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FIG. 1

(57) Abstract: A sheath assembly for the insertion of a percutaneous pump includes a tubular sheath body dimensioned for insertion
into a blood vessel through a vessel aperture. The tubular sheath body includes a wall having a proximal end portion, a distal end
portion, a longitudinal axis, an outer surface, an inner surface defining a first lumen substantially parallel to the longitudinal axis,
and a second lumen disposed within the wall between the inner surface and the outer surface and extending from the proximal end
portion to the distal end portion. The first lumen is dimensioned to allow passage of a portion of the percutaneous pump, and the
second lumen is dimensioned for passage of a guidewire. A stylet is removably positioned to substantially occlude the second lumen.

The stylet has a proximal end releasably secured to the sheath assembly.
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Dual Lumen Sheath for Arterial Access

{Cross Reference to Related Apphcations

16001} This application claims the benefit of U.S. Patent Application No. 14/827.741, filed

on August 17, 2013, which is hercby incorporated herein by reference in its entirety.

Backsround

10602] A blood pump, such as a percutancous intracardiac blood pump assembly, is
introduced in the heart to deliver blood from the heart into an artery. When deploved in the
heart, a blood pump assembly pulls blood from the left ventnicle of the heart and expels blood
into the aorta, or pulls blood from the right ventricle and expels blood mto the pulmonary
artery. Blood pump assemblies are introduced surgically or percutancously duning a cardiac
procedure through the vascular syvstem. In one common approach, pump assemblies are
inserted by a catheterization procedure through the femoral artery asing a peel-away
introducer sheath,

{6603} The peel-away introducer sheath is inserted into the femoral artery through an
arteriotomy to create an inserfion path for the pump assembly. A portion of the pump
assembly is then advanced through an inner lamen of the introducer and into the artery. Once
the pump assembly has been inserted, the peel-away mtroducer sheath can be pesled away.

A repositioning sheath can then be advanced over the pumap assembly and into the
arteriotomy. Replacing the introducer sheath with the repositioning sheath can prevent blood
clot formation 1 the introducer sheath, prevent or reduce bleeding from the arterictomy, and
allow blood to flow through the fomoral artery to the leg. But after the introducer sheath is
removed, wire access to the artery 1s lost. Loss of the guidewire access makes 1t more
difficult to close the vessel after the procedure or to exchange devices m the arteriotomy.
[6804] To maintain gwidewire access, some physicians leave the peel-away ntroducer
sheath in the arteriotomy for extended durations of time. The extended presence of the peel-
away sheath m the arteriotomy can reduce recoil of the arteriotomy and thus increase the final

diameter of the arteriotomy. This merease in diameter can increase the risk of bleeding
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through the arteriotomy once the peel-away introducer sheath is finally removed.
Furthermore, the extended presence of the peel-away sheath in the artery can reduce
perfusion through the femoral artery, therehby increasing the risk of ischemia.

[B805] Additionally, clinicians sometimes choose to monitor a patient’s arterial pressure
during the catheterization procedure. Measurement of the patient’s arterial pressure often
requires the placement of an additional catheter. The presence of the additional catheter can
add bulk to the operating arca and requires entry nto the arterial system via another access

point.

Summary

10686] Systems, methods, and devices for an tmproved dual lumen repositioning sheath are
presented. The dual tumen sheath can be inserted into an arteriotomy after an introducer
sheath 1s removed to maintain gudewire access to the arteriotory. The dual lumen sheath
includes a first himen sized for passage of a portion of a percutanecus pump and a second
tumen sized for the insertion of a guidewire. The second lumen receives a guidewire to be
inserted into the arteriotomy alongside a percutancous pump to maintain guidewire access to
the msertion path of the percatancous pump. By maintaining guidewire access using the
second lumen of the dual lumen sheath. the introducer sheath can be removed from a patient
without losing the guidewire access. This allows the physician to remove the introducer
sheath cartier in a procedure {e.g., 1 hour, 30 minutes, 10 minutes, 5 nunutes, or immediately
after saccessful insertion of the percutaneous pump}, which allows the blood vessel aperture
to recoil 1o a smaller diameter compared to the diameter it would assume if the introducer
sheath were left in the patient for longer. For example, a recoil of 2 10 3 French (0.667 mm 1o
1 mm) may be achieved if the introducer sheath is removed before the blood vessel aperture
permanently relaxes to the larger diameter of the introducer sheath.

{6607 The dual lumen sheath also includes a removable stylet that is inserted into the
second lumen to reduce the risk of blood clot formation n the second lumen during the
medical procedore. Maintaining the patency of the second lomen is particularly helpfol in
procedures having a longer duration {¢.g., six hours or longer). The removable stylet may be
reversibly coupled to the dual lumen sheath during msertion of the dual lumen sheath into the
arteriotomy and during the medical procedure. Before the percutansous pump s removed,
the stylet is removed from the second lumen to allow insertion of the guidewire through the

second lumen. In some implementations, the patency of the guidewire port is maintained
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using a drug or nondrug coating applied to the second lumen. In certain implementations, the
second tumen is flushed with a liguid at a controlied rate to maintain patency.

[6608] In some embodiments, the dual lumen sheath also includes a rotatable connection to
a stabilizing structure (¢.g.. suture pads). The rotatable connection allows the outlet of the
second lumen at the distal end of the sheath to be rotated away from an artertal wall, Thig
can facilitate the insertion of the guidewire by allowing the guidewire to be inserted in a
direction not directly against the arterial wall, thereby reducing the friction associated with
msertion of the guidewire. Additionally, the rotation allows the port for the second lumen to
lic flat against the patient when the second lumen is not in use.

[6609] The second lumen provides a number of possible other advantages. For example, it
also allows arterial pressure to be transduced without the need for an additional catheter.
Transducing the pressure can allow a physician to determine when the dual humen sheath has
been ingerted to a sufficient depth. If the second humen is used to transduce pressure, the
rotation of the guidewire outlet enabled by the rotatable connection to the stahilizing structure
can improve the reliability of the pressure measurement by keeping the outlet of the second
humen off of the arterial wall. Additionally, the second lumen can be used to determing the
depth of insertion without a pressure transducer. For example, the depth of insertion can be
determined bv observing the onset of blood tlow through the second lumen (“bleedback™),
which 13 indicative of penetration into the arteriotomy. Regardless of whether a pressure
transducer or a bleedback indicator is used, depth markings can be disposed on an outer
surface of the sheath to facilitate measurement of the depth of msertion. The depth markings
may be radic-opaque. The measurement of the depth of the artertotomy relative to the
patient’s skin can facilitate the subsequent use of certain vessel closure tools which may
require such a measurcrment.

[B816] In one aspect, a sheath assembly for the msertion of a percutancous pump includes a
tabular sheath body dimensioned for insertion mto a blood vessel through a vessel aperture.
The tubular sheath body includes a wall having a proximal end portion, a distal end portion, a
longitudmal axis, an outer surface, an inner surface defining a first lumen substantially
parallel to the longitudinal axis, and a second lumen disposed within the wall between the
nmer surface and the outer surface and extending from the proxamal end portion to the distal
end portion. The first lumen is dimensioned to allow passage of a portion of the
percutancous pump, and the second tumen is dimensioned for passage of a guidewire. A

stylet is removably positioned to substantially occlude the second lumen.
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{0811} In certain implementations, the stylet has a proximal end configured to be releasably
secured to the sheath assembly. In some implementations, the length of the stylet is
substantially equal to the length of the sccond lwmen. In certain mplementations, the stylet is

radio-opaque or includes radio-opague marker bands to show the distance of the sheath in the

(]

blood vessel. In certain implementations, the sheath assembly also inclhudes a hub coupled to
the proximal end portion of the sheath body and including a first port in fluid communication
with the first lumen, and a sccond port in thuid communication with the sccond lumen,
wherein the second port is configured to secure the proximal end of the stylet. The sheath
body may be dimensioned to be mtroduced through a percutancous access site of about 20 Fr
10 (6.6Tmum)orless (cg., 19 Fr, 18 Fr, 17 Fr, 16 Fr, 15 Fr, 14 Fr. 13 Fr, 12 Fr, 10 Fr, 9 Fr, 8 Fr,
6 br, or less).
[B812] In some implementations, the distal end portion of the sheath body is tapered and
includes a tapered surface extending to a distal end face, the distal end face beoing
substantially orthogonal to the longitudinal axis of the sheath body. In certain
15 mplementations, the second lumen has an outlet extending through the tapered surface of the
distal ¢nd portion of the sheath body. The second lumen may be coated with an
antithrontbogenic agent. In some mplementations, the outer surface of the wall of the
tubular sheath body imcludes a hydrophilic coating or any other suitable coating 1o prevent
tissue adhesion. In some implementations the outer surface of the wall of the tubuolar sheath
20 body includes a hydrophilic coating or anv other suitable coating to reduce frictional forces
during insertion/removal of the sheath into the vasculature. In somc implementations the
outer surface of the wall of the tubular sheath body inchides an antimicrobial coating or any
other suitable coating to prevent or reduce infection nisk. Additionally, in some
tmplementations the inner surface of the two lumens mcludes an antimicrobial coating or any
25 other suitable coating to prevent or reduce mfection risk. In certain implementations, the
outer surface of the wall inclodes markings for determining a depth of msertion, for example
with evenly spaced markings on the outer surface of the wall.
16013]  In cortain implementations, the sheath asserably of claim also ncludes a stabilizing
structure rotatably coupled to the tubular sheath body. The stabilizing structure may be
30 rotatable about the longitudinal axis. In some implementations, the stabilizing structure
includes a feature configured for suturing 1o a patient. The stabilizing structure may include a
pair of suture wings, cach wing having a plurality ot ribs for securing sutures.
[3614] In another aspect, a method for mamtaining guidewire access includes inserting a

sheath into a blood vessel through a percutaneous insertion path and along a porticn of a
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percutancouns pump, wherein the sheath has a first lumen and a second himen, maintaiming the
sheath in the vessel for more than 6 hours while preventing blood clot formation from
occluding the second lumen, and mserting a guidewire through the second lamen into the
percutancous insertion path atier the more than 6 hours.

[3615] In some implementations, maintaining the patency includes inserting a stylet into the
second lumen for more than 6 hours, and removing the stylet before mserting the guidewire.
In certain implomentations, mamtaining the patency includes flushing the sccond lumen with
purge fluid. In some implementations, the method the method also includes removing the
sheath while maintaining the guidewire 1 the percutancous insertion path. In certain
implementations, the method also mncludes inserting a percutancous tool over the guidewire
nto the percutancous insertion path after the sheath 1s removed. In some implementations,
the method also mchides coupling a sensor to the proximal inlet of the second humen and
transducing arterial pressure at the distal outlet of the second lumen using the sensor. In
certam implemendations, the method also includes rotating the sheath relative to a support
structure when the pressure measurement mndicates that the distal outlet 1s occluded by an
arterial wall. In some implementations, the method alsc meludes determining a depth of
nsertion from the pressure measurement. The depth of insertion may be determined using
depth markers disposed on an outer surface of the sheath.

[3816] Vartations and modifications will osccur to those of skill in the art after reviewing
this disclosure. The disclosed features may be implemented, in any combination and
subcombination (including multiple dependent combinations and subcombinations), with one
or more other features described herein. The vanous features described or illustrated above,
including anv components thereof, may be combined or integrated in other systems.

Moreover, certain features may be omitted or not implemented.

Brief Description of the Drawings

[6617] The foregoing and other objects and advantages will be apparent upon consideration
of the following detailed description, taken in conjpunction with the accompanying drawings,
in which like reference characters refer to like parts throughout, and in which:

[6618] FIG. 1 shows a top view of an illustrative dual lumen sheath for arterial access;
[3618] FIG. 2 shows a lateral section view of the dual lumen sheath of FIG. 1

10620] FIG. 3 shows atransverse cross section of the distal portion of the dual himen sheath
of FIG 1
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(0621} FIG. 4 shows adetaled section view of a distal portion of the dual lumen sheath of
FiG. 1;

[6622] FIG. 5 shows the dual lumen sheath of FIG. 1 inserted into a blood vessel of a
paticnt over a percutaneous pump; and

[3623] FIG. 6 shows an illastrative process for maintaining guidewire access.

Detailed Description

[6624] To provide an overall understanding of the systems, method, and devices described
herein, certain ilustrative embodiments will be described. Although the embodiments and
features described herein are specifically described for use n connection with a percutaneous
blood pump system, it will be understood that all the components and other features outlined
helow may be combined with one another in any suitable manner and may be adapted and
applied to other types of cardiac therapy and cardiac assist devices, including balloon pumps,
cardiac assist devices implanted using a surgical incision, and the like.

[6625] The systems, methods, and devices described herein provide a dual lumen sheath
having a first lumen sized for passage of a portion of a percutancous pump and a second
tamen sized for insertion of a guidewire. The second lumen is positioned to allow the
guidewire to be inserted mto the insertion path of the percutancous pumyp. This allows
guidewire access to the insertion path to be maintained cven after the percutancous pump and
dual lumen sheath are retracted. The guidewire access allows one or more other fools (e, a
vessel closure tool) to be subsequently inserted into the same msertion path to facilitate vessel
closure or any other medical procedures mvolving guidewire access. Because the second
tumen enables a phvsician to maintain the gudewire access after the mtroducer sheath is
removed, the physician can remove the introducer sheath earlier in a medical procedure.
Farlier removal of the introducer sheath allows the insertion path to recoil to a smaller
diameter, thereby reducing the risk of bleeding through the access site.

[6626] The svstems, methods, and devices described herein also include a stylet that
maintains the patency of the second lumen. The stylet is used to occlude the second lumen
when the second fuomen is not being used for insertion of a guidewire or for pressure
measurement. For example, the removable stylet may be positioned within the second lumen
during insertion of the dual humen sheath into the arterictomy and during the operation of the
percutancous pump. Before the percutansous pump s removed, the stylet is removed from
the second lumen to allow msertion of the guidewire through the second lamen. The

occlusion of the second lumen with the stylet can impede blood clot formation n the second
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tumen during medical procedures having a long duration {¢.g., six hours or greater). This
allows the second himen to remain accessible during and after the medical procedare, for
example to provide a path for insertion of the guidewire before removing the percutancous

pump. In some implementations, blood clot formation 1s prevented using a drug or nondrug

(]

coating applied to the second lumen. In certatn implementations, blood clot formation is
impeded by flushing the second lumen with a liguid at a controlled rate.
{6627} The dual lumen sheath may also include a rotatable connection to a stabilizing
structure (e.g., suture wings). The rotatable connection allows the outlet of the second humen
at the distal end of the sheath to be rotated away from an arterial wall. This can facilitate the
10 nsertion of the guidewire by allowing the guidewire to be inserted in a direction not directly
agamst the arterial wall, thereby reducing the friction associated with insertion of the
guidewire. Additionally, the rotation allows the port for the second lumen to lic substantially
Hat against the patient when the second humen is not in use.
{6628} The second lumen can also establish fluid communication between a guidewire port
15 and the mternior of the blood vessel. This can allow arterial pressure measurement (e.g., by a
pressure transducer) during a procedure withoot the use of a separate catheter. Measuring the
arterial pressurc can allow a physician to detect when the dual lumen sheath bas been inserted
to a sufficient depth into the vessel. The rotation of the guidewire outlet enabled by the
rotatable connection to the stabilizing structure can improve the rehability of the pressure
20 measurement by keeping the outlet of the second lumen off of the arterial wall.
[6629] Figure 1 shows an illustrative dual lumen sheath assembly 100 for maintaining
arterial access, according to certain implementations. Figure 2 shows a lateral section view
of the sheath assembly 100 taken along section line 2-2, and Figure 3 shows a transverse
cross-section of a distal portion of the sheath assembly 100 taken along section line 3-3. The
25 sheath assembly 100 includes a tubular sheath body 102, a stvlet 120, a hub 126, and a
stabilizing structure 150, The tubular sheath body 102 is dimensioned for insertion into a
blood vessel through a vessel aperture. In some tmplementations, the tubular sheath body
102 1s dimensioned for insertion into a femoral artery through an arteriotomy. The majority
of the tubular sheath body 102 may have a substantially uniform outer diameter 101 of about
300 10Fr, 11 Fr, 12 Fr, 13, Fr, 14 Fr, 15 Fr, 16 Fr, 17 Fr, 20 Fr, or any other suitable diameter.
The tubular sheath body may be dimensioned to be introduced through a percutancous access
site of about 20 Fr (6.67mm) or smaller {e.g., 19 Fr, 18 Fr, 17 Fr, 16 Fr, 15 Fr, 14 Fr, 13 Fr,
12 Fr, 10 Fr, 9 Fr, 8 Fr, 6 Fr, or less). The tabular sheath body may have a length of abowut 80

mm, 100 mm, 120 mum, 140 mm, 160 mm, or any other suitable length. Additionally, the
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tubular sheath body 102 may be made of a flexible material, such as polyether block amides
or any other suitable polvmer, to reduce the stress on the blood vessel aperture.
[6630] The tubular sheath body 102 includes a wall 104, a proximal end portion 106, a

distal end portion 103, a longitudinal axis 110, an outer surface 112, a first oner surface 114,

(]

a second inner surface 115, a first lumen 116, and a second humen 118, The distal end

portion 108 of the tubular sheath body 102 includes a tapered surface 103, a first outlet 105 10

fluid communication with the first lumen 116, and a second outlet 107 in flwd

communication with the second fumen 118, The tapered surface 103 has an outer diameter

graduated from 11 Fric 15 Fr (3.667 mm to 5 mm). The graduation in the tapered surface

10 103 mayv permit the sheath to be inserted o a vanable depth as necessary to plug the gap
between the percutancous pump and the msertion sife,
[3631] The outer surface 112 of the tubular sheath body 102 may be coated with a
hydrophilic coating to ease insertion of the tubular sheath body 102 into the arteriotomy. A
hvdrophilic coating can also prevent adhesions to the blood vessel wall. Such adhcsions

15 could damage the vessel if the sheath is removed after having been in the blood vessel foran
extended period of time {e.g., many davs). The risk of adhesion to the blood vessel wall can
increase as the duration of a procedure increases. In some embodiments, the outer surface
112 of the tubular sheath body 102 includes depth markings. The depth markings may be pad
printed or laser etched onto the outer surface 112, In certain implementations, the depth

20 markings are radic-opague. The depth markings may be in centimeters, inches, millimeters,
or any other suitable unit of measurement or combination thercof.
[0832] The first inner surface 114 of the tubular sheath body defines the first lumen 116,
The first lumen 116 is dimensioned to allow passage of a portion of the percutanecus pump.
The first lumen 116 extends from the proximal end portion 106 of the tubular sheath body

25 102 to the distal end portion 108, substantially parallel to the longitudinal axis 110, The
second lumen 118 1s disposed within the wall 104 between the inner surface 114 and the
outer surface 112, The second humen 118 extends from the proximal ¢nd portion 106 of the
tubular sheath body 102 to the distal end portion 108, offset from and substantially parallel to
the longitudinal axis 110. The second fumen 118 is dimensioned for the passage of a

30 gudewire and is defined by the second inner sarface 115 (as shown i Figure 3). The second

inner surface 115 may inclade a drug or non-drug coating o prevent blood clot formation i

the second lumen 118, In some implementations, the second inner surface is coated with

heparin. The second lumen 118 terminates at the second cutlet 102 formed in the tapered

surface 103, The second outlet 102 is adjacent to the first outlet 103 of the first lumen 116,
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As aresult, if a guidewire is inserted through the second humen 118, the guidewire enters the
insertion path of the percutaneous pump (not shown} passing through the first himen 116,
Thus, the second lumen 118 may be used to maintain or regain guidewire access 1o the
insertion path of a percutancous pump inserted through the first lumen 116, This allows
guidewire access to the msertion path to be maintained even after an introdacer sheath is
removed. The guidewire access allows one or more other tools to be subsequently inserted
into the same inscrtion path to facilitate vessel closure or any other medical procedures
mvolving guidewirs access. For example, the guidewire access may permit the subsequent
insertion of a vessel closure tool or a micro pressure measurement catheter {e.g., MILLAR
Mikro-Tip® pressure catheter). A micro pressure measurement catheter may allow
measurement of pressure in the left ventricle or any other suitable pressure. Furthermore,
since the second lumen enables a physician to maintain guidewire access after the mtroducer
sheath is removed, the physician can remove the introducer sheath carlier. Earlier removal of
the introducer sheath allows the vessel aperture to recotl to a smaller diameter, thereby
reducing the risk of bleeding through the access site. Additionally, since the second outlet
107 is offset from the longitudinal axis 110, rotating the tubular sheath body 102 allows the
position of the second outlet 107 to be adjusted. This can allow a user to keep the second
outlet 107 off of a blood vessel wall to ease insertion of a guidewire or to increase the
accuracy of an arterial pressure measurement,

10633} The tubolar sheath body 102 is connected at its proximal end portion 106 to the hub
126. The hub 126 mcludes a first port 128, a second port 130, second port threads 131, and a
bearing 136. The sccond port 130 is connected to the second humen 118 so that a guidewire
can be inserted through the second port 130 into the second lumen 118 and out of the second
outlet 107, When a guidewire is not in the sccond lumen 118, the stviet 120 can be inserted
into the second port 130 to seal the second lumen 118 (as shown in Figures 1, 2, and 3). The
stylet 120 includes a head 121, a stvlet body 122, a rounded end 123, and threads 126, The
stylet body 122 is sized to substantially occclude the second lumen 118 wheao the stylet 120 ig
inserted into the second lumen 118, In some implementations, the stylet body 122 is made of
a formable or ductile material, such as a metal. This mayv allow the stvlet to be formed, either
during the medical procedure or before, into a shape that reduces stress on the vessel
aperture. In certain implementations, the stylet 120 is radio-opague or includes radio-opague
marker bands to show the depth of the tubular sheath body 102 in a blood vessel. The threads
124 of the stylet head 121 reversibly couple with the second port threads 131 to hold the

stylet 120 within the second humen 118, When the stylet head 121 is reversibly coupled to
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the second port 130, the stylet head 121 forms a hquid tight seal across the second port 130,
which prevents the leakage of blood out of the blood vessel. In certain implementations, 1n
place of the stylet 120, a pressure bag is connected to the second port 130 using the threads
131, The pressure bag can be used to flush the second lumen 118 with a fluid to maintain the
patency of the second lumen 118, An infusion pump may be used in combination with the
pressure bag to regulate the flow rate of liquid into the patient. For example, the flow rate
may be linuted to 1 mi/br, 2 ;mb/hr, 5 mi/he, 10 mL/br, or any other suitable flow rate. In
some implementations, a pressure measuring device 1s connected 1o the second port 130 to
measure pressure within the vessel 10. This pressure measurement can be used to determine
when the second port 102 has been inserted sufficiently deep mnto the blood vessel aperture.
For example, when a pressure about equal to artenal pressure 1s measured at the second port
130, the second cutlet 107 may be m fhad communication with the blood vessel. The
pressure measurement can alsc be used to monttor artenial pressure in the patient’s blood
vessel during a medical procedure. This may allow an arterial pressure measurement to be
taken without the use of an additional catheter, which may reduce the amount of cquipment
necessary in the potentially crowded operating area.

[6634] 'The first port 128 of the hub 126 allows the passage of the percutancous pump (not
shown)}. The first port 128 mcludes a cap 132 and a seal 134, The cap 132 snaps into the
first port 128 to hold the seal 134 against the first port 128, The cap 132 and seal 134
together act as a hemostatic valve and form a hguid tight seal between the percutangous
pump and the first port 128, The seal 134 is formed of an clastomer, such as silicone, so that
it can flex to seal around a portion of the percutaneous pump.

{6835] The hub 128 is coupled to the stabihizing structure 150 by the bearing 136, The
stabilizing structure 150 includes wings 152 and 154, suture holes 156-159, ribs 160-162, and
a bearing surface 164 that mates with the bearmg 136. The mating of the bearing surface 164
of the stabilizing structure 150 with the beaning 136 of the hub 126 allows rotation of the hub
126 relative to the stabilizing structure 150. As discussed above, this rotation allows the
tubular sheath body 1072 to be rotated such that the second outlet 107 s ortented away from a
vessel wall. Additionally, this rotation allows the second port 130 to lic flat against a patient
when the second port 130 13 not m use. The suture holes 156-159 allow the wings 152 and
154 1o be sutured to a pationt to stabilize the sheath assembly 100, While only four suture
holes 156-159 are shown, any suttable number of suture holes may be used.  The stabilizing
structure 150 13 also designed to be easily attached to a vascular graft with umbilical tape or

sutures. This feature is beneficial daring axillary insertions or any other insertions which
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require pump placement through a vascular graft. Additionally, in some implementations, the
stabilizing stracture 150 is coupled to a patient using ribs 160-162. For example, sufures may
be wrapped around the outer surface 1635 of the stabilizing structure between the ribs 160-
162, When sutures are wrapped around the outer surface 165 in such a manner, the nibs 160-
162 prevent the sutores from sliding off of the outer surface 163 along the longitudimal axis
110, In cortain implementations, other stabilizations devices, such as surgical tape, a
STATLOCK® stabilization device (Bard Access Systems, Inc., Salt Lake Gity, UT), orany
other suitable adhesive stabilization device, may be coupled to the stabilizing structure 150
around the nbg 160-162.

[6636] Figure 4 shows a detailed section view of the distal portion 108 of the dual lumen
sheath assembly 100 of Figures 1, 2, and 3. The distal portion 108 includes the tapered
surface 103, the first outlet 103, the second outlet 107, and distal portions of the stvlet body
122, the first lumen 116, and the second lumen 118, The first humen 116 includes a proximal
section 116a having an inner diameter 117, a distal section 116b having an inner diameter
217 which is less than the inner diameter 117, and a restriction 216 therebetween. The inner
diameter 117 1s about 13 Fr (4.333 mm), and the ioner diameter 217 is about 9 Fr 3oum).
The restriction 216 allows the distal section 116b of the first lumen 116 to form a tighter it
with the percutaneous pump to prevent or reduce blood leakage without causing unacceptably
high friction in the proximal section 116a. Similar to the first lumen 116, the second lumen
118 includes a proximal section 118a having a diameter 119, a distal scction 118b having a
diameter 219 that is less than the diameter 119, and a restriction 218 therebetween. The
diameter 119 1s about 1.1 mm and the diameter 219 is about 1 mm. The restriction 218
allows a tighter fit between the stylet body 122 and the second lumen 118 at the distal section
118a to reduce blood ingress, while allowing a clearance in the proximal section 118b to
reduce friction. The friction between the second lumen 118 and the stylet body 122 1s further
reduced by the rounding of the end 123 of the stylet body 122, The rounded end 123 15
located adjacent to the second outlet 107 when the stylet 120 is fully ingerted into the second
fumen 118, thereby preventing or reducing blood ingress into the second lumen 118,

[6637] Figure 5 shows the dual lumen sheath assembly 100 of FIG. 1 mserted into a blood
vessel 10 of a patient over a percutancous pump 60, The percutancous pump 60 includes a
pump head 66 and a catheter body 62. The percutancous pump 60 may be an intravascular
blood pump, a blood pump driven by flexibie drive shaft, a blood pump mcluding an
implantable motor, a blood pump having an expandable pump rotor, or any other suitable

puip. The dual lumen sheath assembly 100 is advanced into the blood vessel 16 over the
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catheter body 62 of the percutancous pump 60 through the blood vessel aperture 12 i the
direction indicated by arrow 70. The first humen 116 of the dual lumen sheath assembly 100
may be threaded on the catheter body 62 when the percutancous pump 60 18 nitially inserted

into the blood vessel 10. The blood vessel 10 may be a femoral artery, and the blood vessel

(]

aperture 12 may be an arteriotomy. The blood vessel aperture 12 may have an opening
slightly larger than the diameter 64 of the catheter body 62. Thus, the tubular body 102 of the
dual lumen sheath assemblv 100 may effectively plug the gap between the blood vessel
aperture 12 and the catheter by 64 when the sheath assembly 100 1s advanced into the blood
vessel 10 over the catheter body 62. The outer diameter 101 of the tubular sheath body 102
10 may be graduated as discussed above 1o so that the diameter 1010f the tubular sheath body
102 increases from its distal end portion 108 to 1ts proximal end portion 106, This can allow
the tubular sheath body 102 to be inserted farther into the blood vessel 100 to plug a larger
gap between the blood vessel aperture 12 and the catheter body 62. The plugging effect of
the tubular sheath body 102 can reduce or prevent bieeding out of the blood vessel aperture
15 12, The tubular sheath body 102 is flexible so that the tubular sheath body 102 can form a
bend 80 which allows the tubular sheath body 102 o follow the contours of the vessel 10
This flexibility can reduce the stress placed on the blood vessel aperture 12 by reducing the
force required to deform the tubular sheath body 102
[3638] Once the tubular sheath body 102 has been advanced over the catheter body 62 of
20 the percutancous pump 60 to a sufficient depth to plug the gap between the vessel aperture 12
and the catheter body 62, the dual lumen sheath assembly 100 may be fixed relative to the
catheter body 62. This fixation may be achicved by fixing the stabilizing structure 150 to the
patient’s tissue 14, In some implementations, this is achieved by suturing wings (not shown}
of the stabilizing structure 150 to the paticnt tissue 14. In certain implementations, the
25 stabilizing structure 150 is attached to a vascular graft with umbilical tape or sutures. This
may be performed during axillary msertions or any other insertions which require pump
placement through a vascular graft. In some implementations, fixing the placement of the
dual lumen sheath assemblv 100 may be achieved by tightening the seal 134 around the
catheter body 62 or by means of a separate anchornng ring. The second port 130 may be
30 rotated relative to the stabilizing structure 150 so that the second port 130 lies flat against the
patient tigsuc 14, After the dual lumen sheath assembly 100 has been fixed in the appropriate
position, a physician may begin operation of the percutancous pump 60. The percutaneous
pump 60 may be operated during a percutaneous coronary imtervention (PCI), open-heart
surgery, heart valve replacement surgery, or during treatment of acute myocardial infarction
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{AMI}, cardiogenic shock, or ST segment elevation myocardial infarction (STEMI), as well
as any other suitable medical procedure. In certain implementations, the percutancous pump
60 is operated for an extended period of time, such as greater than six hours, greater than 12

hours, greater than 24 hours, greater than 48 hours, greater than 72 hours, greater than one

(]

week, or any other suitable duration of time. In such cases, a stvlet (not shown in Figure §),

such as the stylet 120 from Figures 1-4, may be positioned within the second lumen 118

during inscrtion of the dual lumen sheath assembly 100 to prevent blood ingress into the

second lumen 118, which could lead to clotting that could obstruct the second lumen 118 or

1o bleeding out of the second port 130.

10 [6039] In certain implementations, the second port 130 of the dual lumen sheath assembly
100 1s used to deliver contrast media (¢.g. iodine or bartum compounds) into a blood vessel to
visualize blood flow.

13048} In certain implementations, a pressure bag is connected to the second port 130 in
place of the stylet to maintain the patency of the second lumen 118, An infusion pump may

15 be used in combination with the pressure bag to regulate the flow rate of hquid into the
patient. For example, the flow rate may be linuted to I mL/he, 2 ml/hr, 5 mU/he, 10 mijhe,
or any other suitable flow rate. In some implementations, a pressure measuring device 18
connected to the second port 130 to measure the pressure within the vessel 10, This pressure
measurement can be used to determing when the second port 102 has been mserted

20 sufficiently deep into the blood vessel aperture 12, For example, when a pressore about equal
1o arterial pressure is measured at the second port 130, the second outlet 107 may be i fluid
communication with the blood vessel 10. After penetration into the blood vessel aperture 12
has been detected, the depth of the blood vessel aperture 12 relative to the patient’s skin can
be measured using depth markings disposed on an outer surface of the sheath. The

25 measurement of this depth can facilitate the subsequent use of certain vessel closure tools
which may require such a measurement. The pressure measorement can also be used to
monttor arterial pressure m the blood vessel 10 during a medical procedure. This may allow
an arterial pressure measurcment to be taken without the use of an additional catheter, which
may reduce the amount of equipment necessary in the potentially crowded operating area.

30 Additionally, the second lumen 118 can allow a deternunation of the depth of insertion

without a pressure transducer by allowing observation of the onset of blood flow through the

second lumen 118 ("bleedback™), which is indicative of penetration into the blood vessel

aperiure 12
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[0841] When it 1s fime to remove the percutanecus pump 60, a guidewire 50 is inserted
through the second port 130 mto the second lumen 118 and out the second outlet 107 mnto the
blood vessel 10, Thus, the guidewire 50 enters the same msertion path as the percutancous

pump 60, thereby maintaming access fo the insertion path. if a stylet was used dunng

(]

insertion of the dual lumen sheath assembly 100, the stylet 1s removed before insertion of the
guidewire 50. The guidewire 50 has an outer diameter that approximately matches the mner
diameter of the second outlet 107 to prevent blood from tlowing out of the blood vessel 10
through the second port 130. For example, the guidewire may have an outer diameter of
about 1 mm. Additionally, in some implementations, a scal at the second port 130 is mchided
10 to further ensure that no blood exits the second port 130 while the guidewire 50 is in place.
[B842] Afier the suidewire SO has been placed in the blood vessel 10, the percutaneous
pumyp 60 and the dual lumen sheath assembly 100 may be removed through the blood vessel
aperture 12 while the guidewire 50 is left in place. The twbular sheath body 102 may be
coated with a hydrophilic coating or any other suitable coating that prevents adhesions to the
15 blood vessel 10, thereby facilitating removal of the tubular sheath body 102 without
damaging the blood vessel 10. The removal of the deal lumen sheath assembly 100 and
percutancous pump 60 while the guidewire 50 is left in place allows guidewire access to the
wnsertion path 11 to be mamntained. The removal of the percutancous pump 60 requires the
concurrent removal of the dual lumen sheath assembly 100 because the diameter 68 of the
20 pump head 66 cannot pass through the first fumen 116, This is because the inner diameter of
the first lumen 116 1s sized to it ightly around the diameter 64 of the catheter body 62, but
cannot accommodate the larger diameter 68 of the pomp head 66, As a result, the first lumen
116 is not available to be used to maintain guidewire access to the nsertion path 11, Thus,
the second lumen 118 is necessary to maintain guidewire access to the msertion path 11
25 [B043] After the percutancous pump 60 and the dual lumen sheath assembly 100 have been
removed, the guidewire 50 remains in the blood vessel 10 and the insertion path 11, Thus,
another tool may be inserted over the guidewire 50 into the insertion path 11, In some
implementations, a vascular closure device is inserted into the insertion path 11 using the
guidewire 50. The vascular closure device may be the VASOSEAL vascular sealing device,
30 the ANGIO-SEAL bio-absorbable active closare system, the PERCLOSE vascular sealing
device, or any other suitable vascular closure device or combination of vascular closure
devices. After a vascular closure device or other device has been successtully mserted
through the vessel aperture 12 into the tnsertion path 11, the guidewire 50 may be removed

from the vessel aperture 12,

~{4-



(]

10

20

WO 2017/031243 PCT/US2016/047421

[0844] Figure 6 shows an illustrative process 600 for maintaimng guidewire access. The
tHustrative process 600 may be performed using the dual lumen sheath assembly 100 or any
other suitable sheath tool. In step 602, a sheath is inserted into a blood vessel through a
percutancous insertion path and along a portion of a percutaneous pump. The sheath has a
first lumen and a second lumen. The blood vessel may be an artery, such as the fomoral
artery. The insertion path passes through a blood vessel aperture (¢.g., an arteniotomy}. The
percutancous pump is mserted into the msertion path using an introducer prior to step 602,
Therefore, the percutaneous pump guides the sheath nto the existing msertion path. The
percutancous pump may be an intravascular blood pump, a blood pump driven by flexible
drive shaft, a blood pump mcluding an implantable motor, a blood pump having an
expandable pump rotor, or any other suitable pump. The first lumen of the sheath may be
sealed against the percutaneous pump by a hemostatic valve to prevent leakage of blood from
the blood vessel out of the patient.

[6645]  In some implementations, the sheath 1s only inserted into the vessel as deep as 1s
necessary to close the gap between the percutanecus pumyp and the vessel aperture (o prevent
bleeding. To reliably detect whether the sheath has been inserted sufficiently deep into the
vessel, the pressure within the vessel can be detected using the second lumen. For example, a
detected pressure about equal to arterial pressure may indicate that the outlet of the second
fomen has been inserted into the blood vessel. Alternatively, the second lumen can allow a
determination of the depth of insertion without a pressure fransducer by allowing observation
of the onset of blood flow through the second lumen (Pbleedback™), which is indicative of
penetration mto the blood vessel aperture. After penetration into the blood vessel aperture
has been detected, the depth of the blood vessel aperture relative to the patient’s skin can be
measured using depth markings disposed on an outer surface of the sheath. In some
implementations, the depth markings are radio-opague and can be imaged using a
tomographic imaging modality {e.g., CT, MRL X-ray}. The measurement of this depth can
facilitate the subsequent use of certain vessel closure tools which may require such a
measurement. Additionally, once inserted to the appropriate depth, the second lumen can be
used to measure arterial pressure during the procedure.

[0846] In step 604, the sheath 1s mamtained in the vessel for about six hours or more while
blood clot formation is prevented from occluding the second lumen. The sheath may be
mamtained m the vessel for 6 hours, 12 hours, 24 hours, 48 hours, 72 hours, one week, two
weekas, or any other suitable duration of time. Blood clot formation in the seccond himen may
be prevented during this time using a stylet that temporanily occludes the second lumen. For
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example, the styvlet 120 of Figures 1-3 may be used to temporarily occlude the second lumen.
In certain implementations, blood clot formation 1n the second humen is prevented or reduced
using a drug or nondrug coating in the sccond lumen. The coating may include heparin or
any other suitable substance. In some implementations, blood clot formation in the second
famen is prevented or reduced by flushing the second humen with a higuid (e.g., saline
solution, glucose solution, or any other suitable solution). Preventing the occlusion of the
second lumen by blood clots allows the patency of the second lumen to be preserved for
nsertion of a guidewire,

{6847} In step 606, a guidewire is inserted through the second lumen into the percutancous
insertion path after the about six hours or more. If a stylet was used to temporarily occlude
the second lumen, the stylet 1s removed before inseriing the guidewire. The percutaneous
pump meerted through the first lumen may be removed afier msertion of the gindewire. After
the guidewire has been inserted, the sheath may be removed from the percutaneous insertion
path while the guidewire remains in place. This can allow another tool (¢.g., an access
closure tool) to be inserted into the masertion path. This frees a physician from depending on
an introducer to maintain guidewire access. Thus, the physician is able to remove the
introducer carlier in a procedure. This can allow greater recoil of the blood vessel aperture,
thereby reducing the risk of bleeding. For example, removing the mtroducer within an hour
of insertion may allow a recoil of about 2 to 3 Fr(0.667 mm to 1 mm).

{6848} 'The foregoing is merely ithustrative of the principles of the disclosure, and the
systems, methods, and devices can be practiced by other than the descnbed embodiments,
which are presented for purposes of llustration and not of mitation. [t is to be understood
that the systems, methods, and devices disclosed herein, while shown for use in a system
percutancous mtravascular blood pumps, may be applied to systems, methods, and devices
for other implantable blood pumps or implantable cardiac assist devices.

[3849] Vartations and modifications will gccur to those of skall in the art after reviewing
this disclosure. For example, in some implementations, the sheath assembly may be used to
provide guidewire access for procedures of a short duration (e.g., less than six hours).
Furthermore, the stylet may be omitted 10 some implementations in which the patency of the
second lumen is adeqaately maintained by other means. For example, in some
tmplementations, the second lumen is flushed with a liquid. either intermittently or
continuously. The disclosed features may be implemented, 1n any combination and
subcombination (including multiple dependent combinations and subcombinations), with one

or more other features descnibed herein. The vanous features described or illustrated above,
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mehuding any components thereof, may be combined or integrated in other systems.
Morgover, certain features may be omitted or not implemented.

[6656] Examples of changes, substitutions, and alterations are ascertainable by one skilled
in the art and could be made without departing from the scope of the mformation disclosed
herein.  All references cited herein are incorporated by reference in their entirety and made

part of this application.
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We Claim:

1. A sheath assembly for the musertion of a percutancous punp, the sheath assembly

comprising:

(9]

a tubular sheath body dimensioned for insertion into a blood vessel through a vessel

aperture and including:

a wall having a proximal end portion, a distal end portion, a longitudinal axis,
an outer surface, and an inner surface defining a first lumen substantially parallel to
the longitudinal axis, wherein the first himen is dimensioned to allow passage of a

10 portion of the percutaneous pump;

a second fumen disposed within the wall between the inner surface and the
outer surface and extending from the proximal end portion to the distal end portion,

wherein the second lumen s dimensioned for passage of a guidewire; and

a stvlet positioned to substantially occlude the second lumen, wherein the

I5 stylet has a proximal end releasably secured to the sheath assembly.

2. The sheath assembly of claim 1, wherein the length of the stylet 1s substantially equal to

the length of the second lumen.

3. The sheath assembly of claim 1, wherein the second lumen has a proximal section having a
proximal section diameter and a distal section having a distal section diameter, and wherein

20 the proxamal section diameter is greater than the distal section diameter.

4. The sheath assembly of claim 3, wherein the distal section diameter is about equal to an

outer diameter of the stylet.

5. The sheath assembly of claim 1, wherein the second lumen is coated with an

antithrombogenic agent.

25 6. The sheath assembly of claim 1, further comprising a hub coupled to the proximal end

portion of the sheath body and meluding:

a first port in fluid commanication with the first lumen, and
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a second port in fluid communication with the second lumen, wherein the second port is

configured to secure the proximal end of the stylet.

7. The sheath asscrably of claim 1, wherein the outer surface of the wall includes at least one

of a hvdrophilic coating and a coating to reduce tissue adhesion.

(v

8. The sheath assembly of claim 1, wherein the outer surface of the wall includes markings

for determining a depth of insertion.

9. The sheath assembly of claim 1, wherein the distal end portion of the sheath body 1
tapered and includes a tapered surface extending to a distal end face, the distal end face being

substantially orthogonal to the longitudinal axis of the sheath body.

[0 10. The sheath assembly of claim 9, wherein the second lumen has an outlet extending

through the tapered surface of the distal end portion of the sheath body.

11. The sheath assembly of claim 1, firther comprising a stabilizing structure rotatably

coupled to the tubular sheath body.

12. The sheath assembly of claim 11, wheremn the stabilizing stractare is rotatable about the

15 longitudinal axis.

13. The sheath assembly of claim 12, whercin the stabilizing structure includes a feature

configured for suturing o 3 patient.

14, The sheath assembly of claim 13, wherein the stabilizing structure includes a pair of

suture wings, cach wing having a plurality of ribs for securing sutures.

20 15 The sheath assembly of claim 1, wherein the sheath body ts dumensioned to be introduced

through a percutaneous access site of about 20 Fr (6.67mm) or less.
16. A method for maintaining guidewire access comprising:

mserting a sheath into a blood vessel through a percutancous insertion path and along

a portion of a percutaneous pump, wherein the sheath has a first lumen and a second lumen;

[
L

maintaining the sheath in the vessel for more than 6 hours while preventing blood clot

formation from occluding the second lumen; and
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mserting a guidewire through the second lumen into the percutaneous insertion path

after the more than 6 hours.

17. The method of claim 16, wherein maintaining the patency incliudes mserting a stviet into
the second lumen for more than 6 hours, and removing the stylet before inserting the

gwdewire,

18. The method of claim 16, wherein maintaining the patency includes flushing the second

tumen with purge fhod.

19. The method of claum 16, further comprising removing the sheath while maintaining the

guidewire in the percutaneous masertion path.

20, The method of claim 19, further comprising mserting a percutancous tool over the

guidewire into the percutancous msertion path afler the sheath is removed.
21. The method of claim 19, further comprising:
coupiing a sensor to the proximal mlet of the second lumen; and
transducing arterial pressure at the distal outlet of the second lumen using the sensor.

22. The method of claim 21, wherein the method further comprises rotating the sheath
relative to a support structure when the pressure measurement indicates that the distal outlet

is occluded by an artenial wall.

23. The method of claim 22, further comprising determining a depth of insertion from the

pressure measurement.

24. The method of claim 23, wherein the depth of insertion s determined based on markings

disposed on an cuter surface of the sheath.

20-



PCT/US2016/047421

WO 2017/031243

1/4

9lL
oi Zil €0l goy

! /)N N/

mn I ———, o e iy« tiatdnidieiesteimint it Whaaietatanindiesiadieadiaten® dESST R PR R S
m _\ R Y e Tl BT > e S P

J\bﬂ&ll'l.\\!.ﬂi\ll P
J\ A 09t

5 )
mv.mw/ L9t

I "Old

6Ll 4+ col prp ¢k 101

8Ll

0L S0

- __ ~—
Vs : ;o ozt WQ ol \ z



PCT/US2016/047421

WO 2017/031243

2/4

Ll

¥ "Old

q9ii

1501




PCT/US2016/047421

WO 2017/031243

3/4

\\\\\: m\\\w

/ \
8Ll m_‘vmovv%%omo\w morom

9 8




WO 2017/031243 PCT/US2016/047421

4/4

600 ~

602~

Insert a Sheath into a Blood Vessel Over a Portion of
Percutaneous Pump and Through a Percutaneous Insertion
Path, Wherein the Sheath has a First Lumen and a
Second Lumen

604~ '

Maintain the Sheath in the Vessel for About 6 Hours or more
While Preventing Blood Clot Formation from Occluding the
Second Lumen

606 '\\

Insert a Guidewire through the Second Lumen into
the Percutaneous Insertion Path after the more than 6 Hours

FIG. 6
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