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FIG. 1

(57) Abréegée/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.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



CA 02995707 2018-02-13

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
VA A0 R T R0 1

Organization Sy
International Bureau e . o
?:_f/)) (10) International Publication Number
(43) International Publication Date nnﬂ/ WO 2017 /0 31 24 3 Al
23 February 2017 (23.02.2017) WIPQO | PCT
(51) International Patent Classification: (74) Agents: LARSEN, Charles, D. et al.; Ropes & Gray LLP,
A6IM 1/10(2006.01) A6IM 5/14 (2006.01) Prudential Tower, 800 Boylston Street, Boston, MA 02199
A6IM 1/12 (2006.01) A6IM 25/00 (2006.01) (US).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/US2016/047421 kind of national protection available). AE, AG, AL, AM,

AQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(22) International Filing Date:
17 August 2016 (17.08.2016)

(25) Filing Language English ~ HN,HR, HU,ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
o . KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MQ,

(26) Publication Language: English MK, MN, MW. MX, MY, MZ, NA. NG. NI, NO, NZ, OM.
(30) PI'iOI'ity Data: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
14/827,741 17 August 2015 (17.08.2015) US SD, SE, 5G, SK, SL, SM, ST, SV, 5Y, TH, TJ, TM, TN,

TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: ABIOMED, INC. [US/US]; 22 Cherry Hill

Drive, Danvers, MA 01923 (US). (84) Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,

(72) Inventors: CORBETT, Scott, C.; 17 Madison Avenue, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

Beverly, MA 01915 (US). FANTUZZI, Glen, Robert; 5 TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

Osborne Road, Arlington, MA 02474 (US). MURPHY, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

John; 2 Judith Drive, North Reading, MA 01864 (US). DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

KIRCHHOFF, Frank; c/o Abiomed Europe GmbH, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

Neuenhofer Weg 3, 52074 Aachen (DE). BROUSSEAU, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

David; 32 Longhill Road, Raymond, NH 03077 (US). GW, KM, ML, MR, NE, SN, TD, TQG).

SIESS., Thorsten; Kirchenstrasse 10, 52146 Wuerselen ,

(DE). Published:

—  with international search report (Art. 21(3))

(34) Title: DUAL LUMEN SHEATH FOR ARTERIAL ACCESS

100\‘
126
108 1092 106 152
2\ 103 104 112 / o
— 110 101 /

I \ 3 E \ \' */ / J / . bk g I
B e T . U > jF ;1]}: B oo === Y
( \ 3 4_i ™ - Yoreroee A,

105 107 7

FiGs. 1

(587) Abstract: A sheath assembly for the msertion of a percutancous pump includes a tubular sheath body dimensioned for msertion
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 mner surface defining a first lumen substantially parallel to the longitudinal axis,
& and a second lumen disposed within the wall between the mner surface and the outer surface and extending from the proximal end
o portion to the distal end portion. The first lumen 1s dimensioned to allow passage of a portion of the percutancous pump, and the

second lumen 1s dimensioned for passage of a guidewire. A stylet 1s removably positioned to substantially occlude the second lumen.
The stylet has a proximal end releasably secured to the sheath assembly.
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Pual omen Sheath for Arteriagl Access

Cross Reference to Related Apnlications

G001 Thas application claims the benefit of US. Patent Application No. 14/827,741, filed

on August 17, 20135, which 1s hereby mcorporated herein by reference n its entirety.

Backoround

{30021 A blood pump, such as a percutancous intracardiac blood pump assembly, is
introduced 1o the heart to deliver blood from the heart mito an artery. When deploved 1 the
heart, a blood pump assembly pulls blood from the left ventncle of the heart and expels blood
o the aorta, or pulls blood from the right ventricle and expels blood mio the pulmonary
arterv. Blood pump assemblies arc mtroduced surgically or percutancously dunng a cardiac
procedure through the vascular svstem. In one conunon approach, pump assemblics are
mserted by a catheterization procedure through the femoral artery using a peel-away
introducer sheath.

{63031 The peel-awav mtroducer sheath 1s mseried nto the femoral artery through an
arteriotomy to create an msertion path for the pump assembly. A portion of the pump
assembly 1s then advanced through an mner lamen of the introducer and into the artery. Once
the pump assembly has been wmserted, the peel-away mitroducer sheath can be peeled away.

A repostiioning sheath can then be advanced over the pump assembly and into the
arteriotomy. Replacing the miroducer sheath with the repositioning sheath can prevent blood
clot formation n the wtroducer sheath, prevent or reduce bleeding from the arteriotomy, and
atiow blood to flow through the femoral 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 nmore
ditficult to close the vessel after the procedure or to exchange devices m the arteniofomy.
[3004] To maintamn gwdewire access, some phvsicians leave the peel-away ntroducer
sheath in the arteriotomy for extended durations of time. The cxtended presence of the peel-
away sheath m the artenotomy can reduce recou of the arteriotomy and thus increase the final

diameter of the artertotomy. This mercase i diameter can merease the nsk of bleeding
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through the arteriotomy once the peel-away mtroducer sheath 1s finally removed.
Furthermore, the extended presence of the peel-away sheath in the artery can reduce
perfusion through the femaoral artery, thercby increasing the risk of 1schenua.

{3005] Additionally, climicians sometimes choose 1o 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 artenial system via another access

point.

Summarnry

3006]  Svstems, methods, and devices for an tmproved dual lumen repositioning sheath are
presented. The dual fumen sheath can be mserted wmto an arteniotomy afier an introducer
sheath 1s removed to mamtaimn gudewire aceess to the arteniotomy. The dual lumen sheath
mcludes a first humen sized for passage of a portion of a percutancous pump and a second
twmen sized for the msertion of a guidewire. The second lumen receives a guidewire 1o be
mserted mto the arteniotomy alongside a percutancous pump to maintam guidewire access 1o
the msertion path of the percutancous pump. By maimntaming guidewire aceess using the
second lumen of the dual lumen sheath, the miroducer sheath can be removed from a patient
without losing the guidewire access. This allows the physician to remove the mitroducer
sheath carlier in a procedure (¢.¢.. | hour, 30 mmnutes, 10 minutes, 5 nunutes, or immediately
atter successtul mserfion of the percutaneous pumyp), which allows the blood vessel aperture
to recoil to a smaller diameter compared to the diameter 1t would assume if the mtroducer
sheath were left i the patient for longer. For example, a recoil of 2 to 3 French (0.667 mm {o
I mm) may be achigved if the imtroducer sheath 1s removed before the blood vessel aperture
permanently relaxes to the larger diameter of the mtroducer sheath.

{GG07]  The dual lumen sheath also includes a removable styiet that 1s inserted mio the
second lumen to reduce the nsk of blood clot formation in the second lumen durng the
medical procedure. Maintaining the patency of the second lumen 15 parficularly helpfol m
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 mnto the
arteriotomy and durmng the medical procedure. Before the percutancous pump 18 removed,
the styiet i1s removed from the second lumen o allow msertion of the ewdewire through the

second lumen. In some implementations, the patency of the guidewire port 1s maintamed
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asing a drug or nondrug coating apphed to the second lumen. In certan mmplementations, the
second fumen 1s fhushed with a hguid at a controlied rate to maintain patency.

[B003]  In some embodiments, the dual himen 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 arterial wall, Ths
can facdtate the msertion of the guidewire by allowing the guidewire {o be mserted 1n a
direction not durectly against the arterial wall, thereby reducing the fniction associated with
msertion of the guidewire. Additionally, the rotation allows the port for the second lumen to
lre flat agamnst the paticnt when the second lumen 1s not 10 use.

{GG09]  The sccond 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 (o determine when the dual himen sheath has
been inserted to a sufficient depth. I the second humen 15 used to transduce pressure, the
rotation of the guidewire outict enabled by the rotatable connection to the stabilizing structure
can improve the reliability of the pressure measurement by keeping the outlet of the second
tumen off of the artertal wall, Addiionally, the second lumen can be used to determing the
depth of msertion without a pressure transducer. For example, the depth of mnsertion can be
determined by observing the onset of blood Hlow through the second lumen (Tblcedback™),
which 18 mdicative of penetration mto the arteriotomy. Regardless of whether a pressure
transducer or a bleedback indicator 15 used, depth markings can be disposed on an outer
suriace of the sheath to facuitate measurement of the depth ot msertion. The depth markings
may be radio-opaque. The measurement of the depth of the artenotomy relative to the
patient’s sk can facilitate the subseguent use of certamn vessel closure tools which may
require such a measurcment.

[30310] In one aspect, a sheath assembly for the msertion of a percutancous pump includes a
tubular sheath body dimensioned for msertion 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
longitudinal axis, an outer surface, an mner surface defining a first lumen substantially
paraliel to the longitudinal axas, and a second lumen disposed within the wall between the
mner surface and the outer surface and exiending from the proxamal end portion to the distal
end portion. The first lumen 1s dimensioned to allow passage of a portion of the
percutancous pump, and the second lumen 1s dimensioned for passage of a guidewure, A

stylet 1s removably positioned to substantially occlude the second lumen.
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(6011} In certain nmplementations, the stylet has a proximal end configured (o be releasably
securcd to the sheath assembly. In some implementations, the length of the stylet is
substantially cqual o the length of the sccond lumen. in certamn unplementations, the stylet is
radio~opaque or includes radio-opague marker bands to show the distance of the sheath mn the
blood vessel. In certarn implementations, the sheath assembly also includes a hub coupled to
the proxamal end portion of the sheath body and wncluding a first port m tluid communication
with the first lumen, and a sccond port 1 thnd communication with the sccond fumen,
wheremn the second port 1s contigured to secure the proxamal end of the stvlet. The sheath
bodv may be dimensioned to be wtroduced through a percutancous access site of about 20 Fr
{(6.67Tmm)oriess{cg., 1Y Fkr, 18 Fr, 17 Fr, 16, 15, 14 Fr, 13 Fr, 12 Fr, 10 Fr, Y Fr, B Py,
6 Fr, or less).

6012] In some implementations, the distal end portion of the sheath body 1s tapered and
includes a tapered surface extending to a distal end face, the distal end tace bemng
substantiaily orthogonal to the longitudinal axis of the sheath body. In certamn
mmplementations, the second lumen has an outlet extending through the tapered surface of the
distal end portion of the sheath body. The second lumen may be coated with an
antithrombogenic agent. In some mplementations, the outer surface of the wall of the
tubular sheath body mcludes a hydrophilic coating or anv other surtable coating to prevent
tissue adhesion. In some implementations the outer surtace of the wall of the tubular sheath
body 1cludes a hydrophilic coating or anv other suttable coating to reduce frictional forces
during msertion/removal of the sheath into the vasculature. In some umplementations the
outer surface of the wall of the tubular sheath body mclhudes an antimicrobial coating or any
other suitable coating to prevent or reduce miection nsk. Additionally, 1n some
impiementations the mner surface of the two lumens includes an antunicrobial coating or any
other suitable coating to prevent or reduce mfection risk. In certamm implementations, the
outer surtace of the wall includes markings for determunmg a depth of msertion, for example
with evenly spaced markings on the outer surface of the wall,

63131 In certain implomentations, the sheath assembly of claim also mcludes a stabilizing
structure rotatably coupled to the tubular sheath body. The stabilizing structure may be
rotatable about the longitudinal axis. In some implementations, the stabilizing structure
mchudes a feature configured for sutuning to a pattent. The stabthizing structure may include a
pair of suture wings, ¢ach wing having a plurality of nibs for securnng sutures.

3014] In ancther aspect, a method for mamtainmg gwdewire access mchides inserting a

sheath 1nto a blood vessel through a percutancous msertion path and along a portion of a

e
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percutancous pump, wherein the sheath has a first lumen and a second himen, mamntaming the
sheath in the vessel tor more than 6 hours while preventing blood clot formation from
occluding the second lumen, and inscriing a guidewure through the second lumen mto the

percutancous msertion path atier the more than 6 hours.

)

3015}  In some mnplementations, mamtamnimg the patency includes mserting a stvlet into the
second lumen for more than 6 hours, and removing the stylet betore mserting the guidewire.
In certain implementations, mamntaining the patency meludes flushing the second fumen with
purge Hlwd. In some implementations, the method the method also mcludes removing the
sheath while mammtaining the eurdewire 1n the percutancous insertion path. In certain
10 mmplementations, the method also mncludes mserting a percutancous tool over the guidewire
mto the percutancous msertion path afier the sheath 1s removed. In some implementations,
the method also mchudes coupling a sensor to the proxumal mlet of the second huimen and
transducing arterial pressure at the distal outlet of the second lumen using the sensor. In
certain impicmentations, the method also mchudes rotating the sheath relative to a support
15 structure when the pressure measurement mdicates that the distal outlet 1s occluded by an
arterial wall. In some implementations, the method also mcludes deternmning a depth of
msertion from the pressure measurement. 1he depth of msertion may be determaned using
depth markers disposed on an outer surface of the sheath.
{3016] Varations and modifications will occur to those of skill in the art after reviewing
20 this disclosure. The disclosed features may be implemented, i any combination and
subcombination (including multipie dependent combinations and subcombinations), with one
or more other features described herein. The vanous featores described or ilustrated above,
mcluding anv components thereof, may be combined or mtegrated 1n other systems.

Moreover, certain features may be onuticd or not unpicmented.

2
LA

Briet Description of the Drawings

1G017] The foregomg and other objects and advantages will be apparent upon consideration
of the followmg detadded description, taken 1 conjunction with the accompanying drawings,
i which like reference characters refer to like parts throughout, and 1n whach:
[G0138] FIG. 1 shows a top view of an illustrative dual lumen sheath for arterial access;

30 {0819 KIG. 2 shows a lateral section view of the dual lumen sheath of FIG. 1
1{3020F FIG. 3 shows a transverse cross section of the distal portion of the dual lumen sheath

of PG |
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16021} FIG. 4 shows a detarled section view of a distal portion of the dual lomen sheath of
Fi(z 1;

(30221 FIG. 3 shows the dual lumen sheath of FIG. | mserted into a blood vesselof a
paticnt over a percutancous punmp; and

6023]  FIG. 6 shows an illastrative process for mamiaming guidewire access.

Detatled Description

(33241 To provide an overall understandimg of the systems, method, and devices described
heremn, certamn tlustrative embodiments will be described. Although the embodiments and
features described herem are specifically described for use 1 conmection with a percutancous
tlood pump svstem, it will be understood that all the components and other features outhined
below may be combined with one another 1 any suitable manner and may be adapted and
applied to other types of cardiac therapy and cardiac assist devices, mcluding balloon pumps,
cardiac assist devices implanted using a surgical inciston, and the like.

(B025]  'The systems, methods, and devices described berem provide a dual himen 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 1s positioned to allow the
guidewire to be inserted mto the wsertion path of the percutancous pump. Ths allows
guidewire access to the msertion path to be maintamed cven after the percutancous pump and
dual lumen sheath are retracted. The guwidewire access allows one or more othertools (e.g., a
vessel closure tool) to be subsequently mserted mito the same msertion path to facilitate vessel
closure or any other medical procedures mvolving gurdewire access. Because the second
tumen enables a phvsician to mamtain the guidewire aceess after the introducer sheath 15
removed, the physician can remove the introducer sheath earlier 1 a medical procedure.
Earlter removal of the introducer sheath allows the msertion path to recoil to a smaller
diameter, thereby reducing the risk of bleeding through the access stie.

16026] 'The svstems, methods, and devices descrbed herein also mnclude a stvlet that
maintains the patency of the second himen. The stylet 1s used to occlude the second lumen
when the second lumen 18 not being used for msertion of a guidewire or for pressure
measurement. For cxampie, the removabie stylet may be positioned within the second lumen
during msertion of the dual himen sheath o the arteriotomy and during the operation of the
percutancous pump. Before the percutancous pump s removed, the stylet i1s removed from
the second umen to allow msertion of the gumidewire through the second lumen. The

occlusion of the second lumen with the stylet can impede blood clot formation n the second

-6~



}

)

(3

20

Lo

CA 02995707 2018-02-13

WO 2017/031243 PCT/US2016/047421

humen duning medical procedures having a long duration {¢.g., six hours or greater}. This
atlows the second himen to remam accessible during and alfter the medical procedure, for
exampie to provide a path tor insertion of the guidewire betore removing the percutaneous
pump. In some implementations, blood clot formation 1s prevented using a drug or nondrug
coating apphied to the second lumen. In certamn implementations, blood clot tormation 1s
impeded by flushing the second lumen with a liguid at a controlied rate.

160271 'The dual lumen sheath may also include a rotatable connection o a stabilizing
structure {€.g., sutere wings}). The rotatable connection allows the outlet of the sccond himen
at the distal end of the sheath to be rotated awayv trom an artenial wall, This can facilitate the
msertion of the guidewre by allowing the guidewire to be inserted m a direction not directly
agamst the artenial wall, thereby reducing the friction associated with msertion of the
guidewire. Additionally, the rotation aliows the port for the second lumen to he substantially
flat against the patient when the second humen 15 not 1 use.

133281 'The second lumen can also establish fluid communication between a guidewire port
and the mtenor of the blood vessel. This can allow artenal pressure measurement {(e.g., by a
pressure transducer) during a procedure without the use of a separate catheter. Measuring the
arterial pressure can allow a physician to detect when the dual fumen sheath bas been 1nserted
to a sutticient depth mnto the vessel. The rotation of the gmdewire outlet ¢nabled by the
rotatable connection (o the stabilizing structure can improve the rehability of the pressure
measurement by keeping the outlet of the second lumen off of the artenal wall.

163291 Fioure | shows an tlustrative dual lumen sheath assembliv 100 for mamtaming
arterial access, according to certamn mmplementations. Figure 2 shows a lateral section view
of the sheath assembly 100 taken along section hine 2-2, and Figure 3 shows a transverse
cross-section of a distal portion of the sheath assembly 100 taken along section hne 3-3. The
sheath assembly 100 mcludes a tubular sheath body 102, a stvlet 120, a hub 126, and a
stabilizing structure 130, The tubular sheath body 102 15 dimensioned for mserfion mto a
blood vessel through a vessel aperture. In some tmplementations, the tubular sheath body
102 1s dimensioned for msertion mio a fomoral artery through an arteriotomv. The majonity
of the tubular sheath body 102 mav have a substantially umitorm outer diameter 101 of about
10 Fr, 11 Fr, 12 Fr, 13, Fr, 14 Fr, 15 Fr, 16 Fr, 17 Fr, 20 Fr, or any other suutable diamcter.
The tubular sheath body may be dimensioned to be mtroduced through a percutancous access
site of about 20 Fr{6.67mm) or smaller{e.g., 19 Fr, 18 Fr, 17 Fr, 16 Fr, 15 Fy, 14 Fr, 13 Fr,
12 Fr, 10 Fr, 9 Fr, 8 Fr, 6 Fr, or less). The tubular sheath body may have a length of about 80

mm, 100 mm, 120 mm, 140 mm, 160 mm, or any other suitable length. Additionally, the

27



}

)

(3

20

Lo

CA 02995707 2018-02-13

WO 2017/031243 PCT/US2016/047421

tubular sheath body 102 may be made of a flexable matenal, such as polvether block amides
or any other suitable polvmer, to reduce the stress on the blood vessel aperture.

{6038} The tubular sheath body 102 wncludes a wall 104, a proximal end portion 106, a
distal end portion 108, a longitudinal axis 110, an outer surface 112, a first mner surtace 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 in
fluid communication with the first lumen 116, and a second outlet 107 m fluid
communication with the second lumen 118, The tapered surtace 103 has an outer diameter
oraduated from 11 Frto 15 Fr (3.667 mum to 5 mm}. The graduation in the tapered surface
103 mayv permit the sheath to be inserted o a vanable depth as necessary to piug the gap
between the percutancous pump and the isertion site.

13031} 'The outer surface 112 of the tubular sheath body 102 may be coated with a
hydrophilic coating to case insertion of the tubular sheath bodv 102 mto the arteriotomy. A
hydrophilic coating can aiso prevent adhesions to the blood vessel wall. Such adhesions
could damage the vessel if the sheath 1s removed after having been 1 the blood vessel tor an
extended period of time {(¢.g., many davs}. The risk of adhesion to the blood vessel wall can
mcrease as the duration of a procedure increases. In some embodiments, the outer surface
112 ot the tubular sheath body 102 mcludes depth markings. The depth markings may be pad
printed or laser etched onto the outer surface 112, In certam mmplementations, the depth
markings are radio-opaque. The depth markings may be i centimeters, inches, nullimeters,
or anv other suttable unit of measurement or combination thereot.

16032} 'The first mnner surface 114 of the tubular sheath body defines the first lumen 116
The first tumen 116 1s dimensioned to allow passage ot a portion of the percutancous pump.
The first lumen 116 extends from the proximal end portion 106 of the tubular sheath body
102 to the distal end portion 108, substantially parallel to the longitudinal axas 110, The
second lumen 118 1s disposed within the wall 104 between the mner surface 114 and the
outer surface 112. FThe second humen 113 extends from the proximal end portion 106 of the
tubular sheath body 102 to the distal ond portion 108, offsct from and substantially paraliel to

the longrudinal axis 110, The second lumen |18 15 dumensioned for the passage of a

guidewire and 1s defined by the second mner surface 115 {as shown m Figure 3). The second
mner surface 115 may mnclude a drug or non-drug coating to prevent blood clot formation 1o
the second lumen 118, In some implementations, the seccond mmner surtace 15 coated with
heparin. The second lumen 118 terminates at the second outlet 102 formed in the tapered

surface 103. The second outlet 102 15 adjacent to the first cutlet 103 of the first lumen 116

-
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As a result, if a guadewire 1s inserted through the second humen 118, the guidewire enters the
msertion path of the percutancous pump (not shown} passing through the first humen 116
Thus, the second huwmen |18 may be used to maintam or regamn guidewre access 1o the

msertion path of a percutancous pump mserted through the first lumen 116, This allows

)

guidewire access to the msertion path to be mamntamed even after an introducer sheath 1s
removed. The guidewre access aliows one or more other tools to be subseguently 1nserted
into the same msertion path to facihitate vessel closure or any other medical procedures
mvolving guidewirg access. For example, the guidewire access may permut the subseguent
msertion of a vessel closure tool or a micro pressure measurement catheter (¢ g, MILLAR
10 Mikro-T1p® pressure catheter). A micro pressure measurcment catheter may aliow
measurement of pressure m the left ventnicle or any other suitable pressure. Furthermore,
since the second lumen enables a physician to mamtain guidewire access after the mitroducer
sheath 1s removed, the physician can remove the wtroducer sheath carlier. Earhier removal of
the miroducer sheath allows the vessel aperture to recod to a smalier diameter, thercby
15 reducmg the nsk of blecding through the access site. Additionally, simce the second outlet
107 15 offset from the longitudinal axis 110, rotating the tubular sheath body 102 allows the
postiion of the second outlet 107 to be adjusted. This can allow a user to keep the sccond
outiet 107 off of a blood vessel wall 1o ease msertion of a guwidewire or to mcrease the
accuracy of an artenal pressure measurement.
20 j8033} The tubular sheath body 102 1s 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 second port 130 15 connected to the second lumen 118 so that a guidewire
can be mserted through the second port 130 mto the second lumen 118 and out of the second
outiet 107. When a guidewire 1s not m the second lumen |13, the stviet 120 can be mserted
25 nto the second port 130 to seal the sccond lumen 118 (as shown in Figures 1, 2, and 3). The
styvlet 120 mcludes a head 121, a stvlet body 122, arounded end 123, and threads 126, The
styiet body 122 1s sized to substantially occlude the second lumen 118 when the stviet 120 1s
inserted mto the second lumen 118, In some implementations, the stvlet body 127 1s made of
a formable or ductile matenial, such as a metal. This may allow the stviet to be formed, either
30 dunng the medical procedure or before, imnto a shape that reduces stress on the vessel
aperture. In certamn mmplementations, the stylet 120 1s radio-opaque or includes radio-opaque
marker bands to show the depth of the tubular sheath body 102 1n a blood vessel, The threads
124 of the stylet head 121 reversibly couple with the second port threads 131 to hold the

styiet 120 within the second humen 118, When the stvlet head 121 15 reversibly coupled to
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the second port 130, the stylet head 121 forms a hguid tight scal across the second port 130,
which prevents the leakage of blood out of the blood vessel. In certain impiementations, 1n
place of the styict 120, a pressure bag is connected fo the second port 130 using the threads
131, The pressure bag can be used o flush the second lumen 118 with a fluid to mamtain the
patency of the second lumen 118, An infusion pump may be used 1n combmation with the
pressure bag to regulate the flow rate of liquud into the patient. For example, the flow rate
may be himuted to 1 mb/br, 2 mb/hr, 3 miJhr, 10 mi/br, or any other suttable flow rate. In
some unplementations, a pressure measuring device 1s connected to the sccond port 130 to
measure pressure within the vessel 10, This pressure measurement can be used to determing
when the second port 102 has been mserted suificiently deep mto the biood vessel aperture.
For example, when a pressure about equal to artenal pressure 15 measured at the second port
130, the second outlet 107 may be m thad communication with the blood vessel. The
pressure measurement can also be used to monuior artenal pressure in the patient s blood
vessel dunng a medical procedure. This may allow an arterial pressure measurenent to be
taken without the use of an additional catheter, which may reduce the amount of cquipment
necessary i the potentially crowded operating area.

{3334] 'The first port 1298 of the bub 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 mnto the
first port 128 to hold the scal 134 agamst the first port 128, The cap 132 and seal 134
together act as a hemostatic valve and torm a hguid tight seal between the percutancous
pump and the first port 128, The seal 134 1s formed of an clastomer, such as silicone, so that
it can flex to seal arcund a portion of the percutancous pump.

[6335] The hub 126 15 coupled to the stabilizing structure 150 by the bearing 136, The
stabilizing structure 150 mcludes wings 132 and 154, suture holes 136-159, nibs 160-162Z, 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 beanng 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 102 to be rotated such that the second outlet 107 1s onented away {from a
vessel wall, Additionally, this rotation allows the second port 130 1o hie flat agamnst a patient
when the second port 130 18 not m use. The suture holes 156-159 allow the wings 132 and
154 to be sutured to a patient to stabihize the sheath assembly 100, While only four suture
holes 156-139 are shown, any suttable number of suture holes may be used.  The stabilizing
structure 150 15 also designed to be easily attached to a vascular graft with umbilical tape or

sutures. This feature 15 beneticial dunng axullary 1nsertions or anv other msertions which
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require pump placement through a vascular graft. Additionally, 1n some implementations, the
stabilizing structure 150 15 coupled to a patient using ribs 160-162. For example, sutures may
be wrapped around the outer surtace 165 ot the stabilizing structure between the ribs 160-

162. When sutures are wrapped around the outer surface 165 m such a manner, the nibs 160-

)

162 prevent the sutures from shdimg off of the outer surface 163 along the longitudinal axas
110, In certamn implementations, other stabilizations devices, such as surgical tape. a
STATLOCUK® statlization device {(Bard Access Svstems, inc., dalt Lake Gity, UT), orany
other suitable adhesive stabihization device, may be coupled to the stabilizing structure 150
around the nbs 160-162.

10 [6036] 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 mncludes the tapered
surface 103, the first outlet 103, the second outlet 107, and distal portions of the styvlet body
122, the first lumen 116, and the second lumen 118, The first humen 116 includes a proxamal
section 116a having an ioner diameter 117, a distal section | 16b having an inner diameter

15 217 which 1s less than the mnner diameter 117, and a restriction 216 therebetween. The mner
diameter 117 1s about 13 Fr {4.333 mm}, and the oner diameter 217 15 about 9 Fr (Gmm).
The restriction 216 allows the distal section 116b of the first fumen 116 to form a fighter it
with the percutaneous pump to prevent or reduce blood leakage without causing unacceptably
high friction 1n the proximal section 116a. Sumilar to the first lumen 116, the second lumen

20 118 ncludes a proximal section 1183 having a diameter 119, a distal section 118b having a
diameter 219 that 15 less than the diameter 119, and a restrniction 218 therebetween. The
diameter 119 15 about 1.1 mm and the diameter 219 15 about 1 mm. The restniction 2138
atllows a tighter fit between the stylet body 122 and the second humen 1138 at the distal section
1183 to reduce blood mngress, while allowing a clearance in the proximal section 1i8b to

25 reduce frniction. The fniction 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
focated adjacent to the second outlet 107 when the stylet 120 s fully inserted mto the second
lumen 118, thereby preventing or reducing blood mgress mto the second lumen 118,

(60371 Figure 5 shows the dual lumen sheath assembly 100 of FIG. 1 inserted into a blood

30 vessel 10 of a patient over a percutancous pump 60, The percutanecous pamp 60 mcludes a

pump head 66 and a catheter body 62. The percutancous pump 60 may be an wtravascular

blood pump, a blood pump driven by tlexible drive shaft, a blood pump mncluding an
unplantable motor, a blood pump having an expandable pump rotor, or anv other suitable

pump. The dual lumen sheath assembly 100 1s advanced mto the blood vessel 10 over the
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catheter body 62 of the percutancous pump 60 through the blood vessel aperture 12 m the
direction indicated by arrow 70, The first humen 116 of the dual lumen sheath assembiy 100
may be threaded on the catheter bodv 62 when the percutancous pump 60 15 mutially mserted
mto 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
siightly larger than the diameter 64 of the catheter body 62. Thus, the tubular body 102 of the
dual lumen sheath assembiv 100 may effectivelv piug the gap between the blood vessel
aperture 12 and the catheter by 64 when the sheath assembly 100 15 advanced mto the blood
vessel 10 over the catheter body 62, The outer diameter 101 of the tubular sheath body 102
mayv be graduated as discussed above to so that the diameter 10101 the tubular sheath body
102 wncreases from its distal end portion 108 to its proximal end portion 106, This can allow
the tubular sheath body 102 to be mseried 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 blecding out of the blood vessel aperture
12, 'The tubular sheath body 102 1s Hlexible so that the tubular sheath body 102 can torm a
bend 80 which allows the tubular sheath body 102 to follow the contours of the vessel 10
Ths flexability can reduce the stress placed on the blood vessel aperture 12 by reducing the
force required to detorm the tubular sheath body 102,

3038}  Oncec the tubular sheath body 102 has been advanced over the catheter body 62 of
the percutancous pump 60 to a sufficient depth to plug the gap between the vessel aperture 12
and the catheter bodvy 62, the dual fumen sheath assembly 100 may be fixed relative to the
catheter body 62. This fixation may be achieved by fixang the stabilizing structure 130 {o the
patient’s tissue 14, In some mmplementations, this 1s achieved by suturing wings (not shown}
of the stabilizing structure 130 to the patient tissue 14, In certam mmplementations, the
stabibizing structure 150 15 attached to a vascular graft with umbilical tape or sutures. This
may be performed during axallary msertions or any other inserfions which reguire pump
placement through a vascular gratt. In some umplementations. fixing the placement of the
dual lumen sheath assembiv 1600 may be achieved bv tightening the scal 134 around the
catheter body 62 or by means of a separate anchonng ring. The second port 130 may be
rotated relative to the stabibzing stroctore 150 so that the second port 130 lics flat against the
patient issue 14, Afier the dual lumen sheath assembly 100 has been fixed 1o the appropriate
posifion, a physician may begin operation of the percutancous pump 60. The percutancous
pumyp 60 may be operated during a percutancous coronary micrvention (PUIL, open-heart

surgery, heart valve replacement surgery, or during treatment of acute mvyocardial ifarction
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{AMI}, cardiogenic shock, or ST segment elevation myocardial intarction (§TEMI}, as well
as any other suitable medical procedure. In certain implementations, the percutaneous pump
64 1s 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 ong
week, or any other suitable duration of tume. In such cases, a stvlet (not shown 1 Figure 5),
such as the stylet 120 from Figures 1-4, may be positioned within the second lumen 118
durtng mscrtion of the dual lumen sheath assembly 100 to prevent blood mngress mio the
second lumen 118, which could lead to clotting that could obstruct the second lumen 118 or
to blecding out of the second port 130,

{GG39]  In certamn implementations, the second port 130 of the dual lumen sheath assembly
100 15 used to dehver contrast media {(¢.g. 1wodine or barum compounds) mto a blood vessel 1o
visualize blood flow.

130408] In certain implementations, a pressure bag 1s connected to the second port 130 1n
place of the styiet to mamtain the patency of the second lumen 118, An infusion pump may
be used 1n combination with the pressure bag to regulate the Hlow rate of hguid into the
patient. For example, the flow rate may be inuted to 1 mi/hr, 2 mb/hr, 5 mE/br, 10 mi/hr,
or anv other suitabie flow rate. In some implementations, a pressure measuring device 1s
conmnected to the second port 130 to measure the pressure withun the vessel 10, Thas pressure
measurement can be used to determine when the seccond port 102 has been mseried
sutticiently deep mto the blood vessel aperture 12, For example, when a pressure about equal
to arterial pressure 1s measured at the second port 130, the second outlet 107 may be m Hnd
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
measurement of this depth can facilitate the subsequent use of certain vessel closure tools
which may require such a measurement. The pressure measurement can also be used to
monitor arterial pressure mn the blood vessel 10 during a medical procedure. This may allow
an arterial pressure measurcment o be taken without the use of an additional catheter, which
may reduce the amount of eguipment necessary i the potentially crowded operating arca.
Additionally, the second lomen 118 can allow a deternunation of the depth of msertion
without a pressure transducer by allowing obscrvation of the onset of blood flow through the
second lumen 118 ("bleedback™), whiach 15 indicative of penetration into the blood vessel

aperture 12
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(G041} When 1t 1s time to remove the percutancous pump 60, a guidewire 50 15 inserted
through the second port 130 mnto the second lumen 118 and out the second outlet 107 mio the
blood vessel 10, Thus, the guudewire 30 enters the same insertion path as the percutancous
pump 60, thereby mamtaining access 1o the msertion path. If a stylet was used dunng
msertion of the dual lumen sheath assembly 100, the stylet 1s removed before msertion of the
guidewire 530, The gmdewire 50 has an outer diameter that approximately maitches the mner
diamcter of the second outlet 147 to prevent blood from fliowing 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, 10 some implementations, a scal at the second port 130 15 mchided
to further ensure that no blood exits the second port 130 while the guidewure 30 15 1n place.
({3042] Afier the gumidewire 30 has been placed mn the blood vessel 10, the percutancous
puimp 60 and the dual lumen sheath assembly 100 may be removed through the blood vessel
aperture 12 while the eguidewire 50 15 left m place. The tubular sheath body 102 may be
coated with g hydrophilic coating or anv other suitabie coating that prevents adhesions to the
blood vessel 10, thereby facilifating removal of the tubular sheath body 102 without
damaging the blood vessel 16, The removal of the dual lumen sheath assembly 100 and
percutancous pump 60 whale the guidewire 50 1s left 1n place allows guidewire access to the
msertion path 11 o be mamtained. The removal of the percutancous pump 60 requires the
concurrent removal of the dual lumen sheath assembly 100 because the diameter 68 of the
pump head 66 cannot pass through the first lumen 116, This 1s because the mnner diameter of
the first lumen 116 15 sized to fit tightly around the diameter 64 of the catheter body 62, but
cannot acconmodate the larger diameter 68 of the pump head 66. As a result, the first humen
116 15 not avatlable to be used to mamtain guidewire access to the mnserfion path 11, Thus,
the second lumen 118 15 necessary 1o mamntain guidewire access to the msertion path 11
(3043] Aficr the percutancous pump 60 and the dual lumen sheath assembly 100 have been
removed, the gurdewire 30 remamns in the blood vessel 10 and the msertion path 11, Thus,
another tool may be inserted over the guidewire 50 nto the msertion path 11, In some
impicmentations, a vascular closure device is mserted mio the insertion path 11 using the
guidewire 30, The vascular closure device may be the VASOSEAL vascular sealing device,
the ANGIO-5EAL bio-absorbable active closure system, the PERCLOSME vascular sealing
device, or any other suttable 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 mito the msertion path 11, the guidewire 50 may be removed

from the vessel aperture 12,
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(6044} Figure 6 shows an tllustrative 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 15 mserted into a blood vessel through a
percutancous msertion path and along a portion of a percutancous pump. The sheath has a
first himen and a second lumen. The blood vessel may be an artery, such as the femoral
arterv. The mnsertion path passes through a blood vessel aperture {¢.g., an arteniotomy}. The
percutancous pump s mserted mto the msertion path using an mtroducer prior to step 602,
Theretore, the percutancous pump gwdes the sheath into the exusting msertion path. The
percutancous pump may be an mitravascular blood pump. a blood pump driven by flexable
drive shaft, a blood pump including an unplantable motor, a blood pump having an
expandable pump rotor, or any other suttable pump. The first lumen of the sheath mayv be
sealed agamst the percutancous pump by a hemostatic valve to prevent leakage of blood from
the biood vessel out of the patient.

133451 In some mmplementations, the sheath 1s only mmserted mito the vessel as deep as 1s
necessary to close the gap between the percutanecus pumyp and the vessel aperture {o provent
blecding. To rehiably detect whether the sheath has been mserted sutticiently 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 mdicate that the outlet of the second
tumen has been mserted mito the blood vessel. Alternatively, the second humen can allow a
deternmunation of the depth of insertion without a pressure transducer by allowing observation
of the onset of blood flow through the second humen (bleedback ), which 1s indicative of
penetration mito the blood vessel apertare. 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
unplementations, the depth markings are radio-opague and can be mmaged using a
tomographic imaging modality {e.g., CT, MRI, X-ray}. The measurement of this depth can
facilitate the subsequent use of certain vessel closure tools which may require such a
measurcment. Additionally, once mserted to the appropriate depth, the second lumen can be
used to measure artenal pressure durnng the procedure.

16046} In sicp 604, the sheath 1s mamtained in the vessel tor about six hours or more while
blood clot formation 1s prevented from occluding the second lumen. The sheath may be
mamtained m the vessel for 6 hours, 17 hours, 24 hours, 48 bours, 72 hours, one week, two
weeks, or any other suitable duration of time. Blood clot formation m the second himen may

be prevented during this time using a stvlet that temporarily occludes the second lumen. For
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example, the stviet 120 of Figures 1-3 may be used to temporanly occlude the second lumen.
In certamn implementations, blood clot formation 1n the second himen 1s prevented or reduced
using a drug or nondrug coating in the second fumen. The coating may inciude beparin or
any other suitable substance. In some implementations, blood clot formation i the second
tamen 18 prevented or reduced by thushing the second himen with a higuad (¢.g., sahing
solution, glucose solution, or any other suitable solution}. Preventing the occlusion of the
second lumen by blood clots allows the patency of the sccond fumen to be preserved for
msertion of a guidewire.

63471 In step 606, a gutdewire 1s inserted through the second lumen mnto the percutancous
msertion path after the about six hours or more. If a stviet was used to temporanly occlude
the second lumen, the stviet 1s removed before inserting the guwidewire. The percutaneous
pump mserted through the first lumen may be removed aficr msertion of the gindewire. After
the gudewire has been inserted, the sheath may be removed from the percutancous msertion
path while the gutdewire remains m place. This can allow another tood {€.2., an access
closure tool} o be mserted mto the msertion path. This frees a phvsician from depending on
an ntroducer to maintain guidewire access. Thus, the physician 1s able to remove the
mtroducer earlicr in a procedure. This can allow greater recoil of the biood vessel aperture,
thereby reducing the nsk of bleeding. For example, removing the mtroducer within an hour
of msertion may allow a recoil of about 2 to 3 Fr (0.667 mm to 1 mmj}.

[3048] 'The forceomg 15 merely tliustrative of the prninciples of the disclosure, and the
systems, methods, and devices can be practiced by other than the descenibed embodiments,
which are presented {or purposes of illustration and not of hantation. It 1s to be understood
that the svstems, methods, and devices disclosed heremn, while shown for use 1 a system
percutancous miravascular blood pumps, mav be apphied to svstems, methods, and devices
for other implantable blood pumps or implantable cardiac assist deviees.

3042] Varations and modifications will occur to those of skill in the art after reviewing
this disclosure. For exampie, in some implementations, the sheath assembly may be used to
provide gutdewire access for procedurces of a short duration {¢.3., less than six hours}.
Furthermore, the stylet may be omiticd 1 some implementations m which the patency of the
second lumen 18 adequately mamtamed by other means. For example, i some
implementations, the second lumen 1s flushed with a hipud, either mtermitiently or
continuousty. The disclosed teatures may be implemented, i any combination and
subcombimation (including multiple dependent combinations and subcombinations}, with one

or more other features descrnibed herein. The various features described or illustrated above,
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meluding anv components thereof, may be combined or mtegrated 1n other systems.
Morcover, certain features may be onutted or not tmplemented.

{G050]  Examples of changes, substitutions, and altcrations arc ascertamable by one skilied
i the art and could be made without departing from the scope of the mformation disclosed
herem. Al references cited herem are mcorporated by reference in their entirety and made

part of this apphication.
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We Clamm:

1. A sheath assembly for the insertion of a percutancous pump. the sheath assembly

COMPIISING:

A

a tubular sheath body dimensioned for msertion 1nto a blood vessel through a vesse

aperture and mcluding:

a wall having a proxaimal end portion, a distal end portion, a longitudinal axis,
an outer surface, and an inner surface defining a first lumen substantially paraliel to
the longitudinal axis, wheremn the first himen s dumensioned to allow passage of a

10 portion of the percutancous pump.

a second lumen disposed within the wall between the 1oner surface and the
outer surface and extendmyg from the proxamal end portion to the distal end portion,

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

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

13 stylet has a proxamal end releasably secured to the sheath assembly .

2. The sheath assembly of claim 1, wherein the Iength of the styict 1s substantially equal to

the length of the second lumen.

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

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

4. The sheath assembliv of claim 3, wheremn the distal section diameter 1s about equal to an

outer diameter of the stylet.

5. The sheath assembly of claim 1, wherem the second lumen 1s coated with an

antithrombogenic agent.

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

portion of the sheath body and mciuding:

a first port 1 fluid communication with the first lumen, and

N
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a second port i fluid communication with the second lumen, whercin the second port 1s

configured to secure the proximal end of the stviet.

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

of a hvdrophilic coating and a coating 1o reduce tissue adhesion.

LAy

8. The sheath assembiy of claim 1, wherem the outer surface of the wall includes markings

for determming a depth of insertion.

9. The sheath assemblv of clamm 1, wherein the distal end portion of the sheath body 1s
tapered and mcludes a tapered surface extending to a distal end face, the distal end face bemng

substantially orthogonal to the longitedinal axas of the sheath body.

10 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 claxm 1, further comprising a stabilizing structure rotatably

coupled to the tubular sheath body.

12. The sheath assembly of clamm 11, wherem the stabilizing structore 1s rotatable about the

R—"
g

longitudinal axis.

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

configured for sutunng o a paticnt.

14, The sheath assembly of clamm 13, wherem the stabihizing structure mcludes a patr of

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

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

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

mserting a sheath wto a blood vessel through a percutaneous nsertion path and along

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

.,
A

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

formation from occludmng the second lumen; and
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inserting a gudewire through the second humen mio the percutaneocus msertion path

atter the more than 6 hours.

17. The method of claum 16, wherein maintaining the patency mchudes mserting a stylet mito
the second lumen for more than 6 hours, and removing the stvict before inserting the

guidewire.

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

tumen with purge thud.

19, The method of claum 16, turther comprising removing the sheath while mamiaining the

guidewire mn the percutaneous msertion path.

24, The method of claim 19, further comprising mserting a percutancous ool over the

guidewire mto the percutancous msertion path atler the sheath 1s removed.
21, The method of claim 19, hurther comprisimg:
coupling a sensor to the proximal miet of the second lumen; and
transducing artenal pressure at the distal outlet of the second humen using the sensor.

22, The method of claim 21, whercin the method further comprises rotating the sheath
relative 1o a support structure when the pressure measurement mdicates that the distal outlet

1s occluded by an artenial wall.

23. The method of clavm 22, further comprising determining a depth of msertion from the

pressure measurement.

24. The method of claim 23, wherein the depth of mnsertion 15 determined based on markings

disposed on an outer surface of the sheath.
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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
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Maintain the Sheath in the Vessel for About 6 Hours or more
While Preventing Blood Clot Formation from Occluding the
Second Lumen
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Insert a Guidewire through the Second Lumen into
the Percutaneous insertion Path after the more than 6 Hours |
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