
MEDICAL DEVICE FLEXIBLE CONDUIT AND METHOD OF MANUFACTURE  BACKGROUND OF THE
INVENTION [0001] Field of the Invention [0002] The present invention
relates, in general, to medical devices and, in particular, to  flexible
conduits and associated medical devices and methods. [0003] Description of
Related Art [0004] A variety of medical devices employ conduits for
navigating through the body  and accessing specific target sites in order to
perform diagnostic, therapeutic, and  surgical procedures. For example,
flexible cannulas inserted by rigid needles are  conventionally employed for
the infusion of therapeutic agents (e.g., insulin). BRIEF DESCRIPTION OF THE
DRAWINGS [0005] The novel features of the invention are set forth with
particularity in the appended  claims. A better understanding of the
features and advantages of the present invention  will be obtained by
reference to the following detailed description that sets forth
illustrative embodiments, in which the principles of the invention are
utilized, and the  accompanying drawings, in which like numerals indicate
like elements, of which: FIG. I A is a simplified cross-sectional depiction
of a medical device flexible  conduit according to an exemplary embodiment
of the present invention; FIG. 1 B is a simplified cross-sectional depiction
of the medical device flexible  conduit of FIG. IA taken along line B-B of
FIG. IA; FIG. 1 C is a simplified cross-sectional depiction of the medical
device flexible  conduit of FIG. IA taken along line C-C of FIG. IA; FIGs 2A
and 2B are simplified depictions, side and end views respectively, of an
elongated Nitinol strip with a channel therein as can be employed in
embodiments of  present invention; -1 



FIG. 3 is a simplified cross-sectional depiction of another elongated
Nitinol strip  as can be employed in embodiments of the present invention
with exemplary dimensions  in inches indicated thereon; FIG. 4 is a
simplified cross-sectional depiction of another elongated Nitinol strip  as
can be employed in embodiments of the present invention with exemplary
dimensions  in inches indicated thereon; FIG. 5 is a simplified depiction of
another elongated Nitinol strip as can be  employed in embodiments of the
present invention with exemplary dimensions in inches  indicated thereon;
FIG. 6 is a simplified depiction of yet another elongated Nitinol strip as
can be  employed in embodiments of the present invention; FIGs. 7A-7D are
simplified depictions of other elongated Nitinol strips as can be  employed
in embodiments of the present invention with exemplary dimensions in inches
indicated thereon; FIGs. 8A and 8B are simplified depictions of an isotropic
etching process as can  be employed to manufacture medical device flexible
conduits according to the present  invention; FIGs. 9A and 9B are simplified
depictions of a medical device according to  embodiments of the present
invention before deployment of an integrated medical device  flexible
conduit and after deployment, respectively; and FIGs. 10, 11, 12 and 13 are
various simplified views of another medical device  according to an
embodiment of the present invention that includes a medical device  flexible
conduit guide. DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 100061 The
following detailed description should be read with reference to the
drawings,  in which like elements in different drawings are identically
numbered. The drawings,  



which are not necessarily to scale, depict selected exemplary embodiments
for the  purpose of explanation only and are not intended to limit the scope
of the invention. The  detailed description illustrates by way of example,
not by way of limitation, the -2 principles of the invention. This
description will clearly enable one skilled in the art to  make and use the
invention, and describes several embodiments, adaptations, variations,
alternatives and uses of the invention, including what is presently believed
to be the best  mode of carrying out the invention. [0007] As used herein,
the terms "about" or "approximately" for any numerical values or  ranges
indicate a suitable dimensional tolerance that allows the part or collection
of  components to function for its intended purpose as described herein. In
addition, as used  herein, the terms "patient", "host" and "subject" refer
to any human or animal subject  and are not intended to limit the systems or
methods to human use, although use of the  subject invention in a human
patient represents a preferred embodiment. [0008] FIGs. IA, I B and IC
depict a medical device flexible conduit 100 according to an  embodiment of
the present invention. Medical device flexible conduit 100 includes an
elongated strip 102 (such as a flexible Nitinol strip or other suitable
highly flexible strip)  with a distal end 104, a proximal end 106 (shown
only the direction of where the  proximal end will be) a longitudinal axis
108 (depicted by a dashed line) running from  distal end 104 to proximal end
106, a sharp head 110 extending from distal end 104 and a  channel 112
formed (for example, etched) therein. Channel 112 is dispositioned at least
partially along, or parallel to, the longitudinal axis 108. 100091 Flexible
medical device 100 also includes a flexible tube 114 at least partially
jacketing the elongated strip between distal end and the proximal end, the
channel and  flexible tube defining a conduit. Channel 112 extends partially
into sharp head 110 such  that a conduit opening 116 on the side of the
medical device flexible conduit 100 is  



defined. [0010] If desired, flexible tube 114 can extend past proximal end
106 and be configu ;d  to provide a fluid-tight connection to associated
medical device components (such as  infusion components). Moreover, if
desired, the medical device flexible conduit can be  coated with a
lubricious material to facilitate insertion into a user's target site. -3
[00111 Various other aspects of medical device flexible conduits according
to the present  invention including methods for their use, manufacture and
employment in integrated  medical devices are described below. [0012] FIGs
2A and 2B are simplified depictions, side and end views respectively, of an
elongated Nitinol strip 202 with a channel 212 therein as can be employed in
embodiments of present invention. FIGs, 2A and 2B include exemplary,
non-limiting,  dimensions in inches. 100131 FIG. 3 is a simplified
cross-sectional depiction of another elongated Nitinol strip  302 with two
channels 312 as can be employed in embodiments of the present invention
with exemplary dimensions in inches indicated thereon. The two channels form
an  elongated Nitinol strip with an "H-shaped" cross-section. The presence
of two channels  provides conduit redundancy or for the provision of
different fluids in each conduit (for  example, insulin and Smylin).
Moreover, the H-shaped cross-section provides additional  flexibility in
comparison to a C-shaped cross-section as depicted in FIG. 4 and described
below). [0014] FIG. 4 is a simplified cross-sectional depiction of another
elongated Nitinol strip  402 with channel 412 therein as can be employed in
embodiments of the present  invention with exemplary dimensions in inches
indicated thereon. [00151 FIG. 5 is a simplified depiction of another
elongated Nitinol strip 502 with  channel 512 and sharp head 504 as can be
employed in embodiments of the present  



invention with exemplary dimensions in inches indicated thereon. FIG. 6 is a
simplified  depiction of yet another elongated Nitinol strip 602 with sharp
head 604 and channel 612  as can be employed in embodiments of the present
invention. -4 [0016] FIGs. 7A-7D are simplified depictions of other
elongated Nitinol strips 700 with  sharp heads 704 and channels 712 as can
be employed in embodiments of the present  invention with exemplary
dimensions in inches indicated thereon. [0017] Methods for manufacturing a
medical device flexible conduit according to  embodiments of the present
invention include etching a channel into an elongated Nitinol  strip and
forming a sharp head on a distal end of the elongated Nitinol strip. The
methods  also include subsequently jacketing the flat elongated Nitinol
strip with a flexible tube  such that the flexible tube and channel define a
conduit. [0018] FIGs. 8A and 8B are simplified depictions of an isotropic
etching process as can  be employed to manufacture medical device flexible
conduits according to the present  invention. Channels employed in
embodiments of the present invention can be formed  using, for example, any
suitable etching technique known to those skilled in the art  including
isotropic chemical etching techniques. Isotropic etching employs a masking
layer and results in undercutting of the masking layer, producing sidewalls
with a  semi-circular cross-section having sharp edges at the bottom of the
etched surface after  removing the masking layer, as shown in FIGs. 8A and
8B. [0019] If it is desired to have a curved elongated strip (such as a
curved elongated Nitinol  strip), curled sheet material can be used instead
of flat sheet. In this case, the etch mask  must be properly aligned with
the curvature of the sheet. Alternatively, the strips can be  curled in a
secondary manufacturing operation. [0020] A channel can be etched on one
side of an elongated strip (referred to as a "C"  shaped cross section, see
FIG. 2B for example) or on both sides (referred to as an "H"  



shaped cross section, see FIG. 3) of the strip. It is also possible to etch
more than one  channel on one or both sides of an elongated strip. Etching
more than one channel  provides some redundancy, in case one of the channels
becomes blocked, or the  additional channels could be used to deliver
different drugs, such as insulin and Symlin. -5 [0021] The sharp head of the
strip with the penetrating sharp edges is made wider than  the remainder of
the elongated strip such that when a flexible tube (for example, a  polymer
jacket) is placed around the strip to form the conduit, the leading edge of
the  flexible tube fits the shoulders on the head. This decreases the
frontal profile of the  medical device flexible conduit, reducing insertion
force and preventing the flexible tube  from catching on the incised
insertion point in a user's target site, which can lead to  "accordioning"
of the polymer. The etched channel extends into the sharp head to  provide
an opening beyond the flexible tube for the fluid to flow into the user's
target  site. Positioning the opening on the side of the sharp head
beneficially reduces the  chance of blocking the channel from coring of
tissue during insertion. Commonly used  masking techniques such as corner
compensation may be used where the head of the strip  meets the body in
order to obtain the proper shape in the etched part. [0022J Many sharp head
configurations (see FIGs. 7A through 7D) are possible since  etching al lows
for the shape of the sharp head to be designed independently of the body.
[0023] A medical device flexible conduit according to an exemplary
embodiment of the present invention can be formed, for example, using a
flexible conduit comprising an  etched elongated Nitinol strip (with a sharp
head) surrounded by a heat shrunk PTFE  polymer jacket (with a recovered ID
.0 12" max, recovered wall 0.002", expanded ID  0.048" min from Zeus). In
this embodiment, the etched channel in the elongated Nitinol  strip extends
beyond the PTFE jack to allow the fluid to exit. In addition, the heat
shrink  PTFE tubing tapers down at the juncture of the sharp head, which
will facilitate insertion  



into a user's target site. [0024] Medical devices according to embodiments
of the present invention include a  medical device flexible conduit that has
an elongated Nitinol strip with a distal end, a  proximal end, a
longitudinal axis running from the distal end to the proximal end, a sharp
head extending from the distal end, and a channel etched therein.
Alternatively, the  channel can be formed by using other suitable methods,
such as stamping. Moreover, he  channel is dispositioned along, or parallel
to, the longitudinal axis. The medical device -6 flexible conduit also has a
flexible tube at least partially jacketing the elongated Nitinol  strip
between the distal end and the proximal end, with the channel and the
flexible tube  defining a conduit. The medical device also includes an
insertion mechanism configured  to insert a portion of the flexible conduit,
including the sharp head, into a user's target  site such that the conduit
provides fluid communication to the target site. 100251 The medical device
flexible conduit employed in such medical devices has been  described above
(for example, with respect to FIGs. IA through 8B). Exemplary  embodiments
of the integrated insertion mechanism are described below. In this respect
it should be noted that the medical device flexible conduit is integrated
with the insertion  mechanism in that the medical device flexible conduit is
not removed, separated or  discarded during use. [00261 FIGs. 9A and 9B show
simplified depictions of a medical device 900 according  to embodiments of
the present invention before deployment of an integrated medical  device
flexible conduit and after deployment, respectively. Medical device 900
includes  a medical device flexible conduit 902 and an insertion mechanism
904. Various  components of the insertion mechanism (i.e., a firing release
button, firing spring, latch,  and guide channel are illustrated in FIGS. 9A
and 9B). As noted in these FIGs., the  medical device flexible conduit is
also referred to as a flexible cannula and the flexible  



tubing portion thereof can be connected to, for example, an insulin supply
source. [0027] Medical device 900 can be fired by pressing the release
button to release the  latch, or, alternatively, it can be automatically
fired by an electromechanical switch (not  shown). Medical device 900 can be
provided to a user spring-loaded as shown in FIG.  9A. The device is held in
the loaded position by the latch, which can be moved out of the  way by
pressing the release button. The medical device flexible conduit resides
inside a  channel that is approximately parallel to the surface of the
user's skin, and bends at a 45  degree angle towards the user's body at the
tip. The medical device flexible conduit is  normally straight, but follows
the 45 degree bend because of the superelastic properties  of Nitinol. Other
angles than 45 degrees can be used for the deployment angle. -7 [0028] To
use the medical device, the adhesive backing (not shown) is removed from the
bottom of the medical device, and the medical device is applied (adhered) to
the user's skin.  Because the medical device requires minimal dexterity to
handle and is small compared to  other infusion sets with auto inserters, it
is easily applied to any location on the body that  can be touched by the
user, for example the top of the buttocks, back of the arm, side,  abdomen,
and thigh (back, front, or side). [0029] To deploy (insert) the medical
device flexible conduit, the user presses on the  release button, which
releases the latch and allows the spring to fire the medical device.  The
medical device flexible cannula follows the channel guide, travels through
the 45  degree bend, and inserts across the user's skin. The user can press
the device with one or  more fingers, the thumb, the palm, or any part of
the hand or arm that is convenient.  Very limited dexterity or force is
required to activate the insertion mechanism.  Alternatively, an
electromechanical mechanism can be used to automatically fire the  device,
eliminating the requirement for the user to press a release button. [0030]
The medical device as shown in FIGs. 9A and 9B includes a coil of tubing
which  



allows the flexible conduit to move forward while connected to the insulin
supply.  Alternatively, a connector can be located at the back of the
medical device that slides  forward with the flexible conduit. After
deployment, tubing can be attached to the back  of the device via a suitable
connector in order to connect to the insulin supply. [0031] The horizontal
configuration of medical device 900 disclosed has numerous  advantages
including:  The low profile design is well-suited for integration into a
patch pump  The Nitinol strip can be manufactured flat, which reduces
manufacturing steps   The device has a simple design with few components
The spring design is very straight-forward and the spring force is easy to
adjust  The flexible Nitinol/polymer cannula (i.e., medical device flexible
conduit) will not buckle  when penetrating the skin because it is supported
along its entire length  The device comes with the spring pre-loaded so the
user is not psychologically intimidated  by the force required to load the
spring -8  The device makes minimal noise during deployment due to the small
mass of the moving  part. Damping materials can be incorporated into the
device to further reduce noise.  The user does not see a needle before,
during, or after insertion, making the device  psychologically easy to
insert [0032] FIGs. 10, 11, 12 and 13 are various simplified views of
medical device 1000  according to an embodiment of the present invention.
Medical device 1000 includes an  insertion mechanism 1002 (with a medical
device flexible anti-buckling conduit guide  1004) and an integral medical
device flexible conduit 1006. FIGs. 10 and 11 depict the  medical device
prior to deployment (insertion) of the medical device flexible conduit  into
a user's target site. FIG. 12 depicts the medical device after deployment.
FIG. 13 is  a simplified cross-sectional depiction of the medical device
flexible anti-buckling  



conduit cooperating with the medical device flexible conduit guide). [0033]
Referring to FIGs, 10, 11, 12 and 13, medical device 1000 includes a medical
device flexible anti-buckling conduit guide 1004 to prevent the integral
medical device  flexible conduit 1006 from buckling during insertion into a
user's target site. The  configuration of medical device 1000 provides
anti-buckling support to the medical device  flexible conduit along its
entire length. [0034] Medical device flexible anti-buckling conduit guide
1004 is formed, for example,  of Nitinol and has a channel (or alternatively
a groove) configured to operatively cooperate  with the medical device
flexible conduit (see, for example, FIG. 13). Prior to deployment,  medical
device flexible conduit is positioned inside the channel of the
anti-buckling  conduit guide (see, for example, FIG. 10). [0035] When the
insertion force is applied at the end of the medical device flexible conduit
during use (and after the medical device has been adhered to a user by, for
example, the use  of an adhesive layer on the bottom of the medical device)
the medical device flexible  conduit bows toward the anti-buckling guide,
pressing against it. The Nitinol anti-buckling  conduit guide limits the
extent to which the medical device flexible conduit bends, thus  preventing
the medical device flexible conduit from buckling. As the insertion
mechanism -9 closes (i.e., transitions from the position of FIG. 10 to the
position of FIG. 11 via manual  user force), the medical device flexible
conduit pierces user's the skin and enters the  subcutaneous tissue (not
shown in the FIGs.). At the same time, the Nitinol anti-buckling  conduit
guide travels upwards into a channel located in the insertion mechanism
(labeled as  such in FIG. 12) and bends (see FIG. 12). Because Nitinol is
superelastic, it bends easily  without kinking. [0036] While the focus of
this disclosure has been medical devices and methods related to  insulin
delivery, embodiments of the present invention are also useful for delivery
of other  



drugs or biological agents such as DNA or cells, insertion of sensors, or
extraction of  samples such as blood, interstitial fluid, or tissue. [0037]
From the foregoing descriptions and discussions, one skilled in the art will
recognize that embodiments of the present invention encompass methods for
inserting a  medical device flexible conduit into a user's target site that
includes adhering a medical  device to a user with the medical device having
a medical device flexible conduit and an  integrated insertion mechanism.
[0038] Moreover, the medical device flexible conduit has an elongated
Nitinol strip with  a distal end, a proximal end, a longitudinal axis
running from the distal end to the  proximal end, a sharp head extending
from the distal end, and a channel etched therein.  In addition, the channel
is dispositioned along, or parallel to, the longitudinal axis. The  medical
device flexible conduit also includes a flexible tube at least partially
jacketing  the elongated Nitinol strip between the distal end and the
proximal end, the channel rnd  flexible tube defining a conduit. The
insertion mechanism is configured to insert a  portion of the flexible
conduit including the sharp head into a user's target site such that  the
conduit provides fluid communication to the target site. The method also
includes  inserting the medical device flexible conduit into the user's
target site. [0039] The sharp head of the medical device flexible conduit
remains in the target site  during use of the medical device (for example
during the administration of insulin) and is  -10 only removed when the
entire medical device flexible conduit is removed from the target  site.
Since the medical device flexible conduit is highly flexible (for example,
being  formed of Nitinol and a flexible polymer tube), it can remain
inserted without undue pain  or discomfort during use. 100401 While
preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such
embodiments are  



provided by way of example only. Numerous variations, changes, and
substitutions will  now occur to those skilled in the art without departing
from the invention. It should be  understood that various alternatives to
the embodiments of the invention described  herein may be employed in
practicing the invention. It is intended that the following  claims define
the scope of the invention and that devices and methods within the scope of
these claims and their equivalents be covered thereby. _II_ CLAIMS  WHAT IS
CLAIMED IS: 1. A medical device flexible conduit comprising:  an elongated
Nitinol strip with: a distal end; a proximal end; a longitudinal axis
running from the distal end to the proximal end;  a sharp head extending
from the distal end; and a channel formed therein, the channel dispositioned
at least partially  along the longitudinal axis and a flexible tube at least
partially jacketing the elongated Nitinol strip between the  distal end and
the proximal end, the channel and flexible tube defining a conduit. 2. A
medical device flexible conduit comprising:  an elongated Nitinol strip
with: a distal end; a proximal end; a longitudinal axis running from the
distal end to the proximal end;  a sharp head extending from the distal end;
and a channel formed therein, the channel dispositioned at least partially  



parallel to the longitudinal axis and a flexible tube at least partially
jacketing the elongated Nitinol strip between the  distal end and the
proximal end, the channel and flexible tube defining a conduit. 3. A method
for manufacturing a medical device flexible conduit comprising:  etching a
channel into an elongated Nitinol strip; forming a sharp head on a distal
end of the elongated Nitinol strip; and  jacketing the flat elongated
Nitinol strip with a flexible tube such that the flexible  tube and channel
define a conduit. _12_ 4. A method for manufacturing a medical device
flexible conduit comprising:  stamping a channel into an elongated Nitinol
strip; forming a sharp head on a distal end of the elongated Nitinol strip;
and  jacketing the flat elongated Nitinol strip with a flexible tube such
that the flexible  tube and channel define a conduit. -13 




