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INTERNAL BALLOON SHEATH

Cross-Reterence to Related Applications

[0001} This application claims the benefit of priority under 35 U.S.C. § 119¢e) from United States
Provisional Application Serial No. 62/797,527 filed January 28, 2019, the contents of which are hereby
incorporated by reference in their entirety.

10
Background
[B002] Intravascular medical devices may comprise, but are not limited to, an Impella®
pump, an Extracorporcal Membrane Oxygenation (ECMQO) pump, and a balloon pump. The
Impeila® pump may further comprise an fmpella 2.5% pump, an Impella 3.0% purap, an

Impella CP® pump and an Impella LD® pump, all of which are by Abiomed, Inc. of Danvers,

)

MA. Most intravascular medical devices are catheter devices that have an operational unit,
such as a pump head, at the distal end of the catheter. Such operational units have a larger
diameter compared to the catheter body supporting them. These devices often require
introducer sheaths to position them in the desired location within the arteriotomy of the

20 patient before they can be operated. The introducer sheaths are usually dimensioned such
that the pump head can easily traverse through the sheath without bemmg damaged, i.c. the
inner diameter of the introducer sheath is often larger than the outer diameter of the pump
head.

6803} The differcnce between the inner diameter of the introducer sheath and the outer

[l
n

diameter of the catheter body gives rise to the development of a space between the introducer
sheath and the catheter body after the pump head has been deploved from the distal end of the
introducer sheath. This leads to blood mgress and stagnation within the sheath, in the space
between the mtroducer sheath and the catheter body, which will eventually lead to clotting.

When a clot forms between the sheath and tndravascular medical device several issues may

95
<

arise. If the clot forms at the distal tip of the sheath it may be accidentally broken free,
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cembolizing downstream (such as, for example, into distal hmb, up to right heart and langs,
ctc.). The rate of occurrence of these clinical scenarios is increased when the procedure
requires the device and sheath to be left in place for durations longer than several hours or at
times where anticoagulation 1s imited.

[6804] Currently, when there 1s a space between the inner surface of the introducer sheath
and the outer surface of the catheter of the intravascular medical device, physicians will setup
the sheath so that a continwous flow of saline or heparinized saline flushes through the space,
often at a flow rate of 3cc/hr, for example. Typically this prevents clot formation, although 1t
requircs additional setup, fluid delivery to the patient, and risk of mismanagement leading to
chinical complications. This issue has not been addressed by sheath manufacturers as it is
assumed that introducer sheaths and the like are not for long term use. In some cases sheath
manutacturers have not found a suitable technical solution, are unaware of the clinical issue,
or believe the problem should be solved by the intravascular device manufactarer.

(6003} Additionally, intravascular medical devices that sit in the left ventricle across the
aortic valve may be very sensitive to positioning issues. For example, if the device travels
too far into or out of the heart the hemodynamic support may be compromised leading to
patient harm. Long term use of an introducer sheath with an intravascular medical device
threaded therethrough runs the risk of the device being dislodged from its mmtial position as
the patient moves. Currently, physicians attempt to fix the position of the miravascular
medical devices relative to the patient by coupling the proximal end of the sheath of a hub, or
fixing the distal end of the device directly to the patient outside the body (for example, to the
patient’s skin using tape). This often requires additional geometry or design that may be
bulky. In some scenarios this may be forgotten by the user and the attachment may

subseqaently come detached.

3%}
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Summary

16006} Disclosed herein are approaches for addressing various problems and shortcomings
of the state of the art, as identified above. More particularly, disclosed herein are devices for
delivery of a catheter device to an arferiotomy of a patient using a sheath with an internal
balloon. In one embodiment, the sheath comprises a tubular sheath body having a
longitudinal axis, an open proximal end, an open distal end, an outer surface and an inner
surface, the mner surface defining a lumen between the proximal and distal ends for passage
of the catheter device. The sheath also comprises an inflatable balloon configured to occupy
a longitudinal space in the humen between the inner surface of the sheath body and the
catheter device when the catheter device is disposed within the sheath and the balloon is
inflated, and fluidically scal the lumen.

{6007} In some implementations, the balloon may form an interference fit between the
catheter device and the inner surface of the sheath body when inflated. In certain
implementations, the balloon may be positioned at least at the distal end of the sheath body.
In other implementations, the balloon may be positioned along the entire length of the sheath
body. In further implementations, the balloon may be attached to the inner surface of the
sheath body. In some implementations, the balloon may be attached at least at the distal end
of the inner surface of the sheath bodv. In certain implementations, the balloon may be
attached along the entire length of the inner surface of the sheath body. In other
implementations, the balloon may be attached along at least a portion of the circumference of
the sheath body. In further implementations, the balloon may be attached along at least any
of the following portions of the sheath body: about 25%, about 50%, about 75%, about 100%

of the mner circumference of the sheath body.
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(6008} In some implementations, the inner sorface of the sheath body may be pretreated to
improve attachment of the balloon to the inner surface of the sheath body. In certain
implementations, the balloon may be attached to the inner surface of the sheath body via heat
or solvent bond. In other implementations, the inner surface of the sheath body may be
pretreated via any one of: plasma activation and coronary treatment. In further
tmplementations, the balloon mav be inflated via an inflation opening located on the jnner
surface of the distal end of the sheath body. In some implementations, the sheath body may
comprise an inflation lumen that extends from the proximal end of the sheath body to the
inflation opening. In certain implementations, the inflation lumen may be i fluid
communication with the inflation opening. The inflation lamen may extend along the length
of the sheath body hnearly or curvilinearly.

[6009] In some implementations, the sheath may further comprise a balloon sleeve on which
the inflatable balloon is attached, the sleeve aligned in-line with the catheter device and
configured to traverse the humen of the sheath body. The proximal end of the balloon sleeve
may comprise a hemostasis valve that seals with the catheter device. In certain
implementations, the balloon sleeve may comprise an inflation lumen in fluid communication
with the balloon for inflation. In other implementations, the proximal end of the balloon
sleeve may comprise an inflation port in fluid commumication with the inflation humen for
inflation. In further tuplementations, the proximal end of the sheath body may be coupled to
an inflation port that is in fluid communication with the balloon for mflation. In some
implementations, the inflation himen may be in communication with a fixed volume svringe
for inflation of the balloon at the proximal end of the sheath body. In certain
implemaentations, the balloon may be inflated via the mtlation port with any one of: water,

saline and air.
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16016} In some implementations, the balloon may be positioned mn-line with the catheter
device. In other implementations, the balloon may be radially symmetric with rospect to the
longitudinal axis of the sheath body. In further implementations, the balloon may be ring-
shaped through which the catheter device traverses. In certain implementations, the balloon
mayv apply a radial force on the catheter device when inflated, thereby locking the catheter
device in position. In some implementations, the balloon may be asymmetric with respect to
the longitudinal axis of the sheath body. The balloon may exert a force on the catheter device
so as to push the catheter device towards a portion of the inner surface of the sheath body
whean inflated, thereby locking the catheter device i position.

16611} In certain implementations, the sheath body may comprise a lamination of a plurality
of polymer layers arranged coaxially with each other about the longitudinal axis. In other
implementations, the sheath body may comprise a combination of a plurality of tubular
polymer layer portions arranged sequentially from the proximal to the distal end of the sheath
body. Each polymer laver may comprise a different polymer material type. In some
implementations, the polymer material type may comprise any one of: PEBAX® 72335A,
PEBAX®R 70335A, PEBAX® 63335A, PEBAX® 53338A, PEBAX® 353384, and
PEBAX® 25338A.

{3612} In further implementations, the sheath body may comprise reinforced structures to
prevent kinking. In other implementations, the reinforced structures may comprise any one
of: braids, coils and laser cut features. In some implementations, the balloon may be
fabricated from any one of: urethane, polyurethane, polvethylene, polypropyiene,
polvethviene terephthalate (PET), polyvinyl chloride (PVC), polyethviene, cross-hinked
polvethviene, a polyether block amide (PEBA), and nylon. In certain implementations, the
sheath body may be fabricated from any one of a polyether block anide {such as PEBAX®

or PebaShx®), a polvethylene matenial, a polyietrafluoroethyviene (PTFE) material, a hugh-
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density polvethvlene (HDPE) material, a mediom-density polvethylene (MDPE) material,
and a low-~density polvethylene (LDPE) material. In other implementations, the distal end of
the sheath body may be fabricated from a softer elastic material than that used for the rest of
the sheath body.

{6813} In further implementations, the distal end of the sheath body mayv comprise a smaller
diameter 50 as to scal onto the catheter device. In some taplementations, the balloon sleeve
may be fabricated from any one of: urethane, polyurethane, polyethylene, polypropyiene,
polvethyviene terephthalate (PET), polyvinyi chloride (PVC), polyethyiene, cross-linked
polvethviene, a polyether block amide (PEBA). and nylon.

16614} In certain implementations, the balloon may be compliant and held flush against the
inner surface of the sheath body when deflated. In other implementations, the balloon may
be non-compliant and not held flush against the imner surface of the sheath body when
deflated. In further implementations, the balloon may be coated with either a hydrophilic
coating or a hvdrophobic coating. The coating may be of a thickness that ensares appropriate
balloon nflation characteristics. In some implementations, the sheath body may deform
when the balloon is inflated, thereby fixing the position of the sheath in the arteriotomy of the
patient.

[3615] In some implementations, the proximal end of the sheath may be coupled to a hub
for manipulating the sheath as it is positioned within the arteriotomy of the patient. In certain
implementations, the hub may comprise an inflation sideport that is in fluid communication
with the fluid lumen, thereby enabling the attachment of a source of balloon inflation fhuid.
In other implementations, the hub may comprise an imigation port that 1s in fluid
communication with the space between the catheter device and the inner surface of the sheath

body, thereby enabling the space to be flushed with fluid prior to mflation of the balloon.



10

15

20

WO 2020/159921 PCT/US2020/015314

[6016] In another embodiment, a sheath kit is provided.  The sheath kit comprises a sheath
and an inflation device coupled to the sheath. The sheath comprises a tubular sheath body
having a longitudinal axis, an open proximal end, an open distal end, an outer surface and an
inner surface, the inner surface defining a lumen between the proximal and distal ends for
passage of the catheter device. The sheath also comprises an inflatable balloon configured to
occupy a longitudinal space in the lumen between the inner surface of the sheath body and
the catheter device when the catheter device is disposed within the sheath and the balloon is
inflated, and fluidically seal the lumen. The inflation device comprises a fixed volume
syringe filled with fluid for the inflatable balloon with the fluid.

16617} In vet another embodiment, a method of fabricating a sheath with an internal balloon
1s provided. The method comprises providing a tebular sheath body, the sheath body having
a longitudinal axis, an open proximal end, an open distal end, an outer surface and an inner
surface, the inner surface defining a lumen between the proximal and distal ends for passage
of a catheter device. The method then comprises providing an mflatable balloon positioned
in the humen, the balloon configured to occupy a space n the lumen between the nner
surface of the sheath body and the catheter device when the balloon 1s inflated thereby
Hluidically sealing the lumen.

{3618} In some implementations, the method may further comprise attaching the inflatable
balloon to at least a portion of the inner surface of the sheath body. In certan
implementations, the method may comprise pretreating the mner surface of the sheath body
to improve adhesion between the balloon and the inner sarface of the sheath body. In other
implementations, the pretreatment may comprise any one of: plasma activation and coronary
treatment. In further implementations, the method may comprise providing a balloon sleeve

for insertion mio the lumen of the sheath body, the sleeve aligned in-line with the catheter
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device, and attaching the inflatable balloon fo at least a portion of the sleeve. In some
implementations, attachment of the balloon is carried out via heat or solvent bond.

16019} In further implementations, the method may additionally comprise at least one of (i)
coating the surface of the balloon with either a hydrophilic coating or a hvdrophobic coating,
{(11) coating the surface of the balloon up to a predetermined coating thickness to achieve
particular inflation characteristics of the balloon. and (111) coating the catheter based medical
device. In some implementations, the method may further comprise coupling a proximal end
of the sheath body to a hub.

16020} In a further embodiment, a method of using a sheath with an internal balloon for
treating a patient with a catheter device is provided. The method comprises positioning a
sheath in an artertotomy of the patient. The method then compnses inserting the catheter
device into the lumen to position a distal end of the catheter device in the arteriotomy of the
patient. Next the method comprises flushing the space with an irrigation fluid, and mflating
the balloon with an inflation thid so as to fhudically seal the lumen.

{6021} In some implementations, the method may comprise inserting a balloon sleeve on
which the inflatable balloon is attached nto the lumen, the slecve aligned in-line with the
catheter device.

[6822] In ancther embodiment, there is provided a method of using a sheath with an internal
balloon for treating a patient with a catheter device. The method comprises the steps of
nserting a sheath having a lumen mimning therethrough into the arteriotomy of the patient. The
method also comprises inserting the catheter based device into the lumen. The method then
includes the step of inflating a balloon within the lumen between the sheath and the catheter
based device so as to fluidically seal the lumen.

{3623} In some implementations, the method may comprise flushing the lumen prior to

nflating the balloon. In certain implementations, inserting the sheath may comprise inserting
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a dilator into the himen of the sheath for positioning the sheath into the arteriotomy of the
patient. In somce implementations, the balloon may be attached to the sheath. In other
implementations, the method may further comprise mserting a balloon sleeve, onto which the
balloon 1s attached, into the lumen of the sheath between the sheath and the catheter based
device, before inflating the balloon. In further implementations, the balloon sleeve may be

tightly coaxially arranged around the catheter based device.

Brief Description of the Drawings

16024} The foregoing and other objects and advantages will be apparent upon consideration
of the followmng detailed description, taken 1n conjanction with the accompanying drawings,
in which like reference characters refer to like parts throughout, and in which:

(6025} FIG. 1 shows an dllustrative sheath delivery system as known in the prior art used
for delivering a catheter based device mio an arteriotomy of a patient;

[6026] FIG. 2 shows an illustrative cross section of the sheath delivery system of FIG. 1
166277 FIG. 3 shows the ingress of thuid and clots after the sheath delivery system of FIG. |
has been inserted into the patient;

[3628] FIG. 4 shows an illustrative intemal balloon sheath according to an embodiment of
the present disclosure;

6029} FiG. 5A shows an iflustrative internal balioon sheath according to an embodiment of
the present disclosure, in which the balloon is positioned at the distal end of the sheath;

(6036} FIG. 5B shows an illustrative internal baltoon sheath according to an embodiment of
the present disclosure, in which the balloon is positioned along the entire length of the sheath;
{3631} FIG. 6 shows an illastrative inflation humen and inflation port formed in the sheath

body for nflating an internal balloon, according to an embodiment of the present disclosure;
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6032} FIG. 7 shows a radial cross section of the internal balloon sheath of FIG. 6;

16033} FIG. 8 shows the internal balloon sheath of FIG. 6 prior to inflation;

16034} FIG. 9A shows an expanded view of an illustrative internal balloon sheath with an
inline balloon sleeve according to an embodiment of the present disclosure;

[6835] FIG. 9B shows the internal balloon sheath of FIG. 9A with the inline balloon sleeve
mserted into internal balloon sheath;

[6036] FIG. 10A shows a radial cross section of the internal balloon sheath of FIGS. 9A-98B
prior to mflation;

16037} FIG. 10B shows a radial cross section of the internal balloon sheath of FIGS. 9A-9B
after inflation;

{3638} FIG. 11A shows an illestrative internal balloon sheath with a non-inline balloon
sleeve according to an embodiment of the present disclosure;

(6039} FIG. 11B shows an isometric view of the proximal end of the internal balloon sheath
of FIG. 11A;

{6040} FIG. 12A shows a radial cross section of the nternal balloon sheath of FIGS. 11A-
118 prior to inflation;

13041} FIG. 12B shows a radial cross section of the internal balloon sheath of FIGS. 11A-
11B after inflation;

[6042] FIG. 13 shows an dllustrative expandable internal balloon sheath with a inline
balloon sleeve according to an embodiment of the present disclosure where the balloon and
sheath are specifically designed to allow for local expansion of the sheath;

[6043] FIG. 14 shows an llustrative flowchart of a method of fabricating an internal
balloon sheath according to an embodiment of the present disclosure; and

0044} FIG. 15 shows an lustrative flowchart of a method of using an micrnal balloon

sheath according to an embodiment of the present disclosure.

10
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Detailed Description

[6845] To provide an overall understanding of the devices and methods described herein,
certamn illustrative embodiments will be described. Although the embodiments and features
described herein are specifically described for use in connection with internal balloon sheaths
for use in intravascular procedures involving catheter based ventricular assist devices, it will
be understood that all the components and other features outlined below may be combined
with one another in any suttable manner and may be adapted and applied to other types of
procedures requiring an intemal balloon sheath.

[3846] The devices and methods described herein relate to an internal balloon sheath that
corprises a tubular sheath body and an inflatable balloon. The tubular sheath body
comprises a fongitudinal axis, an open proximal end, an open distal end, an outer surface and
an inner surface, the inner surface defiming a lumen between the proximal and distal ends for
passage of a catheter device. The inflatable balloon is disposed within the lumen and is
contigured to occupy a longitudinal space in the lumen between the mner surtace of the
sheath body and the catheter device when the catheter device is disposed within the sheath
and the balloon is inflated, and fluidically seal the humen.

{6047} Such a sheath prevents ingress of fluid afier the balloon has been inflated thereby
preventing the stagnation of blood and clotting within the lumen of the sheath when the
sheath s positioned within the vascalature of the patient. As the himen within the sheath is
scaled from the arterictomy of the sheath, there is no need for the provision of a flow of
irrigation fluid through the lumen of the sheath, thereby simplitving the sheath delivery
system. Further, the inflated balloon forms an interference fit between the external surface of

the catheter device and the 1nner surface of the sheath, thereby fixing or locking the position
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of the catheter device during use. This does away with any bulky and cumbersome fixation
technigues that would be otherwise attached to the surface of the patient’s skin. Additionally,
as the inflatable balloon takes up any space between the catheter body and the sheath, the
internal balloon sheath can be used with any size of catheter as the balloon appropriately
occupics any difference in dimension within the sheath.

[6048] In some combodiments the internal balloon may be attached to at least a portion of the
inner surface of the sheath body. Here the internal balloon may be attached to the inner
surface of the distal end of the sheath body. Aliematively, the internal balloon may span the
entire length of the sheath body and be attached to a plurality of attachment points on the
inner surface of the sheath body. In certain embodiments, the balloon may be an inline
radially symmetric balloon which is coaxially arranged with the sheath body sach that the
catheter device traverses through the balloon. In other embodiments, the balloon may be an
asymmetric balloon. When inflated, the balloon forms an interference fit with the sheath and
the catheter body in which the balloon grips onto the catheter thereby locking it in position.
{6045} In other embodiments the mternal balloon may be attached to a balloon sleeve
external to the sheath body. The slecve may be arranged to have a tight fit over the catheter
of the medical device while being slideable thercon. The sleeve may be configured such that
it can be slid about the catheter and positioned within the lumen of the sheath. The balloon
may be attached to the external surface of the distal end of the sleeve. Altematively, the
balloon may span the entire length of the sleeve and be attached to a3 plurality of attachment
points on the external surface of the slesve. In certain embodiments, the balloon may be an
inline radially symmetric balloon which is coaxially arranged with the sleeve such that the
catheter device traverses through the slecve. In other embodiments, the balloon may be an
asymmetric balloon. When inflated, the balloon forms an interference fit with the sheath and

the catheter body in which the balloon grips onto the catheter thereby locking it in position.

12
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In other embodiments, the balloon sleeve is positioned parallel to the catheter of the medical
device, thercby not requiring the medical device to be threaded through the balloon sleeve.
16050} FIG. 1 shows a conventional sheath delivery system 100 for positioning a catheter
device 140 in a blood vessel of a patient. Depicted 1n FIG. 1 is a sheath 120 after it has been
inserted through the skin 110 and into the arteniotomy 112 of the patient. The sheath 120 13
posttioned in the vessel, such as a femoral artery 114, through which blood flows 116. The
sheath 120 facifitates the msertion of a catheter device 140 into the artery 114, The catheter
device 140 may comprise a ventricular assist device such as a percutancous pump. An
example of such a percutancous pump is the Impella 2.37™ pump system from Abiomed, Inc.
of Danvers, Massachusetts. Such pumps generally comprise a catheter body with a pump
head at a distal end of the catheter body (not shown) and a handle at a proximal end of the
catheter body (not shown). In most situations the pump head would have a larger diameter
than the diameter of the catheter body. Tt will be understood that while a percutancous heart
pump 1s described herein, any other percutaneous or infravascular medical device can be used
in conjunction with the present disclosure. The proximal end of sheath 140 may be coupled
to a hub 130.

13051} In order to facilitate traversal of the catheter device through the sheath 100, the toner
diameter dui: of the sheath 120 is configared to be equal to or larger than an outer diameter
deatho of the largest portion of the catheter device. 1.¢. dow = deamo. 111 the case of the Imeplla
2. 5™ pump system as exemplified in the foregoing, the largest portion of the device is the
pump head. After the pump head passes through the sheath body 120, a space 128 exists
between the inner surface 126 of the sheath 120 and the outer surface of the catheter device
140, as depicted n FIG. 2. This space 128 exasts due to the difference in the inner diameter
of the sheath dav and the outer diameter of the catheter body dowe, as shown in FIG. 2. Such

a space facilitates blood ingress within the sheath 120 while the sheath body is still in the

13
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arteriotomy of the patient. As the space may not have flowing fluids within i, stagnation of
blood is likely to occur which results in the formation of clots 118, 119 in the space 128 of
the sheath body 120, as itlustrated i FIG. 3.

[6852]  Such clot formation comphicates intravascular medical procedures as they may be
accidentally disiodged from the sheath and freely move with the blood in the vessel,
embolizing downstream (such as, for example, into distal limb., up to right heart and lungs,
etc.). Additionally, in some mstances clot formation can increase likelihood of blocking the
blood flow through the vessel. Further, once a clot begins to form it can continue to increase
in size and block the lumen of the vessel. In some cases, to nunumize clot formation, the
sheath delivery system is provided with a flow of irrigation fluid that is fed into the lumen of
the sheath 120. This flow may be provided to the fumen continuously or at a predetermined
frequency, which complicates the sheath delivery system as an additional control and
monitoring mechanism for such irrigation needs to be employed. Further, when the catheter
device 140 is deploved the proximal end of the device may be attached to the hub 130 by tape
or sutures. Such fixation may not ensure that the portion of the device within the patient’s
arteriotomy will not move. Additionally, such extemnal fixation may be bulky and
cumbersome, and may come loose as the patient moves.

{36531 FIG. 4 shows an expanded view of an internal balloon sheath 400 according to an
embodiment of the present disclosure. The sheath 400 is suitable for insertion into the
arteriotomy of a patient, such as the femoral artery. The sheath 400 comprises a sheath body
402 having an inner surface 404 and extending along a longitadinal axis 406, The sheath
body 402 comprises a tumen 408 of diameter o that extends along the longitudinal axis 406.
In certain embodiments, the sheath body 402 may be tubular with a circular cross section,
however the sheath body 402 may be of any shape and configuration. The sheath body 402

has an internal diameter of dvr and is suitable for introducing an intravascular medical device
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420 mto a vessel of the patient. As previously mentioned, the medical device 420 may be a
catheter based device such as a percutancous pump. An example of such a percutaneous
pump is the Impella 2.5™ pump system from Abtomed, Inc. of Danvers, Massachusetts.
Such pumps generally comprise a catheter body 422 with a pump head 424 at a distal end of
the catheter body. In most situations the pump head 424 has a larger diameter deaso than the
diameter of the catheter body deano. Tt will be understood that while a percutancous heart
pump is described herein, any other percutancous or intravascular medical device can be used
in conjunction with the present disclosure.

16034} Once the sheath 400 is in the correct position in the vessel, the medical device 420 1s
deploved from the distal end 403 of the sheath body 402. In order for the medical device 420
to emerge from the sheath 400, the internal diameter of the sheath body 402 is configured to
be at least equal to the diameter of the pump head 424, 1.¢. doni > deano. However this means
internal diameter don of the sheath body 402 and the external diameter of the catheter body
deatbo 1ads to a space developing that may result in the formation of clots, as described 1n the
foregoing.

[6855] According to an embodiment of the present disclosure, an inflatable balloon 410 is
positioned in the lumen 408 of the sheath body 402. In some embodiments, the balloon 410
may be positioned at the distal end 403 of the sheath body 402, o the embodiments the
balloon 410 mayv be posttioned elsewhere along the sheath body 402, In further
embodiments, the balloon 410 may extend along the entire length of the sheath body 402.
[6036] The balloon 410 1s configured such that it is able to assume two states and transition
therebetween: a first state in which it 1s deflated. and a second state in which it is inflated. In
the first state the balloon 410 does not come into contact with the catheter body 422 of the

medical device 420, while i the second state the balloon 420 contacts the catheter body 433
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of the medical device 420. In order to transition from the first state, in which the balloon 410
is deflated, to the second state, in which the balloon 410 is inflated, a fluid is supplied to the
balloon 410, In some embodiments, the fluid may be air, saline or water, for example,
however any biccompatible fluid may be used to inflate the balloon 410. Such fluid may be
supplied to the balloon via a fluid lumen which will be described in detail in the following
sections. When the balloon 410 is inflated, it reduces the diameter of the lumen 408 such that
the opening in the sheath body 402 is less than the diameter of the catheter body 422 of the
medical device 420, 1.¢. 1n the second state d < deano. As the balloon is inflated (with saline
or air) it fills the void/space between the catheter body 422 and inner surface 404 of the
sheath thereby preventing blood ingress, stagnation, and clotting. It should be noted that
during use, after the catheter device is positioned i the arteriotomy of the patient, the lumen
4908 of the sheath 400 may be first flushed with an 1rrigation fluid prior to inflation of the
balloon 410, This removes any blood ingress that may have accumulated while the sheath
400 or the catheter device was being positioned.

{6037} Inthe second state the inflated balloon 410 comes into contact with the catheter
body 422 of the medical device 420 and oxerts a compressive force on the medical device
420. Additionally, in the second state, frictional forces between the balloon 410 and the
catheter body 422 along the length of the catheter-balloon interface assist in the fixation of
the position of the catheter body 422 relative to the sheath 400, Tn some embodiments (when
the balloon 410 is not attached to the sheath 400, as will be described below). frictional forces
between the balloon 410 and the inner surface 404 of the sheath body 402 along the batloon-
sheath interface also assist in fixating the location of the catheter body 422 relative to the
sheath 400,

[30658] While FIG. 4 shows an axially symmetric balloon 410, it will be appreciated that the

balloon 410 can be of any shape or configuration. For example, the balloon 410 mayv be
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axially symmetric (as depicted in FIG. 4} in which it has a circular ring shape aligned about
the longitudinal axis 406 of the sheath 400. In such a configuration, when the balloon 410 1s
inflated, it exerts a radial compressive force on the catheter body 422 from all directions
about the longitudinal axis 406, therchy effectively gripping the catheter body 422 and
locking it in posttion. In other embodiments, the balloon 410 may be asymmetric about the
longitudinal axis 406 of the sheath 400. For example, the balloon 410 may be positioned on
one side of the longitudinal axis 406 of the sheath 400. In such configurations, when the
balloon 410 1s inflated and assumes the second state, it exerts a compressive force on the
catheter body 422 from one general direction. When that happens, the compressive force
from the balloon 410 cifectively pins the catheter body 422 against the inner surface 404 of
the sheath body 402 and locks its position. It will be understood that when the balloon 410 is
in the second state, the balloon 410 prevents any axial or radial translation of the medical
device 420, thereby locking it in a fixed posttion.

{6035} FIG. 5A iHustrates an exemplary mternal balloon sheath 500 according to an
embodiment of the present disclosure. It will be understood that the internal balloon sheath
500 has similar features to sheath 400 of FIG. 4 as described in the foregoing. Sheath 500
has a fumen for the passage of an intravascular medical device, the catheter end 505 of which
is shown m FIG. SA. Sheath 500 comprises a sheath body 510 having a distal end 512 and a
proximal end 514. Sheath 500 also comprises an inflatable balloon 515 positioned within the
tumen of the sheath 500 and located at the distal end 512 of the sheath body 510. In FIG. 5A,
the inflatable balloon 315 has a fixed length and does not span the entire length of the sheath
body 510. In some embodiments, the balloon 515 may be positioned at other locations along
the sheath body 510, Further, in certain emboduments of the present disclosure, balloon 515
may be attached to the inner walls of the sheath body 510, as will be described in the

following sections. Alternatively, the balloon 510 may be positioned within the sheath 500
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by the msertion of a balloon sleeve into the humen of the sheath body 510, as will be
described i the following sections.

16068} FIG. 5B illustrates another exemplary internal balloon sheath 550 according to an
embodiment of the present disclosare. It will be understood that the internal balloon sheath
550 has simular features to sheath 560 of FIG. 5A as described in the foregomg. Sheath 350
has a lumen for the passage of an intravascular medical device, the catheter end 555 of which
is shown m FIG. 5B. As with sheath 500, sheath 550 comprises a sheath body 560 having a
distal end 562 and a proximal end 564. However, in FIG. 5B, sheath 550 comprises an
inflatable balloon 565 positioned within the lumen of the sheath 500, that spans the entire
length of the sheath body 560. In certain embodiments of the present disclosure, balloon 565
may be attached to the inner walls of the sheath body 560, as will be described in the
following sections. Alternatively, the balloon 560 may be positioned within the sheath 550
by the insertion of a balloon sleeve into the lumen of the sheath body 560, as will be
described in the following sections.

16061} According to some embodiments of the present disclosure, the balloons 510, 560 in
FIGS. 3A and 3B may be axially symmetric. In other embodiments, the balloons 510, 560
may be asymmetric about the longitudinal axis of the sheath body.

[3862]  As shown in FIG. 5A, the proximal end 514 of the sheath body 510 may be coupled
to a hub 520, Hub 520 serves as a handle which the physician can grip while positioning the
sheath 500 into the vasculature of the paticnt. The hub may also have features to facilitate
fixation of the hub to the skin of the patient onee the sheath 500 has been positioned in the
vasculature of the patient. Such fixation may be via sutures or tape. Additionally, the hub
520 may have at least one sideport 525, 530. Each sideport may be connected to a flexible
tabe 526, 531 as shown in FIG. SA, and, optionally, a two-way or three-way stopcock. Each

sideport may be n flwid communication with the lumen of the sheath body 510, In some
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embodiments, the sideport may be in fluid communication with additional lumens i the
sheath body 510, such as, for example. and inflation lumen as will be described in the
following sections. In the embodiment of FIG. SA, sideport 523 is in fluid commusication
with the lumen of the sheath body 510, while sideport 530 s in fluid communication with the
inflatable balloon 315, Sideport S20 may connected to tube 526 such that irngation fluid can
be used to flush the lumen of the sheath body 510 prior to nflation of the balloon 515,

[6063] Flushing the lumen prior to inflation of the balloon 515 removes any stagnation of
blood which may have collected during insertion of the sheath into the arteriotoray of the
paticnt. Sideport 530 may connected to tube 331 such that inflation fluid can be used to
inflate the balloon 513 (described below). In some embodiments, sideport 530 may be n
fAuid communication with the balioon 315 via a fluid lumen formed i the sheath body 510,
or via internal tubing that connects the source of inflation fluid to the balioon 515, It should
be noted that in the case of FIG. 5B in which the balloon 565 gpans the length of the sheath
body 560, there is no need for an mflation lomen within the walls of the sheath body as the
proxamal end of the balloon 565 may be in direct fluid communication with the inflation port
on the hub.

10064} Once in sheath 500 and hub 520 are in position, the physician may attach a saline
syringe and/or pull vacaum to the sideport(s) 525, 530 to deliver fluid through the sideport up
the shaft of the sheath (in the wall of the sheath body, for example, as will be described in the
following sections) and into the inside of the balloon. Once the balloon 515 is inflated the
physictan could shut off the stopeock on the sideport to lock the volume in place.

6063} Returning to the embodiment i FIG. 4, the balloon 410 may be attached 1o the inner
surface 404 of the sheath body 402 and mflated and deflated therefrom. Such attachment is
implemented via a heat or solvent bond. This bond is critical to ensure the balloon 410 does

not rupture, during inflation. for example. In certain embodiments, the inuer surface 404 of
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the sheath body 402 may be pretreated with plasma activation or coronary treatment fo
improve the likelihood of bonding the balloon 410 to the sheath body 402, In some
embodiments, the balloon 410 may be located at a specific position on the sheath body 402.
In such embodiments, the point of attachment of the balloon 410 may be local to the position
of the balloon in the sheath 400. For example, for balloons 410 that are positioned at the
distal end 403 of the sheath body 402, the point of attachment of the balloon 410 to the inner
surface 404 of the sheath body 402 1s at the locale of the distal end 403 of the sheath body
402,

[6066] In other embodiments, the balloon 4106 may extend along the length of the sheath
body 402. In such configurations, the balioon 410 may be attached to the imner surface 404
of the sheath body 402, along the entire length of balloon 410. In other configurations, the
balloon 410 may only be attached to the mner surface 404 of the sheath body 402 at certain
points, such as, for example, the proximal and/or distal ends of the sheath body 402, In other
embodiments, the balloon 410 may not be attached to the inner surface 404 of the sheath
body 402. Instead, the balloon 410 may be positioned in the tumen 408 of the sheath body
407 using a balloon sleeve, which will be described in the following sections.

13067} As mentioned in the foregoing, and with respect to the embodiment depicted in FIG.
4, when in the first state, the balloon 410 is not inflated with fluid and does not come mto
contact with the catheter body 422, According to an embodiment of the present disclosure,
the balloon 410 may be configured to be compliant whereby the balloon 410 sits flush and
tight against a surface within the sheath 400 when in the first state. In some embodiments,
this surface may be the inner wall 404 of the sheath body 402, In other embodiments, the
surface on which the compliant batloon is attached may be an additional balloon sleeve (as
will be detailed in the following sections). The compliant balloon 410 does not have excess

balloon material when deflated and therefore allows for the unimpeded insertion and removal
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of medical devices 420 within the lumen 408 of the sheath body 402. Sach compliant
balloons may be easicr to fabricate and process as there 15 no excess balloon material to
manage during bonding of the balloon 410 to the inner surface 404 of the sheath body 402.
When the compliant balloon 410 is mflated, the balloon material is elastically deformed by
pressure from the inflating fluid (which, 1n turm, may be delivered to the balioon 410 via a
syringe, for example) causing it to scal agamst the catheter body 422, thereby closing off the
humen to entrants from the arteriotomy (such as, for example, blood and clots).

[6068] In other embodiments, the balloon 410 may be configured to be non-compliant
where the balloon is attached to a surface within the sheath 400 when in the fust state. In
some embodiments, this surface may be the inner wall 404 of the sheath body 402, In other
embodiments, the surface on which the comphiant balloon is attached may be an additional
balloon slecve {as will be detatled in the following sections). The non-conpliant balloon 410
material sits within the lumen 408 of the sheath 400 when deflated (shown in FIGS. 6-8, and
as described in the following sections}. Non-compliant balloons may be used so that a fixed
volume of fluid will always vield appropurate and predictable inflation characteristics. In
some embodiments, a fixed volume syvringe containing the inflation fluid may be provided
with the sheath 400 to ensure the correct fluid volume of fluid is provided to the balloon 410
each time the balloon 410 s inflated. In certain embodiments, a syringe {and, optionally, a
fixed volume syringe) may be provided with any of the internal balloon sheaths described in
this disclosure, inn a sheath kit

[6065] With all the internal balloon sheaths of the present disclosure, it will be understood
that the lumen of the mnternal balloon sheath is flushed with irmigation fluid to remove any
blood ingress that may have occurred while positioning the sheath in the arteriotony of the
patient. After flushing the tumen, the balloon is inflated.  Once the balloon 13 inflated, the

tumen within the sheath body is scaled from the arteriotomy of the patient. It will be
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understood throughout this disclosare that “seal” is to be taken to mean substantially sealing
of a lumen 50 as to eliminate fluid flow of any amount that would enable formation of clots.
Thus, unlike conventional introducer sheaths, the present disclosure does away with the need
for a constant flow of trmigation fluid to flush the sheath lumen duning treatment. Further, as
the balloon expands 50 as to seal the lumen via an interference it with the catheter of the
medical device, the sheath can be used with any diameter catheter, so long as the internal
diameter of the sheath body is larger than the external diameter of the most distal end of the
catheter device.

[6678] FIG. 6 illustrates an axial cross section of a distal section of an intemal balloon
sheath 600 according to an embodiment of the present disclosure. As in the embodiments
described in the foregoing, sheath 600 comprises a sheath body 610 having an inner surface
615 which defines a lumen 620 for the passage of an intravascular medical device having a
catheter body 630. An inflatable balloon 640 is positioned at the distal end 612 of the sheath
body 610. The balloon 640 may be compliant or non-compliant, and may be axially
symmetric about the Iongitudinal axis 605 of the sheath body 610, or asymmetric, the
contigurations of which have been described in the foregoing.

13071} In some cmbodiments, in grder to inflate distally positioned balloons, such as
balloon 640, sheath 600 may also be provided with an inflation lumen 65¢ within the walls of
the sheath bodv 610, Such an inflation lumen 630 may extend from the distal end 612 of the
sheath body 610 along the length of the sheath 600 to the proximal end (not shown). The
proximal end of the sheath 600 may be coupled to a hub {similar to that shown in FIGS. 5A
and SB). The inflation lumen 630 15 in fluid communication with the mterior of the balloon
640 via an opening 655 (or radial lumen 635} formed in the wall of the sheath body 610, at
the interface between the balloon 640 and the imner surface 615 of the sheath body 610. In

some embodiments, balloon 640 may be attached to the mner surface 615 of the sheath body
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610 via a heat or solvent bond, as also described m the foregomg. These bonds are critical to
cusure that the balloon 640 does not rupture. In certain embodiments, the sheath body 610
may comprise a plurality of lumens similar to lumen 650 for other purposes, such as, for
example, localized irrigation and flushing, or for the passage of a guidewire.

{6872} FIG. 7 shows a cross section 700 of sheath 600 taken about the hine X-X in FIG. 6,
showing the intlation lumen 650 formed 1o the wall of the sheath body 610, In FIG. 7 the
balloon 640 is shown as a non-compliant axially symmetric balloon whereby the batioon
material resides in the lumen 620 of the sheath body 610 when in the deflated state.
However, as mentioned i the foregoing, any type of balloon (compliant. non-compliant,
axially symmetric, asymmetric) may be used in conjunction with the embodiments of the
present disclosure.

{6073} Inflation fluid is provided to the inflation lumen 650 at the hub from a syringe, for
example, which then forces the fluid 652 into the inflation lumen 650, through the opening
655 and mto the balloon 640 to mflate it. According to embodiments of the present
disclosure, mflation fluids may comprise any biocompatible fluid such as, but not himited to,
air, water and saline, for example. As mentioned in the foregoing, when the balloon 640 is
inflated, it reduces the diameter of the lumen 620 such that the opening in the sheath body
610 1s less than the diameter of the catheter body 630 of the medical device. As the balloon
ts inflated it fills the space between the catheter body 630 and muoer surtace 615 of the sheath
600 thereby preventing blood ingress, stagnation, and clotting. Once fully inflated, the
balloon 640 comes into contact with the catheter body 630 of the medical device and exerts a
compressive force on the catheter body 630. Frictional forces between the balloon 640 and
the catheter body 630 along the length of the catheter-balloon interface may also assist in the
fixation of the position of the catheter body 630 relative to the sheath 600. In some

embodiments (when the balloon is not attached to the inner surface of the sheath, as will be
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described below, for example), frictional forces between the balloon 640 and the inner
surface 615 of the sheath body 610 along the balloon-sheath interface also assist in fixating
the location of the catheter body 630 relative to the sheath 600,

[68674] FIG. 8 illustrates an axial cross section of a section of an temal balloon sheath 800
according to an embodiment of the present disclosure. Sheath 800 comprises similar features
to sheath 600 in FIG. 6, however the balloon 820 in sheath 800 is positioned along the sheath
body 810 and not at the distal end as in FIG. 6. In FIG. 8 the balloon 820 is shown as non-
compliant (and in the deflated state), however it will be understood that the balloon 820 may
be configured in any manver as described in the foregoing. Balloon 820 is attached to the
inner surface 813 of the sheath body 810 with a heat or solvent bond at locations distal and
proximal to the opening 835, As described in relation to sheath 600, opening 835 flaidically
connects the inflation lumen 830 to the balloon 820 for the inflation thereof. These bonds are
critical to ensure the balloon does not rapture. It will be understood that the configuration
depicted in the cross-section of FIG. 8 may vary depending at least on (1) where the balloon
820 15 located along the length of the sheath body 810, (11) how the ends of the balloon 820
are affixed to the inner walls of the sheath body 810, and (111) the Jocation of the opening 835
relative to the length of the balioon 820. In certain embodiments in which the balloon spans
the entire length of the sheath body, the balloon may be inflated directly from the hub without
the need for an inflation lumen m the sheath body.

{6075} In some embodiments, the inflation lomens as descnbed in with respect to FIGS. 6-8
may be formed in the sheath body by using a mandrel during lamination and reflow of the
sheath body. The mandrel does not melt into the layers comprising the sheath body 610, and
50 can be extracted after reflow thereby leaving the inflation lumen for the passage of
inflation fhiid to the balloon. The opening that fluidically connects the inflation humen to the

balloon may be formed using a similar process whereby a radially oriented mandrel is
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positioned in the sheath body before reflow, and subsequently removed. Alternatively, the
opening can be punched out of the sheath body after the inflation lumen is formed.
Notwithstanding, it will be appreciated that the formation of the inflation lumen and opening
may involve complex processing due to the dimensions and tolerances mnvolved.

6876} FIGS. 9A-9B illustrate an exemplary miternal balloon sheath 900 according to an
cmbodiment of the present disclosure. Tnternal balloon sheath 900 comprises a balloon
sleeve 910 and an access sheath 920, the balloon sleeve 910 comprising an in-line sleeve that
is insertable into the lumen of the access sheath 920, Intemal balloon sheath 900 is
contigured for the passage of a catheter based medical device 930 therethrough. The balloon
siceve 910 comprises a sleeve body 912 with a hunen 911 minning therethrough. The distal
end of the balloon sleeve 910 may comprise an nflatable balloon 915, Balloon 915 may be
attached to the external surface of the distal end of the balloon slecve 910 using any the
attachment means as described in the foregoing. Any type of balloon {compliant, non-
compliant, axially symmetric, asymmetric, as described in the foregoing) may be used in
conjunction with the embodiments of the present disclosure.

6077} The proximal end of the balloon sleeve 910 may comprise a valve 913 that seals the
famen 911 of the balloon sleeve 910 against the ingress of external fluids. In some
embodiments the valve 913 may comprise a hacmostatic valve, for example. The proximal
end of the balloon sleeve 910 may also comprise a side port 914 that is in flmd
comamunication with the lumen 911 and/or the balloon 915, In certain embodiments, the side
port 914 may be in fluid communication with the balloon 913 via an inflation lamen formed
in the sleeve body 912, such as mflation lumen 650 shown in FIG. 6. Side port 914 1s similar
to side ports 525, 530 as discussed in the foregomg with respect to FIG. 5A. In some

embodiments, a plurality of side ports may be present on the balloon sleeve 910.
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Additionally, in certain embodiments, the proximal end of the side port 914 may be coupled
to a connector to provent the backflow of fluid, such as, for example. a Tuchy-Borst adaptor.
13078} In some embodiments, the balloon sleeve 910 may be axially aligned with the
catheter 930 of the medical device such that the sleeve 910 is in-line with the catheter 930. In
this configuration, the balioon sleeve 910 15 co-axially arranged around the catheter 930 of
the medical device, as depicted in FIG. 9A. The balloon sleeve 910 may be tightly fit around
the catheter 930, while allowing the sleeve 910 to be moved or translated along the catheter
930 into the access sheath 920, In certain embodumnents, the catheter 930 of the medical
device may be pre-threaded through the lumen 911 of the balloon sleeve priorto use. In
some embodiments, the catheter of the medical device may be manufactured with the balloon
sleeve 910 coaxially arranged arcund the catheter 930,

[6079] The access sheath 920 is sumilar to the sheaths that have been described in the
foregoing in relation to FIGS. 4-8. Access sheath 920 comprises a sheath body 922 having a
proximal end 924, a distal end 926 and a lumen 928 ranning between the proximal and distal
ends. The proximal end 924 may be coupled to a hub 940. Hub 940 is similar to hub 520
depicted in FIG. 3A, and may have at least one side port 942 positioned thereon. The side
port 942 may be in fluid communication with the lomen 928 of the access sheath 922 for
irrigation and flushing, for example.

[608G] As previously described, the distal end of intravascular medical devices usually has
the largest diameter compared to the catheter body. The sheath body 922 is configured such
that the diameter of the lamen 928 is large encugh to allow the distal end of the medical
device to pass through the lumen 928, Additionally, the lumen 928 may be configured such
that it allows the balloon sieeve 910 to pass therethrough, 1.¢. the lumen 928 has a diameter
that s larger than the external diameter of the balloon sleeve 910, In certain embodiments of

the present disclosure, the diameter of the lumen 928 is such that a space 930 develops
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between the external surface of the balloon sleeve body 912 and the internal surface of the
sheath body 922 when the balioon slceve 910 is inserted into the lumen 928 of the access
sheath 920. This space is similar to that as described in the foregoing in relation to FIG. 4.

In some embodiments, the axial length of the balloon sleeve 910 may be larger than the axial
length of the access sleeve 920. This ensures that at least a portion of the proximal end of the
balloon sleeve 910 sticks out of the hub 940 of the access sheath 920 when the balloon sleeve
910 is inserted into the access sheath 920. This allows for the proximal end of the balloon
sleeve 910 (and the side ports attached thereto) to be easily accessed, for nflation of the
balloon 915, or example.

16081} FIG. 9B shows the cross section of the internal balloon sheath 900 once the balloon
sleeve 910 is moved along the catheter 930 of the medical device and into the lumen 928 of
the access sheath 920. The balloon sleeve 910 would be positioned within the access sheath
920 after the lumen 928 is flushed with an irrigation fluid {¢.g. saline or water) via side port
842, In FIG. 9B, the balloon 915 is shown as being in the inflated state. The balloon 915
may be inflated with an inflation flnd provided via side lumen 914. While not shown in FIG.
9A, this mav be via an inflation lamen formed within the balloon sleeve body 912, As
mentioned in the foregoing, when the balloon 915 is inflated, the balloon material may be
elastically deformed by the pressure from the inflating fluid (which, in turn, may be delivered
to the balloon 915 via a syringe, for example) causing it 1o seal against the catheter body 930,
thereby closing off the lumen to entrants from the arteriotomy (such as, for example, blood
and clots}. When the balloon 915 is inflated, it exerts a radially expansive force on the inner
surface of the access sheath body 922 from all directions, thereby effectively fixing the
position of the balloon sleeve 910 relative to the access sheath 920, o some embodiments,
the access sheath 920 may be made of a material that deforms under the inflaence of such

compressive forces, as will be described in relation to FIG. 13 in the following section.
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Additionally, when the balloon 915 is inflated, it also exerts a radially compressive force on
the catheter body 930 from all directions about the catheter, thereby effectively gripping the
catheter body 930 and focking it inn position.

[6082] FIG. 10A shows a cross section 1000 of the in-line internal balloon sheath 900 taken
about the line Y-Y~ in FIG. 9B before balloon 915 is mflated. FIG. 10A shows the balloon
sleeve 910 coaxially arranged around the catheter body 930 of the medical device. As
mentioned, the balloon sleeve 910 is tightly fit around the catheter body 930 while being
slidable on the catheter body 930. The balloon sleeve 9190 1s inserted into the lumen 928 of
the access sheath 922, As previously described, in some embodiments, the balloon sleeve
912 may comprise an mflation lumen that fluidically connects an inflation port 914 on the
proximal end of the balloon sleeve 910 to the balloon 915 for inflation of the balloon. FIG.
10A shows the space 950 between the external surface of the balloon sleeve bodyv 912 and the
internal surface of the sheath body 922 when the balloon sleave 910 is inserted into the lamen
928 of the access sheath 920. While the balloon 15 1s illustrated as being coaxially arranged
with the balloon sleeve 912, any orientation of the balloon 915 with respect to the balloon
sleeve body 912 may be used. For example, the balloon 915 may be positioned on at least
one portion of the external surface of the balloon sleeve body 915,

{3083} FIG. 10B shows a cross section 1050 of the in-line internal balloon sheath 900 taken
about the line Y-Y™ in FIG. 9B after balloon 915 is inflated. When the balloon 915 1s
inflated, the balioon material may elastically deform by the pressure from the inflating fluid
{which, in turn, may be delivered to the balloon 915 via a syringe, for example} cansing it to
scal against the inner surface of the access sheath 922, As can be seen, the balloon 915
occupies the space 950 upon inflation, thereby preventing fluid ingress (such as, for example,
blood and clots) into the lamen 928 of the access sheath 920, It will be understood

throughout this disclosure that “seal” 1s to be taken to mean substantially sealing of a lumen
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so as to eliminate thad flow of any amount that would enable formation of clots. When the
balloon 915 is intlated, it cxerts a radially expansive force on the mner surface of the access
sheath body 922 from all directions, thereby effectively fixing the position of the balloon
sieeve 910 relative to the access sheath 920, In some embodiments, the access sheath 920
may be made of a material that deforms under the mfluence of such compressive forces, as
will be described 1o relation to FIG. 13 in the following section. Additionally, when the
balloon 915 1s inflated, it also exerts a radially compressive force on the catheter body 930
from all directions about the catheter, thercby etfectively gripping the catheter body 930 and
locking 1t in position.

10084] FIGS. 11A-11B illustrate an exemplary intemal balloon sheath 1100 according to an
embodiment of the present disclosare. Internal balloon sheath 1100 comprises a batloon
sieeve 1110 and an access sheath 1120, Unlike the balloon sleeve 910 in FIGS. 9A-9B, the
balloon sleeve 1100 shown in FIGS. 11A-11B is not positioned mn-line with the catheter of a
mediecal device. Balloon sleeve 1100 comprises a sleeve body 1112 having a balloon 1115
located at the distal end 1113 thereof. In some embodiments, the balloon 1115 may be
located at any point along the sleeve body 1112, The sleeve body 1112 may have a central
famen that is fluidically connected to the balloon 1115 for inflation. The balloon 1115 may
be oriented in any manner with respect to the balloon sleeve body 1112 may be used. For
example, the balloon 1115 may be symmetrically arranged about the sleeve body 1112, or the
balloon 1115 may be asyvmmetrically arranged about the sleeve body 1112, Further, balloon
1115 may be attached to the external surface of the distal end 1113 of the sleeve body 1112
using any of the attachment means as described in the foregomg. Any type of balloon
{compliant, non~compliant, axially syrometric, asyouunetric, as deseribed in the foregoing)

may be used in conjunction with the embodiments of the present disclosure.
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{6083} The proximal end of the balloon sleeve 1110 may be coupled o a sleeve hub 1116,
which, in turn, may be provided with at least one side port 1117, The side port 1117 may be
in fluid communication with the central lumen in the sleeve body 1112 and/or the balloon
1115, As described in the foregoing, the side port may be used as an inflation port to inflate
the balloon 1115 with an mflation fluid afier the sheath 1100 13 positioned n the arteriotomy
of the paticnt. Hub 1116 may also be provided with a connector port 1118 for the coupling of
an additional adaptor to prevent the backflow of fluid, such as, for example a Tuchyv-Borst
adaptor.

16086} Access sheath 1120 is similar to access sheath 920 in FIG. 9A as described in the
foregoing. Access sheath 1120 comprises a sheath body 1122 having a proximal end 1124, a
distal end 1126 and a tumen 1128 running between the proximal and distal ends. The
proximal end 1122 may be coupled to a hub 1140, Hub 1140 is sinular to hub 520 depicted
in FIG. 5A, and may have at least one side port 1142 positioned thereon. The side port 1142
may be in fluid communication with the lumen 1128 of the access sheath 1120 for irrigation
and flushing the lumen 11238, for example.

{6087} The sheath body 1120 is configured such that the diameter of the lumen 1128 is
large enough to allow the distal end of the medical device to pass through. Additionally, the
famen 1128 is configured such that it allows both the balloon sleeve 1110 and the catheter
body 1130 of the medical device to pass therethrough, i.e. the lumen 1128 has a diameter that
is larger than the combined external diameters of both the sleeve body 1112 and the catheter
body 1130, In certain embodiments of the present disclosure, the diameter of the humen 1128
is such that a space 1150 develops between the external surface of the balloon sleeve body
1112, the extemnal surface of the catheter body 1130, and the internal surface of the sheath

body 1122 when the catheter 1130 of the medical device and the balloon sleeve 1110 are both
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inserted mto the lumen 1128 of the access sheath 1120 (see FIG. 124, described below).
This space is similar to that as described in the forcgoing in relation to FIG. 4.

13088} In some embodiments, the axial length of the balloon sleeve 1110 may be larger
than the axial length of the access sleeve 1120, This ensures that at least a portion of the
proximal end of the balloon sleeve 1110 sticks out of the hub 1140 of the access sheath 1120
when the balloon sleeve 1110 is inserted into the access sheath 1120, as shown in FIG. 11B.
This allows for the proximal end of the balloon sleeve 1110 {and the side ports attached
thereto} 1o be easily accessed, for inflation of the balloon 1113, or example.

16089} FIG. 12A shows a cross section 1200 of the internal balloon sheath 1100 taken
about the line Z-Z” in FIG. 11B before balloon 1115 is inflated. The balloon sieeve 1110 1s
nserted mto the lumen 1128 of the access sheath 1120, and comprises a sleeve body 1112
having an inflation lumen formed therethrough, the lumen being in fluid communication with
the balloon 1115, In some embodiments, the balloon sleeve body 1112 may comprise an
inflation lumen that fluidically connects the inflation port 1117 on the proximal end of the
balloon sleeve 1112 1o the balloon 1115 for mflation of the balloon. FIG. 12A shows the
space 1150 between the internal surface of the sheath body 1120, the external surface of the
catheter body 1130 and the external surtace of the balloon sleeve 1110, after the medical
device and the balloon sleeve 1110 have been nserted into the lumen 1128 of the access
sheath 1120, While the balloon 1115 is illustrated as being concentrically arranged around
the balloon sleeve body 1112, any orientation of the balloon 1115 with respect to the balloon
sleeve body 1112 may be used. For example, the balloon 1115 may be positioned on at least
one portion of the external surface of the balloon sleeve body 1115,

16096} FIG. 12B shows a cross section 1250 of the internal balloon sheath 1100 taken about
the hne Z-Z7 in FIG. 11A after balloon 1115 15 mnflated. When the balloon 1115 15 inflated,

the balloon material may elastically deform by the pressure from the mflating fiwnd (which, in
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turn, may be delivered to the balloon 1113 via a syringe, for example) causing it to seal
agatnst the catheter body 1130, As can be seen, the balloon 1115 occupies the space 1150
upon inflation, thereby preventing fhiid ingress {such as, for example. blood and clots) into
the lumen 1128 of the access sheath 1120, It will be understood throughout this disclosure
that “seal’ 1s 1o be taken to mean substantially sealing of a lumen so as to elimmate fluid flow
of anv amount that would enable formation of clots. When the balloon 1115 1s inflated, it
exerts a radially expansive force on the inner surface of the access sheath body 1122 from all
directions, thereby effectively fixing the position of the balloon sleeve 1110 relative to the
access sheath 1120, Additionally, when the balloon 1115 1s inflated, it exerts a radially
compressive force on the catheter body 1130 so as to pin the catheter body 1130 of the
medical device against the inner surface of the access sheath 1120, thereby effectively
gripping the catheter body 1130 and locking it in position. In some embodiments, the access
sheath 1120 may be made of a material that deforms uvnder the influence of such expansive
forces, as will be described in relation to FIG. 13 in the following section.

16091} FIG. 13 illustrates an exemplary internal balloon sheath 1300 according to an
embodiment of the present disclosure. Internal balioon sheath 1300 comprises an inflatable
balloon sleeve 1310 and an access sheath 1320, Balloon sleeve 1310 may be similar to
balloon sleeves 810, 1110 as described in the foregomg with respect to FIGS. 9-12. Sleeve
1310 comprises a sleeve body 1311 having a proximal end 1312 and a distal end 1313, An
inflatable balloon 1315 may be attached to the distal end 1313 of the outer surface of the
sleeve body 1311, The proximal end 1312 may be coupled to a hub 1316, which, in turn,
may be provided with an inflation port 1314, Inflation port 1314 is configured to be m fld
conununication with the 1315 such that intlation fluid nput at the mflation port 1314 inflates
the balloon 1315, In some embodiments, the inflation port 1314 may be fluidically connected

to the balloon 1315 via an nflation lumen formed in the walls of the steeve body 1311,
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{6092} The balloon 1315 may be ortented i any manner with respect o the balloon skeeve
body 1311, For example, the balloon 1315 may be symmetrically arranged about the slecve
body 1311, or the balloon 1315 may be asymmetrically arranged about the sleeve body 1311,
Further, balloon 1315 may be attached to the external surface of the distal end 1313 of the
balloon sleeve 1310 using any of the attachment means as described in the foregoing. Any
tvpe of balloon {compliant, non-compliant, axially synunetric, asymmetric, as described in
the foregoing) may be used in conpunction with the embodiments of the present disclosure.
[60%3] As with the balloon sleeve 1310, access sheath 1320 may be similar to access
sheaths 920, 1129 as described in the foregoing with respect to FIGS. 9-12. Access sheath
1320 comprises a sheath body 1321 having a proximal end 1322, a distal end 1323 and a
famen 1324 ranming between the proximal and distal ends. The proximal end 1322 may be
coupled to a hub 1325, Hub 1325 may have at least one side port {not shown) positioned
thereon which may be in fluid communication with the lumen 1324 of the access sheath 1320
for irmgation and flushing the himen, for example.

{6094} The sheath body 1321 is dimensioned such that the diameter of the lumen 1324 18
large enough to allow a distal end of the medical device 1o pass through. Additionally, the
fomen 1324 is configured such that it allows the balloon sleeve 1310 o pass through. In
certain embodiments of the present disclosure, the diameter of the lomen 1324 is such thata
space develops between the external surface of the balloon sleeve bodv 1311 and the intoemal
surface of the sheath body 1321 when the balloon sleeve body 1311 (positioned in-line with
the catheter 1330 of the medical device) is inserted into the lumen 1324 of the access sheath
1320, While FIG. 13 depicts the balloon sleeve 1310 to be m-line with the catheter 1330 of
the medical device (such as in FIGS. §-9), the balloon sleeve 1310 may, alternatively, be

adjacent the catheter 1330 of the medical device (such as in FIGS. 10-113.
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{6093} As described in the foregoing embodiments, when the balloon 1315 is inflated veith
fluid, the balloon occupies the aforementioned space between the extemal surface of the
balloon sleeve bady 1311 and the internal surface of the sheath body 1321, thercby sealing
the lumen 1324 from imgress of blood from the arteriotomy of the patient. In the embodiment
depicted in FIG. 13, the sheath body 1321 is capable of elastic deformation such that when
the balloon 1315 expands m size, the expansive force from the inflating balloon 1315 also
causes the sheath body 1321 adjacent the balloon to deform. This causes bulging in the
access sheath 1320 which prevents axial movement of the internal balloon sheath 1300 after
insertion into the patient. Thus, in addition to sutures or tape that fixes the location of the hub
1325 to the skin 1303 of the patient, the bulge in the access sheath 1320 when the balloon
1315 is inflated locks the position of the sheath 1360 thereby further securing the sheath 1300
to the patient.

[6096] In all the embodiments described in the foregoing, the sheath may comprise a rigid
matertal. The rigid material may be a polvethviene (PE} or polyurethane (PU) material. In
certain embodiments, the rigid material may have an elastic modulus of about 40ksi
(285MPa). Ksiis a unit of pressure, representing thousands of pounds per square mch. In
some embodiments the rigid material contains a radiopague filler such as bismuth
oxychloride or barium sulfate in concentrations of 5% to 40% by weight. In some
cmbodiments, the rigid material may be any one of a polyether block amide (such as PEBAX
or PebaShix®}, a polyethyiene material, a polvietrafluoroethviene (PTFE) material, a high-
density polvethylene (HDPE) material, a mediom-density polvethylene (MDPE) material, a
low-density polyethyiene (LDPE) maternial, polyether ether ketone (PEEK]), a polyether block
amide {such as PEBAX) and nylon. In certain traplementations, the rigid material is a crack-
resistant material. In some embodiments, the rigid matenial may also be a material with a low

cocfficicnt of friction. Additionally, in all the embodiments described in the foregomng, the
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hub may also comprise any one of the above rigid matenials. Generally the strength of the
sheath is dependent on the modulus of the rigid material as well as the thickness of the sheath
wall. For rigid materials having a lower elastic modulus, the resulting sheath will require a
wall of greater thickness. Conversely, nigid materials having a higher modulus allows for a
sheath having a lower wall thickness.

{6097} Tn all the embodiments described in the foregoing, the sheath body mav comprise a
coaxially lavered structure as described 10 U.S. Provistonal Patent Application No.
62/777,598, the contents of which are hereby mmcorporated by reference m entirety. Each
laver of the structure may comprise a different polymer. The layering of the polymers
improves the strength of the sheath while maintaining flexibility, which is ideal for
application to intravascular applications as detatled in the present disclosure. The polyvmers
may comprise any onc of PEBAX® 72335A, PEBAX® 70338A, PEBAX® 633354,
PEBAX® 5333SA, PEBAX® 33338A, and PEBAX® 25338A. In other embodiments, the
sheath may comprise various sections that are sequentially arranged, cach section comprising
a different polymer. Such an arrangement provides for a varving mechanical strength along
the length of the sheath body. The polymers may comprise any of the aforementioned rigid
materials. In certain embodiments, the sheath body may be reinforced with braids or coils o
improve mechanical strength, these structures being constructed from wires made from any
one of the aforementioned nigid materials. In some embodiments, the structure of the sheath
body may be strengthened by laser cutting the tubular sheath body with features that enhance
its strength.

[6098] Fusther, in all the embodiments described in the foregoing, the balloon may
comprise a flexible material. The flexible material may comprise a polyethylene or
polyurethane material with an elastic modulus of about 40ksi. In some embodiments the

material may be any one of urethane, polvurethane, polyethylene, polvpropylene,
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polvethyvlene terephthalate (PET), polyvinyl chloride (PVC), polvethylene, cross-hinked
polyethyvicne, a polycther block amide (PEBA). and nylon. In some embodiments, the
balloon sleeve may also comprise a flexible material as defined in the foregoimg.

[6699]  Additionally, in all the embodiments described in the foregoing, the hub may
comprise a rigid material. The rigid matenial may be a polvethvlene or polvurethane material
with an clastic modulus of about 40ksi. In some implementations, the rigid material is any
one of a high-density polyethylene (HDPE) material, a mediom-density polyethylene
(MDPE) material, a low-density polyethyiene (LDPE) matenal, polvether ether ketone
(PEEK), and a polycether block amide (such as PEBAX). In certain implementations, the
rigid material is a crack-resistant material. In some implementations, the rigid material may
also be a material with a low coefficient of friction.

{3106} In all the embodiments described in the foregoing, a coating may be applied to the
balloon so as to reduce the friction during passage of interventional devices through the
internal balloon sheath. In certain embodiments, the coating may be hydrophilic or
hydrophobic. In some embodiments, the thickness of this coating may be varied to achicve
desired mnflation characteristics of the balloon. Additionally, in all the embodiments
described in the foregoing, the inner surface of the sheath may be pretreated to improve the
likelihood of bonding with the balloon. Such pretreatment may include, but is not limited to,
plasma activation or coronary treatment. Alternatively, or in addition to the aforenentioned
coatings, a coating may be applied to the catheter based medical device ttself prior to
insertion into the internal balloon sheath.

(6101} Additionally, in all the embodiments described 1n the foregoing, the sheath body
may additionally comprise a distal tip made up of a softer material than that used for the
sheath body, 1.¢. the distal tip may comprise a material that has a lower elastic modulus than

that of the material used for the sheath body. Tn some embodiments, the distal tip may be
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beveled to aid with msertion of the sheath into the arteriotomy of the patient. Such distal tips
can scal down on catheters of smaller diamcters. By sealing on the catheter, blood 15
prevented from entering the sheath body and clot. In certain embodiments the distal tip may
contain a radiopaque filler such as bismuth oxychloride or barium sulfate in concentrations of
5% to 40% by weight.

[06102] FIG. 14 illustrates an exemplary method 1400 of fabricating an internal balloon
sheath, such as any of the balloon sheaths as deseribed in the foregoing description, according
to an embodiment of the present disclosure. The method 1400 begms at step 1410 in which a
sheath body is made available for fabrication. The sheath body may be provided by extrusion
of lamination. As described in the foregoing, the sheath body having a longitudinal axis and
comprising an open proximal end, an open distal end, an outer surface and an mner surface,
the moner surface defining a tumen between the proximal and distal ends. In some
embodiments, the method may include the fabrication of a tubular sheath. In certain
embodiments, the method may comprise the fabrication of a sheath with a diameter that is
larger than the external diameter of a distal end of catheter based intravascular medical
device, such as, for example, a heart pump, so as to allow the passage of the medical through
the lumen of the sheath body.

{3103} In certain embodiments, the method may mclude the fabrication of a sheath body
that mav comprise a coaxially laminated lavered structure. Further, in some embodiments,
the sheath body may comprise structural reinforcements such as a coil or braid. Such layered
and/or reinforced body structures enable the sheath to withstand larger pushing forces, sach
as those experienced during the posttioning of the internal balloon sheath in the arteriotomy
of the patient. Tn some embodiments, the structure of the sheath body may be strengthened

by laser cutting the tubular sheath body with features that enhance its strength. In certain
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cembodiments, the mner surface of the sheath body may be pretreated {via plasma activation
or corcnary treatment, for example) to improve the likelihood of bonding with a balloon.
16104] The method then continues to step 1420, in which an inflatable balloon is provided
within the sheath body. In some embodiments, the balloon s provided by extrusion or blow
molding. In certain embodiments, the method comprises attaching the balloon to the mmer
wall of the sheath body where the balloon is contained within the inner diameter of the sheath
body. In some embodiments, the method further comprises attachment of the balioon o a
balloon slecve which is insertable mto the lumen of the sheath body. In some embodiments,
the method comprises the attachment of a balloon that extends along the entire Iength of the
sheath body. In other embodiments, the method comprises attachment of a balloon that only
extends along a portion of the length of the sheath body. In some embodiments, the method
comprises the attachment of the balloon at only a portion of the inner surface of the sheath
body, such as, for example, the distal end of the sheath body. In other embodiments, the
method comprises attachment of the balloon to the inner surface of the sheath body (or the
outer surface of the balloon sleeve) along the entire length of the balloon. Further, in some
embodiments, the method comprises attachient of the balloon along the entire circumference
of the sheath body {or the balloon sleeve). In other embodiments, the method comprises
attachment of the balloon along at least a portion of the circamference of the sheath body {(or
the balloon slecve).

(G105} Additionally, in some cmbodiments, the method comprises the attachment of a
balloon that 1s m-line with (1.¢. radially symmetrical about) the catheter body of a medical
device traversing through the lumen of the sheath. In other embodiments, the method
comprises the attachment of a balfoon that 1s radially asymmetrical about the catheter body of

a medical device traversing through the lumen of the sheath.
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(6106} FIG. 15 illustrates an exemplary method 1500 of using an internal balloon sheath,
such as anv of the balloon sheaths as described in the foregoing description, according to an
embodiment of the preseat disclosure. The method 1500 begias at step 1510 in which an
internal balloon sheath is positioned into the arteriotomy of the patient. As previously
mentioned, any of the sheaths described in the foregoing may have a tip formed on a patient
proximate end of the sheath body. Such a tip may be beveled to aid with msertion into the
patient. In some embodiments, the sheath body may have a laminated structure that is able to
withstand large pushing forces, such as those used to insert the sheath mto the patient,
without kinking, bending or buckling. In certain embodiments, a dilator may be inserted into
the lumen of the sheath before insertion imto the patient. The dilator assists with positioning
the sheath m regions of the patient’s body wiich are difficult to penetrate with the sheath
alone. Once mserted, the dilator is removed from the lumen of the sheath.

(6107} In step 1520, the catheter based medical device is inserted into the lumen of the
sheath. The medical device i3 advanced into the himen of the sheath body until it emerges
from the distal tip of the sheath and 1s positioned in the arteriotomy of the patient. In some
embodiments, the physician may manipulate the position of the medical device by holding
onto a hub affixed to the proximal end of the catheter body of the medical device. Once in
position, the catheter hub may be coupled to the hub of the sheath located on the exterior
surface of the patient.

(G108} In some embodiments, the sheath may comprise an intemal balloon attached to the
internal surface of the sheath body, as described in the foregoing. In other embodiments, the
balloon may be located on an additional balloon sleeve that is shidably arranged along the
catheter body of the medical device. Once the sheath is in position and the medial device 1s
nserted into the arterictomy of the patient, the balloon sleeve may be slid into posttion, along

the catheter body. The balloon sleeve is positioned between the internal surface of the sheath
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body and the external surface of the catheter body. The various configurations and
attachments of the internal balloon to the sheath and/or the balloon sleeve that have been
described in the foregomg description, while omitted here for brevity, are applicable to the
method 1500.

3109} As described in the foregoing, a space may exist between the inner surface of the
sheath bodyv and the external surface of the catheter body. In order to prevent stagnation and
clotting during positioning of the medical device, the once the medical device 18 positioned in
the arteriotomy of the patient, the method mav optionally comprise the flushing of the lumen
of the sheath body (and hence the space) with an irrgation fluid, such as, for example, saline
or water. Such irrigation fluid may be provided to the lumen via an irrigation side port
fAuidically connected to the tumen, as described in the foregoing.

{6116} In step 1530, a balloon is inflated within the lumen of the sheath with an inflation
fluid, thereby fhmdically sealing the lumen, and the space between the inner surface of the
sheath body and the external surface of the catheter body. It will be understood throughout
this disclosure that “seal” is to be taken to mean substantially sealing of a lumen so as to
chminate fluid flow of any amount that would enable formation of clots. Inflation fluids may
include saline, air or water, for example. Such inflation fluid may be provided to the balloon
via an inflation side port fluidically connected to the balloon, as described in the foregoing.
In some embodiments an inflation Jumen may be provided within the sheath body to deliver
the nflation fluid to the balloon.

{6111} Once the balloon is inflated, the balloon forms an interference fit with the inner
surface of the sheath body and the extenal surface of the catheter body, thereby also
preventing any axial movement of the catheter body. As such the balloon effectively locks
the medical device in place after the balloon is inflated. In certain embodiments, mflation of

the balloon also causes the clastic deformation of the sheath body, whereby the sheath body
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adjacent the inflated balloon expands into a bulge within the arteriotomy o the patient. Such
a bulge will further fix the position of the mternal balloon sheath within the vasculature of the
patient while the medical device is m use, thereby securing it.

[0112] I desired, the different steps discussed herein may be performed in a different order
and/or concurrently with each other. Furthemmore, if desired, one or more of the above
described steps may be optional or may be combined.

[6113] The foregoing is merely illustrative of the principles of the disclosure, and the
devices and methods can be practiced by other than the described implementations, which are
presented for purposes of tllustration and not of linutation. It is to be understood that the
devices and methods disclosed herein, while shown for use in manufacture of an internal
balloon sheath, may be applied to other systems in which scalable sheaths of a single
diameter for insertion

into the vasculature of the patient are required during intravascular procedures.

(6114} Vanations and modifications will occur to those of skill in the art after reviewing
this disclosure. The disclosed features may be implemented, in any combination and
subcombination (including maultiple dependent combinations and subcombinations), with one
or more other features described herein. The various features described or illustrated above,
including any components thereof, may be combined or integrated in other systems.
Moreover, certain features mav be omitted or not implemented.

{6115} Examples of changes, substitutions, and alterations are ascertainable by one skilled
in the art and could be made without departing from the scope of the mformation disclosed
herem. All references cited heren are incorporated by reference in their entivety and made

part of this application.
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