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TRANSDUCER CLIP

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of International
Patent Application No. PCT/US2015/65621, filed Dec. 14,
2015, the contents of which are incorporated by reference
herein in their entireties for all purposes.

BACKGROUND

[0002] Arterial blood pressure transducers are used to
monitor patients in hospitals, nursing facilities, and other
medical treatment facilities. These transducers are used in a
system that generally includes an IV bag, a first section of
tubing that extends from the bag to the transducer, a second
section of tubing that extends from the transducer to the
patient, and a cable that extends from the transducer to a
device that receives signals from the transducer to monitor
the patient. Often patients are monitored using multiple,
different transducers. A patient may be monitored with a first
transducer that monitors a central venous pressure (CVP), a
second transducer that monitors a pulmonary artery (PA),
and a third transducer that monitors a left arterial pressure
(LAP). Organizing the transducers and the various tubing
sections and cables is often cumbersome for the patient and
for the medical staff. Further, one or both of the patient and
medical staff are required to move and rearrange the various
transducer systems when the patient moves locations (e.g.,
moves from a first examination room to a second examina-
tion room), or adjusts their physical position, such as while
they are lying in bed or upon getting out of bed.

[0003] While this is one example, there are other various
medical devices that are employed to monitor patients that
require placement relative to the placement with associated
space management issues. Accordingly, there is a need for an
improved device for holding and organizing medical
devices, such as transducers, used for monitoring patients.

SUMMARY

[0004] The present application is directed to a clip for
receiving one or more medical devices, such as transducers
used to measure arterial blood pressure. The clip is also
configured to be attached to different types of objects, and
may be attached at various orientations that accommodate
the position and/or activity of the patient. In some embodi-
ments, the clip may be mounted on poles or other objects
that are not vertical, but the clip may still maintain the
vertical alignment of transducers on the clip with a patient
(e.g., with the right atrium of the patient’s heart). The clip
provides simplicity and convenience to the user by provid-
ing ease of adjustment, relieving space on the clip for other
components otherwise used by an alignment device, the
ability to quickly attach to multiple pole sizes and/or orien-
tations and may allow single-hand adjustment of the clip.

[0005] In a first exemplary embodiment, the present
invention embraces a clip that is configured to attach to an
object. The clip typically includes (a) a first arm and a
second arm, each with a first end, a second end, an inner
side, and an outer side, the inner sides of the first and second
arms facing each other and the outer sides of the first and
second arms being opposed to their respective inner sides,
each of the first arm and the second arm defining a longi-
tudinal axis between its first end and second end; (b) a hinge
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positioned for transitioning the first and the second arms
between a first and a second orientation, the seconds ends
being in closer proximity to each other in the first orientation
than in the second orientation; (¢) one or more connectors
positioned along the outer side of the first arm and/or the
outer side of the second arm, each connector being config-
ured to receive at least one medical device; and (d) an
alignment device attached to one of the first or the second
arms, the alignment device configured to emit an alignment
signal.

[0006] In a first characteristic of the first embodiment,
either alone or in combination with any other characteristic
of the first embodiment, the clip further includes a first
structure located on to the inner side of the first arm and a
second structure located on the inner side of the second arm,
wherein the first and second structures collectively form a
first compartment configured to extend substantially around
an object in the second orientation.

[0007] In a second characteristic of the first embodiment,
either alone or in combination with any other characteristic
of the first embodiment, the first structure is rotatable
relative to the first arm, and the second structure is rotatable
relative to the second arm; and, when the first and the second
arms are positioned such that their longitudinal axes are
substantially parallel, the first and the second arms are
rotatable about an axis substantially orthogonal to two
substantially parallel planes that each includes one of the
longitudinal axes of the first and the second arms.

[0008] In a third characteristic of the first embodiment,
either alone or in combination with any other characteristic
of the first embodiment, the first compartment forms a
substantially cylindrical-shape when the first and second
arms are in the second orientation; the substantially cylin-
drical-shape having an axis substantially parallel with an
axis of rotation of the hinge.

[0009] In a fourth characteristic of the first embodiment,
either alone or in combination with any other characteristic
of the first embodiment, the clip includes a third structure
attached to the inner side of the first arm and a fourth
structure attached to the inner side of the second arm and
forming a second compartment with a substantially cylin-
drical-shape having an axis substantially parallel with an
axis of rotation of the hinge and a perimeter configured to
extend substantially around an object when the first and
second arms are in the second orientation, the perimeter of
the second compartment being greater than the perimeter of
the first compartment when the first and second arms are in
the second orientation.

[0010] In a fifth characteristic of the first embodiment,
either alone or in combination with any other characteristic
of the first embodiment, the clip further includes a first
structure located on and rotatable relative to the inner side of
the first arm and forming at least a portion of a compartment
with a perimeter configured to extend around an object in the
second orientation; wherein the first structure is rotatable
about an axis substantially orthogonal to a plane that
includes the longitudinal axis of the first arm.

[0011] In a sixth characteristic of the first embodiment,
either alone or in combination with any other characteristic
of the first embodiment, the first structure is frictionally
engaged with the first arm so that a minimum torque must be
applied to cause the first structure to rotate relative to the
first arm.
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[0012] In aseventh characteristic of the first embodiment,
either alone or in combination with any other characteristic
of the first embodiment, the first structure is engaged to the
first arm in a gear and pawl arrangement.

[0013] In an eighth characteristic of the first embodiment,
either alone or in combination with any other characteristic
of the first embodiment, the clip further includes a second
structure located on and rotatable relative to the inner side of
the second arm and forming at least a portion of the
compartment; wherein the second structure is rotatable
about an axis substantially orthogonal to a plane that
includes the longitudinal axis of the second arm; and
wherein the compartment forms a substantially cylindrical-
shape when the first and second arms are in the second
orientation.

[0014] In a ninth characteristic of the first embodiment,
either alone or in combination with any other characteristic
of the first embodiment, the clip further includes a first
structure located on to the inner side of the first arm and a
second structure located on the inner side of the second arm,
wherein each of the first and second structures comprises
one or more static grips, each grip having a substantially flat
shape.

[0015] In a tenth characteristic of the first embodiment,
either alone or in combination with any other characteristic
of the first embodiment, the alignment signal includes a light
beam; the alignment device includes a light emitting device
and a device housing rotatably coupled to one of the first and
second arms, the light emitting device being configured to
emit the light beam; and, when the first and second arms are
in a fixed position, the device housing and the light emitting
device are rotatable about an axis orthogonal to a plane that
includes the longitudinal axis of the arm coupled to the
device housing.

[0016] In an eleventh characteristic of the first embodi-
ment, either alone or in combination with any other char-
acteristic of the first embodiment, the alignment device
includes an aperture that permits the passage of the light
beam therethrough when the light beam is substantially
parallel to the longitudinal axis of the arm coupled to the
device housing, but blocks the light beam when the light
beam is not substantially parallel to the longitudinal axis of
the arm coupled to the device housing.

[0017] In a twelfth characteristic of the first embodiment,
either alone or in combination with any other characteristic
of the first embodiment, the alignment signal includes a light
beam; the alignment device includes a device housing
coupled to one of the first and second arms, the alignment
device further including a light emitting device rotatably
coupled to the device housing. the light emitting device
being configured to emit the light beam; and, when the first
and second arms are in a fixed position, the light emitting
device is rotatable about an axis orthogonal to a plane that
includes the longitudinal axis of the arm coupled to the
device housing.

[0018] In a thirteenth characteristic of the first embodi-
ment, either alone or in combination with any other char-
acteristic of the first embodiment, the alignment device
includes an aperture that permits the passage of the light
beam therethrough when the light beam is substantially
parallel to the longitudinal axis of the arm coupled to the
device housing but blocks the light beam when the light
beam is not substantially parallel to the longitudinal axis of
the arm coupled to the device housing.
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[0019] 1In a fourteenth characteristic of the first embodi-
ment, either alone or in combination with any other char-
acteristic of the first embodiment, the alignment device is
removably coupled to one of the first or the second arms.

[0020] In afifteenth characteristic of the first embodiment,
either alone or in combination with any other characteristic
of the first embodiment, the alignment signal includes a
beam of electromagnetic radiation; and the alignment device
is fixedly attached to one of the first or the second arms so
that the alignment device is configured to emit the beam of
electromagnetic radiation along an axis substantially parallel
to the longitudinal axis of the arms to which the alignment
device is attached.

[0021] In a sixteenth characteristic of the first embodi-
ment, either alone or in combination with any other char-
acteristic of the first embodiment, each of the connectors
includes a channel to receive an arterial blood transducer
module.

[0022] In a seventeenth characteristic of the first embodi-
ment, either alone or in combination with any other char-
acteristic of the first embodiment, the connectors are posi-
tioned in closer proximity to the first ends of the first and the
second arms than to the second ends of the first and the
second arms and the hinge is in closer proximity to the
second ends of the first and the second arms than to the first
ends of the first and the second arms.

[0023] 1In a second exemplary embodiment, the present
invention embraces a clip that includes (a) a primary arm
having a proximal end and a distal end, the primary arm
defining a longitudinal axis between its proximal end and
distal end, the primary arm comprising a tertiary arm extend-
ing from the primary arm so that (i) a proximal end of the
tertiary arm is attached to an inner side of the primary arm,
(ii) a distal end of the tertiary arm extends in generally the
same direction as the distal end of the primary arm, and (iii)
an inner side of the tertiary arm and the inner side of the
primary arm form a space therebetween; (b) a secondary arm
having a proximal end and a distal end, the secondary arm
having an inner side that faces the inner side of the primary
arm and forms a space therebetween, the secondary arm
having an outer side that faces the inner side of the tertiary
arm forming a space therebetween that forms an attachment
location for an object; (c) a hinge positioned for transition-
ing the primary arm and the secondary arm between a first
and a second orientation, the proximal ends of the primary
arm and the secondary arm being in closer proximity to each
other in the first orientation than in the second orientation,
the space between the inner side of the tertiary arm and the
outer side of the secondary arm being greater in the first
orientation than in the second orientation; (d) a biasing
member positioned between the primary arm and the sec-
ondary arm, the biasing member biasing the primary and the
secondary arm towards the second orientation; (e) one or
more connectors positioned along the outer side of the
primary arm, each connector being configured to receive at
least one medical device; and (f) an alignment device
attached to one of the primary arm or the tertiary arm, the
alignment device configured to emit an alignment signal.

[0024] In a first characteristic of the second embodiment,
either alone or in combination with any other characteristic
of the second embodiment, the hinge pivotally connects the
primary arm and the secondary arm in proximity to their
respective distal ends.
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[0025] 1In a second characteristic of the second embodi-
ment, either alone or in combination with any other char-
acteristic of the second embodiment, the biasing member is
a compression spring that resists the proximal ends of the
primary arm and the secondary arm being moved in closer
proximity to each other.

[0026] In athird characteristic of the second embodiment,
either alone or in combination with any other characteristic
of the second embodiment, each of the connectors includes
a channel to receive an arterial blood transducer module.

[0027] In a fourth characteristic of the second embodi-
ment, either alone or in combination with any other char-
acteristic of the second embodiment, the alignment device is
attached in proximity to the distal end of one of the primary
arm or the tertiary arm.

[0028] In a fifth characteristic of the second embodiment,
either alone or in combination with any other characteristic
of the second embodiment, the alignment signal includes a
light beam; the alignment device comprises a light emitting
device and a device housing rotatably coupled to one of the
primary and tertiary arms, the light emitting device being
configured to emit the light beam; and the device housing
and the light emitting device are rotatable about an axis
orthogonal to a plane that includes the longitudinal axis of
the primary arm.

[0029] In asixth characteristic of the second embodiment,
either alone or in combination with any other characteristic
of the second embodiment, the alignment device includes an
aperture that permits the passage of the light beam there-
through when the light beam is substantially parallel to the
longitudinal axis of the primary arm but blocks the light
beam when the light beam is not substantially parallel to the
longitudinal axis of the primary

[0030] In a seventh characteristic of the second embodi-
ment, either alone or in combination with any other char-
acteristic of the second embodiment, the alignment signal
comprises a light beam; the alignment device comprises a
device housing coupled to one of the primary and tertiary
arms, the alignment device further comprising a light emit-
ting device rotatably coupled to the device housing, the light
emitting device being configured to emit the light beam; and
the light emitting device is rotatable about an axis orthogo-
nal to a plane that includes the longitudinal axis of the
primary arm.

[0031] In an eighth characteristic of the second embodi-
ment, either alone or in combination with any other char-
acteristic of the second embodiment, the alignment device
comprises an aperture that permits the passage of the light
beam therethrough when the light beam is substantially
parallel to the longitudinal axis of the primary arm but
blocks the light beam when the light beam is not substan-
tially parallel to the longitudinal axis of the primary

[0032] In aninth characteristic of the second embodiment,
either alone or in combination with any other characteristic
of the second embodiment, the alignment device is remov-
ably coupled to one of the primary and tertiary arms.

[0033] In atenth characteristic of the second embodiment,
either alone or in combination with any other characteristic
of the second embodiment, the alignment device is fixedly
attached to one of the primary and tertiary arms so that the
alignment device is configured to emit the beam of electro-
magnetic radiation along an axis substantially parallel to the
longitudinal axis of the primary arm.

Nov. 15,2018

[0034] The features, functions, and advantages that have
been discussed may be achieved independently in various
embodiments of the present invention or may be combined
with yet other embodiments, further details of which can be
seen with reference to the following description and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Having thus described embodiments of the system
in general terms, reference will now be made to the accom-
panying drawings, where:

[0036] FIG. 1 depicts a conventional method of measuring
blood pressure;
[0037] FIG. 2 depicts a catheter being inserted into a

patient’s heart to facilitate measuring blood pressure;
[0038] FIG. 3 depicts a method of measuring blood pres-
sure in accordance with an aspect of the present invention;
[0039] FIG. 4A depicts a perspective view of an exem-
plary clip in accordance with an aspect of the present
invention;

[0040] FIG. 4B depicts a side view of an exemplary clip
in accordance with an aspect of the present invention;
[0041] FIG. 4C depicts a rear view of an exemplary clip in
accordance with an aspect of the present invention;

[0042] FIG. 5 depicts an exemplary alignment device in
accordance with an aspect of the present invention;

[0043] FIG. 6 depicts another exemplary alignment device
in accordance with an aspect of the present invention;
[0044] FIG. 7 depicts an exemplary rotatable alignment
device in accordance with an aspect of the present invention;
[0045] FIG. 8 depicts another exemplary rotatable align-
ment device in accordance with an aspect of the present
invention;

[0046] FIG. 9A depicts a top view of another exemplary
clip in accordance with an aspect of the present invention;
[0047] FIG. 9B depicts a top view of yet another exem-
plary clip in accordance with an aspect of the present
invention;

[0048] FIG. 10A depicts a side view of an exemplary
attachment location formed from a rotatable structure in
accordance with an aspect of the present invention;

[0049] FIG. 10B depicts a top view of an exemplary
attachment location formed from a rotatable structure in
accordance with an aspect of the present invention;

[0050] FIG. 10C depicts a top view of another exemplary
attachment location formed from a rotatable structure in
accordance with an aspect of the present invention;

[0051] FIG. 11A depicts a top view of yet another exem-
plary clip in accordance with an aspect of the present
invention;

[0052] FIG. 11B depicts a cross-sectional side view of yet
another exemplary clip in accordance with an aspect of the
present invention; and

[0053] FIGS. 12A-12C depict a top view of an exemplary
clip in accordance with another aspect of the present inven-
tion.

DETAILED DESCRIPTION

[0054] The device as described in the present disclosure is
particularly useful in a patient monitoring environment,
whereby the device may be used to retain and position one
or more medical devices relative to a patient. It is of
particular use where accurate alignment of a medical device
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relative to a patient is required. For example, alignment may
be required to ensure the sensors of the monitoring device
are aligned with a sensing target on a patient. Alignment may
also be required to position a medical device above a patient
for proper gravity flow of fluids or below a patient for fluid
removal. While various examples of use of the device are
contemplated, to provide a full disclosure, the device is
described herein within the context of use with retaining an
arterial blood pressure transducer at a position relative to the
patient for accurate heart function monitoring.

[0055] In one aspect, the present application is directed to
a medical clip for receiving one or more transducers (e.g.,
transducer modules). The clip and transducer are configured
to attach to a variety of different objects, such as but not
limited to a pole, a bed, curtains, drapes, and clothing. The
clip generally comprises first and second arms that are
pivotally connected together. The clip is configured to be
movable between an open orientation to extend around an
object, and a closed orientation to attach to the object. One
or more connectors are positioned along the outer sides of
the arms to receive and/or connect and/or attach with a
medical device, such as a transducer. The connectors are
configured to provide a secure and releasable connection
with the medical device. In one aspect, the arms or outer side
of an arm of the clip can be configured to rotate while the
clip is attached to the object. In another aspect, the clip
includes an alignment device (e.g., a laser or other light
emitting device that can be used for aligning the clip relative
to a patient). The alignment device can be coupled to one of
the first or second arms or the outer or inner side of an arm
of the clip. In another aspect, the clip includes a housing
coupled to an arm, the housing including an alignment
device that is configured to rotate within the housing while
the clip is attached to an object. The alignment device can
include a self-leveling feature. The present application is
also directed to methods of using the clip and the alignment
device.

[0056] To obtain the most accurate measurement of CVP,
the zero point of a manometer or a given measuring point on
a transducer (or its module) should be closely vertically
aligned with a desired point on the patient, such as a location
corresponding to the patient’s right atrium and/or vena cava.
If the vertical level of a point at which pressure 1s measured
is significantly below the right atrium, the CVP reading may
be too high. On the other hand, if the vertical level of this
measuring point is significantly higher than the right atrium,
the CVP reading may be too low.

[0057] In addition, if the vertical level of one of the right
atrium and the measuring point significantly changes over
time while the other of these vertical levels remains the
same, CVP may appear to trend upwardly or downwardly
when actual CVP has remained constant, or, alternatively, an
actual upward or downward trend in CVP may be masked by
the change in measured CVP. Accordingly, consistency in
aligning the pressure monitoring device in relation to the
right atrium over time is perhaps just as important, if not
more important, than accurately aligning the pressure moni-
toring device with the right atrium initially.

[0058] The presently disclosed device supporting one or
more pressure measuring devices can be consistently and
accurately aligned with the right atrium of the heart so that
actual CVP and upward and downward trends in CVP are
accurately monitored as further discussed below.
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[0059] The present application also provides a clip with an
alignment device (e.g., an alignment laser) to facilitate the
appropriate placement of a transducer (e.g., a reusable or a
disposable pressure transducer) at the phlebostatic axis (i.e.,
the approximate location of the right atrium, which is found
at the intersection of the midaxillary and a line drawn from
the fourth intercostal space at the right side of the sternum)
for zeroing. The alignment device may be coupled (e.g.,
removably coupled) to clip without occupying a slot or
connector on an outer surface of an arm otherwise useable
for other medical devices themselves.

[0060] The present application also provides for mounting
on multiple pole sizes, on a vertical pole, and on a pole
angled from a vertical axis by 45 degrees. To accomplish
this, the clip may include rotatable and/or static structures
for mounting the clip on a pole or other object. The clip may
include structures configured for mounting the clip on
objects of different sizes, such as pole of different diameters.

[0061] The presently disclosed clip provides simplicity
and convenience to the user by providing ease of adjustment,
relieving space on the clip for other components otherwise
used by an alignment device, the ability to quickly attach to
multiple pole sizes and may allow single-hand adjustment of
the clip. The presently disclosed clip also provides for
mounting on poles or other objects that are not vertical, but
may still facilitate maintaining the vertical alignment of
transducers on the clip with a patient (e.g., with the right
atrium of the patient’s heart).

[0062] Depicted in FIG. 1 is a conventional method of
measuring blood pressure in the right atrium of the heart. In
FIG. 1, the pressure monitoring device is a transducer 10. A
length of IV connecting tubing 12 extends from a patient 14
to the transducer 10. As depicted in FIG. 2, a catheter 16 has
been inserted into the patient’s subclavian vein and threaded
through this vein into the right atrium 18 of the patient’s
heart 20. The catheter 16 is connected at 22 to the IV
connecting tubing 12. The catheter 16 and IV tubing 12 are
filled with fluid; thus, the pressure of blood in the right
atrium 18 is transmitted to the fluid within the catheter 16
and tubing 12 where this pressure can be measured by the
transducer 10.

[0063] The transducer 10 is attached to a mounting bracket
24 which is slideably mounted on a vertically extending pole
26. The vertical level of a given measuring point 28 of the
transducer 10 is indicated by a line 30 formed on the bracket
24. The measuring point 28 is at the balancing port of the
transducer 10.

[0064] The transducer 10 further includes a cable 10a
through which electrical signals related to sensed pressure
are transmitted to an analyzing device 11 that calculates and
records CVP based on these electrical signals. A second
length of IV connecting tubing 105 extends from the top of
the transducer 10 to container (not shown) containing an TV
solution to be introduced into the patient 14. This allows
fluid within the tubing 12 to be flushed and to allow
introduction of intravenous fluids and medications into the
patient’s bloodstream as necessary.

[0065] The vertical level of the right atrium 18 of the
patient’s heart 20 generally corresponds to the midaxillary
line of the patient 14 and is marked by an X-mark 32 formed
on the patient 14 approximately 5 cm below the patient’s
sternum. While this X-mark may not be precisely aligned
with the patient’s right atrium in all cases, the X-mark is
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generally formed on the patient with indelible ink so that
measurements may at least be consistent over time.

[0066] To align the measuring point 28 of the transducer
10 with the end of the catheter 16 located within the right
atrium 18, a health care worker 34 uses a leveling device
such as a conventional three-foot carpenter’s level 36.
Alternatively, the leveling device may be a length of rigid
material such as a wooden yardstick having a known bubble
indicator attached to the center portion thereof to indicate
when the yardstick is horizontal.

[0067] A first end 38 of the carpenter’s level 36 is initially
placed along the line 30 formed on bracket 24. The health
care worker 34 then raises and lowers the second end 40 of
the level 36 until the horizontal bubble indicator (not shown)
on the level 36 indicates that the level 36 is horizontally
aligned. When the level 36 is horizontally aligned, the
worker 34 determines whether the second end 40 of the level
36 is aligned with the X-mark 32.

[0068] If the second end 40 is not aligned with the X-mark
32, the worker 34 must raise or lower as appropriate, in the
direction indicated by the arrow A, either the patient 14 by
raising and lowering the patient’s bed 42 or the transducer
10 by raising and lowering the bracket 24 on which the
transducer 10 is mounted. In either case, the worker 34
cannot continue to hold the level 36 such that it is vertically
aligned because to do so requires two hands and at least one
hand, and preferably two hands, must be free to adjust the
bed 42 or bracket 24. The health care worker 34 must
therefore set the level 36 down, adjust the bed 42 or bracket
24, and then raise and horizontally align the level 36 to
check whether the X-mark 32 is properly aligned with the
second end 40. This process is repeated until the second end
40 of the horizontally-aligned level 36 is vertically aligned
with the X-mark 32.

[0069] One problem with the conventional method shown
in FIG. 1 is that this method may be difficult to perform
quickly and accurately, especially when performed by one
person. This is because it may be difficult to hold the level
36 in its horizontally aligned position while determining
whether the second end 40 thereof is aligned with the
X-mark 32.

[0070] To address these problems, the present invention
embraces a clip having an alignment device that emits an
alignment signal. In this regard, FIG. 3 depicts a transducer
110 (e.g., a transducer module) attached to a clip 200 having
an alignment device 210 in accordance with the present
invention. As depicted in FIG. 3, the clip 200 may be
attached to a vertically extending pole 126. The alignment
device 210 typically includes a housing, a light source, and
an aperture through which a beam of light, emanating from
the light source, extends along a path. Although the align-
ment device 210 typically emits a visible alignment signal
(e.g., a beam of visible light), in some embodiments the
alignment signal may not be visible, such as a beam of
non-visible electromagnetic radiation (e.g., ultraviolet or
infrared radiation). The alignment device 210 is typically
attached to the clip 200 so that the alignment device 210 is
at the same vertical level as the transducer’s measurement
point 128 (e.g., located at a stopcock valve in the module).
[0071] As depicted in FIG. 3, a length of outgoing IV
tubing 112 extends from a patient 114 to the transducer 110.
In addition, a catheter has been inserted into the patient’s
subclavian vein and threaded through this vein into the right
atrium of the patient’s heart. The catheter is connected to the
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outgoing TV tubing 112. The catheter and outgoing IV tubing
112 are filled with fluid; thus, the pressure of blood in the
right atrium is transmitted to the fluid within the catheter and
outgoing IV tubing 112 where the pressure can easily be
measured by the transducer 110.

[0072] As depicted in FIG. 3, the transducer 110 further
includes a cable 110a through which electrical signals
related to sensed pressure may be transmitted to an analyz-
ing device 111 that calculates and records CVP based on
these electrical signals. The analyzing device 111 may be,
for example, a CVP module designed to be plugged into
computer monitor or monitoring system. In addition, FIG. 3
depicts a second length of incoming IV tubing 1105 that
extends from the top of the transducer 110 to a container (not
shown) that may contain an I'V solution to be introduced into
the patient 114. This allows fluid within the outgoing IV
tubing 112 to be flushed and allows introduction of intra-
venous fluids and medications into the patient’s bloodstream
as necessary.

[0073] The approximate location of the right atrium of the
patient’s heart generally corresponds to the phlebostatic axis
of the patient 114 and can be marked by an optional indicia
(e.g., an X-mark 132) formed on the patient 114, typically on
a region approximately 5 cm below the patient’s sternum.
The X-mark can be provided on the patient with indelible
ink so that measurements may at least be consistent over
time.

[0074] The clip 200 is configured to facilitate the align-
ment one or more transducers 110 (e.g., a pressure trans-
ducer module) attached to the clip 200 with the X-mark 132,
to thereby align the transducers 110 with the approximate
location of the right atrium of the patient’s heart (e.g., the
phlebostatic axis of the patient). Accordingly, the clip 200
typically includes an alignment device 210.

[0075] In order to align the transducer 110 with the
X-mark 132, first the clip 200 is mounted on the pole 126.
Thereafter, the transducer 110 is mounted on the clip 200. In
addition, the transducer 110 is attached to the analyzing
device 111 through the cable 110a. The outgoing IV tubing
112 is then connected between the transducer 110 and the
catheter. Next, light is emitted along the light path 152 from
the alignment device 210 to cause a light indicia 156 (e.g,,
a light indicia created by a narrow ray or beam of light) to
visually appear on the patient 114. In this regard, a light
source (e.g., laser) included in the alignment device may be
turned on. The light source may remain on until turned off
by a user, or may automatically turn off after a predeter-
mined period of time. Thereafter the clip, pole, and/or
patient are moved until the light indicia 156 is located at the
X-mark 132 in order to vertically align the transducer’s
measurement point 128 with the approximate location of the
right atrium of the patient’s heart. For example, the clip may
be horizontally rotated around the pole or vertically moved
along the pole. As further described herein, to increase the
accuracy of any measurements from the transducer, a user
may also ensure that the alignment device 210 and/or the
clip 200 are horizontally level (e.g., using a bubble level
attached to the clip 200).

[0076] The transducer 110 and analyzing device 111 may
then be used to accurately and consistently measure and
record the CVP of the patient 114. In this manner, a single
health care worker can easily and quickly align the measur-
ing point 128 with the X-mark 132. As the light indicia 156
is continually shining on the patient 114 during the process
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of adjusting the height of the bed 158 or the clip 200, the
present clip 200 significantly reduces the chances that the
transducer measuring point 128 will be inaccurately aligned
with the X-mark 132.

[0077] In some instances, a sensor for detecting the pres-
ence of the light indicia 156 may be placed on the patient
(e.g., on the X-mark 132) to facilitate alignment of the clip
200. Such sensor may be in communication with a device
(e.g., computer, mobile device, or the like) that provides an
indication (e.g., a visual or audio indication) of whether the
light indicia 156 is located at the light sensor. If the
alignment device does not emit visible light but instead
emits non-visible electromagnetic radiation, the sensor may
be able to detect whether a beam of electromagnetic radia-
tion is directed towards the sensor. Once the clip 200 has
been aligned, the device may also provide an indication if
clip 200 later becomes out of alignment (e.g., by determin-
ing that the light indicia 156 is no longer located at the light
Sensor).

[0078] Although the alignment device 210 of the clip 200
is described herein as being used to align the clip 200 and
any attached transducers with the right atrium of a patient’s
heart, it is within the scope of the present invention to
similarly employ the alignment device 210 to align the clip
200 and any attached medical device with any point on a
patient.

[0079] FIGS. 4A-4B schematically illustrates an exem-
plary embodiment the clip 200 in more detail. As depicted
in FIGS. 4A-4C, the clip 200 includes a body formed by the
first and second arms 220 and 230 (e.g., elongated arms).
The first and second arms 220, 230 are typically formed
from a rigid material (e.g., a rigid plastic). Connectors 260
are positioned along the body and each is configured to
releasably connect with a transducer 110. The clip 200 is
movable between first and second orientations, typically
open and closed orientations, to attach to an object that is
placed within one or more attachment locations 280, 281
formed within the body. The first and second attachment
locations 280, 281 may include different configurations to
provide for attaching to different types of objects (e.g., a
pole, a bed post, a bed sheet, an article of the patients
clothing, a curtain, and the like).

[0080] As illustrated in FIGS. 4A-4C, the first arm 220
and second arm 230 are pivotally mounted together at a
hinge 240. Each of the arms 220, 230 may include a
compound shape with first ends 221, 231 curved inward
towards each other and second ends 222, 232 curved out-
ward away from each other. In one particular embodiment,
the length of each of the arms 220, 230 measured between
the first and second ends 221, 222, 231, 232 is about 6
inches, the width (perpendicular to the length) is about 2.5
inches, and the thickness of the arms 220, 230 is about 1
inch. The arms 220, 230 may include the same or different
dimensions. Each arm typically defines a longitudinal axis 1
between its first and second ends.

[0081] The first attachment location 280 is generally
formed at the first end of the arms 220, 230 and is typically
configured to attach the clip 200 to a first type of object,
typically a flexible object, such as a bed or clothing. Teeth
225 may be formed on one or both of the first ends 221, 231
to facilitate attachment when an object is positioned in the
first attachment location 280. The second attachment loca-
tion 281 is generally spaced inward from the first ends of the
arms 220, 230 and is typically sized and configured to attach
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the clip 200 to a second object, typically a cylindrical object,
such as a pole. The clip 200 is typically positionable between
an open orientation with first ends 221, 231 of the arms 220,
230 spaced a first distance apart, and a closed orientation
with the first ends 221, 231 a lesser distance apart and either
touching (e.g., as depicted in FIG. 4B) or in close proximity
for attachment to an object.

[0082] Ribs 227 may extend along the inner sides of the
arms 220, 230. In one embodiment, a pair of ribs 227 extend
along the length of each arm 220, 230. The ribs 227 may
extend an entirety or limited distance along the length of the
arms 220, 230. The pair of ribs 227 on each arm 220, 230
may be parallel. The pair of ribs 227 are further spaced-apart
across the width of each arm 220, 230 with a space formed
between the ribs. The ribs 227 on each arm 220, 230 may
have an identical shape and size.

[0083] The ribs 227 on the first arm 220 may overlap with
the ribs 227 on the second arm 230. Such overlap may
provide for forming a pivoting connection between the arms
220, 230. In this regard, each of the ribs 227 may include an
opening that together align and are sized to receive the hinge
240 to pivotally connect the first and second arms 220, 230.
In one embodiment, the ribs 227 of the first arm 220 are
positioned in a side-by-side arrangement with the ribs 227 of
the second arm 230.

[0084] As illustrated in FIG. 4B, the ribs 227 may be
shaped and sized to form openings 271, 272. As illustrated
in FIG. 4B, the first opening 271 is adjacent to and posi-
tioned on a first side of the second attachment location 281
and the second opening 272 is adjacent to and positioned on
an opposing second side of the second attachment location
281. One or both of the openings 271, 272 may include a
tapered shape with a width that decreases towards the
second attachment location 281.

[0085] The ribs 227 may be attached to first and second
structures 227a, 227b that form at least a portion of the
second attachment location 281 (e.g., by forming a com-
partment between the first and second structures 2274,
227b). In one embodiment, each of the first and second
structures 227a, 22756 includes an indentation 226 sized to
extend around a portion of the inserted object (e.g., a pole).
In one embodiment as illustrated in FIG. 4B, each indenta-
tion 226 includes a rounded shape. In one embodiment, the
indentations 226 of the opposing first and second structures
227a, 227b form a perimeter (e.g., a perimeter that com-
pletely or substantially surrounds an inserted object) when
the clip 200 is in the closed orientation. The indentations 226
may also have a variety of other shapes and sizes (e.g,,
forming a circular or elliptical cross-sectional shape when
the clip 200 is in the closed orientation). The indentations
226 are typically positioned about the same common dis-
tance away from the first ends 221, 231 of their respective
arm 220, 230 to align together.

[0086] Additional supports may extend between the ribs
227 of each of the arms 220, 230 and form a portion of the
second attachment location 281. In one embodiment, addi-
tional supports may include partial cylinders that align
together in the closed orientation such that the second
attachment location 281 includes a cylinder along much of
the width of the clip 200, instead of more limited attachment
locations. As depicted in FIG. 4A, a substantially cylindri-
cal-shape formed by the second attachment location 281 in
the closed orientation may define an axis c that is substan-
tially parallel with the hinge’s axis of rotation h.
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[0087] The hinge 240 typically extends through the first
and second arms 220, 230 and forms a pivoting axis (e.g., for
transitioning the arms 220, 230 between the first and second
orientations). The hinge 240 may be a single elongated
member that extends through the ribs 227 on each of the first
and second arms 220, 230. The hinge 240 may also include
two or more separate members that extend through a portion
of each of the first and second arms 220, 230. In one
embodiment, a first hinge portion extends through a first pair
of ribs 227 on the first and second arms 220, 230, and a
second hinge portion extends through a second pair of ribs
227. In another embodiment, each of the pairs of ribs
includes a ball-and-detent configuration to attach the arms
220, 230 in a pivoting arrangement.

[0088] A biasing member 250 (e.g., a spring) is typically
positioned between the arms 220, 230 to bias the clip 200
towards a closed orientation. The biasing member 250
typically applies a biasing force to the arms 220, 230 to
separate the second ends 222, 232 and force the first ends
221, 231 together. In some embodiments, the biasing mem-
ber 250 may be attached to the arms 220, 230 at a point in
front of the hinge 240 (i.e., between the hinge 240 and first
ends 221, 231) and apply an inward force to bias the arms
220, 230 towards the closed orientation. In one embodiment
as illustrated in FIG. 4C, the biasing member 250 may
include a spring that wraps around the hinge 240. In another
embodiment, the biasing member 250 is positioned away
from the hinge 240 and directly contacts against the inner
surfaces of the arms 220, 230 at a point in proximity to the
second ends 222, 232. The clip 200 may use various other
types of biasing members 250, including a flexible material
positioned between the arms 220, 230 towards the second
ends 222, 232.

[0089] In use, the clip 200 is typically biased towards the
closed orientation. To attach the clip 200 to an object, an
inward force is typically applied to the back portion of the
arms 220, 230 at a point between the hinge 240 and the
second ends 222, 232. To facilitate application of the inward
force, the outer surfaces of one or both of the arms 220, 230
may include a contact surface or grip 228. As depicted in
FIGS. 4A-4B, the grip 228 may include a plurality of
elevated nodes that are spaced across the width of the clip
200. This inward force moves the clip 200 to the open
position with the first ends 221, 231 spaced apart.

[0090] Inthe open orientation, the clip 200 can be attached
to different types of objects. One type of object can be
gripped within the first attachment location 280 formed
between the first ends 221, 231. This may include position-
ing clothing, a sideboard of a bed, and bedding (e.g.,
blankets, sheets, etc.) in the first attachment location 280.
The teeth 225 may facilitate such attachment. Once posi-
tioned on the object, the arms 220, 230 may be released
resulting in the biasing member 250 forcing the first ends
221, 231 of the arms 220, 230 together towards the closed
orientation. This force is typically adequate to attach the clip
200 to the object. In this regard, the characteristics (e.g.,
size, exerted force, and the like) of the biasing member 250
may be adjusted depending on the size of the object and the
force needed to adequately grip the object.

[0091] The clip 200 is also configured to attach to an
object at the second attachment location 281. In this type of
use, the object (e.g., a pole have a cylindrical shape) may
inserted into the space formed between the spaced apart
arms 220, 230 when the clip is in the open orientation. The
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object may be aligned in the second attachment location 281
and the arms 220, 230 are released causing the clip 200 to
move towards the closed orientation.

[0092] One or more of the connectors 260 are typically
positioned on an outer side (i.e., exterior side) of one or both
arms 220, 230. Fach connector 260 is typically configured to
receive a transducer 110 (e.g., an arterial blood pressure
transducer module). The connectors 260 are typically
spaced-apart across the length of outer side of the clip 200
to provide adequate spacing to receive each of the transduc-
ers 110. Typically, the connectors 260 are further oriented to
direct the incoming tubing 1105, the cutgoing IV tubing 112,
and the cable 110a away from the first ends 221, 231 and
second ends 222, 232 of the clip 200 where they could
possible by damaged during movement of the clip 200
between the open and closed orientations. Additional con-
nectors 260 may be positioned along the outer side of the
opposing arm to receive additional transducers 110. FIGS.
4A-4B include three connectors 260 positioned on the outer
surfaces of each of the arms 220, 230. Other embodiments
may include more or fewer connectors 260 on the arms 220,
230. The arms 220, 230 may include the same or different
numbers of connectors 260. In embodiments with multiple
connectors 260, the connectors 260 may be spaced at various
locations along the length of the arms 220, 230 between the
first and second ends 221, 222, 231, 232.

[0093] As depicted in FIG. 4A, each connector 260 typi-
cally includes a pair of opposing sidewalls 261 that form a
channel 269 for receiving a transducer 110. The channels
269 are aligned to direct the incoming and outgoing tubing
and the cable of the transducers 110 away from the first and
second ends 221, 231, 222, 232. Protrusions 262 extend
outward and are positioned between the sidewalls 261 to
align and position the transducer 110 in the channel 269.
Each connector 260 may further include a label 263 for
identifying the specific transducer.

[0094] In other embodiment, the connectors 260 include
various other shapes, sizes, and configurations. In this
regard, the connectors 260 may be configured to receive
transducers 110 from a variety of different sources, including
Baxter, ICU Medical, Hospira, and Edwards Life Sciences.
[0095] As noted, the clip 200 typically includes an align-
ment device 210 that is configured to emit an alignment
signal. This alignment signal is typically a light beam that
causes a light indicia to visually appear on a patient. That
said, in some embodiments the alignment signal may not be
visible, such as a beam of non-visible electromagnetic
radiation (e.g., ultraviolet or infrared radiation). As depicted
in FIGS. 4A-4B and 5, the alignment device 210 may be
attached to the first end of one of the arms 220, 230 (e.g., the
first end 221 of the first arm 220). That said, the alignment
device may be attached to other portions of the clip 200 (e.g.,
near the second end of one of the arms). The alignment
device 210 may be fixedly attached to the clip 200 (e.g., via
an adhesive or one or more screws) or removably attached
to the clip 200 (e.g., via a snap fastener). If the alignment
device 210 is configured to be removably attached to the clip
200, the clip 200 may include multiple attachment locations
219 to which the alignment device 210 may be attached
(e.g., as depicted in FIG. 4A). As noted, the alignment
device 210 is typically attached to the clip 200 so that the
alignment device 210 is aligned with the measuring point
128 of the transducer(s) 110. Some transducers may have
differing measuring points. As such, if the clip 200 includes
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multiple attachment locations 219, each attachment location
219 may be aligned with the measuring point associated
with a particular type of transducer.

[0096] FIG. 5 depicts an exemplary alignment device 210
in accordance with a particular embodiment of the present
invention. As depicted in FIG. 5, the alignment device 210
typically includes a light emitting device 216 (e.g., a laser)
positioned within a device housing 217. While the light
emitting device 216 typically includes a laser (e.g., a light
emitting diode (LED) laser) that generates coherent electro-
magnetic radiation, a non-coherent light source may be used
with appropriate lenses for focusing the light beam thereof
to produce a light spot of sufficiently small size for the
purposes of the present disclosure. The alignment device
210 may include an actuator 218 (e.g., a button) that may be
used to turn the light emitting device 216 on or off. In some
embodiments, the light emitting device 216 may remain on
until turned off by a user. In other embodiments, the light
emitting device 216 may automatically turn off after a
predetermined period of time. When turned on, the light
emitting device 216 typically emits a light beam 215, which
can then be used to align the clip 200 with a patient. In this
regard, the alignment device 210 may be configured so that
the light beam 215 emitted is substantially parallel to the
longitudinal axis of the arm to which the alignment device
210 is attached.

[0097] In one embodiment, the light emitting device 216
may be movable along a portion of the width of the clip 200.
For example, as depicted in F1G. 6, the alignment device 210
may include a rail 224 running along at least a portion of the
width of the clip 200. The light emitting device 216 may be
movable along the rail 224 so that the light emitting device
216 can be aligned with the measuring points of different
types of transducers. In this regard, the rail may include a
plurality of light emitting device locations 224 that corre-
spond to the measuring points of different types of trans-
ducers. The rail 224 may further include protrusions 224a
for maintaining the position of the light emitting device 216
at one of the light emitting device locations 2245.

[0098] As also shown in FIG. 6, the clip 200 may include
abubble level 290 attached to one of the arms that a user can
employ to ensure that the clip 200—and in some instances
the light beam—is horizontally level. As shown in FIG. 6,
the bubble level 290 typically includes a closed glass
envelope 291 containing a fluid 292 and a bubble 293 of air
or other gas. Two lines 294 are marked on the envelope 291.
When a longitudinal axis of the bubble level 290, and thus
the clip 200, is horizontally aligned, the bubble 293 is
between the lines 294. By ensuring that (i) both the clip 200
and the light beam are horizontally level and (ii) the light
indicia appears at the correct location on a patient (e.g., on
the X-mark 132), a user ensures that the measuring points of
any attached transducers are vertically aligned with the
phlebostatic axis of the patient.

[0099] In some embodiments, at least a portion of the
alignment device may be rotatable relative to the clip 200.
For example, the light emitting device 216 and device
housing 217 may be rotatable (e.g., about an axis orthogonal
to the arm to which the alignment device 210 is attached).
Alternatively, the light emitting device 216 might not be
rotatable, but the alignment device 210 may include an
optical element (e.g., a prism, lens, and/or mirror) that is
rotatable to direct light from a fixed light emitting device in
multiple directions (e.g., such that the directed light can
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rotate about an axis orthogonal to the arm to which the
alignment device 210 is attached). In some particular
embodiments, the alignment device 210 may include a
self-leveling feature to ensure that a rotatable light emitting
device 216 or a rotatable optical element maintains a hori-
zontal alignment (e.g., to ensure that the alignment device
210 emits a horizontal light beam regardless of the orien-
tation of the clip 200). In alternative embodiments, the
alignment device 210 may be frictionally engaged with an
arm so that a minimum torque must be applied to cause the
alignment device 210 to rotate relative to the clip 200. This
minimum torque is typically greater than the torque applied
by the weight of the alignment device 210 plus a safety
factor. As such, in some embodiments the alignment device
210 may not rotate relative to the clip 200 without user
intervention. In further embodiments, the alignment device
210 might be rotatable in only one direction. For example,
the alignment device 210 might be engaged to an arm in a
gear and pawl arrangement. In some embodiments, the
alignment device 210 might be freely rotatable about an axis
(e.g., able to rotate 360 degrees); however, in other embodi-
ments, the angle of rotation may be limited (e.g., to 90
degrees).

[0100] By way of example, FIG. 7 depicts an exemplary
alignment device 310 that has a rotatable housing portion
317a that is configured to rotate about an axis n orthogonal
to the longitudinal axis 1 of the first arm 220 (or orthogonal
to a plane that includes to the longitudinal axis 1 of the first
arm 220). The rotatable housing portion 317 is rotatably
coupled to a fixed (i.e., not rotatable relative to the clip)
housing portion 317b. The fixed housing portion 3175 may
be fixedly or removably attached to the first arm 220 (e.g.,
near the second end 222 of the first arm 220). The alignment
device 310 includes a light emitting device. The rotatable
housing portion 317a is configured to direct a light beam
from the light emitting device such that the direction of the
light beam rotates with the rotatable housing portion 3174
(e.g., about an axis orthogonal to the first arm 220). In a
particular embodiment, the light emitting device may rotate
with the rotatable housing portion 317a. In an alternative
embodiment, the light emitting device may be fixed but the
alignment device 310 may include an optical element (e.g,,
a prism, lens, and/or mirror) that rotates in conjunction with
the rotatable housing portion 317a. The rotatable housing
portion 317a may include a self-leveling feature to ensure
that the alignment device 210 emits a horizontal light beam
regardless of the orientation of the clip 200. In some
embodiments, the alignment device 310, may include an
aperture 311 that allows the passage of light directed from
the rotatable housing portion 317a at narrow range of angles.
In addition, the aperture 311 may include blocking portions
312 that obstruct light directed from the rotatable housing
portion 317« outside such narrow range of angles. In this
regard, as depicted in FIG. 7, the aperture 311 is typically
positioned such that a light beam 315 directed from the
rotatable housing portion 317a¢ must be substantially parallel
to the longitudinal axis 1 of the first arm 220 in order pass
through the aperture; otherwise the light beam may be
blocked (e.g., by the blocking portions 312). The aperture
311 in combination with the rotatable housing portion 317a
being self-leveling can be used to ensure that both the clip
200 and the light beam 315 are horizontally level. By
ensuring that (i) both the clip 200 and the light beam 315 are
horizontally level and (ii) the light indicia appears at the
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correct location on a patient (e.g., on the X-mark 132), a user
can ensure that the measuring points of any attached trans-
ducers are vertically aligned (e.g., in the same horizontal
plane) with the phlebostatic axis of the patient.

[0101] By way of further example, FIG. 8 depicts another
exemplary alignment device 410 that has a rotatable housing
portion 417a that is configured to rotate about an axis
orthogonal to the first arm 220 (or orthogonal to a plane that
includes to the longitudinal axis of the first arm 220). The
rotatable housing portion 4174 is rotatably coupled to a fixed
(i.e., not rotatable relative to the clip) housing portion 4175.
The fixed housing portion 4175 may be fixedly or removably
attached to the first arm 220 (e.g., near the first end 221 of
the first arm 220). The alignment device 410 includes a light
emitting device. The rotatable housing portion 4174 is
configured to direct a light beam 415 from the light emitting
device such that the direction of the light beam rotates with
the rotatable housing portion 417a (e.g., about an axis
orthogonal to the first arm 220). In a particular embodiment,
the light emitting device may rotate with the rotatable
housing portion 417a. In an alternative embodiment, the
light emitting device may be fixed but the alignment device
410 may include an optical element (e.g., a prism, lens,
and/or mirror) that rotates in conjunction with the rotatable
housing portion 417a. The rotatable housing portion 417a
may include a self-leveling feature to ensure that the align-
ment device 210 emits a horizontal light beam regardless of
the orientation of the clip 200. By ensuring that the light
beam 415 is horizontally level regardless of the orientation
of the clip 200, a user can approximately vertically align the
measuring points of any attached transducers with a patient
(e.g., so that the measuring points and the phlebostatic axis
of the patient are in the same horizontal plane).

[0102] In some instances, it may be desirable for the clip
200 to be attachable to objects of different sizes (e.g., poles
having different diameters). That said, when the second
attachment location 281 has a cylindrical shape, the size
range of objects that can be attached to the second attach-
ment location 281 may be limited. As depicted in FIG. 9A,
to increase the range of objects sizes that can be engaged by
the second attachment location 281, the second attachment
location may include flexible grips 281a attached to the first
and second structures 227a, 2276 that form the second
attachment location 281. To facilitate attachment of the clip
200 to objects of varying sizes (e.g., diameters), the flexible
grips 281a are typically formed from a flexible and com-
pressible material.

[0103] To facilitate attachment of the clip 200 to larger
objects (e.g., poles having larger diameters) the clip may
include a third attachment location 282. As illustrated in
FIG. 9B, the third attachment location 283 may be posi-
tioned between the first attachment location 280 and the
second attachment location 281. In this regard, the ribs 227
may be attached to third and fourth structures 227¢, 227d
that form at least a portion of the third attachment location
282 (e.g., by forming a compartment between the third and
fourth structures 227¢, 2274d). In one embodiment, each of
the third and fourth structures 227c¢, 227d includes an
indentation 283 sized to extend around a portion of the
inserted object (e.g., a pole). As illustrated in FIG. 9B, each
indentation 283 typically includes a rounded shape. In
combination, these indentations 283 typically form a sub-
stantially cylindrical-shaped third attachment location 282
(e.g., when the clip is in the closed position). Similar to the
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second attachment location 281, this cylindrical-shaped
third attachment location may define an axis that is substan-
tially parallel with the hinge’s axis of rotation. To increase
the range of objects sizes that can be engaged by the third
attachment location 282, the third attachment location 282
may include flexible grips attached to the third and fourth
structures 227¢, 2274 that form the third attachment location
282. To facilitate attachment of the clip 200 to objects of
varying sizes (e.g., diameters) at the third attachment loca-
tion 282, such flexible grips may be formed from a flexible
and compressible material.

[0104] In some instances it may be desirable to attach the
clip 200 to an object, such as a pole, that is not vertically
aligned. For example, a pole may be positioned at a 45
degree angle relative to the ground rather than at a 90 degree
angle relative to the ground. That said, it may still be
desirable to maintain the clip 200 as being horizontally level.
Accordingly, in contrast with FIGS. 4A-4B which depict
static (i.e., not rotatable) attachment locations, one or more
of the attachment locations (e.g., the second attachment
location 281) may be rotatable relative to the clip 200. In this
regard, FIGS. 10A-10B depict the second attachment loca-
tion 281 being rotatable relative to the clip 200. As depicted
in FIGS. 10A-10B, the attachment location 281 may be
formed from a rotatable structure 295 located on (e.g.,
attached to) each arm 220, 230. Together, the rotatable
structures 295 typically form the attachment location 281
such that the attachment location 281 has a substantially
cylindrical-shaped structure when the clip 200 is in the
closed position as depicted in FIG. 10B. Each rotatable
structure 295 may further include a flexible grip 296 (e.g., a
rubber grip) to facilitate attachment of an object within the
second attachment location 281. Each rotatable structure
295 is typically rotatable about an axis r that is orthogonal
to the longitudinal axis 1 of the arm to which each rotatable
structure 295 is attached (or orthogonal to a plane that
includes to the longitudinal axis 1 of the arm to which each
rotatable structure 295 is attached). As depicted in FIG. 10B,
when the longitudinal axes 1 of the arms 220, 230 are parallel
to one another, and the rotatable structures 295 are in a fixed
position (e.g., attached to a fixed object, such as a pole), the
first and the second arms 220, 230 are rotatable about the
axis r that is substantially orthogonal to two substantially
parallel planes that each includes one of the longitudinal
axes 1 of the first and the second arms 220, 230. To facilitate
such rotation, each rotatable structure 295 may be attached
to an arm via a revolute joint. Each rotatable structure 295
may be frictionally engaged with its corresponding arm so
that a minimum torque must be applied to cause the rotatable
structures 295 to rotate relative to the clip 200. This mini-
mum torque is typically greater than the torque applied by
the maximum expected weight of the clip 200 (e.g., the
expected weight of the clip 200 when a transducer is
attached to each connector 260) plus a safety factor. As such,
in some embodiments the clip 200 may not rotate relative to
the rotatable structures 295 without user intervention. In
some embodiments, each rotatable structure 295 might be
rotatable in only one direction. For example, each rotatable
structure 295 might be engaged to its corresponding arm in
a gear and pawl arrangement. Although the attachment
location 281 may be formed from two rotatable structures
295, each rotatable structure 295 being rotatably coupled to
an arm of the clip 200, in an alternative embodiment
depicted in FIG. 10C, the attachment location 281 may be
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formed from a single rotatable structure 295 that is attached
to one arm of the clip 200. The rotatable structure 295
depicted in FIG. 10C (i) typically has a cylindrical shape and
(ii) typically is rotatable about an axis r orthogonal to a plane
that includes the longitudinal axis 1 of arm to which the
rotatable structure 295 is attached.

[0105] FIGS. 11A-11B depict an alternative design for the
second attachment location 281 in which the second attach-
ment location 281 is static (i.e., not rotatable), but can be
attached to differently oriented objects. As depicted in FIGS.
11A-11B, instead of having structures with rounded inden-
tations 226 that form a cylindrical-shaped attachment loca-
tion, each arm 220, 230 may include one or more static grips
285 that in combination form the second attachment location
281. The grips 285 are typically positioned about the same
distance away from the first ends 221, 231 of their respective
arm 220, 230 to thereby align together. Rather than having
a rounded shape, each grip typically has a substantially flat
shape as depicted in FIG. 11A. Each arm 220, 230 may
include a pair of flexible grips 285 as depicted in FI1G. 11B,
where each of the grips 285 is attached to or adjacent to one
of the ribs 227. Each grip 285 is typically formed of a
flexible material, such as rubber. Because of the flat shape of
each grip 285, this alternative second attachment location
281 can readily accommodate differently oriented objects,
such as the angled pole 126 depicted in FIG. 11B. In the
closed orientation, the clip 200 typically exerts sufficient
force against an object attached at the second attachment
location 281 such that the object and clip 200 do not move
relative to one another. Thus, changing the orientation of the
clip 200 relative to an object typically requires opening the
clip 200 to release the object so that the clip 200 and/or
object can be moved relative to one another. Thereafter, the
clip 200 may be closed to again secure the object in the
second attachment location 281.

[0106] FIGS. 12A-12C depict an alternative design for a
clip 500 in accordance with another aspect of the present
invention. As depicted in FIG. 124, the clip 500 includes a
primary arm 520 and a secondary arm 530. The primary arm
520 typically defines a longitudinal axis 1 between a distal
end 521 and a proximal end 522. The primary and secondary
arms 520, 530 are typically formed from a rigid material
(e.g., a rigid plastic). The primary arm 520 and the second-
ary arm 530 are typically pivotally mounted together near
(e.g., in proximity to) their respective distal ends 521, 531 at
ahinge 540 and their inner sides face together (i.e., face each
other) and outer sides face apart (i.e., are opposed and face
in substantially opposite directions). The primary arm 520
typically includes a tertiary arm 525 that projects from (or is
fixedly attached to) the primary arm (e.g., from the inner
side of the primary arm) and typically so that a proximal end
526a of the tertiary arm is connected to the primary arm 520,
and the distal end 5264 of the tertiary arm 525 extends in the
same general direction as the distal end 521 of the primary
arm 520 (i.e., away from the proximal end 522 of the
primary arm 520), thereby forming a gap between (i) the
distal end 5265 of the of the tertiary arm 525 and (ii) the
distal ends 521, 531 of the primary arm 520 and secondary
arm 530 (e.g., between the inner side of the tertiary arm 525
and the inner side of the primary arm 520). As shown in
FIGS. 12A-12C, the tertiary arm 525 may have a curved
shape.

[0107] The gap between the distal end 531 of the second-
ary arm 530 and the distal end 5265 of the tertiary arm 525
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(e.g., between the outer side of the secondary arm 530 and
the inner side of the tertiary arm 525) typically forms an
attachment location 580. The attachment location 580 is
typically sized and configured to attach the clip to a cylin-
drical-shaped object, such as a pole 126. To facilitate such
attachment, the tertiary arm 525 and/or the secondary arm
530 may include a grip 527. Each grip 527 is typically
formed from a flexible material. As depicted in FIGS.
12A-12C, each grip 527 may have a flat shape or a concave
shape.

[0108] The clip 500 is positionable between a first orien-
tation, typically an open orientation in which there is a larger
opening between the outer side of the secondary arm 530
and the inner side of the tertiary arm 525 as depicted in FIG.
12A, and a second orientation, typically a closed orientation
in which there is a smaller opening between the outer side
of the secondary arm 530 and the inner side of the tertiary
arm 525 as depicted in FIG. 12B. In this regard, the hinge
540 typically facilitates transitioning the primary arms 520
and the secondary arm 530 between the first and second
orientations. The proximal ends 522, 532 of the primary arm
520 and the secondary arm 530 are typically smaller dis-
tance apart in the open orientation and a larger distance apart
in the closed orientation. A biasing member 550 (e.g., a
spring) is typically positioned between the primary arm 520
and the secondary arm 530 to bias the clip 500 towards a
closed orientation. The biasing member 550 typically
applies a biasing force to the primary arm 520 and secondary
arm 530 to separate their proximal ends 522, 532 and
decrease the size of the opening that forms the attachment
location 580 between the secondary arm 530 and the tertiary
arm 525. In one embodiment, the biasing member 550 may
be a compression spring that (1) applies a force to separate
the proximal ends 522, 532 of the primary arm 520 and
secondary arm 530 (ie.. resists the proximal ends of the
primary and secondary arms being brought closer together)
and (ii) compresses when the proximal ends 522, 532 of the
primary arm 520 and secondary arm 530 are brought
together. As depicted in FIG. 12A, to place the clip 500 in
the open orientation, a user may exert a force to bring the
proximal ends 522, 532 of the primary arm 520 and sec-
ondary arm 530 together, thereby increasing the size of the
opening between the secondary arm 530 and the tertiary arm
525. Thereafter, an object (e.g., the pole 126) may be placed
in the attachment location 580, or the clip 500 may be moved
relative to an object already located at the attachment
location 580. Once the object is positioned in the attachment
location 580, the user may release the proximal ends 522,
532 of the primary arm 520 and secondary arm 530. thereby
allowing the biasing member 550 to exert a force separating
the proximal ends 522, 532 of the primary arm 520 and
secondary arm 530. In addition, the size of the opening
between the secondary arm 530 and the tertiary arm 525 is
reduced, thereby causing the secondary arm 530 and the
tertiary arm 525 to engage the object at the attachment
location 580 as depicted in FIG. 12B. The force applied by
the biasing member 550 is typically sufficient to secure the
object within the attachment location 580 and prevent the
clip 500 from moving relative to the object until a user
compresses when the proximal ends 522, 532 of the primary
arm 520 and secondary arm 530 to transition the clip 500 to
the open orientation.

[0109] One or more connectors 560 are typically posi-
tioned on an outer side of the primary arm 520 (i.e., the side



US 2018/0325392 Al

of the primary arm 520 opposite the secondary arm 530) as
depicted in FIGS. 12A-12C. Each connector 560 is typically
configured to receive a transducer (e.g., an arterial blood
pressure transducer module). The connectors 560 are typi-
cally spaced-apart across the length of outer side of the
primary arm 520 to provide adequate spacing to receive each
of the transducers. Typically, the connectors 560 are further
oriented to direct the incoming and outgoing tubing and
cables away from the distal end 521 and proximal end 522
of the primary arm 520 where they could possible by
damaged during movement ofthe clip 500 between the open
and closed orientations. Although not depicted in FIGS.
12A-12C, it is within the scope of the present invention for
additional connectors to be positioned along the secondary
arm 530 or the tertiary arm 525.

[0110] Theclip 500 typically includes an alignment device
510 that is configured to emit an alignment signal that
typically causes a light indicia to visually appear on a
patient. That said, in some embodiments the alignment
signal may not be visible, such as a beam of non-visible
electromagnetic radiation (e.g., ultraviolet or infrared radia-
tion). As depicted in FIGS. 12A-12B and 12C, the alignment
device 510 may be attached to the tertiary arm 525 near (e.g.,
in proximity to) its distal end 5265 or to the primary arm 520
near its distal end 521. That said, the alignment device may
be attached to other portions of the clip 500. The alignment
device 510 may be fixedly attached to the clip 500 (e.g., via
an adhesive or one or more screws) or removably attached
to the clip 500 (e.g., via a snap fastener). The alignment
device 510 is typically attached to the clip 500 so that the
alignment device 510 is aligned with the measuring point of
any transducers attached to the clip. Some transducers may
have differing measuring points. As such, the alignment
device may be movable so that it may be aligned with the
measuring points associated with different types of trans-
ducers. The alignment device 510 may be attached to the clip
500 so that the light beam emitted by the alignment device
510 is substantially parallel to the longitudinal axis 1 of the
primary arm 520. In some embodiments, at least a portion of
the alignment device 510 may be rotatable relative to the clip
500 in such a way that the light beam can rotate relative to
the clip 500. In some particular embodiments, the alignment
device 510 may include a self-leveling feature to ensure that
the light beam maintains a horizontal alignment regardless
of the orientation of the clip 500. As also shown in FIG. 12C,
the clip 500 may include a bubble level 590 attached to one
of the arms that a user can employ to ensure that the clip
500—and in some instances the light beam—is horizontally
level. In other embodiments, rather than the clip 500 includ-
ing a bubble level, the alignment device 510 may include
both (i) a self-leveling feature to ensure that the light beam
maintains a horizontal alignment regardless of the orienta-
tion of the clip 500 and (ii) a fixed and narrow aperture that
only permits passage of the light beam when the light beam
is substantially parallel to the longitudinal axis | of the of the
primary arm 520. By ensuring that (i) both the clip 500 and
the light beam are horizontally level and (ii) the light indicia
appears at the correct location on a patient (e.g., on the
X-mark 132 as depicted in FIG. 3), a user can ensure that the
measuring points of any attached transducers are vertically
aligned with the phlebostatic axis of the patient.

[0111] Spatially relative terms such as “under”, “below”,
“lower”, “over”, “upper”, and the like, are used for ease of
description to explain the positioning of one element relative
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to a second element. These terms are intended to encompass
different orientations of the device in addition to different
orientations than those depicted in the figures. Further, terms
such as “first”, “second”, and the like, are also used to
describe various elements, regions, sections, etc and are also
not intended to be limiting. Like terms refer to like elements
throughout the description.

[0112] As used herein, the terms “having”, “containing”,
“including”, “comprising” and the like are open ended terms
that indicate the presence of stated elements or features, but
do not preclude additional elements or features. The articles
“a”, “an” and “the” are intended to include the plural as well
as the singular, unless the context clearly indicates other-
wise.

[0113] The present disclosure may be carried out in other
specific ways than those herein set forth without departing
from the scope and essential characteristics of the disclosure.
The present embodiments are, therefore, to be considered in
all respects as illustrative and not restrictive, and all changes
coming within the meaning and equivalency range of the
appended claims are intended to be embraced therein.

1. A medical clip configured to attach to an object, the clip
comprising:

a first arm and a second arm, each with a first end, a
second end, an inner side, and an outer side, the inner
sides of the first and second arms facing each other and
the outer sides of the first and second arms being
opposed, each of the first arm and the second arm
defining a longitudinal axis between its first end and
second end;

a hinge positioned for transitioning the first and the
second arms between an first and a second orientation,
the seconds ends being in closer proximity to each
other in the first orientation than in the second orien-
tation;

one or more connectors positioned along the outer side of
the first arm and/or the outer side of the second arm,
each connector being configured to receive at least one
medical device; and

an alignment device attached to one of the first or the
second arms, the alignment device configured to emit
an alignment signal.

2. The clip of claim 1, further comprising a first structure
located on to the inner side of the first arm and a second
structure located on the inner side of the second arm,
wherein the first and second structures collectively form a
first compartment configured to extend substantially around
an object in the second orientation.

3. The clip of claim 2, wherein:

the first structure is rotatable relative to the first arm, and
the second structure is rotatable relative to the second
arm; and

when the first and the second arms are positioned such
that their longitudinal axes are substantially parallel,
the first and the second arms are rotatable about an axis
substantially orthogonal to two substantially parallel
planes that each includes one of the longitudinal axes of
the first and the second arms.

4. The clip of claim 2, wherein the first compartment
forms a substantially cylindrical-shape when the first and
second arms are in the second orientation, the substantially
cylindrical-shape having an axis substantially parallel with
an axis of rotation of the hinge.
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5. The clip of claim 4, further comprising a third structure
attached to the inner side of the first arm and a fourth
structure attached to the inner side of the second arm and
forming a second compartment with a substantially cylin-
drical-shape having an axis substantially parallel with an
axis of rotation of the hinge and a perimeter configured to
extend substantially around an object when the first and
second arms are in the second orientation, the perimeter of
the second compartment being greater than the perimeter of
the first compartment when the first and second arms are in
the second orientation.

6. The clip of claim 1, further comprising a first structure
located on and rotatable relative to the inner side of the first
arm and forming at least a portion of a compartment with a
perimeter configured to extend around an object in the
second orientation;

wherein the first structure is rotatable about an axis

substantially orthogonal to a plane that includes the
longitudinal axis of the first arm.

7. The clip of claim 6, wherein the first structure is
frictionally engaged with the first arm so that a minimum
torque must be applied to cause the first structure to rotate
relative to the first arm.

8. The clip of claim 6, wherein the first structure is
engaged to the first arm in a gear and pawl arrangement.

9. The clip of claim 6, further comprising a second
structure located on and rotatable relative to the inner side of
the second arm and forming at least a portion of the
compartment;

wherein the second structure is rotatable about an axis

substantially orthogonal to a plane that includes the
longitudinal axis of the second arm; and

wherein the compartment forms a substantially cylindri-

cal-shape when the first and second arms are in the
second orientation.

10. The clip of claim 1, further comprising a first structure
located on to the inner side of the first arm and a second
structure located on the mmner side of the second arm,
wherein each of the first and second structures comprises
one or more static grips, each grip having a substantially flat
shape.

11. The clip of claim 1, wherein:

the alignment signal comprises a light beam;

the alignment device comprises a light emitting device

and a device housing rotatably coupled to one of the
first and second arms, the light emitting device being
configured to emit the light beam; and

when the first and second arms are in a fixed position, the

device housing and the light emitting device are rotat-
able about an axis orthogonal to a plane that includes
the longitudinal axis of the arm coupled to the device
housing.

12. The clip of claim 11, wherein the alignment device
comprises an aperture that permits the passage of the light
beam therethrough when the light beam is substantially
parallel to the longitudinal axis of the arm coupled to the
device housing but blocks the light beam when the light
beam is not substantially parallel to the longitudinal axis of
the arm coupled to the device housing.

13. The clip of claim 1, wherein:

the alignment signal comprises a light beam;

the alignment device comprises a device housing coupled

to one of the first and second arms, the alignment
device further comprising a light emitting device rotat-
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ably coupled to the device housing, the light emitting
device being configured to emit the light beam; and

when the first and second arms are in a fixed position, the
light emitting device is rotatable about an axis orthogo-
nal to a plane that includes the longitudinal axis of the
arm coupled to the device housing.

14. The clip of claim 13, wherein the alignment device
comprises an aperture that permits the passage of the light
beam therethrough when the light beam is substantially
parallel to the longitudinal axis of the arm coupled to the
device housing but blocks the light beam when the light
beam is not substantially parallel to the longitudinal axis of
the arm coupled to the device housing.

15. The clip of claim 1, wherein the alignment device is
removably coupled to one of the first or the second arms.

16. The clip of claim 1, wherein:

the alignment signal comprises a beam of electromagnetic
radiation; and

the alignment device is fixedly attached to one of the first
or the second arms so that the alignment device is
configured to emit the beam of electromagnetic radia-
tion along an axis substantially parallel to the longitu-
dinal axis of the arms to which the alignment device is
attached.

17. The clip of claim 1, wherein each of the connectors
comprises a channel to receive an arterial blood transducer
module.

18. The clip of claim 1, wherein the connectors are
positioned in closer proximity to the first ends of the first and
the second arms than to the second ends of the first and the
second arms and the hinge is in closer proximity to the
second ends of the first and the second arms than to the first
ends of the first and the second arms.

19. A medical clip configured to attach to an object, the
clip comprising:

a primary arm having a proximal end and a distal end, the
primary arm defining a longitudinal axis between its
proximal end and distal end, the primary arm compris-
ing a tertiary arm extending from the primary arm so
that (i) a proximal end of the tertiary arm is attached to
an inner side of the primary arm, (ii) a distal end of the
tertiary arm extends in generally the same direction as
the distal end of the primary arm, and (iii) an inner side
of the tertiary arm and the inner side of the primary arm
form a space therebetween;

a secondary arm having a proximal end and a distal end,
the secondary arm having an inner side that faces the
inner side of the primary arm and forms a space
therebetween, the secondary arm having an outer side
that faces the inner side of the tertiary arm forming a
space therebetween that forms an attachment location
for an object;

a hinge positioned for transitioning the primary arm and
the secondary arm between a first and a second orien-
tation, the proximal ends of the primary arm and the
secondary arm being in closer proximity to each other
in the first orientation than in the second orientation, the
space between the inner side of the tertiary arm and the
outer side of the secondary arm being greater in the first
orientation than in the second orientation;

a biasing member positioned between the primary arm
and the secondary arm, the biasing member biasing the
primary and the secondary arm towards the second
orientation;
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one or more connectors positioned along the outer side of
the primary arm, each connector being configured to
receive at least one medical device; and

an alignment device attached to one of the primary arm or

the tertiary arm, the alignment device configured to
emit an alignment signal.

20. The clip of claim 19, wherein the hinge pivotally
connects the primary arm and the secondary arm in prox-
imity to their respective distal ends.

21. The clip of claim 19, wherein the biasing member is
a compression spring that resists the proximal ends of the
primary arm and the secondary arm being moved in closer
proximity to each other.

22. The clip of claim 19, wherein each of the connectors
comprises a channel to receive an arterial blood transducer
module.

23. The clip of claim 19, wherein the alignment device is
attached in proximity to the distal end of one of the primary
arm or the tertiary arm.

24. The clip of claim 19, wherein:

the alignment signal comprises a light beam;

the alignment device comprises a light emitting device

and a device housing rotatably coupled to one of the
primary and tertiary arms, the light emitting device
being configured to emit the light beam; and

the device housing and the light emitting device are

rotatable about an axis orthogonal to a plane that
includes the longitudinal axis of the primary arm.

25. The clip of claim 24, wherein the alignment device
comprises an aperture that permits the passage of the light
beam therethrough when the light beam is substantially
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parallel to the longitudinal axis of the primary arm but
blocks the light beam when the light beam is not substan-
tially parallel to the longitudinal axis of the primary.
26. The clip of claim 9, wherein:
the alignment signal comprises a light beam;
the alignment device comprises a device housing coupled
to one of the primary and tertiary arms, the alignment
device further comprising a light emitting device rotat-
ably coupled to the device housing, the light emitting
device being configured to emit the light beam; and

the light emitting device is rotatable about an axis
orthogonal to a plane that includes the longitudinal axis
of the primary arm.

27. The clip of claim 26, wherein the alignment device
comprises an aperture that permits the passage of the light
beam therethrough when the light beam is substantially
parallel to the longitudinal axis of the primary arm but
blocks the light beam when the light beam is not substan-
tially parallel to the longitudinal axis of the primary.

28. The clip of claim 19, wherein the alignment device is
removably coupled to one of the primary and tertiary arms.

29. The clip of claim 19, wherein:

the alignment signal comprises a beam of electromagnetic

radiation; and

the alignment device is fixedly attached to one of the

primary and tertiary arms so that the alignment device
is configured to emit the beam of electromagnetic
radiation along an axis substantially parallel to the
longitudinal axis of the primary arm.
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