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GUIDEWIRE ACCESS SLEEVE

{ross-reference to related application

{0001} This apphcation claims priority to U &, Provisional Application 62/525.779, tiled
June 28, 2017, titled "Gurdewire Access Slecve,  the contents of which are mcorporated in

their entirety by reference hercin.,

Background

{80802} A medical device, such as an mitravascular heart pump assembly, can be mtroduced
into a patient in varnous wayvs. in general, a heart pump can pump blood from the heart mnto a
vessel to provide hemodynamic support. When deploved m the left side of the heart, a heart
puimp assembly pumps bicod from the left ventricie of the heart and expels blood into the
aorta. When deploved in the nght side of the heart pumps blood {rom the mitenior vena cava,
bypasses the nght atrum and nght ventnicie, and cxpels blood into the pulmonary artery.
{0003} Heart pump assemblies are mntroduced surgically or percutancously during a cardiac
10 procedure through the vascular system. In one common approach, pump assemblics are
imserted by a catheterization procedure through the femoral artery using a sleeve, such as a
pecl-away ntroducer sleeve. The pecl-away introducer slecve can be mserted mito the
temoral artery through an arterictomy to create an msertion path for the pump assemblv. A
portion of the pump assembly 15 then advanced through an mner lumen of the mitroducer and
nto the artery. Once the pump assembly bas been 1nserted, the pecl-away mtroducer sleeve
is peeled away. A repositioning sleeve can then be advanced over the pump assembly and
into the artenictomy.

{3004 In the event that the pump needs to be removed and/or replaced, the peel away
introducer slecve can mamntam access to the artenial access site and guidewires or other

devices can be mseried through the valve disposed in the hub of the mtroducer. After the



WO 2019/006158 PCT/US2018/040079

pump 1s inserted, the mtroducer sleeve 1s removed {e.g. peeled away) to make way for the
repostticning siceve. {he reposttioning sleeve does not mchude a valve or pathway for
inserting devices into the vessel. Accordingly if the pump nceded to be removed or
reposiiioned, then thas requires another access procedure (1.¢. creale an artenotomy and
mnsert another mtroducer sleeve) to continue the planned micrventional procedure. For short
term procedures, perfornung ancther access procedure would requure more steps, take

additional time, and mercase the cost of the procedure.

Sunumary of Invention

{0003} Systems, devices and methods for access to a medical device are presenicd. An
access sleeve provides a means for mamtaming access to a vessel during use ot a
repostiioning siceve or removal of a medical device. The access sieeve allows for attachment
to the catheter of an mdwelling pump, followed by msertion of the access siceve mito the
vasculature of a patient by sliding along the catheter body of the pump while using the
catheter body itself as a rad. The catheter can subsequently be removed leaving the access
slecve imndwelling to maintain access to the vessel of micrest. Alfernatively, a guidewire can
be mitroduced using the mdwelling access sleeve prior to catheter removal to mamtaim access
to an artenal site, after which the catheter and pump can be removed. In certamn
configurations, once a guidewire 15 emploved even the access sleeve can be removed.

{3006} The access sieeve therefore provides an in-line means to attach to a medical device
without requiring access to the ends of the medical device. Instead, when the medical device
is 1n the vasculature of the patient, the access sleeve attaches to a portion ot the medical
device that 1s external to the vessel. The access sleeve 1s then positioned 1n the vessel of
imterest by shiding mnto place vsing the catheter body of the medical device as a guide. Once
in place, the access sleeve mamtams access to the vessel and the medical device can be

removed or repositioned as necessary. By not requiring aceess to the ends of the medical
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device, the access sleeve can be casily mtegrated with many operating procedures wherc
access to a site within a patient is necessary, thereby doing away with the need for additional

access steps during an intervention procedure.

{4

B007] According to an tmplementation of the present disclosure, there 1s provided an access
sleeve tor attachment to a medical device. The access sleeve compnises a tubular sleeve body
cxtending along a longitudinal axis ot the access sieeve, the siceve body having first and
second open ends. The access sleeve further comprises a first lumen extending along the
longitudinal axas between the first and second open ends of the sleeve body. The access
sleeve also comprises a lateral operung m the sleeve body connecting the first lumen to an
outer surtace of the sleeve body. Here the laicral openimg of the access sleeve 1s configured
to be selectively expanded 1o attach the access sleeve to a medical device.

{008} In some unplementation, the siceve body comprises a second lumen exicnding along
the longitudinal axis between the first and second open ends of the slecve body. the second
humen being sized and shaped for passage of a guidewire. In other implementations, the
opening extends Imearlyv between the first and second open ends of the sleeve body and 1s
paralicl to the longitudinal axis of the first fumen of the sleeve bodv. In certamn
impiementations, the opening extends 1 a helical spiral between the first and second open
ends of the sleeve body. In some implementations, the sleeve comprises an mner surface
fabricated with an irregular geometry to nunimize contact between the sleeve body and the
medical device. In other timplementations, the mner surface comprises at least one recess
extending between the first and second open ends of the tubular sleeve body.

{0009} In certamn vnplementations, the access sleeve further comprises a hub attached to the
second open end of the tubular siceve bodv. In other implementations, the access siceve
further comprises a tip at the first open end of the tubular sleeve body, the tip having mner

surface defining a tip lumen that extends between proxamal and distal ends of the tip, the tip
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lumen bemg m tluid communication with the first lumen of the sleeve body. In some
impicmentations, an outer diameter ot the proxamal end of the tip 1s larger than an outer
diameter of the distal end of the tip such that the tip s tapered along s proximal-to-distal
iength. In other implementations, a diameter of the mner surface at the proxamal end of the
tip 18 larger than a diameter of the mner surface of the tip at the distal end.

{0GI0] o cortain implementations, a diameter of the mner suriace at the proxumnal end of the
fip 1S equal to a diameter of the mner surface at the distal end of the tip. In other
implementations, siceve body comprises a first matenal and the tip comprises a second
material. in some tnplementations, the first matenal 1s substantially stiffer than the second
material, and the second matenal 1s substantially more elastic than the first matenal. In other
implementations, the first matenal comprises at least one of: high-density polvethyvlene
{(HDPE) matenal, a medium- density polvethviene (MIDPE) matenial, a low-density
polyethyviene (LDPE)Y matenal, a polyether block anude (such as PEBA), a material with an
clastic modulus of about 81-307MPa, and material with a yield stram of 20-30%. In certan
implementations, the second matenal comprises at least one of! ethyvlene-vinyl acetate
(EVA), styrene-butadiene copolvmer (SBC), synthetic rubber, an clastomer, an ¢lastic
materal, a material with an clastic modulus of about 1.6ksi, and a matenal with a vield strain
in excess of 200%. In other implementations, the hub any one of a high-density polyethylene
{HDPE) matenal, a medium-density polvethviene (MDPE) matenal, a low-density
polyethviene {(LDPE)Y matenal, polyether cther ketone (PEEK). and a polvether block amude
{such as PEBA)}.

0011} According to another implementation of the present disclosure there s provided an
access system. The access svstem compriscs a medical device contigured for inscrtion mio
an arteriotomy of a patient, the medical device having a tirst end and a second end. The

access system also comprises an access siceve. The access sleeve comprises a tubular sleeve
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body extending along a longitudimal axis, the sleeve body having first and second open ends.
The access sleeve also comprises a first lumen extending along the longitudinal axis between
the first and second open cnds of the sleeve body. The access sieeve turther comprises a
iateral opening in the sleeve body connecting the first lumen to an outer surface of the slecve
bodv, the lateral opening comprising a shit that extends along the length of the sleeve body
Hecre the access siceve 15 condigured to be selectively expanded to attach the access siceve to
the medical device such that the medical device 1s positioned m the first lumen and the first
lumen allows for the passage of at least the medical device,

{061 2] In some implementations, the access sleeve body has a cross-sectional shape that 1s
substantially C-shaped. In certain implementations, the medical device includes a catheter
onto which the access sleeve attaches. In some implementations, the access sleeve 18
configured to shide distaliy along the catheter and be advanced nto the arteriotomy while
stil attached to the catheter. In other implementations, the sleeve further comprises a second
lumen extendimg along the longitudinal axus between the first and second open ends of the
siceve body for passage of a gwdewre. In some implementations, the sleeve comprises an
inner surtace having an irregular geometry to muninize contact between the siceve body and
the medical device. In cortain implementations, the mner surface comprises at least ong
recess exiending between the first and second open ends of the tubular siceve body. In some
impicmentations, the access svstem further comprises a hub attached to the second open end
of the tubular sleeve body.

{8813} According to a turther implementation of the present disclosure there 18 provided a
method of attaching an access sleeve to a medical device positioned within a vascular site of
a paticnt such that the medical device comprises a first section positioned withmn the
vasculature and a sccond section positioned external to the patient. The method comprises

attaching the access sieeve to the second portion of the medical device via a first lumen. The
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method also comprises positioning the access sleeve within the vasculature by shiding the
access siceve along the medical device where the medical device serves as a raud for guiding
the access sleeve such that the access siceve 1s in the proxamity of the first portion of the
medical device when positioned within the vasculature. The method finally mvolves
removing the medical device.

{0G14] o some umpicmentations, the access sleeve further comprises a second lumen with a
stylet, and the method further comprises removing the stvlet from the second lumen once the
access sieeve 1s positioned within the vasculature. in other implementations, the method
turther comprises removing the access slecve whiic maintaining the position of the
guidewire in the vasculature. In certain implementations, the method also comprises
removing the medical device from the vascular site. In some mmplementations, the method
further comprises removing the acceess skeeve while maintauung the position of the

ouidewire 1 the vasculature, and removing the medical device trom the vascular site.

Bret Description of the Drawings

{0G15] The foregomg and other objects and advantages will be apparent upon consideration
of the following detatled description, taken m conjunction with the accompanying drawings,
in which like reference characters refer to like parts throughout, and 1n whach:

{6016] FiIG. 1 shows an 1sometric view of an dlustrative prior art medical device;

{3017} FIG. 2 shows a longitudinal cross section of an access sleeve according 1o an
inplementation of the present disclosure;

{0018] FIG. 3 shows an 1sometnic view of the access siceve of FiG. 2 attached to a medical
device:

{0019} FIG. 4 shows a transverse cross section of the illustrative access siceve of Fi. 2;
{6020] FIG. 3 shows an 1sometric view of a proxamal portion of the access sleeve of FIG, 2
attached to the medical device of FIG. 1
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16021] FI{. 6 shows an isometric view of a distal portion of the access sleeve of FIG. 2
attached to the medical device of FI1G. 1;

{03221 FIG. 7 shows a transverse cross section of a second embodiment of the illustrative
access sleeve of Fig. 2;

{O023] FI(G. 8 shows a transverse ¢ross section of a third embodiment of the tlustrative
access siceve of Fig. 2Z;

100241 FIG. 9 shows a transverse cross section of a fourth embodiment of the dlustrative
access sleeve of Fig. 2; and

{G025] FiG. 10 shows an illustrative method for attaching a gundewire access siceve of Fi,

2 to the medical device of FIG. 1.

{3026} To provide an overall understanding of the systems, method, and devices described
herein, certamn dlustrative embodiments will be described. Although the embodiments and
features descnbed heremn are specitically described for use 1 connechion with a percutancous
heart pump svstem, it will be understood that all the components and other features outhined
below mayv be combined with one another in any suitable manner and may be adapied and
applied to other types of medical devices such as transcatheter aortic valve replacement
{TAV R} dehivery systems, cardiac therapy and cardiac assist devices, inciuding balloon
pumps, cardiac assist devices umplanted using a surgical mncision, and the hke.

08027} The systems, methods and devices described heremn provide an access sleeve for
attachment to a medical device (such as a percutancous heart pump) afier the device has
been mserted mito a blood vessel through a vessel aperture, 1.¢. an mndwelling medical device.
The access sleeve comprises a tubular sleeve body extending along a longitudinal axas,
where the sleeve body has a first open end and a second open end. The access sleeve also
cOMprises an opening i the siceve body connecting the tirst lumen to an outer surface ot the

7
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sieeve body. The access sleeve 15 configured to be attached to the medical device without
requiring access to the first end or the second end of the medical device such that vascular
access 1o a patient 1s mawntained by the access siceve atter removal of the medical device. In
certarn implementations, the sleeve body may comprise a second lumen for a guidewire,
{0028] The opening 1n the sleeve bodv allows for the access sieeve to be attached mn-ling 1o a
medical device without requiring access o the ends of the medical device. With this
configuration, the medical device does not need to be threaded through the access sleeve
thereby making the device adaptable to a host of medical devices. Further, the sleeve 1s made
of a ticxible matenial which means that the arms of the siecve can tlex out of the way for
attachment to medical devices of varving diameters, and can return to their original shape
after the medical device 1s removed. This enables the sleeve to shide along the medical
device while remanung attached to the device. This also allows for the passage of a medical
device with cross-seotions having diameters that are larger than that of the first lumen of the
access sleeve tor the purpose of removal of the medical device from the vasculature of a
patient. The resihience of the arms of the access sleeve also nunimazes the formation of
cavitics between the sleeve body and the medical device. This reduces the ikclihood of fhuid
and blood bemg trapped 1n such cavities which can iead to unwanted hacmostasis and
coagulation m the first lumen.

{0629 FIG. 1 shows an illustrative medical device such as a percutancous pump 100
according to certamn tmplementations. The pump 100 comprises a pump handie 110, a pump
head 130, a catheter 120 connecting the pump handle 110 to the pump head 130, and a
connecting hub 160, The catheter 120 15 tubular and has a substantially uniform outer
diameter 130, The catheter 120 enables the pump head 130 and the pump handle 110 t0 be ;n
clectro-mechanical commumecation. The pamp handle 110 15 1 commumcation with control

circuitry which allows the control of the pump head 130, The pump head 130 contains
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clectro-mechanical components 10 that enable the device 16 perform various tasks within the
body of a paticnt, such as pump blood from a location within the body. The pump head 130
has a diameter 140 that 1s larger than the diameter 150 of the catheter 120, An example of
such a percutancous pump 1s the Impella 2. 3™ gystem (Abiomed, Inc., Danvers,
Massachusetts). It will be understood that while a percutancous heart pump 1s described
heren, anv other percutancous medical device can be used in conjunction with the present
disclosure.

{0030] FIG. 2 shows a cross sectional view of an liustrative access slegve 200 accordmmg 1o
certain impicmentations of the present disclosure. The access siceve 200 comprises a sleeve
body 210 having a longitudinal axis 205 The sleeve body 210 forms a lumen 215 between a
distal end 220 and a proxamal end 230, The sleeve body 210 {and hence the lamen 215} has
an micmal diameter 218, The distal end 220 has an open end 225 and the proximal end 230
has an open end 235, thereby defining an inner surface and an outer surface. The humen 2135
provides a passageway for a medical device, such as the percutancous pump 100 ot FIG. 1
In some mmplementations, the access sleeve 200 may have more than one lumen 215, For
cxample, the access siceve 200 may have two lumens, a tumen 215 for the passage of an
indwelling catheter 120 of a medical device 100, and the other, a penipheral lumen 216, for
the passage of a guidewire. In certain implementations, the slecve body 210 may be tubular,
in other impiementations, a flexabic fip 240 having an internal lumen 242 and an open distal
end 245 1s attached to the distal end 220 of the sleeve body 210. In this manner the lumen
215 of the slecve body 210 15 1n thid commumcation with the lumen 242 of the tip 240 such
that a continuous passageway 1s formed from the proximal open end 235 of the sleeve body
210 to the distal open end 245 of the tip 240, Additionally, the peripheral lumen 216
terminates 1 the tip 240 at lateral opening 217, In some mmplementations, the tip 240 1s

mntegrally formed with the tubular sleeve body 210, In certamn implementations, the access
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sleeve 200 comprises an opening 260 extending longitudimally along the sleeve body 210
The opening 260 connects the lumen 215 {o the outer surtace of the sleeve body 210 such
that the cross-section of the access sleeve 200 1s substantially {-shaped. in certain
implementations, the opening 260 comprises a shit nunning down the entire length of the
sleeve 200. In certain implementations, the access sleeve 200 may also comprise a hub 250
that 1s coupled to the proximal end 230 of the siceve body 210 to allow the proximal end 230
of the slecve 200 o be secured to a pattent. The hub 250 also facilitates msertion of a
cumdewire nto the penpheral lumen 216 from the proxamal end 230 of the access sleeve 200,
{0031} Attachment ot the access siceve 200 to a medical device, such as the percutancous
pump 100 shown 1n FIG. |, will now be described with respect to Fi{s. 3. FIG. 3 shows
representative tissue of a patient comprising of an artery 320, subcutancous tissue 310, and a
skin layver 340 where the pump 100 has been 1nserted mito the vasculature of a patient, such
as a blood vessel as depicted m the figure (only the wndwelling catheter 120 of the pumyp 100
is shown mn the figure). The pump 100 may have been itroduced into the vasculature 320 of
the patient via an ateniotomy 330 using known technigues. As mentioned, the catheter 120
provides the necessary fhuid and clectro-mechanical connections between the pump head to
the pump handic 110. Thus, when the pump head 130 15 m position, a first portion of the
catheter 120 would reside 1n the artery 320 of the patient, a second portion of the catheter
would reside m the subcutancous tissue 310, and a third portion of the catheter would be
cxterior to the patient tissuc, 1.e. external to the sk laver 340, In FIG. 3, the first portion is
distal trom the arteniotomy 330, as mdicated by arrow B, the second portion is proximal {o
the arteriotomy 3340, as indicated by arrow ., and the thurd portion 15 external to the fissue,
as indicated bv arrow L),

0032} Once the medical device 100 has been used, it may be necessary to completely

remove it from the vasculature 320 to make way for another medical device. In accordance
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with implementations disclosed herein, access to the vasculature 320 can be mamtaincd by
the access siecve 200 alone, by the access sleeve 200 with a guidewire, or with a guidewire
after removal of the access sleeve 200, all of which require the attachment of the acecess
sleeve 200 (o the catheter body 120 of the medical device 100. Thus in order to mamian
access to the vasculature 320 while the medical device 1s removed or | the access sleeve 200
is attached to the catheter body 120 of the medical device and the siceve 15 inserted nto the
vasculature 320 of the patient. In order (o position the aceess slegve 200 m the desired
location, the slecve s first attached to the portion of the indwelling catheter extenor (o the
tissu¢ {indicated by arrow £ i FlG. 3). This attachment 1s done via stit 260 that runs along
the sleeve body 210 of the access sleeve 200. The shit 260 1s opened with the application of a
separating force to the distal tip 220 of the sleeve body 210, 'This may be done by a
phvsician s fingers such that an opening 1s created suthicient to accommodate the third
portion of the catheter body 120 of the medical device 100, 1.¢. the opening would have to be
greater than the external diameter 150 of the catheter body 120, In alternate embodiments,
attachment of the access sleeve 200 to the catheter body 12015 actioned by a press-tit where
the access sieeve 200 1s pressed onto a portion of the catheter body 120 exterior to the tissue,
and the tlexure of the catheter body 120 facilitates attachment of the remaining iength of the
access sleeve 200. This opering of the shit 260 1s possible due to vanous factors, tor
cxample, the nature of the matenial used to fabricate the access slecve 200, which will be
discussed in the following sections, the geometry of the access sleeve 200, the cross-
scctional shape of the access slecve 200, the position of the shit 260 on the cross-section of
the access sieeve 200, the shit width, ete. The siceve body 210 of the access sleeve 200 13
then pushed onto the third portion of the catheter body 120 via siit 260 untad the catheter
body 120 1s located n lomen 215 of the slecve body 210, Once this occurs, the remaming

iength of the access sleeve 200 1s attached (o the third portion of the catheter body 20 until

il
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the enfire sleeve body 210 coaxaally encompasses the catheter body 120, This can be
achieved bv appilymg a longitudmal force on the proxamal end 230 of the sieeve body 210
untid the entire skeeve body 210 shides 1nto place on the catheter body 120, The access slecve
200 can thus be attached m-lme to the percutaneous pumyp 100 without having access to the
end of the catheter 120, 1.¢. without having access to the pump head 130, This 1s also
advantagceous when a medical device, such as the percutancous pump 100, does not have a
humen residing through i for the passage of guidewire.

10033} The access sleeve 200 acts as a cutt around the catheter body 120 when 1t 1s fully
attached to the catheter body 120, Once attached, the access siceve 200 can then be
posttioned 1 the vasculature 320 of the paticnt by shiding 1t along the catheter body 120
from the third portion, through the sccond portion, and over the first portion, and 1n s8¢ doing
the access siceve 200 will be guided 1nto the arteriotomy 330 by the catheter body 120, In
this manner, the catheter body 120 effectively serves as a guide radd for longitudinally
posttioming the access slecve 200 along the catheter body 120, Entry mio the arteriotomy
330, while guided by the catheter body 120, 1s further aided by the atraumatic tip 240
attached to the distal end 220 ot the siceve body 210 of the access siceve 200, Specitic
teatures of the tip 240 that enable this case of positioning will be discussed 1n the following
seotions. Note that in the implementation depicted 1 FIG. 3, the access sleeve 200 has a
peripheral lumen 216 (not shown) fabnicated o the sieeve body 210 for the passage of a
omidewire, for example. The penpheral humen 216 termunates i the tapered region of the tip
240 at a lateral opeming 217

16034] The access sleeve 200 comprises a ngid matenal, such as a mgh-density polvethviene
10 (HDPE) matenal, a medium-density polyethyiene (MDPE) matenal, a low-density
polyethylene (LDPE) material, a polyether block amde {such as PEBA), a matenal with an

clastic modulus of about 81-307MPa, and a matenal with a vield strain of 20-30%.
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{8035] FI{. 4 shows a cross section of an access sleeve 400 taken along the section A-A™
P, 2. The access sleeve 400 has two lumens, a pomary fumen 215 for attachment ondo the
catheter 120 of the medical device, as described 1 relation to FIG. 2, and a smaller
peripheral lumen 216 for the passage of a gundewire, tor example. The penipheral lumen 216
1s tabricated within the walls of the sleeve body 210 and 1s distinct from the primary lumen
215 However, 1o certain implementations, the peripheral lumen 216 may be merged with the
primary lumen 215 1o form a track running alongside the primary humen 215, Whale the
pernipheral lumen 216 1s illustrated o FIG. 4 as having a aircular cross section, it will be
understood that the penpheral lumen 216 may be of any cross sectional shape. The diameter
218 of the peripheral lumen 216 1s smaller than that of the primary lumen 215, The primary
fumen 215 has a diameter 218 that 1s substantially stimilar to the diameter 130 of the catheter
vodv 120 such that the access slceve 200 and the catheter body 120 have either a clearance
{1t or an terierence fit whale allowing longitudinal movement of the catheter body 120 with
respect to the access sleeve 200, Thas scals the primary lumen 215 and mimimizes {or cven
chiminates) the passage ot fluid 1n any space that develops between the sleeve body 210 and
the catheter bodv 120 during inscrfion which may coagulate and block the primary lumen
213 of the access sleeve 200, The diameter 218 of the primary fumen 215 s also smaller
than that of the pump head 130, Thus when it becomes necessary to completely remove the
pereutancous purnp 100 from the arteniotomy, the sit 260 allows tor expansion of the access
sieeve 200 and lumen 215 such that the pump head 130 is able to longitudmally move within
the expanded lumen to be retrieved. After retrieval of the pump 100, the access slceve
returns 1o its ongimal size. Such expansion and contraction of the sleeve 200 15 also
attributed to the flexable nature of the matenal used for the access sieeve 200,

{0036] The shit 260 1s fabricated as an opening w the slceve body 210 and runs

tongitudinally along the length of the access sleeve 200, In certain implementations, the sl
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260 15 a hinear cut hine that runs parallel to the longitudinal axas 205 of the access sleeve 200,
as tustrated mn Fi{z. 5. Such a hincar siit 260 simphifics fabrication of the access siceve 200,
in other tmplementations, the slit nuns spirally with respect to the longitudinal axis 205 of
the sleeve 200, Such a spiral slit 260 allows for a higher level of tlexability while ymproving
the resistance of the access sleeve 200 to kink around bends once mserted mio the
arteriotomy of the patient. The spiral stit 260 n the access sleeve 200 also provents
detachment form the medical device. Additionally, the sparal shit 260 provides the aceess
sleeve 200 with added strength.

{0037] In some implementations, the wmner surtace of the siceve body 210 may have an
irrcgular geometry to miminize contact with a medical device {¢.g., medical device 100) that
1s advancing through the primary lumen 215, Such wrregular geometry may mclude structures
that span at lcast a portion of the longrudinal length of the sleeve body 210, Such structures
may mclude nbs, projections, ndentations, for example, that reduce the amount of contact
the 1nner surface 204 of the siceve body 210 makes with a medical device 100 that is
advanced through the primary lumen 215, In one umplementation, the mner surface 204 of
the sleeve body 210 may be provided with at least one rib or projection that runs along at
icast a portion of the longitudmal length of the sleeve 210, Such structures may appear as
ratsed features that protrude from the mner surface of the sleecve body 210, In other
implementations, the mner surtace of the siceve body 210 may be provided with at icast onc
indentation that runs along at least a portion of the longitudinal length of the sieeve 210,
Ssuch structures may appear as recessed features that appear as depressions on the mner
surface of the sleeve body 210. In further implementations, a combination of projections and
indentations may be provided along at icast a portion of the longitudimnal length of the sleeve
body 210.

({0038 In cortain implementations, raised features {€.g. projections) on the mmer surtace of
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the sleeve body 210 mav additionally prevent axial rotation of the catheter body 210 when
moving within the primary lumen 215, Such projections may mate with a groove on the
catheter bodv 210 such that when the access siceve 200 15 attached to the catheter body 210,
the projections on the mner surtace of the sleeve body 210 engage with a corresponding
groove on the catheter body 210 therebvy preventing axzal rotation of the medical device 100
as 1t moves withun the access slecve 200,

{8839] The access sleeve 200 may be used on its own {i1.¢. without the nced of a guidewire)
to mamtam access {o the vessel 320 when the pump 100 1s retrieved or reposiioned. In
certain mstances, more space 1n the vessel 320 may be necessary for other medical devices
and so a gudewire may be used in comjunciion with the access sleeve 200, after which the
access sieeve 200 may be removed such that only the gundewire remaimns to maintam access
to the vessel 320, The guidewire 1s mserted mito the peripheral lumen 216 in the access
siceve 200 after the access sieeve has been attached to the catheter body 120, As with the
primary lumen 215, the diameter of the penpheral lumen 216 1s such that it establishes a
clearance fit or an miterterence fit with a guidewire whale allowing longitudmal movement of
the gumidewire with respect 1o the access sleeve 200, This prevents the ingestion of fluid m
the peripheral lumen 216 which may coagulate and block the perpheral lumen.
Alternatively, the access siceve 200 may be preloaded with the gindewire m the penpheral
lumen 216 prior fo attaching the access siecve 200 to the catheter bodv 120, Such a
outdewire may provide addiional mechanical strength to the access sleeve when pre-loaded.
The penpheral lumen 216 terminates i the tip 240 at lateral openimg 217, as shown mn FIG
3.

1{0040] In certain embodiments, a guidewire lumen styiet may be mserted mio the penpheral
lumen 216 (o plug it until the physician 18 ready {o use the penpheral lumen 216 for the

passage of a gumrdewire. duch a stylet will prevent blood from escaping. The stvlet would
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have a clearance fit with the peripheral lumen 216 and does not protrude out past the outer
surface of the distal end of the access sleeve {(¢.g. the stviet does not protrude past the lateral
opening 217 1n the tip 240). This would prevent the stviet from snagging tissue as the aceess
sleeve 200 1s posttioned 1n the vasculature of the patient. In some implementations, the
access sleeve 200 may be tabnicated without a peripheral lumen 216

{0641} In certain implementations, the sleeve bodv 210 may mclude micgral support
structures to mcrease the hold toree of the access slecve 200, duch support structures may
also improve the overall ngidity of the sleeve 200, According to some implementations, such
support structurcs may take the form of superelastic wires that are arranged longitudinally
along the length of the sleeve body 210, In certain implementations, nitinol wires are used.
Such support struchures are meorporated within the sleeve body 210 durimg fabrication of the
access siceve 200,

00421 FIG. 6 diustrates the atraumatic tip 240 attached to the access sleeve 200, With
reterence to FIGS. 2 and 6, the tip 240 15 attached (o the distal end 220 of the sleeve body
210 and has an mternal lumen 242 and an open distal end 245 that 1s attached to the distal
end 220 of the sleeve bodv 210, The proximal end 244 of the up 240 1s coupled to the distal
end 220 of the sleeve body 210 such that lamens 215 and 2472 are secamiessly n
commurncation with cach other. This allows for easy passage of the medical device 100
withun the access sieeve 200, The mner surface of the tip 240 1s shightly tapered such that the
imner diameter 1s larger at the proximal end 244 than at the distal end 245 of the tip 240 This
creates a shight inference fit with the medical device 100, This slight inifcrence of the distal
tip 240 with the medical device 100 helps seal any tlnd or blood from enterning the opening
at the distal end 245 and hence the lumen 215, The outer surface of the tip 240 is aiso
tapered towards the distal end 245 such that the outer diameter 18 larger at the proxamal end

244 than at the distal end 245. The penpheral lumen 216 ternunates in the tip 240 at lateral
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opening 217, as shown m FIG. 5. The distal end 244 of the tip 240 termunates at a leading
cdge 246. The outer diamceter of the icading edge 246 has a radius to faciliiate smooth
insertion of the access sleeve 200 mto the vasculature 320 of a patient. The tip 240 s highly
resilient and will not exhubit permanent deformation (such as flaring or spliting} In certamn
implementations, the tip 240 comprises the same flexible matenal as the sleeve body 210,
Further, the tapered surface of the tip 240 resulis in thinnung of the walls of the tip 240
towards the distal end 245 This adds flexability o the tip 240 and allows for less traumatic
retrigval of an oversized medical device during removal from the vasculature of a patient.
{3G343] In some tmpicmentations, the proximal end 230 of the access sleeve 200 may be
coupled to a hub 250, The hub 250 has an mnternal condat 252 that 15 i fhad
commumcation with the primary humen 215 of the access sleeve 200 when the hub assembly
230 1s coupled to the sleceve body 210, The micrnal conduit 252 has a diameter 236, In
certain tmplementations, the hub 230 has a passageway 254 which aligns with the penipheral
lumen 216 when the access sleeve 200 1s connected to the hub 250, The passageway 254
provides the user with a defined entryway for msertion of a guidewire mto the penpheral
iunien 216 after the access sleeve 204 15 mnserted mto the vasculature 320 of a patient. In
certain implementations, the hub 250 may also have an opening or a sht (not shown} that
allows for the passage of a meducal device 100 that has a diameter larger than the diameter
236 of the condut 232, In other implementations the proximal end of the hub 2350 may be
configured to mate with the handle 110 of the medical device 100, The hub 250 may also
have attachment features {e.g. wings or suture holes} that allow the access sleeve 200 (o be
secured 1o a patient. In certain implementations the hub may facilitate grip for the user of the
access sleeve 200 over the medical device 100, In other implementations, the hub may also
contam a hemostasis valve. The hub and the hemostasis valve may contam a sht or

couuvalent lateral openimg that would facilitate attachment of the access slegve {coupled to
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the hub} to the medical device.

{3344 The bub 250 mav comprise a ngid matenal. The nigid matenal 1s a polvethviene or
poiyurethance material with an elastic modulus of about 40kst. In some ymplementations, the
rigid material s any one of a high-density polvethyiene (HDPE) materal, a medium-density
polvethyiene (MDPE) matenal, a low-density polvethyiene (LDPE) matenal, polvether ether
kctone (PEEK), and a polvether block amude {(such as PEBAX). In certain implementations,
the rigid matenal 1s a crack-resistant matenial. In some mmplementations, the rigid matenal
may also be a matenal with a low cocfhicient of friction.

{0343] Altcrnative unplementations of the present disclosure will not be detaded with
respect to FIGS. 710 9. FIG. 7 illustrates a cross section of an alternate access sleeve 700
according to certarn implementations. Access sleeve 700 contains sumilar features 1o access
siceve 200 as dlustrated in FIG. 2. Access sleeve 70U comprises a sleeve body 710 having a
primary lumen 725 for passing of a medical device, such as the percutancous pump 100, for
cxample, and a peripheral lamen 730 for passage of a gwndewrre. Instead of a shif, aceess
sleeve 700 contains an opening 760 that connects the primary lumen 7235 {o the outer surface
of the slceve body 710, thercby allowing for in~-line and maintamed attachment to a medical
device. The access sleeve 700 comprises arms 715 that define the pnimary lumen 725 and the
openung 760, As with access skeeve 200, the sleeve body 710 15 also made of flexible elastic
material such that the arms 715 arc able to flex open and retum to thewr ongmal shape to
atlow attachment to a medical device. As the opening 760 s larger than the slit 260 m FIG,
2, attachment of the access sleeve 700 to a medical device 15 easter and has a chip-on effect
due to the flexabiity of the arms 715, The clip- on effect ensures that no space develops
between the inner surface of the primary lumen 7235 and the medical device. This prevents
the flow of blood between the access sleeve 700 and the medical device which mayv lead to

coagulation and blocking of the primary lumen 725,
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10046} FIG. 8 shows a cross section of a further alicrnate access sleeve 800 according to
certain impicmentations. Access siceve 800 comprises siceve body 810 baving a humen 825
tor passage of a medical device, and an opening 36{ that connects the lumen 425 to the outer
surface of the siceve body 810, This contiguration allows for the in-hine attachment of the
sleeve body 810 to the medical device. The lumen 825 and opening 860 are detined by arms
815 that span the length of the access sleeve 804, The arms 815 have rounded edges 820 10
help facilitate smooth attachment to the medical device, and mimimize trauma to the
vasculature duning msertion. Unlike the forgomg tmplementations, the access slegve 800
docs not contain a penpheral lumen for a gmdewire. Instead, the diameter of the fumen 823
1s selected such that the access sieeve 300 1s able to accommodate both a medical device and
a guidewire, if a guidewire 18 necded duarmng use. Access slecve 800 has a sumple structure
and 15 therefore casy to fabricaic,

10047} FI{G. 9 shows a cross section of another alternate access siceve 900 according to
certain implementations. Access sleeve 900 comprises sleeve body Y10 having a lumen 925
for passage of a medical device, and an opening 960 that connects the lumen 925 to the outer
surtace of the slecve body 910, This configuration allows for the in-lme attachment of the
siecve body 910 to the medical device. The access sleeve 900 also has a track or recess 930
that protrudes iwards from the surface of himen 925 mio to the slecve body 910, When the
access siceve 900 15 attached to a medical device, track or recess Y30 forms a guided
msertion path tor a sudewire. The lumen 923 and opening 960 are defined by arms 915,
cach of which have rounded cdges 920 to help facihitatc smooth attachment to the medical
device, and nunumize trauma to the vasculature duning msertion.

{3G348] FIG. 10 shows an illustrative method 1000 of usmg any of the aforementioned access
slecves 200, 700, 800 and 900, or any other suitable access slecve. The method 1000 will be

described 1o relation to access sleeve 200, but can be apphed to anv of access sleeve
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described herein. As has been discussed m the preceding sections, an access skeeve
according to the present disclosure 1s used in conjunction with a medical device, such as a
percutancous heart pump 100, Such a medical device has a catheter body 120 and 1s mserted
into the vasculature of a patient to perform a function at an access sie. In so domg, a first
portion of the mdwelling catheter will be exterior to the vasculature while a second portion
of the indwelling catheter will be positioned at the access site. Unce the medical device has
pertormed its function, it may be necessary to completely remove it from the vasculature, or
repostiion {or reload) a medical device whule still mamtamning access to the vasculature.
1{0G49] At step 51010, the distal portion 228 of the access sieeve 200 1s attached to the first
portion of the catheter body 120 by opening the slit 260 with the application of a separating
force to the distal tip 220 of the slecve body 210. The sleeve body 210 of the access sleeve
200 1s the pushed onto the second portion of the catheter body 120 via sitt 260 unti the
catheter body 120 1s located i fumen 215 of the sleeve body 210. Once this occurs, the
remarning fength of the access sleeve 200 15 attached to the second portion of the catheter
body 120 until the entire sleeve body 210 co-axially encompasses the catheter body 120
This can be achieved bv applving a longttudinal force on the proximal end 230 of the sleeve
body 210. In this manner. the access siceve 200 15 attached in-line 1o the percutancous pump
100 without having access (o the end of the catheter 120, 1.¢. without having access {o the
pump head 130,

00301 At step $1020, the access sleeve 200 1s posittoned i the vasculature of the patient by
shiding it along the catheter body 120, and, m so doing, the access sleeve will be gwnded nto
the access site by the catheter bodv 120, The catheter body 120 effectively serves as a guide
ratl for longiudinally positioning the access sleeve 200 along the catheter body 120, In
certarn implementations, a guidewire may additionally be mserted mto a peripheral himen

216 of the access sleeve 1o gain access to the access site. The guidewire 18 mserted mio the
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peripheral lumen 216 via a hub 250 located at the proxamal end 230 of the access sleeve 200,
{0051] At step 51030, after posifioning the access sleeve {(and guidewire, 1f necessary) at the
desired location within the vasculature of the patient, the percutancous pumpl00 18 removed
or repositioned as necessary. As previously mentioned, the diameter 2138 of the lamen 215
may be smaller than that of the pump head 130. Thus, dunng removal or repositioning of the
pump 100, the shit 260 allows for expansion ot the access siceve 200 and tumen 213 such
that the pump head 130 15 able to longitudinally move within the expanded lumen to be
retrigved. After retrieval of the pump 100, the access to the access site 158 mamtamed by the
access sleeve 200 (or the guidewire, if present, or both).

{30521 In certam tmplementations, prior to removing the medical device 1n step 1030, the
guidewire lumen stylet 15 removed from the peripheral lumen 216 of the access sleeve 200
{step 51040). Once the gmdewire iumen stvict 1s removed, a guidewire 1s mseried mito the
peripheral lumen 216 of the access sleeve 200, as shown i step $1050. Here the guidewire
is mseried such that a distal portion of the gumidewire extends bevond the access sleeve and
into the vasculature of the patient. At the pomnt, the access sleeve 200 1s removed (ste

5 1060), and, if necessary, the medical device 100 1s removed {(step 51070), thereby leaving
yust the guidewire to mamniam aceess o the vasculature of the patient. In certain
implementations, once the guidewire 1s posiioned m the vasculature (step $1030), both the
access siceve 200 and the medical device 100 arc removed together, lcaving just the
ouidewire to maintain access to the vasculature of the patient {step 51080).

{8053] In view of the foregomng, the person of ordinary skill will appreciate that the present
disclosure provides a means of mamtam access to an artenotomy of a patient durnng use of a
repostiioning siccve and/or removal of an imdwelhing pump, without having access to the
distal (indwelling) ends of these devices.

{3054] The foregoing 1s merely dlustrative of the principles of the disclosure, and the
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systems, methods, and devices can be practiced by other than the described embodiments,
which arc presented for purposcs of tlustration and not of hmutation. if 1s to be understood
that the systerns, methods, and devices disclosed herem, while shown tor use 1n a system
percutancous heart pumps, may be applied to syvstems, methods, and devices for other

mplantable heart pumps or implantable cardiac assist devices.

A

{3055] Vanations and modifications will occur to those ot skill in the art after reviewing the
present disclosure. The vanous features described or illustrated above, mcluding any
components thercot, may be combined or mtegrated mn other systems. Moreover, certain
tcaturcs mayv be onuticd or not implemented. The vanous implementations described or
iHustrated above may be combined m any manner.

|0056] Examples of changes, substitutions, and alterations are ascertamable by one skalled m
the art and could be made without departing from the scope of the imnformation disclosed
heremn. All references cited herein are mcorporated by reference in their entirety and made

part of this application.



We Claim:

1. A vascular access sleeve comprising: a tubular sleeve body extending along a
longitudinal axis of the access sleeve, the sleeve body having first and second open ends; a hub
attached to the second open end of the tubular sleeve body, the hub having third and fourth open ends,
and further including a hemostasis valve; a first lumen extending along the longitudinal axis between
the first and second open ends of the sleeve body, and further extending between the third and fourth
open ends of the hub; a second lumen extending along the longitudinal axis between the first and
second open ends of the sleeve body, the second lumen being sized and shaped for passage of a
guidewire; a first lateral opening in the sleeve body, the hub and the hemostasis valve, the first lateral
opening extending from the first open end to the second open end of the sleeve body, and from the
third open end to the fourth open end of the hub; and a second lateral opening between the first lumen
and the second lumen, the second lateral opening extending from the first open end to the second open
end of the sleeve body, wherein the first lateral opening is configured to be expanded to attach the
access sleeve to a medical device between a first end and a second end of the medical device such that
the medical device is housed within the first lumen, and wherein the first lateral opening and the
second lateral opening are configured to allow the access sleeve to be attached to the guidewire
between a first end and a second end of the guidewire such that the guidewire is housed within the

second lumen.

2. The access sleeve of claim 1, wherein at least one edge of the first lateral opening is
rounded.
3. The access sleeve of claim 1, wherein the first lateral opening extends linearly between

the first and second open ends of the sleeve body and is parallel to the longitudinal axis of the first

lumen of the sleeve body.

4. The access sleeve of claim 1, wherein the first lateral opening extends in a helical spiral
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between the first and second open ends of the sleeve body.

5. The access sleeve of claim 1, wherein the sleeve body comprises an inner surface
fabricated with an irregular geometry to minimize contact between the sleeve body and the medical

device.

6. The access sleeve of claim 5, wherein the inner surface comprises at least one recess
extending between the first and second open ends of the tubular sleeve body, the recess being different

than the second lumen.

7. The access sleeve of claim 1, wherein the hub further comprises wings or suture holes

configured to allow the hub to be secured to a patient.

8. The access sleeve of claim 7, wherein the hub comprises at least one of: a high-density
polyethylene (HDPE) material, a medium-density polyethylene (MDPE) material, a low-density

polyethylene (LDPE) material, polyether ether ketone (PEEK), or a polyether block amide (PEBA).

9. The access sleeve of claim 1, further comprising a tip at the first open end of the tubular
sleeve body, the tip having an inner surface defining a tip lumen that extends between proximal and
distal ends of the tip, the tip lumen being in fluid communication with the first lumen of the sleeve

body.

10. The access sleeve of claim 9, wherein an outer diameter of the proximal end of the tip
is larger than an outer diameter of the distal end of the tip such that the tip is tapered along its proximal-

to-distal length.

11. The access sleeve of claim 9, wherein a diameter of the inner surface at the proximal

end of the tip is larger than a diameter of the inner surface of the tip at the distal end.

12. The access sleeve of claim 9, wherein a diameter of the inner surface at the proximal

end of the tip is equal to a diameter of the inner surface at the distal end of the tip.
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13. The access sleeve of claim 9, wherein the sleeve body comprises a first material and

the tip comprises a second material.

14. The access sleeve of claim 13, wherein the first material is substantially stiffer than the

second material, and the second material is substantially more elastic than the first material.

15. The access sleeve of claim 13, wherein the first material comprises at least one of:
high-density polyethylene (HDPE) material, a medium-density polyethylene (MDPE) material, a low-
density polyethylene (LDPE) material, a polyether block amide (PEBA), a material with an elastic

modulus of about 81-307 MPa, or a material with a yield strain of 20-30%.

16. The access sleeve of claim 13, wherein the second material comprises at least one of:
ethylene-vinyl acetate (EVA), styrene-butadiene copolymer (SBC), synthetic rubber, an elastomer, an
elastic material, a material with an elastic modulus of about 1.6 ksi, or a material with a yield strain

in excess of 200%.

17. An access system comprising: a medical device configured for insertion into an
arteriotomy of a patient, the medical device having a first end and a second end; and an access sleeve
having a tubular sleeve body extending along a longitudinal axis, the sleeve body having first and
second open ends; a hub attached to the second open end of the tubular sleeve body, the hub having
third and fourth open ends, and further including a hemostasis valve; a first lumen extending along
the longitudinal axis between the first and second open ends of the sleeve body, and further extending
between the third and fourth open ends of the hub; a second lumen extending along the longitudinal
axis between the first and second open ends of the sleeve body, the second lumen being sized and
shaped for passage of a guidewire; a first lateral opening in the sleeve body, the hub, and the
hemostasis valve, the first lateral opening comprising a slit that extends from the first open end to the
second open end of the sleeve body, and from the third open end to the fourth open end of the hub;

and a second lateral opening between the first lumen and the second lumen, the second lateral opening
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extending from the first open end to the second open end of the sleeve body, wherein the first lateral
opening of the access sleeve is configured to be expanded to attach the access sleeve to the medical
device between the first end and the second end of the medical device such that the medical device is
positioned in the first lumen and the first lumen allows for the passage of at least the medical device,
and wherein the first lateral opening and the second lateral opening are configured to allow the access
sleeve to be attached to the guidewire between a first end and a second end of the guidewire such that

the guidewire is positioned in the second lumen.

18. The access system of claim 17, wherein the sleeve body has a cross-sectional shape

that is substantially C-shaped.

19. The access system of claim 17, wherein the medical device includes a catheter onto

which the access sleeve attaches.

20. The access system of claim 19, wherein the access sleeve is configured to slide distally

along the catheter and be advanced into the arteriotomy while still attached to the catheter.

21. The access system of claim 17, wherein at least one edge of the first lateral opening is
rounded.
22. The access system of claim 17, wherein the sleeve body comprises an inner surface

having an irregular geometry to minimize contact between the sleeve body and the medical device.

23. The access system of claim 22, wherein the inner surface comprises at least one recess
extending between the first and second open ends of the tubular sleeve body, the recess being different

than the second lumen.

24. The access system of claim 17, wherein the hub further comprises wings or suture

holes configured to allow the hub to be secured to a patient.
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