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SHEATH-DILATOR SYSTEM AND USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority to U.S. Provisional Patent Application
Serial No. 61/486,637, filed May 16, 2011, which is incorporated herein in its entirety by
reference thereto.

TECHNICAL FIELD

[0002] The present invention relates generally to a sheath-dilator system for use in surgical

procedures.

BACKGROUND

[0003] In endoscopic and endovascular surgery, when access to hollow vessels is required
via a conduit suitable for transporting or engaging therapeutic equipment and materials,
introducer sheath-dilators are routinely used. Typically in endovascular surgery, the dilator and
the introducer sheath have radiopaque characteristics to aid in visualization of these items within
the body. Additionally, the introducer sheath may use radiopaque markers on the tip. These
markers provide an indicator of tip location in the body when viewed fluoroscopically. The
radiopaque tip is commonly comprised of a metal band, made of a radiopaque material such as
gold on the distal tip of the introducer sheath. Such materials may substantially increase the cost
associated with the production of such devices and may provide undesirable geometric
constraints that create obstacles in connection with delivering therapeutic equipment through the
introducer sheath, particularly when such equipment or materials are non uniform in size and

shape.

SUMMARY
[0004] The present invention provides a sheath dilator system and methods for using the
same. In some embodiments of the present invention, a sheath dilator includes a blood detector,

which may be used to calibrate the location of the sheath-dilator system with respect to an artery.
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[0005] In accordance with exemplary embodiments, a medical device includes: a sheath
having a proximal end and a distal end, the sheath having an opening at both the proximal end
and the distal end; and a removable dilator having a distal end and a proximal end, the dilator
having at least one blood detector disposed on a tapered portion of the distal end of the dilator,
the dilator positionable within the sheath such that the tapered portion of the distal end of the
dilator extends through the opening in the distal end of the sheath, the proximal end of the dilator
extends through the opening in the proximal end of the sheath, and at least a portion of the at
least one blood detector is adjacent to the distal end of the sheath.

[0006] The dilator may include a blood inlet opening disposed on the tapered portion, the
blood inlet opening having an elliptical cross-section when viewed along a longitudinal axis of
the dilator.

[0007] The dilator may include a blood inlet opening disposed on the tapered portion, the
blood inlet opening having a crescent-shaped cross-section when viewed along a longitudinal
axis of the dilator.

[0008] The sheath may include one or more depth indicators affixed thereto.

[0009] The at least one blood detector may include a blood inlet opening in fluid
communication with a blood outlet at the proximal end of the dilator.

[0010] The at least one blood detector may be a pressure sensor.

[0011] The at least one blood detector may be a flow sensor.

[0012] The at least one blood detector may be a tissue type sensor.

[0013] The sheath may include a hub at the proximal end of the sheath, and the dilator may
include a hub at the proximal end of the dilator, the sheath hub releasably engaged with the
dilator hub.

[0014] The blood outlet may be in the dilator hub.

[0015] The dilator may include at least one opening at the distal tapered end, the at least one
opening in fluid communication with one or more lumens within the dilator, the one or more
lumens in fluid communication with a port in the dilator hub, whereby liquid is transferable
between the opening in the distal tapered end of the dilator and the port in the dilator hub.

[0016] The at least one sensor may be connected to a control system and a display unit.

[0017] The depth indicators may include graduation marks.
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[0018] The medical device may further include a luer connector extending from the port in
the dilator hub, the luer connector creating a fluid pathway between the port and at least one of a
2 and 3 way tap.

[0019] The dilator may include an internal lumen extending the entire length of the dilator
and adapted for tracking over a guide wire.

[0020] The transition between the distal end of the sheath and the dilator may be
substantially smooth.

[0021] The sheath hub may include an interface connectable to an endovascular device.
[0022] The endovascular device may be a closure device.

[0023] The medical device may further include at least one sensor on the outer surface of the
sheath.

[0024] The medical device may include a linear array of sensors located along the outer
surface of the sheath.

[0025] The linear array of sensors may be an array of tissue type sensors.

[0026] The at least one sensor may include a pressure sensor.

[0027] The medical device may include one or more radiopaque markers positioned on the
dilator.

[0028] In accordance with exemplary embodiments, a medical device includes: a sheath
having a proximal end and a distal end, the sheath having an opening at both the proximal end
and the distal end; and a removable dilator having a distal end and a proximal end, the dilator
being positionable within the sheath such that the tapered portion of the distal end of the dilator
extends through the opening in the distal end of the sheath, the proximal end of the dilator
extends through the opening in the proximal end of the sheath, wherein the dilator further
includes a plurality of flushing ports disposed adjacent the distal end of the sheath when the
dilator is positioned within the sheath, and a plurality of detector ports, separate from the
flushing ports, being disposed on a tapered portion of the distal end of the dilator.

[0029] At least one of the detector ports may have an elliptical cross-section when viewed
along a longitudinal axis of the dilator.

[0030] At least one of the detector ports may have a crescent-shaped cross-section when

viewed along a longitudinal axis of the dilator.
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[0031] In accordance with exemplary embodiments, a method of positioning a medical
device includes: inserting a distal end of a dilator releasably engaged with a sheath having depth
indicators thereon into an artery, the dilator including at least one blood detector positioned on a
tapered portion of the distal end of the dilator, the distal end of the dilator extending through an
opening in the distal end of the sheath; monitoring the blood detector for a signal indicating entry
of the blood detector into the artery contemporaneously with inserting the dilator into the artery;
and referencing the position of the sheath with respect to the artery based on the location of the
sheath with respect to the patient upon generation of the signal indicating entry of the blood
detector into the artery.

[0032] The blood detector may include a blood inlet opening disposed on the tapered portion,
the blood inlet opening having an elliptical cross-section when viewed along a longitudinal axis
of the dilator.

[0033] The blood detector may include a blood inlet opening disposed on the tapered portion,
the blood inlet opening having a crescent-shaped cross-section when viewed along a longitudinal
axis of the dilator.

[0034] The at least one blood detector may be a blood inlet opening in fluid communication
with a blood outlet at the proximal end of the dilator.

[0035] The sheath may include a hub at the proximal end of the sheath and the dilator
comprises a hub at the proximal end of the dilator, the dilator releasably engaged with the sheath
via a connection between the dilator hub and the sheath hub.

[0036] In accordance with exemplary embodiments of the present invention, a method of
positioning a medical device includes: inserting a distal end of a dilator releasably engaged with
a sheath having depth indicators thereon into an artery, the dilator including at least one blood
detector positioned on the distal end of the dilator, the distal end of the dilator extending through
an opening in the distal end of the sheath, wherein the dilator further includes a plurality of
flushing ports disposed adjacent the distal end of the sheath when the dilator is engaged with the
sheath, and a plurality of detector ports, separate from the flushing ports, being disposed on a
tapered portion of the distal end of the dilator; monitoring the blood detector for a signal
indicating entry of the blood detector into the artery contemporaneously with inserting the dilator

into the artery; and referencing the position of the sheath with respect to the artery based on the
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location of the sheath with respect to the patient upon generation of the signal indicating entry of
the blood detector into the artery.

[0037] At least one of the detector ports may include a blood inlet opening disposed on the
tapered portion, the blood inlet opening having an elliptical cross-section when viewed along a
longitudinal axis of the dilator.

[0038] At least one of the blood detectors may include a blood inlet opening disposed on the
tapered portion, the blood inlet opening having a crescent-shaped cross-section when viewed
along a longitudinal axis of the dilator.

[0039] The method may further include flushing a saline solution through the flushing ports.
[0040] At least one blood detector may include a blood inlet opening in fluid communication
with a blood outlet at the proximal end of the dilator.

[0041] The sheath may include a hub at the proximal end of the sheath and the dilator may
include a hub at the proximal end of the dilator, the dilator releasably engaged with the sheath
via a connection between the dilator hub and the sheath hub.

[0042] Further features and aspects of example embodiments of the present invention are
described in more detail below with reference to the appended Figures. Details of the sheath

dilator system, and uses thereof, are described herein, infra.

BRIEF DESCRIPTION OF THE DRAWINGS
[0043] FIG. 1 is a side view of a sheath-dilator assembly tracked over a guide wire, in
accordance with embodiments of the present invention.
[0044] FIG. 2 is a side view of the sheath-dilator of FIG. 1 advanced into an artery.
[0045] FIG. 3 is a side view of the sheath-dilator of FIGS. 1 and 2 advanced further into the
artery.
[0046] FIG. 4 is a side view of the sheath-dilator of FIGS. 1-3 post withdrawal of the dilator
component from the system, in accordance with embodiments of the present invention.
[0047] FIG. 5 shows a schematic of a dilator hub with a blood signal port connected to a
syringe in accordance with embodiments of the present invention.
[0048] FIG. 6 is an isometric view showing a blood inlet hole behind tapered tip of dilator, in

accordance with embodiments of the present invention.
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[0049] FIG. 7 illustrates cross-sectional end views of various dilators having distinct blood
inlet hole configurations in accordance with embodiments of the present invention.

[0050] FIG. 8 is an isometric and front view of a sheath-dilator having an elliptical blood
inlet hole on the tapered section of the dilator portion in accordance with embodiments of the
present invention.

[0051] FIG. 9 is a cross section of a dilator with a multi-lumen configuration in accordance
with embodiments of the present invention.

[0052] FIG. 10 is a side view and a cross sectional view of a multi-lumen dilator having
flushing holes in accordance with embodiments of the present invention.

[0053] FIG. 11 illustrates a sheath-dilator having blood pressure sensors in accordance with
embodiments of the present invention.

[0054] FIG. 12 shows a sheath assembly having sensors connected to a control unit and a
display in accordance with embodiments of the present invention.

[0055] FIG. 13 shows an isometric view of a sheath having embedded sensors in accordance
with embodiments of the present invention.

[0056] FIG 14 illustrates a hub for a dilator in accordance with embodiments of the present
invention.

[0057] FIG 15 illustrates another hub for a sheath-dilator system in accordance with
embodiments of the present invention.

[0058] FIG. 16 shows a sheath dilator system that includes radiopaque markers in
accordance with embodiments of the present invention.

[0059] FIG. 17 shows a sheath dilator system that includes radiopaque markers in

accordance with embodiments of the present invention.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS
1. General Description of Certain Embodiments of the Invention:
[0060] As described herein, the present invention provides a sheath-dilator system (also
referred to herein as a “device”). Such, a device is useful for insertion and removal of fluids and
introduction of medical devices and systems, such as devices and systems used in arterial closure

operations.
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[0061] Embodiments of the present invention are specially adapted to provide an operator
with an indication of the position of the introducer sheath with respect to a vessel. Once the
operator knows the location of the tip of the sheath, the operator may advance the sheath-dilator
assembly into the vessel accurately at fixed distance inside a vessel. Embodiments of the present
invention provide various mechanisms for indicating when the introducer sheath enters a vessel
and for monitoring the penetration depth subsequent to that entry, including in some
embodiments a passive detection system.

[0062] In accordance with embodiments of the present invention, a medical device is
provided that includes a sheath and a dilator. The sheath has a proximal end and a distal end
each of which include an opening. The sheath also includes one or more depth indicators affixed
thereto. The dilator is removably positioned within the sheath and includes a distal tapered end,
a proximal end, and at least one blood detector. The dilator is positioned within the sheath such
that the distal tapered end extends through the opening in the distal end of the sheath and the
proximal end of the dilator extends through the opening in the proximal end of the sheath. At
least a portion of the at least one blood detector on the dilator is adjacent to the distal end of the

sheath.

[0063] Some embodiments of the present invention provide a method of positioning a
medical device that includes a sheath and a dilator. Embodiments of the present invention
according to those methods require inserting a distal tapered end of a dilator releasably engaged
with a sheath having depth indicators thereon into an artery. The dilator includes at least one
blood detector positioned on the distal end of the dilator and extending through an opening in the
distal end of the sheath. The method further requires monitoring the blood detector for a signal
indicating entry of the blood detector into the artery contemporancously with inserting the dilator
into the artery and requires referencing the position of the sheath distal tip with respect to the
artery based on the location of the sheath with respect to the patient upon generation of the signal

indicating entry of the blood detector into the artery.

2. Aspects Embodied by the Figures:

[0064] Other aspects, features and advantages of the presently disclosed sheath-dilator
system will become apparent from the following detailed description taken in conjunction with
the accompanying drawing, which illustrate, by way of example, embodiments of the presently

disclosed systems and methods.
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[0065] Referring now to the drawing figures, wherein like references numerals identify
similar, identical or corresponding elements, embodiments of the presently disclosed sheath-
dilator system are described.

[0066] As demonstrated in FIGS. 1-4 embodiments of the present invention provide a system
for positioning the sheath tip a fixed distance within a blood vessel through a blood signaling
system on the dilator component. The sheath-dilator 100 is inserted through a patient’s skin 114
and the underlying tissue layers to reach a vessel 115 such as a femoral artery. The system may
be inserted specifically such that the angle of insertion is composed of a lateral component that
opposes the direction of flow of the blood within the vessel 115 as demonstrated in FIG. 1. As
further described below, doing so will allow the operator to know the exact position of the sheath
tip in relation to the arteriotomy in the vessel wall, thereby allowing the operator to advance the
sheath tip a specific, required distance, for example 20 mm, inside the artery by referencing
depth indicators 107, which may be graduated markings on the outer surface of the sheath. The
graduated markings on the sheath will be referenced against the skin surface when the initial
blood signal is observed.

[0067] With this reference point fixed, the user will then be able to advance the sheath the
required distance inside the artery by advancing the graduated makings this distance against the
same reference point on the skin surface.

[0068] FIG. 1 provides a side view of the initial stage in the process described above. FIG. 1
demonstrates a cross-sectional side view of vessel 115 and a side view of sheath-dilator 100
entering the patient’s skin 114. The sheath-dilator system 100 is tracked over a guide wire 101
that is left in place once an introducer sheath used for the main interventional procedure is
removed from the femoral artery 115, in accordance with embodiments of the present invention.
The lumen in the dilator through which the guide wire travels fits guide wire 101 at distal tip
portion 104 via a hole (see holes 506, 606, and 806 at the dilator tips shown in Figs. 5, 6, and 8
respectively) such that the dilator freely moves on the wire, yet minimizes blood leakage around
the wire into the lumen through which the wire extends. In accordance with some embodiments,
following removal of the initial introducer sheath and prior to insertion of sheath-dilator 100,
manual pressure is applied to the wound site to minimize blood loss during this sheath exchange.

Subsequently, sheath-dilator 100 is tracked over guide wire 101 and down through the tissue



WO 2012/156819 PCT/1IB2012/001101

tract towards the artery 115. It should be understood however, that the sheath dilator system 100
may be used without sheath exchange in accordance with example embodiments.

[0069] Sheath-dilator 100 includes a dilator 102 removably positioned within sheath 103.
The distal tapered tip 104 of dilator 102 extends through an opening in the distal end 106 of
sheath 103. The dilator assists in the delivery of the introducer sheath by the most atraumatic
means. The dilator includes blood inlet holes 105, which help detect blood flow and hence entry
into artery 115. The blood inlet holes 105 are particularly suitable for blood detection in view of
their location on the tapered section of dilator 102. As discussed herein the blood inlet holes
may be used for the insertion of a contrast agent, the detection of which may also be used to
indicate dilator and sheath location. The sheath contains graduation marks 107, which help
indicate and track the insertion depth of the sheath into the artery once an entry reference point is
established as described above and as further discussed below. The graduation marks 107
indicated and track insertion position accurately when the sheath 103 and the dilator 102 are held
connected to ecach other in a fixed relative position, such that the sheath 103 does not move
relative to the dilator 102 during insertion. The embodiment demonstrated in FIG. 1 also
includes a hub 108 on the proximal end of sheath 103. Hub 108 includes an opening through
which dilator 102 is inserted. Dilator 102 also includes hub 109 at the proximal end of dilator
102. Hub 109 is releasably engageable with hub 108 in accordance with various embodiments of
the present invention. The releasable engagement may be achieved through various mechanisms
such as a twist and lock system, external latches, threaded engagement, or other connection
systems. This embodiment also demonstrates blood outlet opening 110 located on hub 109.
Blood outlet 110 signals blood flow emanating from entry of blood into inlet 105 after inlet 105
passes into the interior region of femoral artery 115.

[0070] The embodiment of the present invention depicted in FIG. 1 further depicts a port
111 located on hub 108. Tube 112 connects port 110 to luer connector 113. Luer connector 113
provides two connection sites 116. The luer connector further includes a valve 117 for
controlling flow between systems connected at the connection sites 116 to port 110 through tube
112 and connector 113. Accordingly, connector 113 provides various insertion and extraction
fluid channels.

[0071] FIG. 2 provides a side view of the sheath-dilator of FIG. 1 advanced into femoral
artery 115 and advanced further along guide wire 101. As demonstrated in FIG. 2, an operator
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advance the distal tapered tip of the dilator through the arteriotomy in artery 115 until the blood
inlet holes 105 are inside of the artery. The operator is apprised of the entry of blood inlet holes
105 into the artery because entry of the holes in the artery initiates an arterial pulsatile flow of
blood through the inlet holes 105 into one or more channels within the dilator and out of blood
outlet 110. Blood 201 flowing out of outlet 110 confirms entry of the inlet holes 105 into artery
115. Furthermore, because the blood inlet holes are adjacent to the distal tip 105 of sheath 103,
the blood indicator signals the entry of the sheath into the artery. Once the operator knows that
the sheath has entered or is substantially at the point of entry into the artery 115, the operator
may reference a specific mark 107 on the sheath 103 adjacent to the patient’s skin 114.
Accordingly, the blood flow effectively calibrates the indicators 107.

[0072] As shown in FIG. 3 the operator may continue advancing the sheath dilator 100 down
the guide wire and further into the artery and the depth of penetration will be indicated by the
displacement of the sheath from the referenced entry indicating mark 107 to any subsequent
indicator 107.

[0073] FIG. 4 is a side view of the sheath 103 shown in FIGS. 1-3 post withdrawal of the
dilator component 102 from the sheath-dilator system 100, in accordance with embodiments of
the present invention. After sheath 103 is correctly positioned within artery 115 (i.e. at the
required depth for any subsequent procedures), the dilator may be disengaged from the sheath
hub 108 and removed from the patient and sheath 103. As such, another device, such as a
closure device, or another endovascular device, may be tracked down the sheath. The sheath hub
108 and body of the closure device are engageable in accordance with embodiments of the
present invention. In some embodiments, the sheath hub may connect to a closure device via a
snap fit feature. In other embodiments, the sheath hub may include a slide and rotate channel for
engaging the closure device. Such a channel may be the same channel used to engage the dilator
hub. Once the sheath hub is engaged with a closure device the whole assembly may be retracted
using the calibrated sheath depth indicators 107 to locate an implant deployable by the closure
device against the inner wall of the arteriotomy. The closure device may then be cycled to secure
the implant to the wall of the artery, thereby affecting an immediate seal. The closure device
sheath assembly may then be removed from the tissue tract. A closure device as provided in any
of US. Patent Application Nos. 11/413,636, filed April 28, 2006 and issued July 23, 2010 as US
Pat. No. 7,753,935, 12/637,948, filed December 15, 2009, 12/749,729, filed March 30, 2010,

10
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12/139,926, filed June 16, 2008, and 12/982,852, filed December 30, 2010, and U.S. Provisional
Patent Application Serial No. 61/605,093, filed February 29, 2012, all of which are hereby
incorporated by reference herein in their entireties, may be provided, as well as other closure
devices or other medical devices.

[0074] FIG. 5 shows a schematic of a dilator hub with a blood signal port connected to a
syringe in accordance with embodiments of the present invention. Dilator 503, like dilator 103
in FIGS. 1-3 may be engageable with a sheath to form a sheath dilator system according to
embodiments of the present invention. Dilator 503 includes blood inlet holes 505, which provide
a blood signal indicating entry into an artery. Dilator 503 also includes an opening 506 at the
distal tip of the dilator 503. Opening 505 may be in fluid communication with opening 510 in
hub 509 attached to the proximal end of dilator 503. Opening 510 may include a tube 501 that
includes a connector 511, such as a luer connector. Connection 511 may releasably connect to a
device such as syringe 502, which may be used to inject fluid 507 into an artery through opening
506 and/or 505 or may conversely be used to controllably extract blood from the artery.
Additionally, the connector may be used to connect the dilator 503 with a syringe 502 containing
saline, which may be used to flush the dilator lumen out and clear the dilator lumen(s) of any
remaining air, and ensure that all ports are open. This avoids potential to introduce air emboli
into the blood.

[0075] FIG. 6 is an isometric view of a sheath blood dilator in accordance with embodiments
of the present invention. The dilator includes an opening 606 for tracking the dilator down a
guide wire. The dilator also includes a blood inlet hole 605 behind the tapered tip 604 of dilator
602 in accordance with embodiments of the present invention. In this embodiment the blood in-
let hole 605s are located on the O.D. of the dilator. The blood inlet hole in accordance with this
embodiment is located immediately distal to the distal tip of sheath 603. These holes are in
communication through the dilator tube, via at least a single lumen, or a multi lumen tube, with
at least one hole the proximal hub of the dilator. The communication allows fluids, such as blood
in the case of penetration into an artery through an arteriotomy, to flow. The holes when used in
an endovascular procedure, will allow the user to know when the holes enter the artery, as the
holes will provide a conduit for the arterial blood to flow through the dilator tube and exit the
port on the proximal dilator hub. Given the relationship of the introducer sheath, which is

operably connected to the dilator and hub, the user will have a means of knowing the location of

11
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the introducer sheath tip relative the arteriotomy as described above. Accordingly, indicators
607 may be appropriately referenced based on their location with respect to the user’s skin. The
inlet holes may be provided through a variety of methods according to embodiments of the
present invention, including punching the holes into a dilator extrusion during a secondary
manufacturing operation. The dilator may include variants of the location, size and shape of the
blood inlet holes in accordance with various embodiments of the invention, one of which is
provided in FIG. 7.

[0076] FIG. 7 illustrates cross-sectional end views of various dilators having distinct blood
inlet hole configurations in accordance with embodiments of the present invention. Some
embodiments of the present invention incorporate one of the following: two holes 704 and 705
in a dilator 701 at 180 degrees to each other; three holes 706, 707, and 708 in dilator 702 at 120
degrees to each other; or four holes 709, 710, 711, and 712 in dilator 703 at 90 degrees to each
other. The dilator may require more than one blood inlet hole to mitigate against the risk of this
hole becoming inadvertently blocked e.g. manual digital pressure on the wound site might block
or occlude a hole. With any of these single lumen options, the blood signalling lumen also
accommodates the guide wire.

[0077] FIG. 8 is an isometric and front view of a sheath-dilator having an oval or elliptical
blood inlet hole on the tapered section of the dilator portion in accordance with embodiments of
the present invention. In accordance with this embodiment, blood inlet holes 805 are located
along the tapered section 804 of dilator 802. The dilator extends through sheath 603 having
depth indicators 607 located thercon. Some benefits of such embodiments include the fact that
the blood entry holes 805 are in line with the direction of the arterial blood flow, which may
increase the potential for a stronger blood signal. Having these entry ports 805 elliptical (or
other suitable shape) allows the opening to be kept low in profile, as shown in the front on view
of Fig. 8, as compared to, ¢.g., a circular port. This is advantageous because it reduces the length
of skive in front of the opening 805, shown in the isometric view of Fig. 8. Reducing this skive
length reduces the potential of bleeding into the perivascular space during insertion. This
bleeding occurs when the skive is both intra- and extra —arterial during insertion. Additionally,
such an embodiment allows the blood signal lumens to be independent of the guide wire lumen
806. In accordance with some embodiment of the present invention, a single lumen in the dilator

tube may provide passageways to both the guide wire and fluid simultancously. In such
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embodiments, the inlet holes may be formed, for example, as part of an RF tipping process for
the forming the tapered tip. If the dilator is tracked into an artery which has an I.D. very close to
or the same as the dilator O.D, then having the blood inlet lumen on the tapered section lowers
the risk of the blood inlet hole being blocked or obstructed by the wall of the artery. Although
the entry holes are oval or elliptical, it should be understood that other advantageous cross-
sectional geometries, for example, crescent-shaped entry holes

[0078] FIG. 9 is a cross section of a dilator with a multi-lumen configuration in accordance
with embodiments of the present invention. The dilator 902 according to this embodiment
includes a lumen 901 for tracking dilator 902 down a guide wire. The dilator also includes two
blood signal lumens 903 for transporting blood from an artery to a proximal end of the dilator.
As demonstrated the lumen for any of such features, may have geometries other than purely
circular geometries. Such lumen may have an oval/elliptical shape, a crescent-shape, or any
other, e.g., irregular, shapes in accordance with various embodiments of the present invention.
[0079] FIG. 10 is a side view and a cross-sectional view of a multi-lumen dilator having
flushing holes in accordance with embodiments of the present invention. The dilator 1001
includes a plurality of openings 1004 in the tapered section of the dilator. In addition, the multi
lumen dilator may incorporate additional flushing holes 1003 in addition to the blood entry
holes. These flushing holes may be used to flush saline or contrast media down through the
dilator independent of the blood lumens. Accordingly, the holes may be used as flushing
conduits for saline and contract and/ or as blood signal holes. Moreover, openings 1004 may be
dedicated blood inlet/detection ports separate and independent of holes 1003 configured as
flushing ports.

[0080] FIG. 11 illustrates a sheath-dilator having blood pressure sensors in accordance with
embodiments of the present invention. Another option for accurately positioning the sheath tip
would be to incorporate an active blood detector such as one or more sensors 1101 into the wall
of the dilator component. The sensors may include, but are not limited to, blood pressure
sensors, tissue type sensors, and flow sensors in accordance with embodiments of the present
invention. The sensor may include other types of sensors capable of detecting blood flow. The
sensor(s) 1101 may be connected to a control unit 1103 via a micro electrical wire or fiber-optic
cable, which would travel back up through the 1.D. of dilator 1106 and would interface with the
control unit 1103 and a display unit 1102. Sensor(s) 1101 detect changes associated with the
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increase in pressure or flow due to penetration of the dilator tip into the lumen of the femoral
artery as the sheath dilator system travels down guide wire 1107 into such an artery. As noted
above, the dilator may incorporate one or more sensors and the sensors may be arranged in a
linear arrangement extending longitudinally along the dilator or the sensors may be arranged in a
configuration laterally traversing dilator 1106. In some embodiments, a distal sensor is
positioned on the dilator to indicate when it enters into the blood stream and another sensor is
positioned immediately adjacent to the distal tip of the sheath. When the sensor adjacent to the
distal tip of the sheath enters the blood stream, the change detected by the sensor indicates to the
operator that the sheath tip is positioned at the arteriotomy puncture site. Such an active system
may be provided with embodiments of the sheath dilator system that also include engageable
hubs 1105 and 1108, port 1109, tube 1110, and connector 1111, similar to those described with
previous embodiments of the present invention.

[0081] FIG. 12 shows a sheath assembly having sensors connected to a control unit and a
display in accordance with embodiments of the present invention. In this embodiment, the
sheath 1104 includes sensors 1201 located thereon. Sensors 1201 provide alternative depth
indicators to the passive graduation marks demonstrated in earlier embodiments. The sensors
may be connected to control unit 1103 and display unit 1102 via a micro electrical wire or a fiber
optic cable and may operate in concert with the sensors located on the dilator, such sensors 1201
are automatically activated by the detection of blood flow via the sensors on the sheath. Sensors
1201 may also be calibrated with respect to one another such that the distance between the
sensors is known and such that the changes associated with penetrating the skin of the patient,
such as pressure changes may be referenced with respect to other sensors to indicate the depth of
penetration since entry into an artery via an arteriotomy by the sheath. Such sensors may
continue to provide output after the dilator is removed and a device, such as a closure device is
attached to the sheath. When a closure device is attached to the sheath sensors 1201 may provide
feedback in connection with positioning the closure device accurate with respect to the
arteriotomy of the vessel in order to deploy the closure device at the optimal location.

[0082] FIG. 13 shows an isometric view of a sheath having embedded sensors as
demonstrated in FIG. 12 in accordance with embodiments of the present invention. The sensors
may be provided in an integral fashion with respect to sheath 1104 such that they maintain the

normal outer diameter of the sheath. Sensors 1201 may be electrically connected to one another
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via connection 1301. As noted above, the sensors may include, but are not limited to, pressure
sensors and flow sensors. The sensors may be embedded into the wall of the sheath during the
extrusion process. The sensors may be provided as an alternative to or in conjunction with the
graduation marks disclosed in various embodiments of the invention.

[0083] FIG 14 illustrates a hub for a dilator in accordance with embodiments of the present
invention. Extension 1403 is representative of a dilator used in accordance with embodiments of
the present invention. Hub 1408 is connected to at least one of the dilator 1403 extending
therefrom. Hub 1408 facilitates fluid communication between the extension 1403 and any fluid
source or reservoir (not shown) maintained at the luer connection site 1416. In the absence of
such a source or reservoir, connection site 1416 may be capped by cap 1419 to prevent
contamination. In the presence of such a source or reservoir, fluid may be added or removed
from the dilator or sheath by traveling from the connection site 1416, down tube 1412, into port
1411, and through elbow 1418 at the top of hub 1408. The hub, port, tube, and connection site
may all be composed of plastic in accordance with various embodiments of the present
invention. The hub, elbow, and port may be manufactured using a molding process such as an
injection molding process.

[0084] FIG 15 illustrates another hub for a sheath-dilator system in accordance with
embodiments of the present invention. The hub illustrated in FIG. 15 is a multi-part hub with
multiple input/output fluid channels. In accordance with embodiments of the present invention,
a lower hub portion 1508 may be adjacent to sheath 1503. Hub 1508 may provide a fluid
communication path between a source or reservoir (not shown) via tube 1512 and connector
1517. Connector 1517 may be a multi-way connector such that 2, 3, or more sources or
reservoirs may be brought into fluid communications with sheath 1503. The depicted connector
1517 allows two sources to be connected at sites 1516, one of which is capped via cap 1519 in
the illustrated embodiment. Connector 1517 also includes a valve controlled by valve stem
1520, the rotary motion of which allows or prevents any source or reservoir maintained at either
of the connections sites from being in fluid communication with tube 1512 and hence hub 1508
and sheath 1503. Upper hub portion 1509 may provide a distinct fluid communication path via
elbow 1518 and tube 1522. As demonstrated in FIG. 15, tube 1522 (and similarly tube 1512)
may include a single-way connector such as connector 1526. The connector may include a cap

1529 when no source or reservoir is present. The connector 1526 may be a luer type connector.
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Each of the connectors 1517 and 1526 and their respective tubes 1512 an 1522 may allow
outward bound fluid communication (i.e. blood or other bodily fluids flowing from sheath 1503
to the connector to achieve a blood signal indicator) or inward bound communication (i.e. fluid
such as a contrast media or saline flowing from the connector towards the sheath) in accordance
with embodiments of the present invention. The upper hub 1509 may provide fluid
communication between a reservoir and the dilator, while the lower hub 1508 may provide fluid
communication between a source and the sheath or vice versa in accordance with embodiments
of the present inventions. Accordingly, one hub may be used solely for outbound flow,
particularly flow associated with indicating entry into a vessel by outward flow of blood through
the dilator, while the other hub may be used solely for inbound flow of contrast media, saline
solution, or other fluids being introduced into a patient. Alternatively, in some embodiments,
both hubs may facilitate bi-direction fluid communication. The hubs may also be engaged such
that connection tubes 1512 and 1522 extend in the same direction or in distinct directions in
accordance with various embodiments of the present invention. Hubs 1508 and 1509 may be
rotatably connected in accordance with embodiments of the present invention to facilitate
positioning the respective connection tubes as desired.

[0085] FIG. 16 shows a sheath dilator system that includes radiopaque markers in
accordance with embodiments of the present invention. Dilator 1602 may include one or more
radiopaque markers in accordance with embodiments of the present invention. The markers may
be positioned at specified distances from the tapered tip 1604 of the dilator or from specified
distances from the blood inlet hole(s) 1605 on the tapered tip of the dilator. The markers 1600
and 1601 may be positioned concentrically on dilator 1602 and within sheath 1603. The markers
may be flush with the dilator in accordance with embodiments of the present invention. The
markers function is to provide visual indicators to an operator of the location of the dilator and
the sheath. The markers, which may have a width of 3mm, may provide distinct location
identifiers. For example, the first marker 1600 may be positioned adjacent to or just short of the
distal tip of sheath 1603 and accordingly, provides a visual indicator of the location of the distal
tip of the sheath to an operator. The second marker 1601 may indicate the position of the dilator
relative to the sheath distal tip. Once the proximal radiopaque marker 1601 is positioned within
the arteriotomy, an operator may be apprised of the distal tip of the sheath being positioned in the

artery lumen and a closure device may subsequently be introduced into the artery lumen based
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on this position indicative information. Marker bands may be manufactured from a
platinum/iridium metal marker band which is swaged onto the circumference of the dilator.
[0086] FIG. 17 shows another sheath dilator system that includes radiopaque markers in
accordance with embodiments of the present invention. Dilator 1702 may include one or more
radiopaque markers 1700 in accordance with embodiments of the present invention. The
markers may have a variety of geometric shapes, such as a square, circle, or other shapes
forming a point in contrast to the band markers shown in FIG. 16. The markers may be
positioned at specified distances from the tapered tip 1704 of the dilator or from specified
distances from the blood inlet hole(s) 1705 on the tapered tip of the dilator. The markers may be
flush with the dilator in accordance with embodiments of the present invention. The markers
function is to provide visual indicators to an operator of the location of the dilator and the sheath,
similar to the function of markers 1600 and 1601 of FIG. 16. Marker 1700 may also be
manufactured from a platinum/iridium metal marker band which is swaged onto the
circumference of the dilator.

[0087] The above described embodiments of the present invention provide solely exemplary
embodiments. Moreover, the features of the particular examples and embodiments described
herein may be used in any combination. Those of ordinary skill in the art will appreciate that the
present invention includes variations and modifications of the disclosed examples and
embodiments are within the scope of the present invention and may be captured by any claims

provided herein or added hereto.
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WHAT IS CLAIMED IS:

1. A medical device comprising:

a sheath having a proximal end and a distal end, the sheath having an opening at both the
proximal end and the distal end; and

a removable dilator having a distal end and a proximal end, the dilator having at least one
blood detector disposed on a tapered portion of the distal end of the dilator, the dilator
positionable within the sheath such that the tapered portion of the distal end of the dilator extends
through the opening in the distal end of the sheath, the proximal end of the dilator extends
through the opening in the proximal end of the sheath, and at least a portion of the at least one

blood detector is adjacent to the distal end of the sheath.

2. A medical device according to claim 1, wherein the dilator includes a blood inlet
opening disposed on the tapered portion, the blood inlet opening having an elliptical cross-

section when viewed along a longitudinal axis of the dilator.

3. A medical device according to claim 1, wherein the dilator includes a blood inlet
opening disposed on the tapered portion, the blood inlet opening having a crescent-shaped cross-

section when viewed along a longitudinal axis of the dilator.

4. A medical device according to claim 1, wherein the sheath further comprises one or

more depth indicators affixed thereto.
5. A medical device according to claim 1, wherein the at least one blood detector includes
a blood inlet opening in fluid communication with a blood outlet at the proximal end of the

dilator.

6. A medical device according to claim 1, wherein the at least one blood detector is a

pressure SEnsor.
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7. A medical device according to claim 1, wherein the at least one blood detector is a

flow sensor.

8. A medical device according to claim 1, wherein the at least one blood detector is a

tissue type sensor.

9. A medical device according to claim 1, wherein the sheath further comprises a hub at
the proximal end of the sheath and the dilator comprises a hub at the proximal end of the dilator,

the sheath hub releasably engaged with the dilator hub.

10. A medical device according to claim 9, wherein the blood outlet is in the dilator hub.

11. A medical device according to claim 1, wherein the dilator further comprises at least
one opening at the distal tapered end, the at least one opening in fluid communication with one
or more lumens within the dilator, the one or more lumens in fluid communication with a port in
the dilator hub, whereby liquid is transferable between the opening in the distal tapered end of
the dilator and the port in the dilator hub.

12. A medical device according to claim 6, wherein the at least one sensor is connected to

a control system and a display unit.

13. A medical device according to claim 1, wherein the depth indicators include

graduation marks.
14. A medical device according to claim 9, further comprising a luer connector extending
from the port in the dilator hub, the luer connector creating a fluid pathway between the port and

at least one of a 2 and 3 way tap.

15. A medical device according to claim 1, wherein the dilator includes an internal lumen

extending the entire length of the dilator and adapted for tracking over a guide wire.
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16. A medical device according to claim 1, wherein the transition between the distal end

of the sheath and the dilator is substantially smooth.

17. A medical device according to claim 9, wherein the sheath hub includes an interface

connectable to an endovascular device.

18. A medical device according to claim 17 wherein the endovascular device is a closure

device.

19. A medical device according to claim 1, further comprising at least one sensor on the

outer surface of the sheath.

20. A medical device according to claim 1, further comprising a linear array of sensors

located along the outer surface of the sheath.

21. A medical device according to claim 20, wherein the linear array of sensors is an

array of tissue type sensors.

22. A medical device according to claim 19, wherein the at least one sensor is a pressure

S€Nsor.

23. A medical device according to claim 1, further comprising one or more radiopaque

markers positioned on the dilator.

24. A medical device comprising:

a sheath having a proximal end and a distal end, the sheath having an opening at both the
proximal end and the distal end; and

a removable dilator having a distal end and a proximal end, the dilator being positionable
within the sheath such that the tapered portion of the distal end of the dilator extends through the
opening in the distal end of the sheath, the proximal end of the dilator extends through the

opening in the proximal end of the sheath, wherein the dilator further includes
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a plurality of flushing ports disposed adjacent the distal end of the sheath when
the dilator is positioned within the sheath, and

a plurality of detector ports, separate from the flushing ports, being disposed on a
tapered portion of the distal end of the dilator.

25. The medical device according to claim 24, wherein at least one of the detector ports

has an elliptical cross-section when viewed along a longitudinal axis of the dilator.

26. The medical device according to claim 24, wherein at least one of the detector ports

has a crescent-shaped cross-section when viewed along a longitudinal axis of the dilator.

27. A method of positioning a medical device, comprising:

inserting a distal end of a dilator releasably engaged with a sheath having depth indicators
thereon into an artery, the dilator including at least one blood detector positioned on a tapered
portion of the distal end of the dilator, the distal end of the dilator extending through an opening
in the distal end of the sheath,;

monitoring the blood detector for a signal indicating entry of the blood detector into the
artery contemporancously with inserting the dilator into the artery; and

referencing the position of the sheath with respect to the artery based on the location of
the sheath with respect to the patient upon generation of the signal indicating entry of the blood
detector into the artery.

28. A method according to claim 27, wherein the blood detector includes a blood inlet
opening disposed on the tapered portion, the blood inlet opening having an elliptical cross-

section when viewed along a longitudinal axis of the dilator.
29. A method according to claim 27, wherein the blood detector includes a blood inlet

opening disposed on the tapered portion, the blood inlet opening having a crescent-shaped cross-

section when viewed along a longitudinal axis of the dilator.
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30. A method according to claim 27, wherein the at least one blood detector is a blood

inlet opening in fluid communication with a blood outlet at the proximal end of the dilator.

31. A method according to claim 27, wherein the sheath further comprises a hub at the
proximal end of the sheath and the dilator comprises a hub at the proximal end of the dilator, the
dilator releasably engaged with the sheath via a connection between the dilator hub and the

sheath hub.

32. A method of positioning a medical device comprising:
inserting a distal end of a dilator releasably engaged with a sheath having depth
indicators thereon into an artery, the dilator including at least one blood detector positioned on
the distal end of the dilator, the distal end of the dilator extending through an opening in the
distal end of the sheath, wherein the dilator further includes
a plurality of flushing ports disposed adjacent the distal end of the sheath when
the dilator is engaged with the sheath, and
a plurality of detector ports, separate from the flushing ports, being disposed on a
tapered portion of the distal end of the dilator;
monitoring the blood detector for a signal indicating entry of the blood detector into the
artery contemporancously with inserting the dilator into the artery; and
referencing the position of the sheath with respect to the artery based on the location of
the sheath with respect to the patient upon generation of the signal indicating entry of the blood
detector into the artery.

33. A method according to claim 32, wherein at least one of the detector ports includes a
blood inlet opening disposed on the tapered portion, the blood inlet opening having an elliptical

cross-section when viewed along a longitudinal axis of the dilator.
34. A method according to claim 32, wherein at least one of the blood detectors includes

a blood inlet opening disposed on the tapered portion, the blood inlet opening having a crescent-

shaped cross-section when viewed along a longitudinal axis of the dilator.
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35. A method according to claim 32, further comprising flushing a saline solution

through the flushing ports.

36. A method according to claim 32, wherein the at least one blood detector is a blood

inlet opening in fluid communication with a blood outlet at the proximal end of the dilator.

37. A method according to claim 32, wherein the sheath further comprises a hub at the
proximal end of the sheath and the dilator comprises a hub at the proximal end of the dilator, the

dilator releasably engaged with the sheath via a connection between the dilator hub and the
sheath hub.
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