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PERSISTENT PERFUSION SHEATH

Cross-Reference to Related Applications

{6001} This application claims the benefit of priority under 35 U.S.C. § 119{c) from United
States Provisional Application Serial No. 62/783,554 filed December 21, 2018 the contents of
which are hereby tncorporated by reference in their entirety.

Background

16002} Intravascular medical devices such as percutancous pumps {¢.g. the Impella 2 5™
system by Abiomed, Inc., Danvers, Massachusetts), catheters, guidewires, balloon
angioplasty catheters, delivery sheaths, and implant delivery systems are commonly used
during minimally invasive procedures in the cardiovascular, cerebrovascular and peripheral
vascular systems. Such medical devices can be mtroduced into a patient in various ways.
Blood pump assemblies are introduced surgically or percutaneously durnng a cardiac
procedure through the vascular system. Such mtravascular procedures are minimally
invasive. In one common approach, pump assemblies are mserted by a catheterization
procedure through the femoral artery using a sheath, such as a pecl-away mtroducer sheath.
The femoral artery is commonly used in such procedures primarily due to ease of access.

The sheath is inserted mto the femoral artery through an arterictomy {access site in the artery)
to create an insertion path for the pump assembly. A portion of the pump assembly is then
advanced through an mner lumen of the introducer sheath and mto the artery. Once the pump
assembly has been nserted, the introducer sheath is removed, for example by being peeled
away. A repositioning sheath can then be advanced over the pump assembly and into the
arteriotonty.

16003} The introducer sheath must be large enough in diameter to accommodate the
intravascular device, ¢.g., the blood pump. To date, the smallest available heart pump is the
Impella 2.5 percutancous heart pump, which has a motor diameter of about 12 Fr. The sheath
must therefore be at least 13Fr in order to introduce the Impella 2.5 pump. Other pumps and
devices are larger than Impella 2.5, for example the Impella CP pump with a motor diameter
of about 14Fr, and the Impella 5.0 pump with a motor diameter of about 21Fr or larger,
depending on the type of device. An even larger sheath would be needed for such devices.
6004} While existing introducer sheaths are generally functional for device insertion, they
have drawbacks. For exampie, due to its size, the introducer sheath can block the cross
sectional area of the artery, and thereby occlude the artery, which can drastically restrict

down-stream blood flow. Restricted blood flow can be problematic for a number of reasons,
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including causing intermittent claudication, leg numbness/weakness and limb ischemia which
may even result in loss of the limb.
{8005} Conventionally, imb ischemia is known as a “distal perfusion” issue in the sense that
it often occurs dowunstream from the insertion site of the device. In the present disclosure, a
“distal” element is the part of the element located farthest away from the clinician and
“proximal” is the part of the clement that is closest to the clinician. In the case of a sheath
deploved mside a patient, the sheath end that is deployed mside the body of the patient is the
“distal” end, whereas the handle or end held by the climician Jocated outside the patient is the
“proximal” end.
[8086] For relatively large medical devices {e.g. with a maximur outer diameter equal to or
greater than 12Fr), the introducer sheath {or reposttioning sheath) used in combination with
the medical device has an outer diameter which s substantially similar in size to an inner
diameter of the artery or vessel in which the sheath is positioned. This match between the
outer diameter of the sheath and inner diameter of the artery or vessel prevents blood from
flowing from a location upstream of the arteriotomy to a location downstream of the
arteriotomy . Moreover, for these relatively large medical devices, the introducer sheath (or
repositioning sheath) used in combination with the medical device also requires a large
access site, which may be difficult to close, or to control bleeding at when inserting or
withdrawing the sheath. The size of a medical device {e.g., relatively large, or relatively
small}, and accordingly whether an introducer sheath or repositioning sheath is considered
relatively large, can depend oun a particular patient’s anatomy.
[60077  Other drawbacks may include excessive bleeding at the arteriotomy during
insertion or removal of the sheath, which can result in blood loss for the patient, and
eakening of the patient. This is normally treated by using closure devices such as collagen
wjections, sutures or staples. But these types of closure devices can be challenging to use
when blood flow has not vet been adequately stopped, and floods the access site being closed.
Muoreover, these types of closure devices generally reguire additional tools or steps and
therefore require time effectively close.
[6008] The size of an introducer sheath and its impact on the patient may be complicated by
patient anatomy {¢.g. heavy stenosis and small vessels) and condition {¢.g. shock, vasospasm,
patient on vasopressors with constricted vessels) which can limit the size of introducer that
can be used to gain access. fn the case of vasospasm, even an appropriately sized sheath to

the onginal vessel diameter will fill the entire contracted vessel. Accordingly, for some
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patients a verv small sheath, ¢ g, 6Fr, can be too large and kead to the same occlusion and
access bleed concerns as a 12 Fr sheath in another patient.

{0009}  In general, the drawbacks noted above are more pronounced for long-term vascular
procedures. Certain procedures in the catheter lab are short term and therefore present less

5 risk, for example, typically only requure at most 4-5 hours, with physicians periodically

checking for distal (limb) perfusion. However, even in short-term situations physicians may
forget 1o confirm the patient has adequate distal perfusion from the device, or miss warning
signs of inadequate limb perfusion. Additionally, certain patients may be transferred to the
ICU with miroducer sheaths or repositioning sheaths staying m the patient for longer periods

10 oftimes ranging from 1-14 days. In such instances, the problems of vessel occlusion and
associated limb ischemia, and access site bleeding can be exacerbated.

[@618] A known mtervention to an occhided fomoral artery would be a fem-to-fom bypass
for arterial revascularization. The technigue includes gaining access, usually with a small
sheath {c.g. with a 4Fr catheter) to gain access to the opposite leg of the main access sife,

15 using a similar sheath to gain access to a distal portion of the same leg of the mam access sife,
and connecting the two sheaths together to allow perfusion to the patient’s mamn access leg
using blood flow fron: the opposite leg. However such an intervention procedure comes with
other nisks, including difficulty in gaining access to the distal portion of the blocked leg {due
to lack of flow, pressure, pulsatility, or a combination of these), additional allocation of

20 resources (time, use of materials and extra components), increased risk of infection, and other
risks associated with multiple access sites. Another potential tntervention would be to use
ECMO. However, such an intervention procedure comes with issues similar to those faced
for fem-fem bypass, and other challenges.

{6011} A potential intervention to address an access site with undesirably large blceding

25 would be to use collagen or a metallic clip or suture to close the access site. However, such
an intervention is usually unplanned and rushed, and can be difficult to visualize in view of

the ongoing bleeding at the access site ftself.

Summary

(a3
<

{60812} The systems, method and devices described herein provide an improved sheath for
delivering an intravascular device but also restoring perfusion of blood within a patient distal
to the device, for example in the lower extremities distal of an occluded vessel. Advantages

may be realized. In some implementations, distal perfusion may be achieved without
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removal of the sheath. Dhstal perfusion may be achieved with limited or reduced number of
access sites (in contrast to a fer-to-fern bypass svstem). The systems, method and devices
described herein restore the circulation of blood in the vasculature of a patient (usually the
lower extremities) with mmimal additional steps. Also disclosed herein are means for
5 determining the position of an arterictomy along the length of a catheter to help achieve more
efficient positioning, as well as means for positioning a stylet relative to the location of the
arteriotomy.
{6013} The systems, methods and devices described herein further provide a sheath with an
integrated closure device which prevents unwanted bleeding at the access site without the
10 uneed for an additional medical procedure {collagen injection or suture), or without the need
for sheath removal. Tn some embodiments, the integrated closure device is positioned
upstream of the arterictomy. In other embodiments, the integrated closure device is
positioned at the arteriotomy. In some embodiments, the integrated closure device is
deployed by mflation. In other cmbodiments, the integrated closure device is deploved by a
15 mechanical expansion.
[6814] According to an aspect of the present disclosure, there is provided a sheath system
having a sheath with a lumen through which a medical device can be inserted, and a
mechanism configured to allow a flow of flind from the blood vessel either through or around
the sheath, without being substantially blocked from reaching areas of the patient
20 downstream of the sheath. The mechanism may deploy a second lumen, one or more
apertures, an expandable portion, or other means for allowing blood flow from a portion of
the artery upstream of the sheath to a portion of the artery downstream of the device.
[B015] In some embodiments, the sheath assembly is configured with a second lumen that
permits blood to flow around the sheath. For example, the second lumen may run alongside
25 the sheath {¢.g., a side-rigger), or may run inside the sheath. The lumen has a first end with a
first an nlet port and a second end with an outlet port, where the inlet is positioned at or near
the distal end of the sheath and the outlet is positioned on an opposite side of the sheath,
thereby permitting blood to enter the inlet end and exit the fumen on the opposite side of the
sheath. A stylet may be provided and configured so as to selectively open and close the
30 second lumen along the longitudinal axis when the first end of the sheath body is positioned
within the blood vessel and the second end of the sheath is external to the patient, so as to
prevent blood from exiting the vessel altogether,
{0816} In other adaptations, the sheath assembly is configured with apertures in the sheath

itself, and a covering for those apertures, which covering can be removed to allow blood to
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flow through the apertures. The covering may include a second outer sheath that 1s
retractable (e.g., by the physician) to expose the apertures in the sheath to permit blood to
flow into the sheath and out through its apertures to reach downstream vasculature. The
covering may include an inner device such as a stylet positioned within the sheath, and
configured so that it is retracted to expose the apertures in the sheath.

{3617} In other adaptations, one or more channels or other components are provided
external to the sheath surface that pernut blood to flow past the sheath. For example, one or
more balloons may be used to facilitate blood flow past the sheath. Tn some arrangements, a
balloon is affixed to the external surface of the sheath and, upon mflation, expands the blood
vessel 10 the vicinity of the sheath to permit blood to flow around the outside of the sheath. A
second sheath downstream of the first sheath may be used to facilitate blood flow from
upstream of the first sheath to downstream of the first sheath. A sheath with an expandable
distal end may be used to increase a diameter of the artery in which the sheath is placed, and
permit blood to flow into the distal end of the sheath, through the expandable distal end and
into the artery downstream of expandable distal end.

[60818] Also contemplated are methods for inserting a medical device nto a patient through
a sheath syster, such as percutancous methods for mmserting a medical device to a blood
vessel of a patient. The methods comprise mserting a sheath assembly through a skin
puncture info an artery at an arteriotomy, and passing a medical device throagh the sheath
assembly. The methods further comprise manipulating the sheath assembly to allow flow of
blood between a location upstream of the arteriotomy and a location downstream of the
arteriotomy while simultaneously ensuring hemostasis through the arteriotomy. At least one
benefit of the methods is to increase blood flow between locations upstream and downstream
of the arterictomy, and controlling blood loss at the access site. Large diameter pumps and

pumips with large components may be suited to use with the systemas.

16819] According to ancther aspect of the present disclosure, methods are provided for
deploying a sheath within a blood vessel, and delivering a device through the sheath with
minimal or no downstream ischemia. In some adaptations, methods are provided for
percutancounsly mserting a medical device (for example a large diameter blood pump) into a
blood vessel of a patient by mserting a sheath assembly that can facilitate delivery of the
device to its intended location in the vasculature without significantly occluding the blood
vessel. The methods can be used with a sheath having a diameter substantially equal to a

cross-sectional diameter of the artery located beneath the arteriotomy, such that the sheath is
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sufficiently wide to extend across the diameter of the artery in that location. The methods
further include passing a medical device through the sheath assembly and permitting flow of
blood between a location upstream of the arteriotomy and a location downstream of the
arferiotomy, to reach dowunstream regions of the patient, while simubtancously ensuring
hemostasis through the arteriotomy. In that respect, the method operates so as to allow blood
to flow without being blocked by the sheath. Another benefit of this method is to enable
blood flow between locations upstream and downstream of the arteriotomy for sheaths which
are relatively large compared to a cross-section of the artery, while preventing excessive

blood loss at the access site.

Bref Description of the Drawings

{3628} The foregoing and other objects and advantages will be apparent upon consideration
of the following detailed description, taken in conjunction with the accompanying drawings,
in which bike reference characters refer to like parts throughout, and 1 which:

{6021} FIG. 1A shows an isometric view of a representative persistent perfusion sheath
according to an implementation of the present disclosure;

{6022} FIG. 1B shows atransverse cross section the perfusion sheath of FIG. 1A according
to an implementation of the present disclosure;

{6623} FIG. 2A shows a transverse cross section of a stylet according to an implementation
of the present disclosure;

[60624] FIG. 2B shows an isometric view of the stylet of FIG. 2A;

[6625F FIG. 3 shows a transverse cross section of the persistent perfusion sheath of FIG. 1
loaded with the stvlet of FIG. 2;

{8026} FIG. 4 shows an isometric view of a reprosentative access setup using the persistent
perfusion sheath assembly of FIG. 3;

16627} FIG. 5A shows an isometric view of the loaded sheath of FIG. 3 nserted into a blood
vessel;

[6628] FIG. 5B shows a transverse cross section of the sheath assembly of FIG. 5A;

[8029] FIG. 5C shows an alternative transverse cross section of the sheath assembly of FIG.
S5A

[6036] FIG. 5D shows an altcmative transverse cross section of a sheath assembly similar to

the sheath assembly of FIG. 5A;
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[8031] FIG. 6 shows an isometric view of the medical device mserted into the sheath

assembly of FIG. 5B;

{6032} FIG. 7 shows an isometric view of the medical device inserted into the loaded sheath

of FIG. 6 with the stylet partially retracted;

{3633} FIG. 8A shows a transverse cross section of a stylet similar to that of FIG. 2 with a

famen ronning through the longitudinal length of the stylet body:

{6034} FIG. 8B shows a side view of the stylet of FIG. 8A with a skive formed at a distal

end of the stvlet body; and

{6035} FIG. 8C shows an isometric view of the distal end of the stylet of FIG. 8B;

{6036} FIG. 9A shows a longitudinal cross section of the sheath assembly of FIG. 6 during

use to determing 1f blood from the vessel is flowing through the second lumen of the sheath;
[6037} FIG. 9B shows a longitudinal cross section of the loaded sheath of FIG. 6 duning use

once the stylet has been sufficiently retracted to ensure flow of blood in the vessel through

the sccond fumen of the sheath;

{6038} FIG. 10 shows an illustrative method for adjusting the position of the stylet relative

1o the sheath for fluid bypass through the second lumen of the sheath;

{6039} FIG. 11 shows an illustrative method for providing adequate limb perfusion while

using a sheath assembly;

{8046} FIG. 12 shows an illustrative method for providing adequate limb perfusion while

using a sheath assembly by retracting a device occluding the sheath;

{6641} FIG. 13 shows an dlustrative view of a sheath with a distal expandable portion

according to an mmplementation of the present disclosure;

[6042] FIG. 14 shows an illustrative method for providing adequate limb perfusion vsing the
sheath of FIG. 13,

[6843] FIG. 15 shows an illustrative 1sometric view of a sheath assembly with two sheaths

according to an implementation of the present disclosure;

16044] FIG. 16 shows an illustrative method for providing adequate limb perfusion using the
sheath assembly of FIG. 15;

[66457 FIG. 17 shows an illustrative view of a sheath with an expandable balloon on an

outer surface of a sheath according to an implementation of the present disclosure;

{6046} FIGS. IBA-B show illustrative cross sections of a sheath with an expandable balloon

an outer surface of a sheath according to an implementation of the present disclosure;

{0047} FIG. 19 shows an illustrative method for providing adequate Himb perfusion using the
sheaths of FIGS. 17 or 18A-B;
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[6048] FIG. 20 shows an illustrative cross-section of a conventional system for sealing an
access site using collagen;

{6049} FIG. 21 shows an illustrative cross-section of a sheath system to provide an
arteriotomy datum according to an implementation of the present disclosure;

{6650} FIG. 22 shows an illustrative method to provide an arteriotomy datum using the
sheath system of FIG. 21;

[6051] FIG. 23 shows an dlustrative method for controlling access site bleeding according
1o an implementation of the present disclosure;

{6052} FIG. 24 shows an illustrative view of a closure device deployed upstream of an
arteriotomy according to an taplementation of the present disclosure;

[G0833] FIG. 25 shows an illustrative method for controlling access site bleeding using the
closure device of FIG. 24;

{6654} FIG. 26 shows an illustrative closure device for controlling access site bleeding
according to an implementation of the present disclosure;

{6035} FIGS. 27A-B show an illustrative closure device for controlling access site bleeding
before deployment (FIG. 27A), and after deployment (FIG. 27B), according to an
implementation of the present disclosure; and

{8056} FIGS. 28 A-B show an illustrative top view and an llustrative side view of a closure
device for controlling access sife bleeding according to an implementation of the present

disclosure.

Detatled Description

[6857} To provide an overall understanding of the systems, method, and devices described
herein, certain illustrative embodiments will be described. Although the embodiments and
features described herein are specifically described for use in connection with a percutaneous
heart pump system, it will be understood that the components and other features outlined
below may be combined with one another in any suitable manner and may be adapted and
applied to other types of medical devices such as stents, transcatheter aortic valve
replacement (TAVR) delivery systems, cardiac therapy and cardiac assist devices, ncluding
balloon puraps, cardiac assist devices implanted using a surgical incision, and other vascular
devices.

[0038] The systems, methods and devices of the present disclosure provide a perfusion

sheath assembly for insertion into a blood vessel of a patient. The sheath assembly compnses
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a humen configured for the passage of a medical device. The sheath assembly further
comprises a mechanism configured to allow a flow of fluid within the blood vessel without
being substantially blocked from reaching arcas of the patient downstream of the sheath. The
sheath assembly further comprises a closure device configured to prevent a flow of fluid from
the blood vessel out the arteriotomy.

{6835%9] FIG. 1A shows an 1sometric view of an illustrative persistent perfusion sheath 100
according to certain implementations of the present disclosure. The perfusion sheath 100 is
suitable for insertion mio the arteriotomy of a patient, such as the femoral artery. The sheath
100 comprises a sheath body 110 extending along a longitudinal axis 112, The sheath body
110 has a distal end 114, a proximal end 116, and an outer surface 118, In certain
implementations, the sheath bodv 110 15 tubular with a circular cross section, however the
sheath body 110 can be of any shape and configuration. The sheath body 110 comprises a
first humen 120 extending between the distal end 114 and the proximal end 116 of the sheath
body 110. The sheath body 110 further comprises a second lumen 130 extending between the
distal end 114 and the proximal end 116 of the sheath body 110, The first lamen 120 has an
inner surface 122 and the second lumen 130 has an mner surface 132, The first lumen 120 is
open for the passage of a medical device such as a percutancous pump (not shown), and the
second lumen 130 1s open to allow the flow of fluid from a blood vessel therethrough. An
example of such a percutancous pump 1s the Impella 2. 5™ gystem (Abiomed, Inc., Danvers,
Massachusetts). Such a pump generally comprises a catheter body with a pump head at a
distal end of the catheter body and a handle at a proximal end of the catheter body. It will be
understood that while a percutaneous heart pump is described herein, any other percutancous
or intravascular medical device can be used in conjunction with the present disclosure, for
example by delivering such a device through a sheath according to the disclosure herein.
[6868] In some implementations, the fivst lnmen 120 has a circular cross section with a first
diameter 124, The first lumen 120 1s dimensioned such that a medical device is able to
traverse the length of the first lumen 120, i.¢. the diameter 124 of the first umen 120 18
suitably larger than the largest diameter of the medical device. In certain implementations,
the first diameter 124 need only be marginally larger than the catheter body of the medical
device. Further, in some implementations, the diameter 124 1s selected such that the inner
surface 122 of the first lumen forms an interference fit with an outer swrface of a medical
device 1nserted into the first lumen 120 while allowing longitudinal movement of the device
wn the first tumen 120, Such an interference fit ensures a minimal or no gap exists between

the medical device and the inner surface 122, This would guard against the pagsage of fluid

0.



WO 2020/132554 PCT/US2019/068031

in any space that develops between the inner surface 122 of the first lumen 120 and the
medical device which may coagulate and block the first lumen 120 of the sheath 100, In
certain tmplementations, the second lamen 130 has a circular cross section with a second
diameter 134, However it will be understood that while FIG. 1A depicts the first and second

5 lomens 120, 130 as having a circular cross section, these lumens may have any cross

sectional shape.

{6061} FIG. IB shows the cross section of the perfusion sheath 100 taken along the cut line
A-A" i FIG. 1A, The cross section shows the sheath body 110, the first lumen 120 and the
second lumen 130. In this implementation, the first lumen 110 has a circular cross section,

10 while the second lumen 130 has a bean shape cross section. It will be understood that the
shapes of the first lumen 120 and the second tumen 130 are such that they complement each
other so that their combined cross sectional areas closely match the cross sectional area of the
sheath body 110, without compromising on the mechanical strength of the sheath body 110.
This ensures maximum utility of the available space within the sheath body 110,

15 6062} FIGS. 2A and 2B illustrate a stylet 200 that is configured to be inserted into the
second lumen 130 of the perfusion sheath 100, Insertion and retraction of the stylet 130 into
and from the second tlumen 200 allows for the second lumen 130 to be selectively closed and
opened, respectively, as necessary. For example, during vasospasms the blood vessels 1o the
arteriotomy of a patient may be constricted such that the perfusion sheath 100 may folly

20 block the vessel thereby stopping the flow of blood. In such a situation, the stylet 200 can be
partially or wholly removed from the second lumen 130 so as to provide a passageway within
the sheath body 110 for the flow of blood in the blood vessel. The stylet 200 has a cross
sectional shape that matches that of the second lumen 130 such that it has an interference fit
with the inner surface 132 of the second humen 130 when the stylet 200 is mserted nto the

25 second lumen 130, The stylet 200 has the same cross section throughout s length. The
stylet 200 1s at least as long as the longitudinal length of the sheath body 110, When fully
inserted into the second lamen 130, the distal end 210 of the stylet 200 aligns with the distal
cnd 114 of the sheath body 110 and the proximal end 220 of the stylet 200 aligns with the
proximal end 116 of the sheath body 110, In the llustrated examples of FIGS. 1A, IBand 2,

30 the stylet 200 has a bean shape cross section to match the bean shaped cross section of the
second lumen 130. However it will be understood that the stylet can take on anv cross
sectional shape necessary to match that of the second lumen 130, In other implementations,
the stylet 200 may be longer than the sheath body 110 such that the proximal end 220 does

not align with the proximal end 116 of the sheath body 110. In some implementations the
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styiet 200 may comprise more than one member. In other implementations, the stylet 200
may comprise an inner lumen running through its length, as will be discussed in the sections
that follow. In further implementations, the stylet 200 can be completely removed from the
second lumen 130 so as to msert a gnidewire to maintain the position of the arteriotomy and
5 target vessel
{3863} The sheath body 110 comprises a flexible material. The flexible material is an elastic
material with an clastic modulus of about 1.6ksi. Kst is a unit of pressure, representing
thousands of pounds per square inch. In some implementations, the flesible matenal s a
material with a yield strain of about 200%. In some implementations, the flexible matenal
10 contains a radiopadque filler such as bismuth oxychloride or bartum sulfate in concentrations
of 5% to 40% by weight. In certain implementations, the flexible material comprises any one
of: ethylene-vinyl acctate (EVA), styrene-butadiene copolyvmer (SBC), synthetic rubber, or
any other elastomer.
[6064] The stylet 200 comprises a rigid material. The rigid material is a polyethviene or
15 polyurcthane material with an elastic modulus of about 40ksi. In some implementations the
rigid material contains a radiopague filler such as bismuth oxychlornide or bartum sulfate in
concentrations of 5% to 40% by weight. In some implementations, the rigid material is any
one of a high-density polyethylene (HDPE) matenial, a medium-density polyethylene
{(MDPE) material, a low-density polycthylene (LDPE) material, polyether ether ketone
20 (PEEK), and a polyether block anide (such as PEBAX). In certain implementations, the nigid
material 1s a crack-resistant material. In some implementations, the nigid material may also
be a material with a low cocfficient of friction.
[6065] FIG. 3 shows a perfusion persistent sheath assembly 300 according to an
implementation of the present disclosure. Sheath assembly 300 compnses the persistent
25 sheath 100 as shown in FIGS. 1A and 1B where the sheath body 110 has a first lumen 120 for
the passage of a medical device {not shown} and a second lumen 130 for the flow of fluid
from an arterictomy of a patient. FIG. 3 also shows the second lumen 139 closed by the
stylet 200 of FIGS. 2A and 2B when the stvlet 200 1s mserted into the second tumen 130 via
an interference fit between the outer surface of the stylet 200 and the inner surface 132 of the
30 second lumen 130. In this manner, the stylet 200 seals the second lumen 130 of the sheath
100 when fully inserted in the second lumen 130, The stylet 200 can be mserted or retracted
from: the second fumen 130 to sclectively control the flow of thud through the second lumen
130. For example, when flow of fluid through the second fumen 130 1s desired, the stylet 200

can be wholly or partially retracted within the second tumen 130, Conversely, when it is
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required to reduce or block the flow of fluid through the second lumen 130, the stylet 200 at
least partially or completely inserted into the second humen 130,
{8066} FIG. 4 shows an isometric view 400 of a representative access setup using a loaded
sheath assembly 430 similar to sheath assembly 300 in FIG. 3. The sheath assembly 430 has
5 asheath body 110 comprising a first lumen 120 and a second lumen 130, FIG. 4 shows the
body tissue 405 of a patient and a target vessel 410 having an upstream end 412 and a
downstream end 414. F1G. 4 also shows a skin insertion site 450 and an arteriotonty 440
where the sheath assembly 430 1s inserted into the target vessel 410. The sheath body 110
bends as # enters the arteniotomy of 440, This bend is critical for the selective control of
10 blood flow in the target vessel 410, as will be discussed in the sections that follow. The
sheath assembly 430 comprises a proximal end 425 and a distal end 420, When mserted into
the vessel 410, the sheath assembly 430 has a first portion 432 (a distal portion) that resides
in the vessel 410 of the patient and a second portion 434 (a proximal portion) that is cutside
the vessel 410, As shown in FIG. 4, the sheath body 110 completely fills the target vessel
15 410. The sheath assembly 430 is loaded with a stylet 200 (per FIG. 2) which 1s positioned in
the second fumen 130 of the sheath body 110. The stylet 200 can be inserted or retracted
from the second lumen 130 by moving the stylet 200 relative to the sheath body 110 as
wmdicated by arrow B in FIG. 4 to control the flow of fluid {(e.g. blood) from the distal end 412
to the proxamal end 414 i vessel 410 {floid flow indicated by arrow  from apstream to
20 downstream in FIG. 43, In certain implementations, a hub (not shown} may be coupled to the
proximal end 425 of the sheath assembly 430. In other implementations, the first lumen 120
or the second lumen 130 or both may be configured with an ¢lastomer valve.
[8067] In some implementations, a flexible atraumatic tip having at least one internal lumen
and an open distal end is attached to the distal end 420 of the sheath assembly 430. Here the
25 first and second lumens 120, 130 of the sheath assembly 430 are in fluid communication with
the internal lumen of the tp such that a continuous passageway is formed from the distal end
420 of the sheath assembly 430 to the distal end of the tip. In some implementations, the tip
comprises at least one of’ ethvlene-vinyl acetate (EVA), stvrene-butadiene copolvmer (SBC),
synthetic rubber, an elastomer, an elastic matenal, a material with an elastic modulus of about
30 1.6ksi, and a material with a yield strain in excess of 200%. In certain implementations, the
inner surface of the tip may be slightly tapered such that the ioner diameter is larger at the
proximal end than at the distal end of the tip. This creates a slight interference fit with the
smallest diameter on the medical device 100 and stylet 200. This forms a slight interference

with the medical device 100 and the stylet 200, and helps scal any fluid or blood from
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entering the first and second lumens 120, 130, In other implementations, the outer surface of
the tip is also tapered towards the distal end such that the cuter diameter is larger at the
proximal end than at the distal end. In certain implementations, the distal end of the tip
terminates at a leading edge having a radius to facilitate smooth msertion of the sheath
5 assembly 430 into the vasculature of a patient. The tip is highly resilient and will not exhibit
permanent deformation (such as flaring or splitting).
{6068} FIG. 5A illustrates the sheath assembly 430 in the vicinity of the arteriotomy 440 of
the patient. In FIG. 5A apertures 505-309 are formed along the length of the sheath body
110. These apertures S05-309 terminate in the second humen 130, The apertures 505-509 are
10 formed along the length of the sheath body 110 such that they are located substantially along
the bend of the sheath assembly 430 as it transitions from the insertion angle at the
artertotomy 440 to a position where the sheath lays axial with the vessel 410. When the
sheath assembly 430 is positioned in the vessel 410, at least some of the apertures 505-309
formed in the sheath body 110 will be in direct fluid conumunication with the second lumen
15 130 s0 as to allow fluid flowing in the second fumen to exit the sheath body 110 and flow
towards the end 414 of the vessel 410 as indicated by arrow C in FIG. 4.
{6069} FIG. 5B illustrates a cross section of the sheath assembly 430 when located in the
vessel 410 of the patient, taken along the cutline D-D” in FIG. SA. The sheath assembly 430
comprises a sheath body 110 having a first lomen 120 and a second lumen 130, An aperture
20 503 is formed in the sheath body 110 and is in direct fhuid communication with the second
famen 130, Retraction of the stylet 200 from the second lumen 130 allows fhud i the vessel
410 to flow through the sheath assembly 430. For the portion 432 of the sheath assembly 430
that is located within the arterictomy 440, fhnd is able to flow from the second lumen 130
through the aperture 505 and back into the vessel 410 thereby maintaining flow of fhud in the
25 wessel 410. This is particularly alleviating for patients in vasospasm and the like. FIG. 5B
also illustrates the passage of a medical device 550 in the first lumen 120, A stylet 200 is
also positioned in the second humen 130, Also shown m FIG. 5B is a central lumen 560
formed within the stylet 460, the contral lumen 360 being occupied by a guidewire 565, In
certain implementations an internal stvlet could be imserted into the central lumen 560 instead
360 ofaguidewire. In further implementations, an internal stylet and a guidewire 565 could be
used interchangeably in central lumen 560, In some implementations, the central lumen 560
is empty and terminates at the proximal end with an clastomer valve or plug.
{0076} FIGS. 3C-5D show geometries for the cross section of the sheath assembly 430 when

located in the vessel of the patient, taken along the cutline D-D° in FIG. 5A. The sheath
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assembly 430 comprises a first lumen 120 and a second lumen 130. Medical device 550
passes through the first lumen 120, Sccond lumen 130 has an apertare 505 for recetving a
stylet 200, As the styvlet 200 is moved longitudinally respective to the sheath bodv 110, stylet
200 occludes aperture 505. When stylet 200 1s removed, it exposes the aperture 505 such that
5 blood can flow through the second humen 130 and ocut of the sheath through aperture 505,
Alternatively, rather than use a stvlet 200 to selectively occlude or open apertures in the
sheath body 110, an outer sheath or sleeve 201 is used. As shown in FIG. 5D, outer sheath or
sleeve 201 surrounds sheath body 110, which has a first lumen 120 through which medical
device 350 passes through. Sheath body 110 includes aperture 505, which can be occluded or
10 uncovered through relative longitudinal motion of outer sheath or sleeve 201 relative to the
sheath body 110, Outer sheath or sleeve 201 and sheath body 110 are concentric. A gap
exists between outer sheath or slecve 201 and sheath body 110, In an example, the gap hasa
width between about 0.1cm and 0. 5cm. As discussed above in relation to FIG. 5A, apertures
505-509 are formed along the length of the sheath body 110, With the configuration of FIG.
15 5D, these apertures 505-509 terminate in the first lumen 130, The apertures 505-509 are
formed along the length of the sheath body 110 sach that they are located substantially along
the bend of the sheath assembly 430 as 1t transitions from the insertion angle at the
arferiotomy 440 to a position where the sheath lays axial with the vessel 410, When the
sheath assembly 430 is positioned in the vessel 410, at least some of the apertures 505-309
20 formed in the sheath body 110 will be in direct fluid communication with the second lumen
130 50 as to allow fluid flowing in the second fumen to exit the sheath body 110 and flow
towards the end 414 of the vessel 410 as indicated by arrow € in FIG. 4. In some examples
the outer sheath or sleeve 201 surrounds sheath body 110 and extends distal of the bend of
the sheath assembly 430, The outer sheath or sleeve 201 may surround sheath body 110 and
25 extend proximal of the bend of the sheath assembly 430, In one adaptation, the outer sheath
or sleeve 201 is introduced into the body of the patient as part of the sheath assembly 430 and
the outer sheath or sleeve 201 fully covers apertures 505-509 formed along the length of the
sheath body 110, After insertion, and depending on observed or desired limb perfusion, by
moving outer sheath or sleeve 201 the chnician or other caregiver selectively opens a number
36 of apertures 505-509. When an apertare 505 is opened, 1.¢. the outer sheath or sleeve 201 has
been slid in a proximal direction to no longer cover aperture 5035, blood flows from a location
upstream of the sheath asserably, through the distal end of the sheath assembly, through open

aperture 505, and nto the portion of the artery distal of the arteriotomy.
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[8071] FIG. 6 illustrates a sheath assembly 430 of FIGS. 5A and 5B inserted into the
arteriotomy 440 of a patient. When the sheath assembly 430 is inserted i position, the distal
end 429 of the sheath assembly 430 1s axially aligned with the vessel 410, With the sheath
assembly 430 inserted as illustrated in FIG. 6, apertures 505-508 are located within the vessel
5 410 whle apertares 509-510 are external to the vessel 410, Thus m the absence of a stylet in
the second lumen 130, apertures 505-508 enable the second lamen 130 and the vessel 410 to
be in fluid communication with cach other. FIG. 6 also shows a medical device 550 inserted
in the first lumen 120 and a stvlet 200 mserted 1n the second lumen 130, Here the stylet 200
is fully nserted in the second fumen 130. The stylet 200 plugs the second lumen 130 to
10 prevent fluid from entering the distal end 420 of the lumen 130, thereby preventing fluid
communication from the second lumen 130 to the outside of the sheath assembly 430 through
apertures 505-308. This configuration represents the insertion configuration where no fhud
bypass is desired.
{6072} FIG. 7 illustrates the sheath assembly 430 as depicted i FIG. 6, with the stviet 200
15 partially retracted from the second humen 130 when fluid bypass through the sheath assembly
430 s required. The stylet 200 1s partially retracted in that apertares 505-508 formed n the
sheath body 110 (as depicted in FIG. 7) are uncovered while the remaining apertures 509-510
n the sheath body 110 remain covered by the stylet 200, The retraction of the stylet 200 past
at least one of the apertures allows for fhud to flow m the second lumen 130 from the distal
20 end 420 of the sheath assermbly 430 (the distal end 420 of the sheath assembly 430 residing 1
the distal portion 412 of the of the vessel 410} through the uncovered apertures 503-508 to
the end 414 of the vessel 410, Arrows E and B m FIG. 7 indicate such fluid flow. This
configuration represents the state in which blood perfusion to the limb is enabled with the
sheath completely filling the vessel 410 {c.g. patients in vasospasm). The stylet 200 is shown
25 to expose apertures 305-508 within the vessel 410 to allow for fluid flow, but does not expose
apertures 509-310 outside of the vessel 410 so as to prevent fluid flow into the subcutansous
tissue 405 and insertion track. Determination of the correct position of the stylet 200 relative
to the sheath assembly 430 which allows flow in the vessel 410 while preventing fluid to
enter the subcutancous tissue and insertion track is critical. A method of determining this
36 position will be discossed in the sections that follow.
[8073] Inany of the foregoing implementations, each aperture should provide a cross
sectional area that is similar to the cross sectional area of the second lumen 130 since only
one aperture is opened at a ime in the vienity of the arteriotomy 440 when the stylet 200 1s

retracted. This allows for optimal distal perfusion without causing a build-up of pressure
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within the vessel 410. Additionally while any shape of aperture can be used, the shape used
in the foregoing implementations is selected such that the stylet 200 can be safely advanced
across the bend in the vicinity of the arteriotomy 440 without the risk of the stylet 200 exiting
any one of the apertures.

{6674} While a limited number of apertures 1s illustrated in FIGS. 5A, 6 and 7, any nomber
of apertures can be formed along the length of the sheath body 110 to connect the external
surface 118 of the sheath body 110 with the sccond lumen 130, In some implementations,
multiple apertures at a given length of the sheath body 110 are formed to minimize the risk of
one aperture being occluded during use. In other implementations, a continucus channel
along the length of the sheath body 110 15 used instead of multiple discrete apertures. In
further tmplementations, the apertures are arranged according to a distribution pattern along
the length of the sheath body 110 to nunimize the risk of blockage by an obstruction in the
vessel 410, Such distribution patters inchude, but are not limited to, linear, logarithmic,
graded, for example.

[6075] FIG. 8A illustrates a cross section of a stylet 800 according to an implementation of
the present disclosure. Stylet 800 is similar to stylet 200 in FIG. 2, however in FIG. 8A the
styict body 810 has a central lumen 820 running through a portion of the length of the stylet
800, Central lumen 820 is similar to central lumen 560 shown n FIG. 5B. A side view of
the stylet 800 is shown in FIG. 8B showing a skive 830 formed in the distal end 805 of the
stylet 800, FIG. &B also shows that a fluid passage within the stylet 800 that rans from the
skive 830 through the central lumen 820 and ternunates at the proximal end 840 of the stylet
800. The central lumen 820 terminates at the proximal end 840 of the stylet 800 at opening
850. The distal end 805 of the stylet 800 is plugged. In certain embodiments, the distal end
805 may be open to allow for the passage of a guidewire, for example. The skive 830
provides fluid communication from outside the stylet 800 in proxinuty to the skive 830 to the
second lumen 130 when the stylet 800 1s used in conjunction with the sheath assembly 430.
FIG. 8C shows an isometric view of the skive 830 in the distal end &035 of the stylet 800, As
can be seen from FIGS. 8A to 8C, the central lumen 820 and the skive 830 form a passage for
the flow of fluid from the skive 830 to the proximal end (not shown} of the stylet 800, This
passage 800 terminates at the distal end 805 of the stylet 800 as the central lumen 820 does
not extend beyond the skive 830 in the implementation depicted in FIGS. 8B and 8C. In
other implementations, markings arc formed on the stviet body 810 towards the proximal ¢nd
840 of the stylet 800 to indicate the positon of the stvlet with respect to the distal tip 420 of

the sheath assembly 430 or with respect to the apertures 505-510 formed in the sheath body
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110. This allows for the position of the arteriotomy relative to the stylet to be casily
determined.

{8076} In some implementations, the proximal end 425 of the sheath assembly 430 mav be
coupled to a hub, as are known in the field. The hub has an internal conduit that is 1o fluid
commumcation with the first and second lumens 120, 130 of the sheath assembly 430 when
the hub is coupled to the proximal end 425 of the sheath assembly 430, In other
implementations, the first lumen 120 may be coupled to a first hub and the second lumen may
be coupled to a second hub. In this configuration a medical device 350 is introduced into the
sheath assembly 430 through the first hub, and a stylet 800 s mserted into the sheath
asserably through the second hub. In some mmplementations the first hub and the second hub
wntegrate with each other. In any of the foregoing implementations, the hub is provided with
structures such as, but not limited to, suture holes or wings that facilitate attachment to the
patient.

{6977} 1o some unplementations, the msertion and cxtraction of the stylet 800 to selectively
open and close the second lumen 130 is achieved with the use of a ratcheting mechanism
attached to the proximal end 423 of the sheath assembly 430, Such a ratcheting mechamism
cnsures that the movement of the stvlet 800 towards the proximal end 425 of the sheath
assembly 430 is controlled in standard mcrements.

{3078} Use of the sheath assembly 430 as described in relation to FIGS. 4, SA, 6 and 7 for
selective fluid bypass will now be descnbed in with respect to FIGS. 9A and 9B. A
physician using the sheath asscrubly 430 with the stvlet 800 will be able to determine the
precise posttioning of the stylet 800 relative to the sheath assembly 430 and arteriotomy 440
1o enable thud bypass through the second lamen 130, This is indicated by the presence of
fluid at the opening 850 at the proximal end 840 of the stylet 800. In FIGS. 9A and 9B the
sheath assembly 430 is shown straightened for the purposes of illustration. Accordingly, the
arteriotomy 440 is shown as a slanted hine such that the sheath assembly 430 to the left of the
line 440 resides in the target vessel 410 and the sheath assembly 430 to the right of the line
440 resides outside of the target vessel 410,

{66791 FIG. 9A illustrates a cross section of the sheath assembly 430 in the target vessel 410
(not shown) in a first configaration. FIG. OA shows the first lumen 120 and the second
tumen 139 of the sheath, and apertures 932-935 in the sheath body which are in fhud
communication with the second lumen 130, In FIG. 94 the stylet 800 1s partially retracted

where apertures 932-934 are located within the vessel 410 (located 1o the left of the
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arteriotomy 440) and apertare 935 is external to the vessel 410 (located to the right of the
arteriotomy 440).
{8080} The skive 830 of stylet 800 is in fluid communication with the central lumen 820,
The length of the skive 830 15 less than the distance between the apertures 932-935 of the

5 sheath assembly 430. FIG. 9A shows the stylet 800 positioned so that blood from the vessel
410 and entering through the distal tip 420 of the sheath assembly 430 can exit the first and
second apertures 932-933 with the distal tip 805 of the stylet 200 blocking blood flow
through the rest of the second lumen 130 of the sheath assembly 430. As mentioned with
respect to FIGS. 8A-8C, the stylet 800 has a plugged distal tip 805 preventing fluid

10 communication from the distal end 803 of the stylet 800 1o the skive 830. Thus any blood
flowing from the distal end 420 of the sccond lumen 130 1n the sheath assembly 430 has to
exit the second lumen 130 via apertures 932-933 and re-enter the stylet 800 via skive 830 to
flow into the central lumen 820,

{6081} The third aperture 934, located i the target vessel 410, resides within the length of

15 the skive 830, This provides fluid commumication form the vessel 410 through the aperture
435, mnto the skived area 830 (see arrow F), and down the central lumen 820 of the stylet 800.
The pressurized blood flow of the vessel 410 would cause visible and pulsatile bleeding to
exit the proximal end 840 of the stylet 800. This blood flow would be visible at opening 850
of the central humen 820 at the proximal end 840 of the stylet 800. The position of the skive

20 830 also terminates before the fourth aperture 935 with the body 810 of the stylet 800
blocking any thuid communication through aperture 935, In this configuration the presence
of blood flow on the proximal end 840 of the stylet 800 would indicate that there is at least
one aperture proximal to the distal end 805 of the stylet 800 within the vessel 410, and that
the stylet 800 can be retracted further.

25 [6682] FIG. 9B illustrates a cross section of the sheath assembly 430 in the target vessel 410
in a second configuration following the first configuration as described above. In the second
configuration the stylet 800 is positioned in the sheath assembly 430 such that blood entering
through the distal tip 420 of the sheath assembly 430 can exit the first, second and third
apertures 932-934 with the distal end 805 of the stylet 800 blocking flow through the rest of

30 the second lumen 130 of the sheath assembly 430, The fourth aperture 935, located outside
of the vessel 410 (to the right of the arteriotomy 440), resides within the length of the skive
830. This prohibits fluid communication from the vessel 410, through the sccond lumen 130,
wnto the skived arca 830, and down the central lumen 820 of the stylet 800, The pressurized

blood flow of the vessel 410 no longer causes pulsatile bleeding at the exit 850 of the
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proximal end 840 of the stylet 800. In this configuration the lack of blood flow at the
proximal end 840 of the stylet 800 would indicate that there are no apertures proximal to the
distal end 803 of the stylet 800 within the target vessel 410.

{0083} The transition from the first configuration (visible blood flow out of the exit 850 of
the proximal end 840 of the stylet 800) in FIG. %A to the second configuration (no blood flow
out of the exit 850 of the proximal end 840 of the stylet 800) in FIG. 9B would indicate that
the stylet 800 is positioned in the 1deal location with respect to the sheath assembly 430 and
the arteriotomy 440 for blood bypass through the sheath assembly 430

{60847 FIG. 10 shows an illustrative method 1000 of using the persistent perfusion sheath
assermbly 430. Such an assembly would comprise a sheath body 110 with a first lumen 120
and a second lumen 130, where the first lumen 120 provides a passageway for a medical
device the second lumen 130 is loaded with a stylet 800 for sclectively opening and closing
the second lumen for blood bypass through the sheath assembly 430, The illustrative method
1900 may be performed using the persistent perfusion sheath assemibly 430 or any other
suitable sheath assembly tool. The method 1000 staris at step S1010 when the sheath
assembly 430 is positioned in a target blood vessel, with a physician is looking to create
blood bypass through the sheath {¢.g. in a paticnt experiencing vasospasm). In step S1010
the physician partially retracts a stylet 800 from the sheath assembly 430, This is done by
puiling the distal end 840 of the stvlet 800 towards the distal end 425 of the sheath assembly
430 while ensuring that the sheath assembly 430 remains in position within the arterictomy of
the patient.

[6085] Tn step 1020 the physician stops retracting the stylet 800 and checks the opening 850
at the distal end 840 of the stylet 800 for visible and pulsatile bleeding. If there are signs of
flowing blood at the opening 850, t.e. a “Yes’ in the determining step S1020, the physician
repeats S1010 and continues to partially retract the stylet 800 from the sheath assembly 430
This is the situation as described 1o relation to FIG. 9A, the first configuration. If the blood
How from the opening 850 at the distal end 840 of the stylet 800 stops, i.¢. a ‘No' in the
determining step $1020 (as in the second configuration as depicted in Fi(. 9B}, the method
proceeds to step S1030 where the physician secures or Jocks the position of the partially
retracted stviet 800 relative to the sheath assembly 430, The fluid bypass is then achieved
and the method ends at step S1040.

{6086} In view of the foregoing, the person of ordinary skill will appreciate that the present

disclosure provides a means to allow the flow of blood in a constricted blood vessel while a

- 19 -



10

15

20

WO 2020/132554 PCT/US2019/068031

medical procedure is underway. This avoids the need to adopt other surgical methods {sach
as a fem-to-fem bypass) which would increase complexity and cost of the medical procedure.
{8087} The foregoing is merely dlustrative of the principles of the disclosure, and the
systems, methods, and devices can be practiced by other than the described embodiments,
which are presented for purposes of illustration and not of limitation. It is to be understood
that the systemns, methods, and devices disclosed herein, while shown for use in a system
percutancous heart pumps, mav be applied to svstems, methods, and devices for other
implantable heart pumps or implantable cardiac assist devices.

{6088} Varations and modifications will occur to those of skill in the art after reviewing the
present disclosure. The various features described or iHustrated above, including any
components thereof, may be combined or integrated in other svstems. Moreover, certain
features may be omitted or not implemented. The various implementations described or
itiustrated above may be combined in any manner.

[6085] Examples of changes, substitutions, and alterations are ascertainable by one skilled
in the art and could be made without departing from the scope of the information disclosed
herein. Al references cited herein are incorporated by reference in their entirety and made
part of this application.

{8096} FIG. 11 shows an illustrative method 1100 for providing adequate limb perfusion
while using a sheath assembly. In an mitial procedure, a chinician or other caregiver creates a
puncture through the skin of a patient and percutancously inserts a sheath through the
puncture siic and into the artery of the patient through an arterictomy (steps 1102, 1104},
Additional steps may be performed by the clinician or caregiver between the puncture and the
arteriotomy on one hand, and insertion of the sheath through the puncture and the arteriotomy
on the sther hand. For example, the clinician or other caregiver may use a guidewire, and
successive dilators to gradually enlarge both the puncture and the arteriotomy sufficiently to
accommodate the sheath, which can be an mtroducer sheath or a repositioning sheath. The
sheath is advanced until its distal end is positioned within the artery and the proximal end of
the sheath 15 positioned outside the patient. After deploying the sheath, the phvsician opens a
path through the sheath to allow blood to flow from one side of the sheath to the other— e,

so the blood flows past the sheath (e.g.

=0

around or through the sheath) from a location
upstream of the arteriotomy and reaches the downstream vasculature of the patient,
downstream of the arterictomy.  In one example, the path allows blood to flow fron the
portion of the artery upstream of the arteriotomy to the portion of the artery downstream of

the arterictomy {and downstream of the sheath), thereby achieving limb perfusion. Opening
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a path through the sheath to allow blood to flow past the sheath within the artery can be done
for example by using any of the systems described herein in relation to FIGS. 1-9 and FIG.
12 (selectively opening apertures in the sheath by retracting a device occluding the apertures
in the sheath); FIGS. 13-14 (expanding a distal portion of the sheath to expand the diameter
of the artery), FIGS. 15-16 (connecting a blood flow channel through the sheath to a second
sheath tnserted in the artery downstream of the arteniotomy for the first sheath); or FIGS. 17-
19 (inflating a balloon attached to an outer surface of the sheath, therchy expanding the artery
diameter).

{6091} The clinician or other caregiver checks whether imb perfusion is adequate (e.g. step
1108). For example, a physician can check periodically the capitlary refill of a limb of the
patient located distal of the arteriotomy. If the clinician or other caregiver determines that
Iimb perfuston is adequate (step 1108), no action is needed from the clinician or other
caregiver to further open up a blood flow path (step 1112). If instead the clinician or other
caregiver determines that imb perfusion is inadequate (step 1108), the clinician or other
carcgiver enlarges the path through the sheath (steep 1110) to allow more blood to flow from
the portion of the artery upstream of the arteriotomy to the portion of the artery downstream
of the arteriotomy, to tmprove the imb perfusion. Sumilar to opening an initial path through
the sheath to allow blood to flow from the upstream side of the sheath to the downstream
side, widening or further opening the initial path can similarly be done by using any of the
systems described herein i relation to FIGS. 1-9 and FIG. 12 (further retracting a device
occluding the aperturcs in the sheath to open more apertures); FIGS. 13-14 (further
expanding a distal portion of the sheath to further expand the diameter of the artery), FIGS.
15-16 (adapting the connection between the blood flow channel through the sheath and the
second sheath inserted in the artery distal of the arteriotomy for the first sheath to increase
flow rate to the sccond sheath); or FIGS. 17-19 (further inflating a balloon attached to an
outer surface of the sheath, to further expand the artery diameter). The clinician or other
caregiver again checks again whether limb perfusion is adequate (step 1108). At least one
benefit of method 1100 are the ability to address instances where blood flow from upstream
of the arteriotomy to downstream of the arteriotomy is insufficient to maintain adequate mb
perfusion. At least an additional benefit of method 1100 is the ability to adjust the amount of
blood flowing past the sheath (e.g., around or through the sheath) from a location upstream of
the arteriotomy and reaching the downstream vasculature of the patient, downstream of the

arferiotomy, based on the particular circumstances of a patient and a procedure.
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[6092] FIG. 12 shows an illustrative method 1200 for providing limb perfusion using a
sheath assembly by retracting a device oecluding the sheath, thereby facilitating blood flow
downstream of the sheath. In an inttial procedure, a clinician or other caregiver creates a
puncture through the skin of a patient and percutaneously inserts a sheath through the
puncture site and into the artery of the patient through an arteniotomy {steps 1202, 12043,
Additional steps may be performed by the clinician or caregiver between the puncture and the
arteriotomy on one hand, and msertion of the sheath through the puncture and the arteriotomy
on the other hand. The sheath is advanced until 1ts distal end is positioned within the artery
and the proximal end of the sheath is positioned outside the patient. At this point, the sheath
can be used to introduce a medical device through the sheath and into the artery of the
patient. The medical device is operated. During insertion or operation of the medical device,
the clinician or caregiver may mitially check whether imb perfusion is adequate. ¥ the
chinician or caregiver makes an initial determination that limb perfusion is madequate, the
clinician or other carcgiver retracts a device occluding the sheath (step 1206), thereby
opening a path through the sheath to allow blood to flow from upstream of the arteriotomy to
downstream of the arteriotomy. In one example, the chnician or caregiver may retract a
device occluding the sheath by a first amount by default, regardiess of the level of limb
perfusion observed mitially. For example, the sheath can have apertures, slots or both along
its length, as described above m relation to FIGS. 1-9. In one example, the occluding device
is a stviet selectively movable through a lumen of the sheath, as described above in relation to
FIGS. 1-9. In another example, the occluding device is an outer sheath or sleeve surrounding
the sheath, as described above in relation at least to FIG. SD. The path opened by retracting
the oecluding device allows blood to flow from the portion of the artery upstream of the
arteriotomy to the portion of the artery downstream of the arterictomy, providing limb
perfusion.

[3093} Pernodically, after the mnitial check, the clinician or other caregiver checks whether
the limb perfusion is adequate (step 1208}, For example, a physician can check the capillary
refill of a patient’s limb at a position located distal of the arteriotomy. If the clinician or
other caregiver determunes that imb perfusion s adequate {step 1208}, no action 1s needed
from the clinician or other caregiver to further open up a blood flow path (step 1212 It
instead the clinician or other caregiver determines that limb perfusion is inadequate {step
1208}, the clinician or other carcgiver enlarges the path through the sheath (step 1210} to
altow more blood to flow from the portion of the artery upstream of the arteriotomy to the

portion of the artery downstream of the arteriotomy, to improve the limb perfusion. For
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example, if using a stylet to selectively occlude or uncover apertares in the sheath, the
climician or other caregiver would further retract the stylet, i.e. retract the stylet by a greater
amount, to uncover more apertures in the sheath, thereby increasing the cross-sectional arca
of the open blood flow path. In another example, if using an outer sleeve to selective occlude
5 oruncover apertures in the sheath, the climician or other caregiver would further retract the
outer sleeve to uncover more apertures in the sheath, thereby mcreasing the cross-sectional
arca of the open blood flow path. Simular to the advantages of method 1100, at least some of
the advantages of method 1200 are the ability to adjust the amount of blood flow 1o be let
through from an upstream side of the arteriotomy to a dowastream side of the arterictomy
10 based on the particular circumstances of a patient and a procedure.
[60694] In onc example, steps 1202-1206 of method 1200 can be informed by an existing
arteriotomy reference point. Without an existing arteriotomy reference point, the clinician or
other caregiver can adjust an amount by which the device oocluding the sheath is withdrawn
by knowing a geometry of the device occluding the sheath and by monitoring blood flow at
15 the access site, as described 1 relation to FIGS. 9A-B. With an exusting arteriotomy datum,
the chinician or other caregiver can rely on an established arteriotomy reference point
cstablished prior to inserting the sheath or the device occluding the sheath, and indicating that
the arteriotomy is at a known and fixed distance from the skin of the patient. Accordingly,
the clinician or other caregiver can compare the arleriotomy datum fo a length of the device
20 occluding the sheath to determine how to move the device occluding the sheath relative to the
sheath to obtain the desired flow. An exemplary method for establishing an arteriotomy
reference point 1s described below in reference to FIG. 21,
[B095] FIG. 13 shows an illustrative view of a sheath with a distal expandable portion
according to an implementation of the present disclosure. The sheath 1306 is introduced
25 through the skin 1302 and mnto an artery 1304 of a paticnt. For example sheath 130615
introduced using steps similar to steps 1102-1104 of method 1100, A catheter 1308 runs
through the sheath and into the artery. The sheath 1306 comprises a distal expandable
portion 1310, In the example shown i FIG. 13 the distal expandable portion 1310 is a mesh.
The clinician or other caregiver expands the distal expandable portion 1310 insitu to open a
30 path through the sheath 1306 to allow blood to flow from upstream of the arteriotomy to
downstream of the arteriotomy {see ¢.g. step 1106 of method 1100 in FIG. 11). As shown in
the exaraple of F1G. 13, when the distal expandable portion 1310 is expanded, the distal

expandable portion 1310 creates a path 1312 for blood to flow from a location in the artery
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upstream of the arteriotomy, through the porous distal expandable portion 1310 of the sheath,
and nto a location in the artery downstream of the arteriotomy.

{8096} When expanded, the distal expandable portion 1310 has a varying cross-section
along its length. For example, when expanded, a cross section of the upstream end of distal
expandable portion 1310 is larger than a cross section of the downstream end of distal
expandable portion 1310. In an example the cross-section of the distal expandable portion is
circular along the length of the distal expandable portion. In onec example, the distal
expandable portion 1s a surface of revolution formed by an S-shaped curve. In one example,
the distal expandable portion is made of a porous material, for example
polytetrafluorocthylenc (PTFE). In another example, the distal expandable portion is made of
a mesh with openings or windows between mesh elements. In some examples the distal
expandable portion 1310 can be woven or laser cut. In another example, the distal
expandable portion 1310 can be a stent, attached to a distal end of the sheath 1306. In one
example, the distal expandable portion 1310 can be biased open to have a rest state with a
larger diameter, and can be expanded by withdrawing a portion of the sheath 1306
constraining the distal expandable portion 1310, Alternatively, in another example the distal
expandable portion 1310 is biased closed, expanded in situ using a balioon, and held in its
expanded configuration by a mechanism, for example by friction between fibers of the
expandable end portion 1310, or a mechanical locking mechanism. In other examples,
altemative expansion mechanisias besides a balloon are used, including any expansion
mechanisms used for stents.

[6097F An expanded shape of the distal expandable portion 1310 1s configured to open the
path through the sheath 1306 to allow blood to flow from upstream of the arteriotomy to
downstream of the arteriotomy. For example, the shape of the distal expandable portion can
be an S-shape with a first bend and a second bend. The respective curvatures of the first bend
and the second bend, a slope of the segment between the first and second bends, ora
combination of curvatures and slopes is configured to expand a diameter of the vessel
upstream of the arteriotomy over a relatively small longitudinal distance. In some
adaptations, a slope of the segment between the first and second bends 1s between about 20-
80 degrees, between about 30 and 60 degrees, or about 40 or 50 degrees.

[8098] The length of the distal expandable portion of the sheath relative to a length of the
sheath can vary. In one example, the length of the distal expandable portion of the sheath is
fixed prior to msertion. In one example where the length of the expandable portion of the

sheath is fixed prior to insertion, the length of the distal expandable portion of the sheath is
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selected to be less than half of the length of the sheath. In another example, where the length
of the expandable portion of the sheath is fixed prior to msertion, the length of the distal
expandable portion of the sheath is selected to be less than a quarter of the fength of the
sheath. In another example, the length of the distal expandable portion of the sheath changes
in site. For example by selectively ansheathing only a portion of the distal expandable
portion of the sheath, a clinician or other caregiver may select a length of the distal
expandable portion of the sheath best adapted to a geometry of the paticnt.

{6099} FIG. 14 shows an dlustrative method 1400 for providing adequate hmb perfusion
using the sheath of FIG. 13. In an nitial procedure, a clinician or other caregiver creates a
puncture through the skin of a patient and percutancously mserts a sheath through the
puncture site and into the artery of the patient through an arteniotomy (steps 1402, 1404},
Additional steps may be performed by the clinician or other caregiver between the puncture
and the arteristomy on one hand, and insertion of the sheath through the puncture and the
arteriotomy on the other hand. The sheath is advanced until its distal end is positioned within
the artery and the proximal end of the sheath 1s positioned outside the patient. In one
example, after insertion of a medical device, and initial operation of the medical device, the
chinician or other carcgiver preemptively expands a distal portion of the sheath to cnable
blood to flow from upstream of the arteriotomy, through the distal expandable end of the
sheath, and downstream of the arteriotomy. In another example, the clinician or other
caregiver first checks whether limb perfusion is adequate (step 1408}, As discussed above at
least in relation to Fi(z. 13, expansion of the distal expandable portion of the sheath can be
done via balloon expansion, unsheathing of a biased open device, and/or any other suitable
mechanism, including any expansion mechanisms used to deploy stents. As a resuit, the
expandable distal portion of the sheath has an expanded diameter which is greater than a
proximal portion of the sheath, and which forces expansion of the artery. After checking
whether the Himb perfusion is adequate, if the chinician or other caregiver determines that
limb perfuston is adequate (step 1408), no action is needed from the chinician or other
carcgiver to further open up a blood flow path (step 1410). If instead the clinician or other
caregiver determunes that limb perfusion is inadequate (step 1408), the clinician or other
carcgiver further adjusts or expands (step 1406} the distal expandable portion of the sheath to
expand the diameter of the artery further to increase a size of a flow path for blood to flow
from upstream of the arteriotony to downstream ot the arteriotomy, and traprove distal
perfusion. A physician can check periodically the capillary refill of a limb of the patient

located distal of the arteriotomy.
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[B108] In one example, if the clinician or other caregiver is using a balloon to expand the
distal expandable portion, the clinician or other caregiver further inflates the balloon to
further increase the artery diameter. In another example, the clinician or other caregiver
expands a longer segment of the distal expandable portion of the sheath to increase the blood
5 flow past the sheath (e.g., around or through the sheath) from a location upstream of the
arteriotonmy and to the downstream vasculature of the patient, downstream of the arterioiony.
I another example, the clinician or other caregiver selectively adjusts the expanded shape of
the expandable distal portion to mncrease a size of the blood flow path, and increase the blood
flow past the sheath {¢.g., around or through the sheath) from a location upstream of the
10 arteriotomy and to the downstream vasculature of the patient, downstrear of the arteriotomy.
{0181} In one example, the chinician or other caregiver adnunisters an anti-cloiting agent
during the course of the procedure. The anti-clotting agent prevents blood clotting in the
pores or mesh openings of the distal expandable portion and socluding the distal expandable
portion. The anti~clotting agent also mininizes the risk of clots being released o the
15 bloodstream of the patient, causing a health risk. At least some advantages of the method
1400 and sheath illustrated in relation to FIGS. 13 and 14 are the ability to selectively expand
or contract the distal expandable portion of the sheath, to adapt to varyving patient geometrics
or arterial conditions.
{3102} FIG. 15 shows an illustrative isomeiric view of a sheath assembly with two sheaths
20 according to an implementation of the present disclosure. FIG .15 is similar to FIG. 4 of the
present disclosure, but includes a second sheath 1502, Sheath 1502 is connected at a first end
to the first sheath assembly 430, such that blood can flow from the sheath assembly 430 into
sheath 1502. Sheath assembly 430 includes a lumen through which blood can flow from a
distal end of sheath assembly 430 to more proximal location. For example, the lumen can be
25 alumen located within the sheath body, or a lumen formed between the sheath body and an
outer sleeve, as described in relation to FIGS. 1-7. In ancther exampie, the lumen can be
formed as a side-rigger channel along the sheath body. Blood flows from a location upstream
of the arteriotomy through the sheath assembly 430 and into the sheath 1502, The second
end of sheath 1502 perforates the skin of the patient at a tocation 1504 distal of the first skin
30 puncture 450, and penetrates the artery of the patient at a second arteriotomy site 1506,
downstream of the first arterictomy. Accordingly blood can flow from a region upstream of
the first arteriotory through the sheath assembly and the second sheath mto the second

arferiotomy, and downstream of the second arteriotomy.
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[6193] In one example, the length of the lumen is equal to a length of the sheath body. In
another example, the length of the lumen is less than a length of the sheath body. The first
end of the second sheath 1502 connects to the lumen anywhere along the length of the lunen,
such that blood can flow from the lumen and into the first end of the second sheath 1502, In
one example the first end of the second sheath 1502 connects to a proximal end of the lumen.
In another example, the first end of the second sheath 1502 connects to the lumen anywhere
along the length of the lunmen. In one example, the proxumal end of the lumen 1s outside of
the skin of the patient, such that a clinician or other caregiver can easily connect the first end
of the sccond sheath 1502 to the end of the lumen. In ancther example, the proximal end of
the fumen is located below the skin of the patient, such that a clinician or other caregiver
slides the first end of the second sheath 1502 into the first sheath fo connect the furst end of
the second sheath 1502 to the proximal end himen.

{6194} FIG. 16 shows an dllustrative method for providing adequate limb perfusion using the
sheath agsembly of FIG. 15, In an inttial procedure, a chnician or other carcgiver creates a
first puncture through the skin of a patient and percutaneously nserts a first sheath through
the first puncture site and into the artery of the patient through an arteriotomy (steps 1602,
1606}, As discussed above, ¢.g. in relation to FIG. 14, additional steps may be performed by
the clinician or caregiver between the first puncture and the first arteriotomy on one hand,
and msertion of the first sheath through the first pancture and the first arteriotomy on the
other hand. The sheath is advanced untif its distal end is positioned within the artery and the
proximal end of the sheath is positioned outside the patient. In addition, a clinician or other
caregiver creates a second puncture through the skin of a patient and percutancously inserts a
second sheath through the second puncture site and into the artery of the patient through an
arteriotomy {steps 1604, 1608}, The second sheath is similarly advanced unti] its distal end is
positioned within the arterv and the proximal end of the second sheath 1s positioned outside
the patient. In one example, the insertion of the first and second sheaths can be done in
parallel. In another example, the insertion of the first and second sheath can be done in
succession.

[6105] After an initial check regarding whether limb perfusion is accurate, or as
precautionary or default measare, the clinician or other caregiver then connects the first
sheath to the second sheath to create a blood flow chanuel between a focation upstream of the
first artertotomy and a location downstream of the second arteriotony (step 1610). In one
example, the clinician or other caregiver selects a longitudinal distance between the first

arteriotonmy and the second arteriotomy to be relatively small. A relatively small distance
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between first arteriotomy and second arteriotomy can be beneficial to minimize fluid losses
and to minimize the risks of clots or sheath obstruction. For example, a distance between the
first and second arteriotomy may be between about Sem and 20cm, between about 10cm and
15 ¢m, or about 12 cm 1o about 14 cm.  The distance between the first and second
artertotomics may depend on the geometry of the patient and the characteristics of the
procedure. For example, for a patient with veins which are harder to access, the distance
between the first and second arteriotomies needs to be shorter than for a patient with casily
accessible veins, closer to the skin surface. In another example, a patient may have a longer
or shorter limb, and a greater or shorter distance respectively may be needed for the second
sheath to access the artery at 3 suitable location downstream of the first arteriotomy. The
chnician or other caregiver periodically checks whether limb perfusion distal of the first
arteriotomy 1s adequate (step 1612). As discussed above in relation for example to FIG. 11,
this can involve checking for capillary reflexes, and/or pertodically checking skin color in the
limb.

[6106] Tf limb perfusion 1s adequate, no action is nceded from the chinician or other
caregiver to further open ap a blood flow path. Otherwise if mb perfusion is not adequate,
the clinician or other caregiver adjusts the parameters of the blood flow channel between the
first location upstream of the first arteriotomy and the second location downstream of the
second arteriotomy {step 1616}, In one example, the connection between the second sheath
1502 and the lomen through which blood passes from upstream of the arteriotomy to
downstream of the arteriotomy {(descrnbed in relation to FIG. 15) includes a valve. In this
example, the clinician or other caregiver can adjust the amount of flow passing from the
tumen to the second sheath 1502 by selectively opening, 1.¢. further opening the valve, to
increase the flow of blood passing through the first sheath, into the second sheath, and into
the artery downstream of the first arteriotomy. In another exanple, the clinician or other
caregiver can increase a diameter of the lumen, and/or increase a diameter of the second
sheath 1502, For example, the clinician or other caregiver could replace an existing second
sheath 1502 with a new sheath 1502 having a larger diameter. A clinician or other caregiver
could also further open flow through the lumen, by increasing the cross-section of the lumen.
For example, as deseribed in relation to FIGS. 1-9, the clinician or other caregiver can
selectively increase the cross-section of the lumen by selectively vacovering additional
apertures and mncreasing blood flow from a location upstream of the arterictomy through the

tamen, mto the second sheath, and to a location downstream of the arteriotomy.
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[B107] At least one benefit of the sheath of FIG. 15 and the associated method of FIG. 16 1s
being able to open a blood flow path between a location upstream of the first arterictomy to a
location downstream of the first arteriotomy {¢.g. the second arteriotomy) while only
requiring one additional “stick point” or skin puncture 1504 — use of the sheath of FIG. 15
and the method of FIG. 16 1s safer and simpler than procedures which require additional stick
points and more complex equipment, ¢.g. ECMO. Similarly, at least one benefit of the sheath
of FIG. 15 compared to fem-to-fem bypass is the ability to open a blood flow path between a
location upstream of the first arteriotomy to a location downstream of the first arteriotomy
{c.g. the second arteriotomy} while only requinng one additional “stick point” or skin
puncture 1504

{0108} FIG. 17 shows an illustrative view of a sheath with an expandable balloon on an
outer surface of a sheath for facilitating downstream perfusion of the patient’s vasculature.
Sheath 1702 is inserted through the skin 1704 of a patient, and into the artery 1708 of the
paticnt via arteriotomy 1706. Sheath 1702 includes balloon 1714 along at feast a portion of
the length of the sheath, and on the outer surface of the sheath. When the balloon 1714 1s
inflated, it separates the outer surface of the sheath 1702 from the wall of the artery 1712 by
cxpanding the artery to a greater diameter locally. The balloon 1714 1s sized and shaped to
altow for blood flow within the artery, illustrated by arrow 1716 i FIG. 7 from a location
upstream of the arteriotomy to a location downstream of the arteriotomy. Exemplary shapes
of balloon 1714 are shown and discussed in relation to FIGS. 18A-B below. In one example,
a length of the balloon is less than a length of the sheath 1702, In another example, a length
of the balloon is less than half a length of the sheath 1702, In one example, when expanded
the balloon can form a cylindrical cavity. Altematively, when expanded the balloon can form
a wedge-like cavity, e.g. as shown and discussed below in relation to FIG. 18, Altematively,
wn another example the balloon can form a torus. In another example, the balloon 1714 can
be any shape forming a channel along the length of the balloon through which fluid can flow.
1610%9] Balloon 1714 is inflated by inserting an inflating fluid through an inflation lumen
connected to the balloon 1714, Such an inflation lumen runs along at least a portionof a
length of the sheath body, and has an opening into the balloon cavity located on the outer
surface of the sheath. In one example, the inflating lumen is a side-lumen, attached to the
outer surface of the sheath body along the length of the inflating tumen. In another example,
the nflating lumen is a lumen located within the sheath body but communicateswith the
outside of the sheath body through an aperture in the sheath, through which the balloon can

be inflated and deployed on the outside of the sheath body. In one example, the balioon is
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stored inside the inflation lumen and s deploved when inflation fluid 1s inserted through the
inflation lumen. In another example, the balloon is stored at a distal end of the inflation
lumen, and 15 deploved when intlation fluid is inserted through the inflation lumen.

{0116} FIGS. I8A-B show illustrative cross sections of a sheath 1804 with an expandable
balloon 1806 on an outer surface of a sheath according to an implementation of the present
disclosure. FI{3S. 18A-B show balloon 1806 inflated. In Fig. 18A balloon 1806 is shaped
with a relatively trniangular cross-section, taking up less than 360 degrees around the sheath
1804, instead leaving a gap 1808 between the sheath 1804 and the vessel wall 1802 where the
balloon is not located. Similarty, in FIG. 18B, balloon 1806 is expanded and leaves gaps
1808 and 1810 between the sheath and the wall of the vessel. Depending on the mflation
level or shape of balloon 1806 (shown as a torus in FIG. 18B}, bloed can flow through gap
1808, gap 1810, or a combination of both. In one example, the type of balloon is selected
based on the patient geometry and procedure characteristics. At feast one advantage of using
a balloon as discussed in relation to FIGS. 17 and 18A-B is the ability to expand the vessel
locally and temporarily to open a flow path for blood to flow from a location upstream of the
arteriotomy to a location downstream of the arterictomy.

{6111} FIG 19 shows an illustrative method for providing limb perfusion using the sheaths
of FIGS. 17 or 18A-B. Process 1900 begins at step 1902 with a clinmcian or other caregiver
inserting the sheath through the skin of a patient. At step 1904 the clinician or other
caregiver inserts the sheath through an arteriotomy nto the artery of the patient. At step
1906, the clinician or other caregiver inflates the balloon to open up a path between the
sheath and a wall of the artery. The chinician or other caregiver checks whether limb
perfusion is adequate {step 1908). If the clinician or other caregiver determines that limb
perfusion is adequate {step 1908), no action is needed from the clinician or other caregiver to
further open up a blood flow path (step 1910). If instead at step 1908, the clinician or other
caregiver determines that limb perfusion is not adequate, the clinician or other caregiver
turther inflates the balloon {step 1906} to widen the path through which blood can flow
between the sheath body and the wall of the artery. The clinician or other caregiver can also
deflate the balloon when desired to avoid unnecessary radial stress on the artery. Inone
example, the clinician or other caregiver inflates the balloon beyond a threshold pressure
above which the balloon changes shape, providing a blood flow path which is larger and
better adapted to a particular paticnt geometry or characteristics of the procedure.

{0112} FIG. 20 shows an illustrative cross-section of a conventional system for sealing an

aceess site using collagen. Patient skin 2002 has a puncture site 2006 propagated through a



WO 2020/132554 PCT/US2019/068031

space between skin surface 2002 and artery 2004, with arteriotomy 2010. To prevent
bleeding through the arteriotomy and between the arteriotomy and to the skin, a conventional
way to scal the access site 15 to inject collagen 2008 to fill any space between the skin
puncture 2006 and the arteriotomy 2008, thereby sealing the arteriotomy. Patient geometries

5 can vary greatly, with distances between the arteriotomy and the skin puncture ranging

between about 2em in some patients to about 15 cm in some patients. Moreover, depending
on the procedure and the clinician or other caregiver, insertion angles may vary, further
contributing to the varving distance to be covered by a sheath to reach the artery.

{6113} FIG. 21 shows an illustrative cross-section of a sheath system to provide an

10 arteriotomy datum according to an implementation of the present disclosure. Skin 2107 of
the patient has a puncture site 2106 through which sheath 2108 can be introduced. Sheath
2108 extends through punctare site 2106 and info the artery 2104 via an arteriotomy. At its
distal end, sheath 2108 includes a closure device 2110, shown deploved in FIG. 21, extending
aver the arteriotony. At least onc benefit of the sheath systern of FIG. 21 15 the ability to

15 adjust a distance between the artery and the skin, and accordingly a distance between the
arteriotomy and the skin puncture, providing a useful datum for a clinician or other caregiver
to use later in the procedure. At least another benefit of the sheath system of FIG. 21 is the
ability to have a fixed distance between the skin puncture and the arteriotomy, set to no
longer be dependent on patient geometry.

20 [6114] FIG. 22 shows an illustrative method to provide an arteriotomy datum using the
sheath system of FIG. 21, Process 2200 begins at step 2202 when a clinician or other
caregiver inserts a sheath through the skin of a patient and into the artery. At step 2204 the
clinician or other caregiver checks whether the sheath has reached the artery. If not, the
clinician or other caregiver continues to insert the sheath before returning to step 2204, If

25 nstead the chinician or other caregiver deternunes that the sheath 1s in the artery, 1.¢. an
artertotomy has been made in the artery, and a distal end of the sheath 1s mside the artery
while a proximal end of the sheath is out of the patient skin, process 200 proceeds to step
2206 where the clinician or other caregiver deplovs a closure device inside the artery. At step
2208 the chnician or other caregiver withdraws the sheath, with the closure device pulling the

30 artery closer towards the skin, reducing a distance between the artery and the skin, and more
specifically reducing a distance between the arteriotomy and the skin puncture.

{6115} At step 2210 the chinician or other carcgiver checks whether a target distance
between the arteriotomy and the skin puncture has been reached. For example, the clinician

or other caregiver can reduce the distance between the arteriotomy and the skin puncture untid
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the clinician or other caregiver feels an increased resistance indicative of the closure device
being in contact with the access site, and subsequently move the closure device away from
the skin puncture by an amount equal to the target distance. For example, a target distance
may be between about Scm and about 10cm. In another example, a target distance may be
5 between about 8cm and about 9cm. In another example, the target distance may be setby a
clinician or other caregiver, or set by standard. If at step 2210 the clinician or other caregiver
deternunes that the target distance between the arteriotomy and the skin puncture has not
been reached, the clinician or other caregiver retums to step 2208 and continues to withdraw
the sheath. If instead the clinician or other caregiver determines that a target distance has
10 been reached, process 2200 proceeds to step 2212 where the clinician or other caregiver
manipulates the closure device to enable insertion of a medical device. In one example,
between steps 2210 and 2212 the clinician or other caregiver can tend to other aspects of the
procedure. Alternatively, a clinician or other caregiver can step out and a second chinician or
ather caregiver can step in — the sccond clinician or other caregiver can use the target distance
15 to quickly carry on with the procedure. At step 2214, the clinician or other caregiver mnserts
the medical device through the sheath and mto the artery. In one example, step 2214 may be
replaced a removal of the closure device, and the closing of the access site, in the cvent that
the procedure is indefinttely interrupted, or ternunated. As indicated above in relation to
FIG. 21, at least one of the advantages of method 2200 is the ability to adjust a distance
20 between the artery and the skin, and accordingly a distance between the arteriotomy and the
skin puncture, providing a useful datum for a clinician or other caregiver to use later in the
procedure, and the ability to have a fixed distance between the skin puncture and the
arteriotomy, set to no longer be dependent on patient geometry.
{6116} FIG. 23 shows an illustrative method for controlling access site bleeding according
25 to an implementation of the present disclosure. Process 2300 begins at step 2302 with a
chnician or other caregiver inserting a sheath through the skin of the patient. At step 2304
the clinician or other carcgiver mserts the sheath into the artery through an arteriotomy. At
step 2306 the clinician or other caregiver introduces a medical device through the sheath.
After the medical device has been used, at step 2308 the clinician or other caregiver
30 withdraws the sheath or the medical device, or both. After withdrawing the sheath or the
medical device or both, the clinician or other caregiver checks for access site bleeding at step
2310, if the clinician or other caregiver determines there is no excessive or undesired access

site bleeding at step 2310, the process ends at step 2314,
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[8117}) Otherwise if the clinician or other caregiver does observe exeesstve or undesired
access site bleeding at step 2310, process 2300 proceeds to step 2312 with the clinician or
other carcgiver deploving a closure device within the artery. If the clinician or other
caregiver at step 2308 withdrew only the sheath the closure device being deployed needs to
5 accommodate passage of a catheter or any other elements through the closure device. If the
clinician or other caregiver at step 2308 withdrew both the sheath and the medical device, the
closure device when deploved does not need to accommodate passage of a catheter or any
other elements through the closure device.
{6118} At least one advantage of method 2300 is the ability to control access site bleeding
10 either when the sheath has been withdrawn but the medical device or at least a portion of the
medical device is still within the patient, or when both the sheath and the medical device have
been withdrawn, for example at the end of the procedure. Moreover, at least an additional
advantage of method 2300 is the ability to temporarily close access site bleeding while
retaining the ability to pass the medical device, and/any other instruments through the closure
15 device. In one example, the closure device s deploved upstream of the arteriotomy. In
another example, the closure device 1s deployed at the arteriotomy. In one example, the
closure device is deployed between 30 seconds and 20 minutes. In another example, the
closure device is deployed between 30 seconds and 3 minutes.
{3119} FIG. 24 shows an illustrative view of a closure device deploved upstream of an
20 arteriotomy according to an implementation of the present disclosure. In the example shown
in FIG. 24, closurc device 2410 1s a balloon, which when expanded blocks or reduces flow of
blood from a location upstream of the arteriotomy to a location distal of the arteriotomy. At
least one advantage of the closure device 2410 s the ability to tamponade the aceess site
(arieriotomy or skin puncture) to prevent excessive blood loss and allow for closure or other
25 chnical indications or procedures {¢.g. attaching a graft to the access site). At least one
benefit of the closure device 2410, 1s that it can be integrated with the sheath assembly, and
medical device. Accordingly, whercas existing technigues require a sccond insertion sife
with a guidewire and a balloon catheter to be inserted and deployed, requiring additional
steps and mereased time to control blood flow, the closure device of FIG. 24 and the method
30 of FIG. 25 described below provide a quicker and easier way to temporarily block blood
flow. In one example, the closure device can be incorporated onto the sheath assembly, e.g.
the sheath assembly described in relation to FIGS. 1-22. n another example, the closure
device is incorporated onto the sheath assembiy at a fixed location anvwhere along the length

of the sheath assembly. In another exanple, the closure device is placed on an external
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sheath or sleeve {c.g. outer sheath or sleeve 201 10 FIG. 5D) which can be moved ina
longitudinal direction relative to the sheath assembly and a catheter shaft votil the closure
device is positioned at a desired location upstream of the arieriotomy. o on example, a shape
of the closure device is selected to match an anatomy of the location at which the closure
5 device is to be deployed. For example, a closure device used to block blood flow apstream of
an axillary or subclavian arteriotomy is shaped differently than a closure device used to block
blood flow upstream of the thac or femoral artery.
{61268} FIG. 25 shows an dlustrative method for controlling access site bleeding using the
closure device of FIG. 24, In an initial procedure, a clinician or caregiver creates an
10 arteriotomy and percutancously inserts a sheath through the arteriotomy and into the artery of
the patient {steps 2502, 2504). Additional steps may be performed by the clinician or
caregiver between the puncture and the arteriotomy on one hand, and insertion of the sheath
through the puncture and the arteriotomy on the other hand. For example, the clinician or
other caregiver uses a guidewire, and successive dilators to gradually enlarge both the
15 puncture and the arteriotorny sufficiently to accommodate the sheath, which can be an
introducer sheath or a reposttioning sheath. The sheath is advanced until its distal end is
positioned within the artery and the proximal end of the sheath 1s posttioned outside the
patient. The clinician or other caregiver can then nsert the medical device through the sheath
and ron the medical device as past of a procedure. During the procedure, the clinician or other
20 caregiver notices undesirable or excessive bleeding at the aceess site, occluding the access
site, and creating a risk of the patient. The clinician or other caregiver then inflates a balloon
upstream of the arteriotomy {step 2506}, After mitial inflation of the balloon upstream of the
arteriotomy, the clinician or other caregiver determines whether the arterictomy bleeding is
controlled {(step 2508). For example, the clinician or other caregiver can consider the
25 bleeding controlled if the access site is visible, or if the bleeding is reduced. Aftera
sufficient amount of time, the clinician or other caregiver can proceed to deflate the balloon
(step 2510). For example, a sufficient amount of time i the amount of time required for the
paticnt to start clotting at the access site. For example the clinician or other caregiver may
clect to mflate the balloon, blocking blood flow upstream of the arteriotomy and stopping an
30 unexpected hematoma for 30 minutes until the underlving issae having cause the hematoma
can be identified. Once identified and addressed, the clinician or other caregiver can deflate
the balloon, ensuring the patient’s distal imb still receives adequate blood flow to prevent
ischemia.  In another example, a sufficient amount of time is the amount of time needed for

the clinician or other caregiver to carry out another procedure {e.g. a graft). Alternatively, if
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more time 1s necessary, or if the chinician or other caregiver instead determines the
arteriotomy bleeding has not been controlled sufficiently, the clinician or other caregiver can
further inflate the balloon and later reconsider whether the balioon is sufficiently mflated to
provide the desired blood flow control,

{3121} Compared to conventional technmques which require the access site to be surgically
opened up at the skin level to expose enough vessel to clamp or tie around it (which is
particularly difficult in a catheter lab environment), method 2500 provides user the ability to
tamponade the vessel upstream of the access site, inside the vessel.  The clinician or other
caregiver can inflate the balloon and adjust the balioon mflation to control blood flow without
requiring the user to cut open the skin beyond the puncture nor requiring the user to remove
the blood pump. At least one benefit of method 2500 is the ability to briefly tamponade
upstream of the arterictomy, ¢.g. to attach a pump to a graft without the patient experiencing
extreme blood loss. The closure device used as described in FIG. 25 may be any of the
closure devices described in relation to FIGS. 23-28 AB. Another exemplary benefit of
method 2500 is that the temporary tamponade created by deploying the closure device (e.g.
balloon) upstream of the arteriotomy allows the patient to continue to be on hemodynamic
support while the access site bleeding/oozing 15 stopped. The temporary tamponade may
promote clotting at the access site, solving bleeding and oozing difficultics and allowing a
previously inserted medical device {e.g. blood pump)} to remain in place instead of having to
be preciprtously removed.

16122} FIG. 26 shows an illustrative closure device for controlling access site bleeding
according to an mmplementation of the present disclosure. A clinician or other caregiver
inserts sheath 2610 through a skin punctare 2602 and into artery 2604, for example as
described in relation to any of FIGS. 11, 12, 14, 16, 19, 22, 23 and 25. Sheath 2610 includes
a distal portion 2608, represented as a footplate in FIG. 26. In the example of FIG. 26 the
footplate 2608 s deployved and extends longitudinally i a direction of the artery, surrounding
the arteriotomy to occlude it. In one example, the footplate comprises one or more flaps
which can pivot about an axis to transition from a compressed state to an expanded or
deployed state. In another example, the footplate 1s a balloon. In one example, the footplate
can be a torus shaped balloon. In another example, the footplate can comprise more than one
balloon. For example, the footplate can be made of multiple inflatable balloons which extend
radially outward. Altematively, the footplate can comprise both a balloon and a mechanical
plate. The footplate is made of Nitino] or synthetic rubber or elastomer. As shown in FIG.

26 a device 2606 can still pass through the closure device 2608 as needed. An opening is

(53
4
P



10

15

20

WO 2020/132554 PCT/US2019/068031

present in the center of the closure device. In one example, the opening is smaller than the
access site. In another example, the opening is filled by a one~way device suchasa flap, ora
one-way valve. At least one benefit of the closure device of FIG. 26 is the ability to control
blood through the arteriotomy without requiring the user to cut open the skin beyond the
puncture and retaiming the ability to withdraw or insert clements into the patient.

{3123} FIGS. 27A-B show an illustrative closure device for controlling access site bleeding
before deployment (FIG. 27A), and afier deployment (FIG. 27B). according to an
implementation of the present disclosure. A clinician or other caregiver inserts sheath 2710
through an arteriotomy 2702, for example as described in relation to any of FIGS. 11, 12, 14,
16, 19,22, 23 and 25. Sheath 2710 comprises a closure device at its distal portion, the
closure device being compressed or retracted within sheath 2710 {and not shown} in FIG.
27A for insertion into the patient. A clinician or other caregiver can exert relative
longitudinal motion to unsheath the closure device, or trigger a release mechanism to deploy
the closure device. Tn one example, the closure device comprises flaps which are aligned
longitudmally along a length of the sheath, but which deploy when released. In another
example, the closure device comprises a balloon, which is deflated dunng insertion of the
sheath 2710, and inflated by the clinician or other caregiver. Inthe example of FIG. 278, the
sheath 2710 has been retracted such that closure device 2708 is shown deploved at the distal
end of the sheath. The clinician or other caregiver can further retract both the sheath and the
closure device until the closure device is up against the arteriotomy 2702. At least one benefit
of the closure device of FIG. 27 15 the ability to control blood through the arteriotomy.

[6124} FIGS. 28 A-B show an illustrative top view and an illustrative side view of a closure
device for controliing access site bleeding according to an implementation of the present
disclosure. FIG. 28A shows a footplate type closure device with a width w and height b,
having feet 2802 and an opening or flap 2804. The opening or flap 2804 allows insertion of a
medical device through the closure device even after the closure device is deployed. FIG. 28
B shows the same footplate tvpe closure device, with opening or flap 2804 and feet 2802
FIG. 288 shows that the closure device can be rotated to such that it can be passed through an
opening, such as arferiotomy 2810, In this way, the closure device can be removed from the
artery. The closare device of FIGS. 28A-B can be used as described for example in relation
to FIGS 23-27AB. At least one benefit of the closure device of FIGS. 28A-B is the ability to

controf blood through the arteriotomy.
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We claim:

1. A method for percutancously inserting a medical device into a blood vessel of a patient, the
method comprising:
inserting a sheath assembly through a skin puncture into an artery at an arterictomy,
the sheath asserably comprising:
a sheath body having a longitudinal axis, and first and second ends;
a first lumen extending along the longitudinal axis between the first and
second ends of the sheath body;
mserting the medical device through the first lumen; and
opening a path through the sheath assembly to allow blood flow from a portion of the
artery on a first side of the arteriotomy to a portion of the artery on a second side of the

arteriotomy.

2. The method of claim 1, wherein opening the path through the sheath assembly comprises

moving a cylindrical body relative to the sheath body.

3. A perfusion sheath assembly for msertion into a blood vessel of a patient, the sheath
assembly comprising;

a sheath body having a longrtudinal axis, and first and second ends;

a first lumen extending along the longitudinal axis between the first and second ends
of the sheath body, the first lumen configured to pass a medical device; and

a second lumen configured to allow blood flow from a portion of the artery on a first

side of the arteriotomy to a portion of the artery on a second side of the arteriotomy.

4. A method for percutancously tnserting a medical device into a blood vessel of a patient, the
method comprising:
mserting a sheath assembly through a skin puncture into an artery at an arteriotony,
the sheath assembly comprising:
a sheath body having a longitudinal axis, and first and second ends;
a first lumen extending along the longitudinal axis between the first and
second ends of the sheath body, the first lumen configured for the passage of a

medical device; and
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selectively opening and closing one or more openings in the sheath body along the
longitudimal axis to allow blood flow from a portion of the artery on a first side of the
arteriotomy to a portion of the arterv on a second side of the arteriotomy when the first end of
the sheath body is positioned within the blood vessel and the second end of the sheath is

external to the patient.

5. A perfusion sheath asserobly for insertion into a blood vessel of a patient, the sheath
assembly comprising:

a sheath body having a longitudmal axis, and first and second ends;

a first lumen extending along the longitudinal axis between the first and sccond ends
of the sheath body, the first lumen configured for the passage of a medical device; and

a cvlindrical body that selectively opens and occludes openings i the sheath body
along the longitudinal axis to allow blood flow from a portion of the artery on a first side of
the arteriotomy to a portion of the artery on a second side of the arteriotomy when the first
end of the sheath body is positioned within the blood vessel and the second end of the sheath

is external to the patient.

6. A perfusion sheath assembly for msertion into a blood vessel of a patient, the sheath
assembly comprising;

a sheath body having a longrtudinal axis, and first and second ends;

first and sccond tumens, cach extending along the longitudinal axis between the first
and sccond ends of the sheath body, the first lumen configured for the passage of a medical
device, and the second lumen configured to aliow a flow of fhuid from the blood vessel in the
second tumen; and

a stylet configured to selectively open and close the second tumen along the
longitudinal axts to allow blood flow from a portion of the artery on a first side of the
artertotomy to a portion of the artery on a second side of the arteriotomy when the first end of
the sheath body is positioned within the blood vessel and the sccond end of the sheath is

external to the patient.

7. A method for percutancously inserting a medical device into a blood vessel of a patient, the
method comprising:
mserting a sheath assembly through a skin puncture into an artery at an arteriotomy,

the sheath asserbly comprising:
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a sheath body having a longitudinal axis, and first and second ends;
a first lumen extending along the longitudinal axis between the first and
second ends of the sheath body, the first lumen configured for the passage of a
medical device; and
a second humen extending along the longitudinal axis between the first and
second ends of the sheath body, the second lumen configured to allow a flow of blood
therethrough: and
selectively opening and closing openings i the sheath body along the longitudinal
axis to by selectively moving a stylet through the second humen to allow blood to flow from a
portion of the artery on a first side of the arteriotonmy to a portion of the artery on a second
side of the arteriotomy when the first end of the sheath body is positioned within the blood

vessel and the second end of the sheath is external to the patient.

8. A perfusion sheath assembly for insertion mto a blood vessel of a patient, the sheath
assembly comprising:

a sheath body having a longrtudinal axis, first and second ends, and at least one aperture
between the first and second ends;

a first lumen extending along the longitudinal axis between the first and second ends of
the sheath body, the first lumen configured for the passage of a medical device; and

a sleeve surrounding the sheath body and slidable along the sheath body, to selectively
open and close the at least one aperture between the first and second ends when the first end
of the sheath body 1s positioned within the blood vessel and the second end of the sheath 1s

external to the patient.

9. A method for percutancously inserting a medical device into a blood vessel of a patient, the
method comprising:
ingerting a sheath assembly through a skin puncture into an artery at an arterictomy,
the sheath assembly comprising:
a sheath body having a longitudinal axis, and first and second ends;
a first humen extending along the longitudinal axis between the first and second
ends of the sheath body, the first lumen configured for the passage of a medical device;
and

a sleeve surrounding the sheath body; and
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selectively opening and closing openings in the sheath body along the longttudinal
axis to by selectively moving the sleeve to allow blood to flow from a portion of the artery on
a first side of the arteriotomy to a portion of the artery on a second side of the arteriotomy
when the first end of the sheath body is positioned within the blood vessel and the second end

5  of the sheath is external to the patient.

19. A mothod for percutancously inserting a medical device into a blood vessel of a patient,
the method comprising:
mserting a sheath through a skin puncture mto an artery at an arteriotomy, the sheath
10 comprsing a first portion with a fixed diameter substantially similar to a diameter of the
arfery and an expandable distal portion;
expanding the expandable distal portion of the sheath to expand the diameter of the
artery to a diameter greater than the fixed diameter of the first portion; and
inserting the medical device through the sheath and past the expandable distal portion
15 into the artery,
wherein the expandable distal portion of the sheath is configured to aliow blood flow

through the artery from upstream of the arteriotomy to downstream of the arteriotomy.

11. The method of claim 10, further comprising miroducing an anti-clotting agent in the

20 artery.

12. A perfusion sheath assembly for msertion into a blood vessel of a patient, the sheath
assembly comprising:

a sheath comprising a proximal portion with a fixed diameter substantially simifar to a

25 diameter of the blood vessel and an expandable distal portion,

wherein when the distal portion of the sheath body is expanded and positioned within
the blood vessel and at least part of the proximal portion of the sheath is external to the
patient, the expandable distal portion of the sheath is configured to allow blood flow through
the expanded distal portion from upstream of the arterictomy to downstream of the

30 arteriotomy,

13. The perfusion sheath assembly of claim 12 wherein the distal portion is porous.
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14. The perfusion sheath assembly of any of claims 12-13, wherein the distal portion is a

mesh.

15. The perfusion sheath assembiy of any of claims 12-14, wherein the distal portion is a

3 stent.

16. The perfusion sheath assembly of any of claims 12-15, wherein a shape of the expandable

distal portion of the sheath when expanded is s-shaped with a first curvature and a second

curvature, wherein at least one of the first and the second curvatures are configured sach that
10 blood flows through the cxpanded distal portion from upstream of the arteriotomy to

downstream of the arferiotomy.

17. A method for percutancously inserting a medical device into a blood vessel of a patient,
the method comprising:
15 mseriing a sheath assembly through a first skin puncture into an arterv at a first
arteriotomy, the sheath assembly comprising a lumen through which blood can flow;
mserting a second sheath through a sccond skin puncture into the artery at a second
arteriotomy distal of the first arteriotomy; and
opening fluid conumunication between the lomen and the second sheath, such that

20 blood can flow from the lumen through the second sheath and into the artery.

18. A perfusion sheath assembly for msertion nto a blood vessel of a patient, the sheath
assembly comprising:
a first sheath configured for msertion through a first skin puncture into an artery at a
25 first arteniotomy,
alomen extending along the first sheath configared to allow blood flow; and
a second sheath configured for insertion through a second skin puncture into the
artery at a second arteriotomy distal of the first arteriotomy,
wherein the lumen and the second sheath are configured to be in fluid communication
30 such that blood can flow from the lamen through the second sheath and mto the artery

downstream of the first arterictomy.

19. The perfusion sheath assembly of claim 18, wherein the tumen is integrally formed with

the first sheath.
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29. The perfusion sheath assembly of any of claims 18-19, wherein the fumen is concentric

with the first sheath.

5 21 The perfusion sheath assembly of any of claims 18-20, wherein the lumen is within the

first sheath.

22. The perfusion sheath assembly of any of claims 18-21, wherein the humen is eccentric
from the first sheath.

10
23 The perfusion sheath assembly of any of claims 18-22, wherein the lumen 1s outside of

the first sheath.

24. A method for percutancously inserting a medical device into a blood vessel of a patient,
15 the method comprising:
mserting a sheath assembly through a skin puncture into an artery at an arteriotomy,
the sheath assembly comprising:
a sheath body having a longitudinal axis, and first and second ends;
a first lumen extending along the longitudinal axis between the first and
20 second ends of the sheath body; and
a balloon coupled to the sheath body: and
mflating the balloon to open a path between the sheath body and a wall of the artery,
wherein blood flows through the path from a portion of the artery on a first side of the

arteriotomy to a portion of the artery on a second side of the arteriotomy.

25. A perfusion sheath assembly for insertion into a blood vessel of a patient, the sheath
assembly comprising;
a sheath assembly configured for insertion through a skin puncture into an artery at an
arteriotomy, the sheath assembly comprising:
30 a sheath body having a longitudinal axis, and first and second ends;
a first lumen extending along the longitudinal axis between the first and
second ends of the sheath body; and

a bailoon coupled to the sheath body, wherein the balloon when inflated is
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configured to open a fluid path between the sheath body and a wall of the artery, whercin
blood flows through the fluid path from a portion of the artery on a first side of the

arteriotomy to a portion of the arterv on a second side of the arteriotomy.

26. The perfusion sheath assembly of claim 23, wheremn the first lumen 1s integrally formed

with the sheath body.

27. The perfusion sheath assembly of any of claims 25-27, wherein the first lumen is within

the sheath body.

28. The perfusion sheath assembly of any of claims 25-28, wherem the first lumen is

eccentric from the sheath body.

29. The perfusion sheath assembly of any of claims 25-28, wherein the balloon when inflated

extends along at least a portion of the sheath body.

30. The perfusion sheath assembly of any of 25-29, wherein a shape of the balloon is

configured to open the fluid path.

31. The perfusion sheath assembly of any of claims 25-30, wherein the balloon surrounds the
sheath body over less than 360 degrees, wherein the fhud path between the sheath body and
the wall of the artery is around the sheath body where the balloon does not surround the

sheath body.

32. The perfusion sheath assembly of any of claims 25-31, wherein the balloon fully
surrounds the sheath body and has a cross-section with an inmer channel, wherein the fhad

path between the sheath body and the wall of the artery is through the mner chanael.

33. The perfusion assembly of any of claims 25-32, wheremn the balloon cross-section is a

torus.

34. A method for percutancously inserting a medical device into a blood vessel of a patient,
the method comprising:

mserting a sheath assembly through a skin punctore into an artery at an arteriotomy;

-4
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passing a medical device through the sheath assembly; and
manipulating the sheath assembly to allow flow of blood between a location distal of the
arteriotomy and a location upstream of the arteriotomy while simultancously ensuring

hemostasis through the arterictomy.

35. The method of claim 34, wherein manipulating the sheath assembly comprises moving a
first component of the sheath assembly relative to a second component of the sheath

assembly to create a flow path.

10 36. The method of any of claims 34-35, wheren ensuring hemostasis through the arteriotomy

comprises deploying a closure device at or distal of the arterictomy.

37. A perfusion sheath assembly for insertion into a blood vessel of a patient. the sheath
assembly comprising:
15 a sheath assembly comprising at least one sheath; at least one lumen; and at least one
closure device,
wherein the sheath assembly is configured for insertion through a skin puncture into an
artery at an arteriotory, and
wherein the sheath assembly s configured to allow flow of blood between a location
20 distal of the arteriotomy and a location upstream of the arterictomy while simultaneously

cosuring hemostasis through the arteriotomy.

38. The perfusion sheath assembly of claim 37, wherein the sheath assembly comprises:

a sheath with apertures.

39. The perfusion sheath assembly of any of claims 37-38, wherein the sheath assembly

further comprises a stylet configured to slide within the sheath to open or close the apertures.

40, The perfusion sheath assembly of anv of claims 37-39, wherein the sheath assembly
30 further comprises a sleeve configured to shide around the sheath 1o open or close the

apertures.

4§, The perfusion sheath assembly of any of claims 37-40, wherem the sheath assembly

further comprises a closure device.
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42. The perfusion sheath assembly of any of claims 37-41, wherein the closure device is a

balloon.

5 43 The perfusion sheath assembly of claims 37-42, wherein the closure device is a footplate.

44. A method for percutancously inserting a medical device into a blood vessel of a patient,
the method comprising:
mserting a sheath assembly through a skin puncture info an artery at an arteniotomy,
10 wherein a diameter of the sheath assembly is substantially cqual to a diameter of the artery;
passing a medical device through the sheath assembly; and
permitting flow of blood between a location distal of the arterictomy and a location
upstream of the arterictomy while simultancously ensuring hemostasis through the

arteriotomy.

45. A method for percutancously inserting a medical device into a blood vessel of a patient,
the method comprising:

mserting a sheath assembly through a skin puncture into an artery at an arteriotomy, the
sheath assembly including a closure device;

20 deploying the closure device mside the artery, wherein the closure device provides

hemostasis at the arterictomy;

transiating the closure device toward the skin puncture such that a distance between the
arteriotomy and the skin puncture is redaced to a target distance;

manipulating the closure device to enable insertion of the medical device into the artery.

46. The method of claim 435, wherein mampulating the closure device compnises rotating the
closure device such that a cross-section of the closure device is smaller than a cross-section

of the arteriotomy.

30 47 The method of any of claims 45-46, wherein manipulating the closure device forther

comprises: temporarily withdrawing the closure device.

48. The method of any of claims 43-47, wherein manipulating the closure device comprises

folding the closure device to a smalier cross-section.
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49. The method of any of ¢laims 45-48, wherein manipulating the closure device comprises

deflating the closure device.

5 50 The method of any of claims 43-49, further comprising using the target distance to guide

insertion of the medical device.

51. The method of any of claims 45-50, wherein the target distance 1s identical across a range
of patients.
10
52. A method for preventing bleeding at an access site for a medical device inserted into a
blood vessel of a patient, the method comprising:
inserting a sheath assembly through a skin puncture into an artery at an arteriotomy,
wherein the sheath assembly includes a sheath and closure device at a distal end of the
15 sheath; and
deploying the closure device from a compressed state to an expanded state, wherein

the closure device is located within the artery.
53. The method of claim 32, wherein the closure device is a balloon.
20
54. The method of any of claims 52-53, further comyprising inflating the balloon distal of the

arteriotomy.

55. The method of any of claims 52-54, further comprising inflating the balloon at the

25 arteriotomy to stop blood flow through the arteriotomy.

56. The method of any of claims 52-55, wherein the closure device is a footplate.

57. The method of any of claims 52-56, wherein deploying the closure device further

30 compnses displacing the sheath relative to the closure device to deploy the footplate.

38. A method for preventing biceding at an access site for a medical device mserted into a

blood vessel of a patient, the method comprising:
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mserting a sheath assembly through a skin puncture into an artery at an arteriotomy,
wherein the sheath assembly includes a sheath and closure device coupled to a distal end of
the sheath;
passing a medical device through the sheath mto the artery;
5 withdrawing the sheath from the artery; and
deploving the closure device from a compressed state {o an expanded state at the

arteriotomy to prevent blood flow through the arteriotomy.

59. The method of claim 58, wherein the closure device is a balloon, and deploving the

10 closure device comprises inflating the bafloon.

60. The method of any of claims 38-59, whercin when inflated the balloon wraps around a

portion of the medical device in the artery.

15 61. The method of any of claims 58-60, further comprnising adjusting an inflation level of the
balloon such that the balloon substantially seals the artery to prevent the blood flow through

the arteriotomy.

62. The method of any of claims 58-61, wherein the closure device is a footplate, and

20 deploying the closure device comprises opening the footplate.

63. The method of any of claims 38-62, wherein when opened the footplate rests against an

inner surface of the artery and occludes the arteriotomy.

25 64. The method of any of claims 58-63, wherein when expanded a diameter of the footplate

substantially matches a diameter of the artery.

65. A method for preventing bleeding at an access site for a medical device inserted into a
Blood vessel of a patient, the method comprising:

30 mserting a sheath assembly through a skin puncture into an artery at an arterictomy,
wherein the sheath assembly includes a sheath and closure device coupled to a distal end of
the sheath;

passing a medical device through the sheath into the artery;

withdrawing the sheath and the medical device from the artery; and
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deploving the closure device from a compressed state to an expanded state at the

arteriotomy to prevent blood flow through the arteristomy.

66. The method of claim 63, wherein the closure device 1s a balloon, and deploying the

5 closure device comprises inflating the balioon.

67. The method of any of claims 65-66, further comprising adjusting an inflation level of the
balloon such that the balloon substantially seals the artery to prevent the blood flow through
the arterictomy.

10
68. The method of anv of claims 65-67, wherein when inflated a diameter of the balloon 18

substantially similar to a diameter of the artery.

69. The method of any of claims 653-68, wherein the closure device is a footplate, and

15 deploying the closure device comprises opening the footplate.

70. The method of any of claims 65-69, wherein when opened the footplate rests against an

wmner surface of the artery and occludes the arteriotomy.

20 71 A method for preventing blecding at an access site for a medical device inserted into a
blood vessel of a patient, the method comprising:
mserting a sheath assembly through a skin puncture into an artery at an arteriotomy,
wherein the sheath assembly includes a sheath and closure device coupled to a distal end of
the sheath;
25 passing a medical device through the sheath mto the artery;
deploying the closure device from a compressed state to an expanded state at a

location distal of the arteriotomy to prevent blood flow through the arteriotomy.

72. The method of claim 71, wherein the closure device is a footplate, and deploying the

30 closure device comprises opening the footplate.

73. The method of any of claims 71-72, whercin when opened a diameter of the footplate is

sinular fo an inner diameter of the artery, such that the footplate occludes the artery.
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74. The method of any of claims 71-73, wherein the closure device is a balloon, and

deploying the closure device comprises inflating the balloon.

75. The method of any of claims 71-74, wherein when mflated a diameter of the balloon is

similar to an inner diameter of the artery, such that the balloon occludes the artery.

76. A perfusion sheath assembly for insertion info a blood vessel of a patient, the sheath
assembly comprising:

a sheath body having a longitudinal axis, and first and second ends;

first and second lumens, cach extending along the longitudinal axis between the first
and second ends of the sheath body, the first lumen configured for the passage of a medical
device, and the second lumen configured to allow a flow of fluid from the blood vessel in the
second lumen; and

a stylet contigured to selectively open and close the second lumen along the
longitudinal axis when the first end of the sheath body is positioned within the blood vessel

and the second end of the sheath is external to the patient.

77. The perfusion sheath assembly of claim 76, wherein the stylet is configured to move

along the second lumen in order {0 open and close the second hamen.

78. The perfusion sheath assembly of any of claims 76-77, wherein the sheath body
comprises at least one aperture that enables flud communication between the second lumen

and the blood vessel.

79. The perfusion sheath assembly of any of claims 76-78, wherein each aperture has a cross

sectional area that is sumilar to that of the second lumen.

80. The pertusion sheath assembly of any of claims 76-79, wherein the at feast one aperture

comprises a single continuous channel.
81. The perfusion sheath assembly of any of claims 76-80, wherein cach aperture is

configured to prevent the stylet from passing through it into the vessel as it moves along the

second lumen.
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82. The perfusion sheath assembly of any of claims 76-81, wherein the stylet comprises an
inner lumen that extends along the longitudinal axis between first and second ends of the

stylet.

83. The perfusion sheath assembly of any of claims 76-82, wherein the first end of the stylet

comprises a skive.

84. The perfusion sheath assembly of any of clavms 76-83, wherein the inner lumen 1s

exposed at the second end of the stylet.

85. The perfusion sheath assembly of any of claims 76-84, further comprising an internal

stylet for plugging the inner lumen of the stylet when the stylet is not in use.

86. The pertusion sheath assembly of any of claims 76-85, further comprising a valve ata

second end of the stylet for sealing the mner lumen when the stylet is not in use.

87. The perfusion sheath assembly of any of claims 76-86, further comprising a guidewire

that is configured to move along the nner lumen of the stylet.

88, The perfusion sheath assembly of any of claims 76-87, wherein the stylet comprises

markings to mdicate the position of the stylet relative to the second end of the sheath body.

89. The perfusion sheath assembly of any of claims 76-88, further comprising a ratcheting
mechanism to retract the stylet towards the second end of the sheath body m standard

mererents.

90. The perfusion sheath assembly of any of claims 76-89, wherein the increments are sized

relative to a spacing between adjacent aperturcs.

61. The perfusion sheath assembly of any of claims 76-90, further comprising a hab coupled
to the second end of the sheath body, the hub being in fluid communication with the first

lumen.
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92. The perfusion sheath assembly of any of claims 76-91, wherein the hub is also in

communtication with the second lumen, the hub being configured 1o receive the stylet.

93. The perfusion sheath assembly of any of claims 76-92, wherein the sheath body

comprises an atraumatic tip attached to the first end of the sheath body.

94. The perfusion sheath assembly of any of clatas 76-93, wherein the tip comprises an inner
surface defirung a tip lomen that extends between proxumal and distal ends of the tip, the tip

tumen being in fluid communication with the first and second lumens of the sheath body.

95, The perfusion sheath assembly of any of claims 76-94, 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.

96. The perfusion sheath assembly of any of clatms 76-93, 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

ond of the tip.

97. The perfusion sheath assembly of any of claims 76-96, wherein the tip comprises at least
one of: ethylene-vinyl acetate (EVA), styrene-butadiene copolymer {(SBC). synthetic rubber,
an clastomer, an clastic material, a material with an elastic modulus of about 1.6ksi, and a

material with a yield strain 1n excess of 200%.

98. The perfusion sheath assembly of any of claims 76-97, wherein the sheath body

compriscs a first material.

99. The perfusion sheath assembly of any of claims 76-98, wherein the stylet comprises a

second material.

100. The perfusion sheath assembly of any of claims 76-99, wherein the second material is
substantially stiffer than the {irst material, and the first material is substantially more elastic

than the sccond material.
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101. The perfusion sheath assembly of any of claims 76-100, wherein the first material
comprises at least one of! ethvlene-vinyl acetate (EVA), styrene-butadiene copolvmer (SBC),
synthetic rubber, an elastomer, an elastic material, a material with an elastic modulus of about

1.6ks1, and a material with a vield stram m excess of 200%.

102. The pertusion sheath assembly of any of claims 76-101, wherein the second material
comprises polyether ether ketone (PEEK), a polyether block amide {such as PEBAX}, a
polyethvlene material, a high-density polyethylene (HDPE) matenal, a medium-density
polyethylene (MDPE) material, a low-density polyethylene (LDPE) matenal, a crack-
resistant material, a material with a low cocthicient of friction, and a material with an elastic

modutus of about 40ks:.

103. The pertusion sheath assembly of claim 3, inserted into a blood vessel of a patient by

any of the method of any of claims | and 2.

104. The perfusion sheath assembly of any of claims 5 and 6, inserted into the blood vessel of

a patient by the method of any of claims 1, 2, and 4.

105. The perfusion sheath assembly of claim 8, inserted mto the blood vessel of a patient by

the method of any of claims 1, 2, 4, and 7.

106. The perfusion sheath assembly of any of claims 12-16, inserted mto the blood vessel of a

patient by the method of any of claims 9-11.

107. The perfusion sheath assembly of any of claims 18-23 inserted nto the blood vessel of a

patient by the method of claim 17,

108. The perfusion sheath assembly of any of claims 25-33, inserted into the blood vessel ofa

patient by the method of claim 24,

109. The perfusion sheath assembly of any of claims 37-43, inserted into the blood vessel of a

patient by the method of any of clairns 34-36.
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110. The perfusion sheath assembly of any of claims 76-102, inserted into the blood vessel of

a patient by the method of any of claims 37-75.
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