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CONNECTION SYSTEMS AND METHODS THEREOF FOR ESTABLISHING AN
ELECTRICAL CONNECTION THROUGH A DRAPE

PRIORITY

[0001] This application claims the benefit of priority to U.S. Provisional Patent
Application No. 62/673,726, filed May 18, 2018, titled “Vertical Thru-Drape Connection
System For Medical Device Placement System,” which is incorporated by reference in its

entirety into this application.

BACKGROUND

[0002] In a typical surgical procedure, a sterile drape is placed over a patient to
establish a sterile field, within which the surgical procedure is performed. For example, in a
typical catheter-placement procedure, a sterile drape is placed over a patient to establish a
sterile field for placement of the catheter. However, there is often a need to breach the sterile
barrier in order to make electrical connections between components of various systems without

compromising the sterility of the sterile field.

[0003] Disclosed herein is a connection system for establishing an electrical connection

through a drape and methods thereof that address at least the foregoing need.

SUMMARY

[0004] Disclosed herein is a connection system for establishing one or more electrical
connections through a drape. The connection system includes, in some embodiments, a first
connector and a second connector configured to connect to each other. The first connector
includes a first-connector housing, an electrical lead extending from the first-connector
housing, and at least a first piercing element within the first-connector housing configured to
pierce the drape. The first piercing element is orthogonally connected to the electrical lead. The
second connector includes a second-connector housing and at least a first receptacle within the
second-connector housing. The first receptacle is configured to form at least a first electrical
connection of the one or more electrical connections with the first piercing element when the

first connector is disposed over the second connector with the drape therebetween.
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[0005] In some embodiments, the first-connector housing includes an integrated clip
configured to clip the first connector on the second connector with the drape between the first

connector and the second connector.

[0006] In some embodiments, the integrated clip includes a pair of opposing tabs. Each
tab of the pair of tabs extends from a medial portion of a major side of the first-connector
housing to a perimeter about an opening of the first-connector housing. The perimeter about

the opening of the first-connector housing is shared by all sides of the first-connector housing,

[0007] In some embodiments, the second-connector housing includes a pair of
opposing protrusions. Each protrusion of the pair of protrusions protrudes from a medial
portion of a major side of the second-connector housing. Each tab of the pair of tabs of the
first-connector housing includes a through hole configured to accept a protrusion of the pair of

protrusions.

[0008] In some embodiments, each tab of the pair of tabs of the first-connector housing
is flared away from the other tab of the pair of tabs. Each protrusion of the pair of protrusions
of the second-connector housing is beveled or chamfered. A combination of the flared tabs and
the beveled or chamfered protrusions facilitate disposal of the first connector over the second

connector.

[0009] In some embodiments, each tab of the pair of tabs of the first-connector housing
is flexibly attached to the first-connector housing to facilitate removal of the first connector

from the second connector by deflecting each tab away from the other tab.

[0010] In some embodiments, minor sides of each housing of the first-connector
housing and the second-connector housing are dissimilar. Each minor side of the minor sides
of the first-connector housing have a matching minor side of the minor sides of the second-
connector housing. This enforces a single orientation of the first connector when disposing the

first connector over the second connector.

[0011] In some embodiments, the first piercing element is a jack plug having a needle-
like tip electrical contact, one or more ring electrical contacts, and a sleeve electrical contact.

The first receptacle is a jack having complementary electrical contacts.
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[0012] In some embodiments, the connection system further includes a second piercing
element and a third piercing element within the first-connector housing and a second receptacle
and a third receptacle within the second-connector housing. The second piercing element and
the third piercing element are orthogonally connected to the electrical lead. Each piercing
element of the first, second, and third piercing elements are configured to pierce the drape in a
different location than the other piercing elements. The second receptacle and the third
receptacle are configured to form at least a second electrical connection and a third electrical
connection of the one or more electrical connections respectively with the second piercing
element and the third piercing element when the first connector is disposed over the second

connector with the drape therebetween.

[0013] In some embodiments, the first-connector housing includes a pair of opposing
finger pads configured for pushing the first connector onto the second connector or pulling the
first connector off of the second connector. Each finger pad of the pair of finger pads includes
a depression between the medial portion of the major side of the first-connector housing

including the finger pad and a closed end of the first-connector housing.

[0014] Also disclosed herein is a connection system for establishing a plurality of
electrical connections through a drape. The connection system includes, in some embodiments,
a tether connector and a fin connector configured to connect to each other. The tether connector
is coupled to a stylet configured to be removably disposed in a catheter. The tether connector
includes a tether-connector housing, an electrical lead extending from the tether-connector
housing, and a plurality of piercing elements within the tether-connector housing. The tether-
connector housing includes an integrated clip having an opposing pair of tabs. Each tab of the
pair of tabs includes a through hole. The plurality of piercing elements within the tether-
connector housing are orthogonally connected to the electrical lead extending from the tether-
connector housing. Each piercing element of the plurality of piercing elements is configured to
pierce a sterile side of the drape in a different location than the other piercing elements. The
fin connector is part of a tip-location sensor configured to sense a location of a tip of the catheter
when the stylet is disposed in the catheter. The fin connector includes a fin-connector housing
and a plurality of receptacles within the fin-connector housing. The fin-connector housing
includes a pair of opposing protrusions. Each protrusion of the pair of protrusions is configured
to insert into a corresponding through hole of the pair of tabs of the tether connector housing

for clipping the tether connector to the fin connector. The plurality of receptacles within the
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fin-connector housing are orthogonal to a body of the tip-location sensor. The plurality of
receptacles are configured to form the plurality of electrical connections with the plurality of
piercing elements when the tether connector is disposed over the fin connector with the drape

therebetween.

[0015] In some embodiments, each tab of the pair of tabs of the tether-connector
housing extends from a medial portion of a major side of the tether-connector housing to a
perimeter about an opening of the tether-connector housing. The perimeter about the opening
of the tether-connector housing is shared by all sides of the tether-connector housing. Each
protrusion of the pair of protrusions of the fin-connector housing protrudes from a medial

portion of a major side of the fin-connector housing.

[0016] In some embodiments, each tab of the pair of tabs of the tether-connector
housing is flared away from the other tab of the pair of tabs. Each protrusion of the pair of
protrusions of the fin connector is beveled or chamfered. A combination of the flared tabs and
the beveled or chamfered protrusions facilitate disposal of the tether connector over the fin

connector.

[0017] In some embodiments, each tab of the pair of tabs of the tether-connector
housing is flexibly attached to the tether-connector housing to facilitate removal of the tether

connector from the fin connector by deflecting each tab away from the other tab.

[0018] In some embodiments, minor sides of each housing of the tether-connector
housing and the fin-connector housing are dissimilar. Each minor side of the minor sides of the
tether-connector housing having a matching minor side of the minor sides of the fin-connector
housing. This enforces a single orientation of the tether connector when disposing the tether

connector over the fin connector.

[0019] In some embodiments, the tether-connector housing includes a pair of opposing
finger pads configured for pushing the tether connector onto the fin connector or pulling the
tether connector off of the fin connector. Each finger pad of the pair of finger pads includes a
depression between the medial portion of the major side of the tether-connector housing

including the finger pad and a closed end of the tether-connector housing.

[0020] Also disclosed herein is a method for establishing one or more electrical

connections through a drape with a connection system. The method includes, in some
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embodiments, placing the drape over a second connector of a connection system, the second
connector including a second-connector housing having dissimilar minor sides; aligning a first
connector of the connection system with the second connector, the first connector including a
first-connector housing having dissimilar minor sides; disposing the first connector over the
second connector with the drape between the first connector and the second connector, the
drape self-tightening over the second connector during the disposing of the first connector over
the second connector; piercing a sterile side of the drape with at least a first piercing element
within the first-connector housing orthogonally connected to an electrical lead extending from
the first-connector housing; inserting the first piercing element into at least a first receptacle
within the second-connector housing, and forming the one or more electrical connections
between the first piercing element of the first connector and the first receptacle of the second
connector. Aligning the first connector of the connection system with the second connector
includes matching each minor side of the minor sides of the first-connector housing with a
matching minor side of the minor sides of the second-connector housing, thereby enforcing a

single orientation of the first connector to the second connector.

[0021] In some embodiments, disposing the first connector over the second connector
includes inserting each protrusion of a pair of opposing protrusions protruding from a medial
portion of a major side of the second-connector housing into a corresponding through hole of
a tab of a pair of opposing tabs extending from a medial portion of a major side of the first-

connector housing.

[0022] In some embodiments, piercing the sterile side of the drape with the first
piercing element includes simultaneously piercing the sterile side of the drape in two other
locations with a second and a third piercing element within the first-connector housing

orthogonally connected to the electrical lead extending from the first-connector housing.

[0023] In some embodiments, the method further includes disposing a stylet in a
catheter, the first connector being a tether connector coupled to the stylet; and sensing a location
of a tip of the catheter in a patient, the second connector being a fin connector of a tip-location
sensor on a chest of the patient under the drape. Disposing the first connector over the second
connector includes disposing the tether connector over the fin connector with a downward

motion substantially orthogonal to the tip-location sensor.
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[0024] These and other features of the concepts provided herein will become more
apparent to those of skill in the art in view of the accompanying drawings and following

description, which disclose particular embodiments of such concepts in greater detail.

DRAWINGS

[0025] FIG. 1 illustrates a block diagram of a catheter-placement system for placing a

catheter in a body of a patient in accordance with some embodiments.

[0026] FIG. 2 illustrates the catheter-placement system and the patient in accordance

with some embodiments.

[0027] FIG. 3 illustrates a stylet including a tether connector of the catheter-placement

system in accordance with some embodiments.

[0028] FIG. 4 illustrates a tip-location sensor including a fin connector of the catheter-

placement system in accordance with some embodiments.

[0029] FIG. 5 illustrates a perspective view of a first connector and a second connector

of a connection system in accordance with some embodiments.

[0030] FIG. 6 illustrates a view within a housing of the first connector in accordance

with some embodiments.

DESCRIPTION

[0031] Before some particular embodiments are disclosed in greater detail, it should be
understood that the particular embodiments disclosed herein do not limit the scope of the
concepts provided herein. It should also be understood that a particular embodiment disclosed
herein can have features that can be readily separated from the particular embodiment and
optionally combined with or substituted for features of any of a number of other embodiments

disclosed herein.

[0032] Regarding terms used herein, it should also be understood the terms are for the
purpose of describing some particular embodiments, and the terms do not limit the scope of the
concepts provided herein. Ordinal numbers (e.g., first, second, third, etc.) are generally used to
distinguish or identify different features or steps in a group of features or steps, and do not

2%

supply a serial or numerical limitation. For example, “first,” “second,” and “third” features or
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steps need not necessarily appear in that order, and the particular embodiments including such
features or steps need not necessarily be limited to the three features or steps. Labels such as
“left,” “right,” “top,” “bottom,” “front,” “back,” and the like are used for convenience and are
not intended to imply, for example, any particular fixed location, orientation, or direction.
Instead, such labels are used to reflect, for example, relative location, orientation, or directions.

29 LC

Singular forms of “a,” “an,” and “the” include plural references unless the context clearly

dictates otherwise.

[0033] With respect to “proximal,” a “proximal portion” or a “proximal end portion”
of, for example, a catheter disclosed herein includes a portion of the catheter intended to be
near a clinician when the catheter is used on a patient. Likewise, a “proximal length” of, for
example, the catheter includes a length of the catheter intended to be near the clinician when
the catheter is used on the patient. A “proximal end” of, for example, the catheter includes an
end of the catheter intended to be near the clinician when the catheter is used on the patient.
The proximal portion, the proximal end portion, or the proximal length of the catheter can
include the proximal end of the catheter, however, the proximal portion, the proximal end
portion, or the proximal length of the catheter need not include the proximal end of the catheter.
That is, unless context suggests otherwise, the proximal portion, the proximal end portion, or

the proximal length of the catheter is not a terminal portion or terminal length of the catheter.

[0034] With respect to “distal,” a “distal portion” or a “distal end portion” of, for
example, a catheter disclosed herein includes a portion of the catheter intended to be near or in
a patient when the catheter is used on the patient. Likewise, a “distal length” of, for example,
the catheter includes a length of the catheter intended to be near or in the patient when the
catheter is used on the patient. A “distal end” of, for example, the catheter includes an end of
the catheter intended to be near or in the patient when the catheter is used on the patient. The
distal portion, the distal end portion, or the distal length of the catheter can include the distal
end of the catheter; however, the distal portion, the distal end portion, or the distal length of
the catheter need not include the distal end of the catheter. That is, unless context suggests
otherwise, the distal portion, the distal end portion, or the distal length of the catheter is not a

terminal portion or terminal length of the catheter.

[0035] Unless defined otherwise, all technical and scientific terms used herein have the

same meaning as commonly understood by those of ordinary skill in the art.
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[0036] In a typical surgical procedure, a sterile drape is placed over a patient to
establish a sterile field, within which the surgical procedure is performed. For example, in a
typical catheter-placement procedure, a sterile drape is placed over a patient to establish a
sterile field for placement of the catheter. However, there is often a need to breach the sterile
barrier in order to make electrical connections between components of various systems without

compromising the sterility of the sterile field.

[0037] Disclosed herein is a connection system for establishing an electrical connection

through a drape and methods thereof that address at least the foregoing need.

[0038] For example, a connection system includes, in some embodiments, a first
connector and a second connector configured to connect to each other. The first connector
includes a first-connector housing, an electrical lead extending from the first-connector
housing, and at least a first piercing element within the first-connector housing configured to
pierce the drape. The first piercing element is orthogonally connected to the electrical lead. The
second connector includes a second-connector housing and at least a first receptacle within the
second-connector housing. The first receptacle is configured to form at least a first electrical
connection of the one or more electrical connections with the first piercing element when the
first connector is disposed over the second connector with the drape therebetween. An example
method for establishing one or more electrical connections through the drape with the foregoing

connection system is set forth below.

[0039] An example catheter-placement system incorporating the connection system
will be at least initially described to provide context for the connection system. It should be
understood the connection system is not limited to the example catheter-placement system.
Indeed, the connection system can be incorporated into any system of various systems having
a need to breach a sterile barrier between components of the system in order to make electrical

connections therebetween without compromising the sterility of the sterile field.

[0040] FIG. 1 illustrates a block diagram of a catheter-placement system 10 for placing
a catheter 72 in a body of a patient 70 in accordance with some embodiments. FIG. 2 illustrates
the catheter-placement system 10 and the patient 70 in accordance with some embodiments.
The catheter-placement system 10 is configured for assisting a clinician in placing the catheter

72 in a vasculature of the patient 70. As shown, the catheter-placement system 10 includes a
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console 20 including a display 30, an ultrasound probe 40, and a tip-location sensor 50

configured for placement on the patient’s chest or some other portion of the patient’s body.

[0041] FIG. 3 illustrates a stylet 130 including a tether connector 132 of the catheter-
placement system 10 in accordance with some embodiments. The stylet 130 is employed with
the catheter 72 during insertion of the catheter 72 into the vasculature of the patient 70. The
stylet 130 includes a core wire 138 configured to be removably disposed in a lumen of the
catheter 72 during a catheter-placement procedure, thereby enabling a distal tip 76 of the
catheter 72 to be tracked by the catheter-placement system 10 using one or more of modalities
for guiding the catheter 72 to a desired location within the patient’s vasculature after insertion
of the catheter 72 into a percutaneous insertion site 73 of the patient 70. The one or more
modalities include, but are not limited to ultrasound-based imaging of subcutaneous tissue of
the patient in preparation for insertion of the catheter 72; magnet-based tracking for
determining orientation, advancement direction, and general internal location of the distal tip
76 of the catheter 72; or ECG-based confirmation for confirming the distal tip 76 of the catheter
72 is positioned at a desired location for which ECG lead connector 151 is provided. (See FIG.
4 for ECG lead connector 151.) The stylet 130 further includes a tether 134 proximally
extending from a handle 136, the tether 134 terminating at a proximal end thereof with the
tether connector 132. The tether connector 132 is configured to mechanically couple and
electrically connect with a fin connector 152 of the tip-location sensor 50 as shown in at least

FIGS. 1-4 in accordance with some embodiments of a connection system 100.

[0042] Additional details for the catheter-placement system 10 shown in FIGS. 1-3 can
be found in U.S. 9,649,048, which is incorporated by reference in its entirety into this

application.

[0043] FIG. 4 illustrates the tip-location sensor 50 and the fin connector 152 of the
catheter-placement system 10 in accordance with some embodiments. As shown, the fin
connector 152 is disposed on the tip-location sensor 50 of the catheter-placement system 10.
Again, the tether connector 132 is configured to mechanically couple and electrically connect
with the fin connector 152, which enables the catheter-placement system 10 to track the distal
tip 76 of the catheter 72. A drape including a sterile drape is configured to provide a sterile
field about the patient 70. The drape can be interposed between the tip-location sensor 50 (e.g.,
under the sterile drape in a non-sterile field) and the stylet 130 (e.g., over the sterile drape in

the sterile field). As set forth in more detail below, the tether connector 132 includes at least a
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first piercing element 142 within a body of the tether connector 132, wherein the first piercing
element 142 is configured to pierce the drape and insert into at least a first receptacle 156 of
the fin connector 152 to electrically connect the tether connector 132 and the fin connector 152.
As best shown in FIG. 5, at least the first receptacle 156 of one or more receptacles in the fin

connector 152 is orthogonal to a body of the tip-location sensor 50.

[0044] While not shown in FIG. 4, the catheter-placement system 10, or the connection
system 100 thereof, can include one or more light-emitting diodes (“LEDs”) configured to
change from a first state to a second state to indicate success in forming one or more electrical
connections between the tether connector 132 and the fin connector 152. The one or more LEDs
can include an LED on the tip-location sensor 50, an LED on the tether connector 132, or both
of the foregoing LEDs. Upon success in forming the one or more electrical connections
between the tether connector 132 and the fin connector 152, each LED of the one or more LEDs
can change from a first state of being off to a second state of being on, a first state of being one
color (e.g., red) to a second state of being another color (e.g., green), a first state of blinking
light to a second state of a solid light, or various combinations thereof. Each LED of the one
or more LEDs is configured to change from the first state to the second state upon completion
of a dedicated LED circuit for the change of state upon forming the one or more electrical
connections. The LED on the tip-location sensor 50 is configured to be bright enough to see
through a drape, thus enabling a clinician to see a change from the first state to the second state
upon forming one or more electrical connections between the tether connector 132 and the fin

connector 152 even when the drape is in place.

[0045] In view of the foregoing catheter-placement system 10, the connection system
100 includes a first connector such as the tether connector 132 having the tether 134 and a
second connector such as the fin connector 152 configured for mechanically coupling and
establishing one or more electrical connections through a sterile drape without compromising
the sterile field set up by the sterile drape. Having described the connection system 100 in the
context of the catheter-placement system 10, additional details for the first connector and the
second connector of the connection system 100 will now be described with the understanding
the connection system 100 is not limited to the foregoing catheter-placement system 10. For
convenience, the first connector and the second connector of the connection system 100 will
now respectively assume the reference numerals 132 and 152. Likewise, an electrical lead of

the first connector will now assume the reference numeral 134,

-10-
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[0046] FIG. 5 illustrates a perspective view of the first connector 132 and the second
connector 152 of the connection system 100 in accordance with some embodiments. FIG. 6
illustrates a view within a housing 140 of the first connector 132 in accordance with some

embodiments.

[0047] Again, the connection system 100 includes the first connector 132 and the
second connector 152, which are configured for mechanically coupling and establishing one or
more electrical connections through a sterile drape without compromising the sterile field set
up by the sterile drape. The first connector 132 includes the first-connector housing 140, the
electrical lead 134 extending from the first-connector housing 140, and at least a first piercing
element 142 having one or more electrical contacts within the first-connector housing 140
configured to pierce the sterile drape. The second connector 152 includes a second-connector
housing 154 and at least a first receptacle 156 having one or more electrical contacts within the
second-connector housing 154. Each housing of the first-connector housing 140 and the
second-connector housing 154 is molded from a medically acceptable polymer such as a

thermoplastic.

[0048] Beginning with the configuration of the first connector 132 and the second
connector 152 of the connection system 100 for mechanically coupling the first connector 132
and the second connector 152, the first-connector housing 140 includes an integrated clip 144
configured to clip the first connector 132 on the second connector 152 with the drape between
the first connector 132 and the second connector 152. The integrated clip 144 of the first-
connector housing 140 includes a pair of opposing tabs 146 with a corresponding pair of
through holes 147, of which through holes 147 only one through hole is shown in FIG. 5. Each
tab of the pair of tabs 146 extends from a medial portion of a major side, or long side, of the
first-connector housing 140 to a perimeter about a primary opening 148 (see FIG. 6) of the
first-connector housing 140. The perimeter about the primary opening 148 of the first-
connector housing 140 is shared by all sides of the first-connector housing 140. Because the
first-connector housing 140 is molded of a medically acceptable polymer and each tab of the
pair of tabs 146 extends from a medial portion of a major side of the first-connector housing
140, each tab of the pair of tabs 146 is flexibly attached to the first-connector housing 140.
Each tab of the pair of tabs 146 of the first-connector housing 140 is also flared away from the
other tab of the pair of tabs 146 as best shown in FIG. 6.

-11-
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[0049] As a complement to the integrated clip 144 of the first-connector housing 140,
the second-connector housing 154 includes a pair of opposing protrusions 158, of which pair
of protrusions 158 only one protrusion is shown in FIG. 5. Each protrusion of the pair of
protrusions 158 protrudes from a medial portion of a major side, or long side, of the second-
connector housing 154. The protrusion in each major side of the second-connector housing 154
is configured to insert in a respective through hole of the pair of tabs 146. In other words, the
through hole in each tab of the pair of tabs 146 of the first-connector housing 140 is configured
to accept a respective protrusion of the pair of protrusions 158. Each protrusion of the pair of
protrusions 158 of the second-connector housing 154 is beveled or chamfered as shown in FIG.

5.

[0050] A combination of the flared, flexibly attached pair of tabs 146 of first-connector
housing 140 and the beveled or chamfered pair of protrusions 158 of the second-connector
housing 154 facilitates disposal of the first connector 132 over the second connector 152 and
the resulting mechanical coupling therebetween. Mechanistically, the beveled or chamfered
pair of protrusions 158 and the flared, flexibly attached pair of tabs 146 cooperate such that
each tab of the pair of tabs 146 is smoothly deflected away from the other tab of the pair of
tabs 146 while disposing the first connector 132 over the second connector 152 until the pair
of protrusions 158 are respectively seated in the pair of through holes 147 of the pair of tabs
146, thereby mechanically coupling the first connector 132 over the second connector 152. The
combination of the flared, flexibly attached pair of tabs 146 of first-connector housing 140 and
the beveled or chamfered pair of protrusions 158 of the second-connector housing 154 also
facilitates mechanical decoupling and removal of the first connector 132 from the second
connector 152. Mechanistically, each tab of the flared pair of tabs 146 is configured to deflect
away from the other tab of the pair of tabs 146 by pulling each tab away from the other tab as
shown in FIG. 6. Pulling each tab of the pair of tabs 146 away from the other tab of the pair of
tabs 146, unseats the pair of protrusions 158 from the pair of through holes 147 of the pair of
tabs 146, thereby mechanically decoupling the first connector 132 from the second connector

152 for removing the first connector 132 from the second connector 152.

[0051] Minor sides, or short sides, of each housing of the first-connector housing 140
and the second-connector housing 154 are dissimilar. This is best shown in FIG. 6 for the minor
sides of the first-connector housing 140. Each minor side of the minor sides of the first-

connector housing 140 has a matching minor side of the minor sides of the second-connector
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housing 154. This enforces a single orientation of the first connector 132 when disposing the
first connector 132 over the second connector 152. The minor side of the first-connector
housing 140 opposite the minor side including the electrical lead 134 therethrough also includes
a notch 149 forming a secondary opening in the first-connector housing 140 configured to
accept a fin-like extension 159 of the second-connector housing 154 when disposing the first
connector 132 over the second connector 152. This further enforces a single orientation of the

first connector 132 when disposing the first connector 132 over the second connector 152.

[0052] The first-connector housing 140 includes a pair of opposing finger pads 145, of
which pair of finger pads 145 only one finger pad is shown in FIG. 5. The pair of finger pads
145 is configured for pushing the first connector 132 onto the second connector 152 or pulling
the first connector 132 off of the second connector 152. Each finger pad of the pair of finger
pads 145 includes a depression between the medial portion of the major side of the first-
connector housing 140 including the finger pad and a closed end of the first-connector housing
140. As shown in FIG. 5, the closed end of the first-connector housing 140 can also include a

finger pad configured for pushing the first connector 132 onto the second connector 152.

[0053] Continuing with the configuration of the first connector 132 and the second
connector 152 of the connection system 100 for establishing one or more electrical connections
between the first connector 132 and the second connector 152 through a sterile drape, the first
piercing element 142 of one or more piercing elements within the first-connector housing 140
is configured to pierce the drape from a sterile side of the drape and insert in the first receptacle
156 of one or more receptacle within the second-connector housing 154, thereby forming at
least one electrical connection of the one or more electrical connections when the first
connector 132 is disposed over the second connector 152 with the drape therebetween. As set
forth below, each of the first piercing element 142 and the first receptacle 156 can include more
than one electrical contact. Therefore, more than one electrical connection can be formed when

the first piercing element 142 is inserted in the first receptacle 156.

[0054] Beginning with an embodiment in which the first piercing element 142 is the
only piercing element within the first-connector housing 140, the first piercing element 142
can be a tip-sleeve (“TS”) jack plug having a needle-like tip electrical contact and a sleeve
electrical contact configured to make at least two of the one or more electrical connections
upon insertion of the first piercing element 142 into a complementary jack as the first receptacle

156 within the second-connector housing 154. Alternatively, the first piercing element 142 can

-13-



WO 2019/221926 PCT/US2019/030470

be a tip-ring-sleeve (“TR,S”) jack plug having a needle-like tip, n ring electrical contacts with
n>1(N), and a sleeve electrical contact configured to make at least three of the one or more
electrical connections upon insertion of the first piercing element 142 into a complementary
jack as the first receptacle 156 within the second-connector housing 154. Each additional ring
electrical contact of the first piercing element 142 when configured as a TR#S jack plug can
be configured to support an additional communication channel for data transfer between the
first piercing element 142 and the first receptacle 156. Regardless of whether the first piercing
element 142 a TS or TR,S jack plug, the first piercing element 142 is orthogonally connected
to the electrical lead 134. That is, the first piercing element 142 is at an approximately 90°
angle to the electrical lead 134 extending from the first-connector housing 140 to which the

first piercing element 142 is connected.

[0055] Continuing with another embodiment in which the first piercing element 142 is
the only piercing element within the first-connector housing 140, the first piercing element 142
can be a blade-like end portion of a printed circuit board having the one or more electrical
contacts printed thereon to make the one or more electrical connections upon insertion of the
first piercing element 142 into a complementary slot as the first receptacle 156 within the
second-connector housing 154. Each additional electrical contact printed on the blade-like end
portion of the printed circuit board of the first piercing element 142 can be configured to
support an additional communication channel for data transfer between the first piercing
element 142 and the first receptacle 156. Like the TS jack plug and TR,S jack-plug
embodiments of the first piercing element 142, the first piercing element 142 is also
orthogonally connected to the electrical lead 134 when the first piercing element 142 is
configured as a blade-like end portion of a printed circuit board. That is, the first piercing
element 142 is at an approximately 90° angle to the electrical lead 134 extending from the first-

connector housing 140 to which the first piercing element 142 is connected.

[0056] Continuing with the embodiment of FIGS. 5 and 6, in which the first piercing
element 142 is one piercing element of a number of piercing elements, the first piercing element
142 can be accompanied by a second piercing element 141 and a third piercing element 143
within the first-connector housing 140, each piercing element of the first, second, and third
piercing elements 141, 142, and 143 having one or more electrical contacts. In such
embodiments, the first receptacle 156 can be accompanied by a second receptacle 155 and a

third receptacle 157 within a second-connector housing 150, each receptacle of the first,
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second, and third receptacles 155, 156, and 157 having one or more electrical contacts
complementary to the one or more electrical contacts of the first, second, and third piercing
elements 141, 142, and 143 to form at least three electrical connections when the first connector
132 is disposed over the second connector 152 with the drape therebetween. Each piercing
element of the first, second, and third piercing elements 142, 141, and 143 is orthogonally
connected to the electrical lead 134. In addition, each piercing element of the first, second, and
third piercing elements 142, 141, and 143 is configured to pierce the sterile drape in a different

location than the other piercing elements.

[0057] While not shown, a drape seal can be disposed within the first connector 132
around a proximal-end portion of any one or more piercing elements of the first, second, and
third piercing elements 141, 142, and 143, depending upon the embodiment. The drape seal
can be a self-sealing polymeric septum configured as a sticker with a pressure-sensitive
adhesive on a drape-facing side of the drape seal configured to adhere to the drape about a
piercing thereof. When the first connector 132 and the second connector 152 are disconnected,
the drape seal is configured to selectively pull away from the first connector 132, thereby

sealing the drape.

[0058] Methods for establishing one or more electrical connections through a drape
with the connection system 100 include, in some embodiments, placing the drape over the
second connector 152 of the connection system 100, the second connector 152 including the
second-connector housing 154 having dissimilar minor sides; aligning the first connector 132
of the connection system 100 with the second connector 152, the first connector 132 including
the first-connector housing 140 having dissimilar minor sides; disposing the first connector 132
over the second connector 152 with the drape between the first connector 132 and the second
connector 152, the drape self-tightening over the second connector 152 during the disposing of
the first connector 132 over the second connector 152; piercing a sterile side of the drape with
at least the first piercing element 142 within the first-connector housing 140 orthogonally
connected to the electrical lead 134 extending from the first-connector housing 140, inserting
the first piercing element 142 into at least the first receptacle 156 within the second-connector
housing 154; and forming the one or more electrical connections between the first piercing
element 142 of the first connector 132 and the first receptacle 156 of the second connector 152.
Aligning the first connector 132 of the connection system 100 with the second connector 152

includes matching each minor side of the minor sides of the first-connector housing 140 with
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the matching minor side of the minor sides of the second-connector housing 154, thereby

enforcing a single orientation of the first connector 132 to the second connector 152.

[0059] Disposing the first connector 132 over the second connector 152 includes
inserting each protrusion of the pair of opposing protrusions 158 protruding from the medial
portion of a major side of the second-connector housing 154 into a corresponding through hole
of a tab of the pair of opposing tabs 146 extending from the medial portion of a major side of

the first-connector housing 140.

[0060] Piercing the sterile side of the drape with the first piercing element 142 includes
simultaneously piercing the sterile side of the drape in two other locations with the second
piercing element 141 and the third piercing element 143 within the first-connector housing 140
orthogonally connected to the electrical lead 134 extending from the first-connector housing

140.

[0061] The methods can further include disposing the stylet in a catheter, the first
connector 132 being the tether connector 132 coupled to the stylet; and sensing the location of
a tip of the catheter in a patient, the second connector 152 being the fin connector 152 of the
tip-location sensor 50 on a chest of the patient under the drape. Disposing the first connector
132 over the second connector 152 includes disposing the tether connector 132 over the fin

connector 152 with a downward motion substantially orthogonal to the tip-location sensor.

[0062] The methods can further include disposing the first connector 132 over the
second connector 152 by pushing the first connector 132 onto the second connector 152 using
at least the pair of opposing finger pads 145 of the first connector 132. Each finger pad of the
pair of finger pads 145 includes the depression between the medial portion of a major side of
the first-connector housing 140 including the finger pad and the closed end of the first-

connector housing 140.

[0063] The methods can further include sealing the drape with the drape seal disposed
within the first connector 132 around at least the proximal-end portion of the first piercing
element 142. When the first connector 132 and the second connector 152 are disconnected, the

drape seal selectively pulls away from the first connector 132, thereby sealing the drape.
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[0064] Methods can further include confirming success in forming the one or more
electrical connections by a change from the first state of the LED on the first connector 132 to

the second state of the LED upon forming the one or more electrical connections.

[0065] While some particular embodiments have been disclosed herein, and while the
particular embodiments have been disclosed in some detail, it is not the intention for the
particular embodiments to limit the scope of the concepts provided herein. Additional
adaptations or modifications can appear to those of ordinary skill in the art, and, in broader
aspects, these adaptations or modifications are encompassed as well. Accordingly, departures
may be made from the particular embodiments disclosed herein without departing from the

scope of the concepts provided herein.
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CLAIMS
What is claimed is:

1. A connection system for establishing one or more electrical connections through
a drape, the system comprising:
a first connector including
a first-connector housing;
an electrical lead extending from the first-connector housing; and
at least a first piercing element within the first-connector housing
orthogonally connected to the electrical lead, the first piercing element
configured to pierce the drape; and
a second connector including
a second-connector housing; and
at least a first receptacle within the second-connector housing configured to
form at least a first electrical connection of the one or more electrical
connections with the first piercing element when the first connector is

disposed over the second connector with the drape therebetween.

2. The connection system of claim 1, wherein the first-connector housing includes
an integrated clip configured to clip the first connector on the second connector with

the drape between the first connector and the second connector.

3. The connection system of claim 2, wherein the integrated clip includes a pair of
opposing tabs, each tab of the pair of tabs extending from a medial portion of a major
side of the first-connector housing to a perimeter about an opening of the first-connector

housing shared by all sides of the first-connector housing.

4. The connection system of claim 3, wherein the second-connector housing
includes a pair of opposing protrusions, each protrusion of the pair of protrusions
protruding from a medial portion of a major side of the second-connector housing, and
wherein each tab of the pair of tabs includes a through hole configured to accept a

protrusion of the pair of protrusions.
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5. The connection system of claim 4, wherein each tab of the pair of tabs is flared
away from the other tab of the pair of tabs and each protrusion of the pair of protrusions
is beveled or chamfered to facilitate disposal of the first connector over the second

connector.

6. The connection system of either claim 4 or 5, wherein each tab of the pair of
tabs is flexibly attached to the first-connector housing to facilitate removal of the first

connector from the second connector by deflecting each tab away from the other tab.

7. The connection system of any claim of claims 1-6, wherein minor sides of each
housing of the first-connector housing and the second-connector housing are dissimilar,
each minor side of the minor sides of the first-connector housing having a matching
minor side of the minor sides of the second-connector housing, thereby enforcing a
single orientation of the first connector when disposing the first connector over the

second connector.

8. The connection system of any claim of claims 1-7, wherein the first piercing
element is a jack plug having a needle-like tip electrical contact, one or more ring
electrical contacts, and a sleeve electrical contact, and the first receptacle is a jack

having complementary electrical contacts.

0. The connection system of any claim of claims 1-8, further comprising:

a second piercing element and a third piercing element within the first-connector
housing orthogonally connected to the electrical lead, each piercing element
of the first, second, and third piercing elements configured to pierce the
drape in a different location than the other piercing elements; and

a second receptacle and a third receptacle within the second-connector housing
configured to form at least a second electrical connection and a third
electrical connection of the one or more electrical connections respectively
with the second piercing element and the third piercing element when the
first connector is disposed over the second connector with the drape

therebetween.
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10.  The connection system of any claim of claims 3-9, wherein the first-connector
housing includes a pair of opposing finger pads configured for pushing the first-
connector onto the second connector or pulling the first connector off of the second
connector, each finger pad of the pair of finger pads including a depression between the
medial portion of the major side of the first-connector housing including the finger pad

and a closed end of the first-connector housing.

11. A connection system for establishing a plurality of electrical connections
through a drape, the system comprising:
a tether connector coupled to a stylet configured to be removably disposed in a
catheter including
a tether-connector housing including an integrated clip having an opposing
pair of tabs, each tab of the pair of tabs including a through hole;
an electrical lead extending from the tether-connector housing; and
a plurality of piercing elements within the tether-connector housing
orthogonally connected to the electrical lead, each piercing element of
the plurality of piercing elements configured to pierce a sterile side of
the drape in a different location than the other piercing elements; and
a fin connector of a tip-location sensor configured to sense a location of a tip of
the catheter including
a fin-connector housing including a pair of opposing protrusions, each
protrusion of the pair of protrusions configured to insert into a
corresponding through hole of the pair of tabs for clipping the tether
connector to the fin connector; and
a plurality of receptacles within the fin-connector housing orthogonal to a
body of the tip-location sensor configured to form the plurality of
electrical connections with the plurality of piercing elements when the
tether connector is disposed over the fin connector with the drape

therebetween.
12.  The connection system of claim 11, wherein each tab of the pair of tabs extends

from a medial portion of a major side of the tether-connector housing to a perimeter

about an opening of the tether-connector housing shared by all sides of the tether-
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connector housing, and wherein each protrusion of the pair of protrusions protrudes

from a medial portion of a major side of the fin-connector housing.

13.  The connection system of either claim 11 or 12, wherein each tab of the pair of
tabs is flared away from the other tab of the pair of tabs and each protrusion of the pair
of protrusions is beveled or chamfered to facilitate disposal of the tether connector over

the fin connector.

14.  The connection system of any claim of claims 11-13, wherein each tab of the
pair of tabs is flexibly attached to the tether-connector housing to facilitate removal of
the tether connector from the fin connector by deflecting each tab away from the other

tab.

15. The connection system of any claim of claims 11-14, wherein minor sides of
each housing of the tether-connector housing and the fin-connector housing are
dissimilar, each minor side of the minor sides of the tether-connector housing having a
matching minor side of the minor sides of the fin-connector housing, thereby enforcing
a single orientation of the tether connector when disposing the tether connector over the

fin connector.

16.  The connection system of any claim of claims 12-15, wherein the tether-
connector housing includes a pair of opposing finger pads configured for pushing the
tether connector onto the fin connector or pulling the tether connector off of the fin
connector, each finger pad of the pair of finger pads including a depression between the
medial portion of the major side of the tether-connector housing including the finger

pad and a closed end of the tether-connector housing.

17. A method for establishing one or more electrical connections through a drape,
the method comprising:
placing the drape over a second connector of a connection system, the second
connector including a second-connector housing having dissimilar minor
sides;
aligning a first connector of the connection system with the second connector,

the first connector including a first-connector housing having dissimilar
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minor sides, and the aligning including matching each minor side of the
minor sides of the first-connector housing with a matching minor side of the
minor sides of the second-connector housing, thereby enforcing a single
orientation of the first connector to the second connector;

disposing the first connector over the second connector with the drape between
the first connector and the second connector, the drape self-tightening over
the second connector during the disposing of the first connector over the
second connector;

piercing a sterile side of the drape with at least a first piercing element within
the first-connector housing orthogonally connected to an electrical lead
extending from the first-connector housing;

inserting the first piercing element into at least a first receptacle within the
second-connector housing; and

forming the one or more electrical connections between the first piercing
element of the first connector and the first receptacle of the second

connector.

18. The method of claim 17, wherein disposing the first connector over the second
connector includes inserting each protrusion of a pair of opposing protrusions
protruding from a medial portion of a major side of the second-connector housing into
a corresponding through hole of a tab of a pair of opposing tabs extending from a medial

portion of a major side of the first-connector housing.

19. The method of either claim 17 or 18, wherein piercing the sterile side of the
drape with the first piercing element includes simultaneously piercing the sterile side
of the drape in two other locations with a second and a third piercing element within
the first-connector housing orthogonally connected to the electrical lead extending from

the first-connector housing.
20. The method of any claim of claims 17-19, further comprising:

disposing a stylet in a catheter, the first connector being a tether connector

coupled to the stylet; and
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sensing a location of a tip of the catheter in a patient, the second connector being
a fin connector of a tip-location sensor on a chest of the patient under the
drape,
wherein disposing the first connector over the second connector includes
disposing the tether connector over the fin connector with a downward

motion substantially orthogonal to the tip-location sensor.
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