem in the second position, the clamping subsystem locks the second collection container

within the second receiving cavity.

10.  The automatic blood collection device of claim 1, wherein the clamping
subsystem includes a lock portion and a cam portion, with the clamping subsystem in the first
position, the cam portion is disengaged from the lock portion, and with the clamping subsystem
in the second position, the cam portion engages the lock portion to contact and lock the

collection container within the receiving cavity.

11.  The automatic blood collection device of claim 10, wherein the clamping
subsystem includes a first motor that moves the cam portion into engagement with the lock

portion.

12.  The automatic blood collection device of claim 11, further comprising a first
switch, wherein actuation of the first switch activates the first motor thereby moving the cam

portion into engagement with the lock portion.

13. The automatic blood collection device of claim 1, wherein the translation

subsystem includes a translation gear system and a translation component in communication
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with a portion of the holder, wherein with the translation subsystem in the first setting, the
translation gear system rotates the translation component in a first direction to move the holder
towards the first end, and with the translation subsystem in the second setting, the translation
gear system rotates the translation component in a second direction to move the holder away

from the first end.

14. The automatic blood collection device of claim 13, wherein the translation

subsystem includes a second motor in communication with the translation gear system.

15.  The automatic blood collection device of claim 14, further comprising a second
switch, wherein actuation of the second switch activates the second motor thereby driving the

translation gear system.

16. The automatic blood collection device of claim 13, wherein the second direction

is opposite the first direction.

17. The automatic blood collection device of claim 1, wherein the rotation

subsystem includes a rotation gear system having a clutch mechanism.

18. The automatic blood collection device of claim 17, wherein the clutch
mechanism includes a clutch tab on a portion of the rotation gear system and a clutch slot
defined on a portion of the holder, wherein with the rotation subsystem in the off setting, the
clutch tab is disengaged from the clutch slot, and with the rotation subsystem in the on setting,
the clutch tab engages the clutch slot and the rotation gear system rotates the holder relative to

the housing,

19. The automatic blood collection device of claim 18, wherein the rotation

subsystem includes a third motor in communication with the rotation gear system.

20. The automatic blood collection device of claim 19, wherein the third motor is

automatically activated to drive the rotation gear system.

21. A blood collection system, comprising:

the automatic blood collection device of claim 1; and
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a blood collection constraint and detection device, comprising:

a constraint subsystem having a housing defining an arm receiving cavity and a
securement mechanism in communication with the arm receiving cavity, the securement
mechanism transitionable between a first position in which an arm of a patient is receivable
within the arm receiving cavity and a second position in which the securement mechanism
secures the arm within the arm receiving cavity; and

a detection subsystem in communication with the constraint subsystem, wherein
with the arm within the arm receiving cavity and the securement mechanism in the second

position, the detection subsystem identifies a blood circulation portion of the arm of the patient.

22.  The blood collection system of claim 21, wherein the securement mechanism
automatically transitions from the first position to the second position when the arm is received

within the arm receiving cavity.

23.  The blood collection system of claim 22, wherein with the arm within the arm
receiving cavity and the securement mechanism in the second position, the detection subsystem

automatically identifies the blood circulation portion of the arm of the patient.

24.  The blood collection system of claim 23, wherein with the securement
mechanism in the second position, the securement mechanism secures the arm within the arm

receiving cavity such that the blood circulation portion of the arm of the patient is exposed.

25.  The blood collection system of claim 21, wherein the detection subsystem

includes an infrared lighting mechanism.

26.  The blood collection system of claim 21, wherein the blood circulation portion
is a vein.

27.  The blood collection system of claim 21, wherein the blood circulation portion
is an artery.
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