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ABSTRACT

A vascular implant, a delivery device and a medical apparatus are disclosed.
During delivery of the vascular implant, the vascular implant is maintained axially
stationary relative to a delivery shaft (4), thus preventing the dislodgement of the
vascular implant and making the delivery more stable. The vascular implant includes
a first engagement structure, and the delivery device includes the delivery shaft (4)
and a chamber. The delivery shaft (4) includes a second engagement structure
configured for detachable retaining engagement with the first engagement structure.
Both the first engagement structure and the delivery shaft (4) are configured to be
received in the chamber. When the first engagement structure and the delivery shaft
(4) are received in the chamber, the first engagement structure is confined by the
chamber and thus remains in retaining engagement with the second engagement
structure, thus axially locking the vascular implant to the delivery shaft (4). When the
first engagement structure is removed from the chamber, it 1s no longer confined
thereby and 1s thus detachable from the second engagement structure, thus axially

unlocking the vascular implant from the delivery shaft (4).
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VASCULAR IMPLANT, DELIVERY DEVICE AND MEDICAL APPARATUS

TECHNICAL FIELD
The present mvention relates to the technical field of medical instruments and,

more specifically, to a vascular implant, a delivery device and a medical apparatus.

BACKGROUND

As a therapy for treating vascular aneurysms, minimally invasive mtervention
typically involves delivering a vascular implant, for example, but not limited to, a
stent, an embolization coil or an aneurysm occluder, to a lesion site using a delivery
device. The delivery device usually includes a delivery shaft, which is brought into
engagement, and received together within a delivery sheath, with the vascular implant,
so as to be able to deliver the vascular implant within the delivery sheath to the site
and release it there.

Currently, the engagement of the vascular implant with the delivery shaft that
enables its delivery in the delivery sheath is usually accomplished by static friction.
That 1s, the vascular implant 1s contracted and sleeved over the delivery shaft so that
they move together in the delivery sheath as a whole, without any mechanical
connection between them. However, in practice, 1t is difficult to control the
magnitude of the friction, and thus it is likely for the vascular implant to dislodge (i.e.,

fall off the delivery shaft). When this happens, stable delivery of the vascular implant

1s impossible, adversely affecting the surgical outcomes.

SUMMARY OF THE INVENTION
To this end, 1t is an objective of the present invention to provide a vascular

mmplant, a delivery device and a medical apparatus, in which the vascular implant can

1
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be kept stationary axially with respect to a delivery shaft and thus delivered in a more
stable manner without dislodgement.

To achieve the above objective, the present mvention provides a vascular
mplant, for delivery to a target site by a delivery device comprising a delivery shaft
and a chamber, wherein the vascular implant comprises a proximal end defining a
first engagement structure configured for detachable retaining engagement with the
delivery shaft, the first engagement structure and the delivery shaft being able to be
received in or removed from the chamber,

wherein when the first engagement structure and the delivery shaft are received
m the chamber, the first engagement structure is confined by the chamber and
remains in retaining engagement with the delivery shaft, so that the vascular implant
1s axially locked to the delivery shaft, and

wherein when the first engagement structure 1s removed from the chamber, the
first engagement structure is no longer confined by the chamber and is detachable
from the delivery shaft, so that the vascular implant is axially unlocked from the
delivery shaft.

Optionally, the first engagement structure comprises at least one first
engagement member configured to remain in retaining engagement with the delivery
shaft when confined by the chamber and to become detachable from the delivery
shaft when no longer confined by the chamber, wherein the first engagement member
defining a gap configured to:

disallow passage of the delivery shaft therethrough when the first engagement
structure and the delivery shaft are received in the chamber to maintain the first
engagement member in retaining engagement with the delivery shaft; and

allow passage of the delivery shaft therethrough when the first engagement
structure 1s removed from the chamber to make the first engagement member

detachable from the delivery shaft.
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Optionally, the first engagement member comprises two or more retention lugs
which are spaced apart from one another along a circumferential direction of the
vascular implant and define the gap therebetween.

Optionally, the retention lugs are configured to be deformable along an axial
direction of the vascular implant so that the first engagement member 1s deformable
along the axial direction of the vascular implant.

Optionally, at least one of the two or more retention lugs is made of a
radiopaque metallic material.

Optionally, the first engagement structure comprises two or more said first
engagement members which are spaced from one another in an axial direction of the
vascular implant.

Optionally, the retention lugs in the two or more first engagement members are
aligned with one another in the axial direction of the vascular implant.

Optionally, the first engagement structure comprises two or more first
engagement member groups spaced from one another in an axial direction of the
vascular implant,

each of the first engagement member groups comprising two or more said first
engagement members which are spaced from one another in an axial direction of the
vascular implant, and

wherein the retention lugs in any one of the first engagement member groups
are aligned with one another in the axial direction of the vascular implant and are
staggered from the retention lugs in any other one of the first engagement member
groups in the axial direction of the vascular implant.

Optionally, the vascular implant is a self-expanding implant.

Optionally, 1s a stent, an embolization coil or an aneurysm occluder.

To achieve the above objective, the present invention also provides a delivery

device, for delivering a vascular mmplant to a target site, the delivery means

3
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comprising:

a delivery shaft comprising a second engagement structure configured for
detachable retaining engagement with a proximal end of the vascular implant; and

a chamber configured to receive therein the delivery shaft and the proximal end
of the vascular implant,

wherein when the proximal end of the vascular implant and the delivery shaft
are received in the chamber, the proximal end of the vascular implant 1s confined by
the chamber and remains in retaining engagement with the second engagement
structure, so that the vascular implant is axially locked to the delivery shaft, and

wherein when the proximal end of the vascular implant is removed from the
chamber, the proximal end of the vascular implant is no longer confined by the
chamber and 1s thus detachable from the second engagement structure, so that the
vascular implant 1s axially unlocked from the delivery shaft.

Optionally, the second engagement structure comprises at least one second
engagement member configured for detachable retaining engagement with the
proximal end of the vascular implant, and

wherein the delivery shaft further comprises a shaft body provided thereon with
at least one projection serving as the second engagement member, so that the
proximal end of the vascular implant is allowed to be retained on both sides of the at
least one projection or between at least two said projections.

Optionally, the second engagement structure comprises at least one second
engagement member configured for detachable retaining engagement with the
proximal end of the vascular implant, and

wherein the delivery shaft further comprises a shaft body provided therein with
at least one recess serving as the second engagement member, so that the proximal
end of the vascular implant 1s allowed to be retained in the recess.

Optionally, the second engagement member comprises a surface indent axially

4
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extending therethrough, the surface indent configured to receive therein part of the
vascular implant.

Optionally, two or more said surface indent are provided and arranged on a
circumference of the second engagement member.

Optionally, the proximal end of the vascular implant comprises at least one first
engagement member configured for detachable retaining engagement with the second
engagement member, the first engagement member comprising two or more retention
lugs that are spaced from one another along a circumferential direction of the vascular
mmplant so that a gap i1s formed between the two or more retention lugs, and

wherein when the proximal end of the vascular implant and the delivery shaft
are in retaining engagement with each other and received in the chamber, the surface
mdent 1s configured to disallow passage of any of the retention lugs therethrough.

Optionally, the second engagement structure is made of a radiopaque metallic
material.

Optionally, the delivery device further comprises a confinement member which
comprises the chamber and 1s disposed over the delivery shaft.

Optionally, the delivery device further comprises a delivery sheath configured
for loading the vascular implant therein, wherein the delivery shaft is configured to be
movably inserted in the delivery sheath, and wherein the delivery sheath serves as the
confinement member.

Optionally, the delivery device further comprises a delivery sheath configured
for loading the vascular implant therein, wherein the delivery shaft is configured to be
movably imserted in the delivery sheath, and wherein the confinement member is
configured to be movably inserted in the delivery sheath and sleeved over both the
proximal end of the vascular implant and the delivery shaft.

To achieve the above objective, the present invention also provides a medical

apparatus, comprising:
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the above vascular implant; and

the above delivery device,

wherein the first engagement structure of the vascular implant 1s configured for
detachable retaining engagement with the second engagement structure of the
delivery shaft.

The vascular implant, delivery device and medical apparatus provided in the
present invention have the following advantages:

First, the detachable retaining engagement of the proximal end of the vascular
mmplant with the delivery shaft in the delivery device maintains the vascular implant,
when being delivered, axially stationary relative to the delivery shaft. This avoids
dislodgement of the vascular implant during its delivery, making the delivery more
stable and thus resulting in reduced surgical complexity, enhanced surgical safety and
mmproved treatment outcomes.

Second, in the medical apparatus, with the aid of the chamber in the delivery
device, desirable axial locking of the vascular implant to the delivery shaft and its
axial unlocking therefrom can be easily achieved, resulting mn reduced surgical
complexity, increased surgical efficiency and enhanced engagement reliability.

Third, the proximal end of the vascular implant preferably includes two or
more first engagement member groups, which are spaced from one another in the
axial direction of the vascular implant and the retention lugs in different first
engagement member groups are staggered in the axial direction of the vascular
mmplant. In this way, the retention lugs can be confined on different circumferences
that are spaced apart axially, resulting in a reduced overall size of the vascular
mmplant and the delivery device and allowing the vascular implant to be delivered by
an even smaller delivery device.

Fourth, the delivery device preferably includes the confinement member, which

provides the chamber and 1s preferably to be movably inserted in the delivery sheath

6
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so as to confine the first engagement structure defined at the proximal end of the
vascular implant. This enables entire release and entire withdrawal of the vascular
mmplant. For example, after the vascular implant and the delivery shaft are pushed out
of the delivery sheath at the target site, the vascular implant remains engaged with the
delivery shaft. At this point, the vascular implant can be withdrawn and released
again at a later time when it i1s determined that it would be appropriate to do so.
Relative movement between the confinement member and the delivery shaft can
release the confinement of the confinement member and thus allows disengagement
and separation of the vascular implant from the delivery shaft. In this way, the
vascular implant can be released more accurately, resulting in improved treatment

outcomes.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram showing the structure of a self-expanding braided
stent according to an embodiment of the present invention;

Fig. 2a 1s a schematic diagram showing the structure of a retention lug formed
at a proximal end of the self-expanding braided stent where the filaments are welded
together according to an embodiment of the present invention;

Fig. 2b is a zoom-out schematic view of retention lugs at the proximal end of
the self-expanding braided stent according to an embodiment of the present invention;

Figs. 3a to 3d are schematic diagrams showing the structures of variants of a
second engagement member according to embodiments of the present invention;

Fig. 4 1s a schematic diagram showing the structure of a delivery shaft
mcluding two second engagement members according to Embodiment 1 of the
present invention;

Fig. 5 1s a schematic diagram showing the engagement between the

self-expanding braided stent and a delivery device according to Embodiment 1 of the

7
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present invention;

Fig. 6a schematically illustrates how a gap 1s formed in a first engagement
member according to Embodiment 1 of the present invention;

Fig. 6b 1s a schematic diagram showing that the second engagement member
has a maximum diameter that is greater than a maximum span of the gap in the first
engagement member according to Embodiment 1 of the present invention;

Fig. 7 1s an enlarged view of a retention lugs at the proximal end of the
self-expanding braided stent according to Embodiment 2 of the present invention;

Fig. 8 is a schematic diagram showing the structure of the delivery shaft
mcluding one second engagement member according to Embodiment 2 of the present
mvention;

Fig. 9 schematically illustrates how retaining engagement is established
between the first and second engagement members according to Embodiment 2 of the
present invention;

Fig. 10 1s a schematic diagram showing that the delivery device and the
self-expanding braided stent are engaged with each other according to Embodiment 2
of the present invention, where the proximal end of the self-expanding braided stent
does not disengage from a delivery sheath yet;

Fig. 11 is an enlarged view of retention lugs at the proximal end of the
self-expanding braided stent according to Embodiment 3 of the present invention;

Fig. 12 1s a schematic diagram showing that the delivery device and the
self-expanding braided stent are engaged with each other according to Embodiment 3
of the present invention, where the proximal end of the self-expanding braided stent
does not disengage from the delivery sheath yet;

Fig. 13 is an enlarged view of Fig. 12, which shows the self-expanding braided
stent and the delivery shaft are in retaining engagement with each other; and

Fig. 14 1s a schematic diagram showing that the delivery device and the

8
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self-expanding braided stent are engaged with each other according to Embodiment 4
of the present invention, where the proximal end of the self-expanding braided stent
does not disengage from a release tube yet.

In these figures, 1 denotes the stent; 11, the proximal end; 12, a distal end; 13, a
retention lug; 14 and 15, first engagement member groups; 2, the first engagement
member; 3, the second engagement member; 4, the delivery shaft; 5, the delivery
sheath; 6, the release tube;

G, surface indents; S1, S2 and S, filaments; and Q, welded joints.

Like reference numerals across the several views refer to identical or equivalent

features.

DETAILED DESCRIPTION

Objects, advantages and features of the present invention will become more
apparent from the following more detailed description thereof made in conjunction
with the accompanying drawings. Note that the figures are provided in a very
simplified form not necessarily drawn to exact scale for the only purpose of helping
to explain the disclosed embodiments in a more convenient and clearer way.

As used herein and in the appended claims, the singular forms “a”, “an” and
“the” include plural referents, unless the context clearly dictates otherwise. As used
herein and in the appended claims, the term “or” is generally employed in the sense
of “and/or”, “plurality” of “two or more”, and “several” of “one or more”, unless the
context clearly dictates otherwise.

In the following description, the terms “distal” and “proximal” may be used for
the sake of ease of description. When used to describe a medical instrument, the term
“proximal” refers to an end thereof close to an operator who is operating the

mstrument, while the term “distal” refers to an end away from the operator. The

following description sets forth numerous specific details in order to provide a more

9
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thorough understanding of the present invention. However, it will be apparent to
those skilled in the art that the present invention can be practiced without one or more
of these specific details. In other instances, well-known technical features have not
been described in order to avoid unnecessary obscuring of the present invention.

The core concept of the present invention 1s to provide a medical apparatus
mcluding a vascular implant and a delivery device for delivering the vascular implant
to a target site, the delivery device including a delivery shaft and a chamber.

The vascular implant of the present invention has a proximal end defining a
first engagement structure, and the delivery shaft in the delivery device of the present
mvention defines a second engagement structure. The first engagement structure is
configured for detachable retaining engagement with the second engagement
structure so that the vascular implant remains axially stationary relative to the
delivery shaft.

The first engagement structure is configured to be received together with the
delivery shaft within the chamber so that it 1s confined by the chamber and remains in
engagement with the second engagement structure. As a result, the vascular implant 1s
axially locked to the delivery shaft. On the contrary, when the first engagement
structure 1s released from, and thus not confined anymore by, the chamber, it is
detachable from the second engagement structure, axially unlocking the vascular
mmplant from the delivery shaft. Such detachable mechanical engagement established
between the vascular implant and the delivery shaft prevents the vascular implant
from dislodgement while 1t 1s being delivered, enabling stable delivery of the vascular
mplant, which results in easier surgical operation, reduced surgical complexity,
enhanced surgical safety and improved treatment outcomes.

The delivery device further includes a confinement member that defines the
chamber. The confinement member is configured to be disposed over the delivery

shaft. In one embodiment, the delivery device further includes a delivery sheath in

10
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which the vascular implant can be loaded. Moreover, the delivery shaft i1s movably
mserted within the delivery sheath. The delivery sheath may serve as the confinement
member. In an alternative embodiment, the confinement member may be a release
tube, which is movably inserted in the delivery sheath so as to sleeved over the
delivery shaft and surround both the first engagement structure and the delivery shaft.
The first engagement structure may include one, two or more first engagement
members for detachable retaining engagement with the second engagement structure.
Correspondingly, the second engagement structure may include one, two or more
second engagement members for detachable retaining engagement with the first
engagement structure.

According to the present ivention, the retaining engagement may be
accomplished mainly by:

(1) retaining at least one first engagement member between at least two second
engagement members;

(2) retaining at least one second engagement member between at least two first
engagement members; and/or

(3) retaining at least one first engagement member in at least one second
engagement member.

In practice, retaining engagement may be accomplished by one or combinations
of the above three ways. Moreover, it is not limited to being accomplished by a single
retention point, and two or more retention points may be alternatively created to
result in firmer engagement.

According to the present invention, the vascular implant is typically an implant
for treating a vascular aneurysm, such as a stent, an embolization coil or an aneurysm
occluder. Alternatively, it may also be used in vasodilation treatment, blood clot
capturing or the treatment of other diseased lumens. For example, when the

confinement member 1s implemented as the delivery sheath, vascular implant of the

11
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present invention may be delivered in a manner described below.

First of all, the vascular implant is loaded by sleeving it over the delivery shaft
and then inserting them together into the delivery sheath so that the first and second
engagement structures remain engaged with each other under the action of radial
confinement by the delivery sheath. As a result, the vascular implant 1s axially locked
to the delivery shaft.

Subsequently, the vascular implant is pushed forward (i.e., delivered) by the
delivery shaft so that it entirely (including the proximal end thereof) moves out of the
delivery sheath. As a result, no longer radially confined by the delivery sheath, the
vascular implant extends (or expands), causing disengagement between the first and
second engagement structures and thus allowing release of the vascular implant.

The expansion of the vascular implant subsequent to its movement out of the
delivery sheath may be either self-expansion or passive expansion. The term
“self-expansion” means that the vascular implant possesses self-expanding properties,
which allow it to expand or extend by itself when in absence of external constraints
against such expansion. The term “passive expansion” means that the vascular
mplant has to be expanded or extend by an external mechanism such as a balloon
when in absence of external constrains against such expansion.

In an alternative embodiment, the confinement member 1s a release tube, which
1s movably inserted in the delivery sheath so as to sleeve over the delivery shaft. In
practical operation, the release tube may also be used for entire release and entire
retrieval of the vascular implant, as will be described in detail below. This makes it
easy to observe the position and condition of the released implant and to adjust the
position thereof if necessary, allowing accurate release of the vascular implant and
thus improved treatment outcomes.

The vascular implant and delivery device are further described below by way

of several examples with reference to the accompanying drawings. Although the

12
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following description 1s made in the context of the vascular implant being a stent,
modifications may be made thereto by those skilled in the art so that 1t 1s applicable to
another implant than a stent.

As shown in Fig. 1, the vascular implant may be a stent 1. The stent 1 may
have a cut structure or a braided structure, or a combination thereof. Moreover, the
stent 1 may be either self-expanding or passively expandable. The cut structure may
be fabricated from a shape memory material or an elastic material, including, but not
limited to, nickel-titanium alloys. The braided structure may be formed by braiding
filaments of a metallic or macromolecular material, including, but not limited to,
nickel-titantum alloys, stainless steel and macromolecular polymers.

Although the following description i1s made mainly in the context of the stent
being a self-expanding braided structure, modifications may be made thereto by those
skilled in the art so that it is applicable to another stent than a self-expanding braided
one.

With continued reference to Fig. 1, the stent 1 has a proximal end 11 and an
opposite distal end 12. The proximal end of the stent 1 may be formed by a single
filament or binding two or more filaments, or be formed by braiding a single filament,
which 1s not limited in the present invention. Exemplary means for binding the
filament segments together may include, but are not limited to, twisting, bonding and
welding. In a non-limiting example shown in Fig. 2a, two adjacent filaments S1 and
S2 at the proximal end 11 may be welded together at a plurality points Q.

Referring to Fig. 2b, in conjunction with Fig. 2a, either of the filaments S1 and
S2 and/or both of the filaments S1 and S2 may be further wound to form a retention
lug 13 in the shape of a coiled tube. Alternatively, a retention lug 13 may be provided
at the proximal end 11 of the stent 1 and formed of a separate filament that 1s wound
mto a coiled tube. Still alternatively, a separate retention lug 13 in the shape of a

coiled tube 1s sleeved over the filaments bound together at the proximal end 11. The

13
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present invention is not limited to any particular formation of the retention lug 13 at
the proximal end of the stent 1.

In this embodiment, the retention lug 13 may be a hollow tubular structure in
the shape of, but not limited to, a coiled tube. In alternative embodiments, the
retention lug 13 may be a solid structure, such as a solid cylinder connected to
proximal end of the two bound filaments. Therefore, according to the present
mvention, the retention lug 13 1s not limited to having any particular structure, as
long as 1t 1s easy to attach to the filaments. In this embodiment, the retention lug 13 1s
preferably to be tubular and surround the filaments and is more preferably to be
coiled to have some elasticity. When shaped as a coiled tube, the retention lug 13 can
be compressed in the axial direction of the stent 1 into a configuration that allows
easier engagement. The retention lug 13 may be formed of a macromolecular or
metallic material, including, but not limited to, stainless steel and nickel-titanium
alloys. Preferably, the retention lug 13 is made of a radiopaque metallic material,
which makes it easy to check the position of the proximal end 11 of the stent 1 during
surgical operation.

In embodiments of the present invention, the proximal end 11 of the stent 1
defines a first engagement structure including at least one first engagement member 2
(see Fig. 6a), which is configured to engage with the delivery shaft when confined in
the chamber and become detachable from the delivery shaft upon being released from
the confinement of the chamber. Preferably, the first engagement member 2 include
two or more retention lugs 13, which are arranged in symmetry with respect to the
axis of the stent 1 (i.e., circumferentially symmetrically or centrosymmetrically with
respect to the stent 1) so that there is a gap (indicated at d1 in Fig. 6a) left between
the retention lugs 13. The gap may vary in size principally as a result of compression
and expansion of the stent. For example, in case of the confinement member being

mmplemented as the delivery sheath, before being loaded into the delivery sheath, the

14
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stent 1 1s not confined or compressed radially by the chamber yet, so the gap has a
natural size that is large enough to allow a second engagement member 3 of the
delivery shaft to pass therethrough so that the stent 1 can be loaded on the delivery
shaft. When loaded in the delivery sheath in a state being engaged with (or retained
on) the delivery shaft, the stent 1 1s confined and compressed by the chamber, leading
to shrinkage of the gap to a size that does not allow passage of the second
engagement member 3 of the delivery shaft. That 1s, at this point, a maximum span
(e.g., diameter) of the gap 1s smaller than a corresponding dimension (e.g., diameter)
of the second engagement member 3, ensuring that the first engagement member 2 at
the proximal end of the stent remains in retaining engagement with the second
engagement member 3 that 1s arranged at a distal end of the delivery shaft. As a result,
the stent 1 1s axially locked to the delivery shaft, allowing delivery of the stent 1
within the delivery sheath using the delivery shaft. When released from the
confinement of the chamber, the stent 1 will expand, allowing detachment of the first
engagement member 2 from the second engagement member 3, i.e., axial unlocking
of the stent 1 from the delivery shaft.

Reference 1s additionally made to Figs. 3a to 3d, in conjunction with Fig. 4, the
delivery device includes the delivery shaft 4 that defines a second engagement
structure including at least one second engagement member 3. In this embodiment,
the delivery shaft 4 further includes a shaft body on which the at least one second
engagement member 3 is disposed. In some embodiments, the at least one projection
1s formed on the shaft body, and the at least one projection forms the second
engagement member 3. In such cases, at least one first engagement member 2 may be
retained between at least two projections, or at least two second engagement members
3 may be retained on opposing ends of at least one projection. In some embodiments,
the at least one recess is formed on the shaft body, and the at least one recess forms

the second engagement member 3. In such cases, at least one first engagement
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member 2 may be retained in the at least one recess.

Although the following description 1s made in the context of the second
engagement member 3 being implemented as a projection as an example of allowing
easily achievable retaining engagement between the first and second engagement
structures, modifications may be made thereto by those skilled in the art so that it is
applicable to the cases where the second engagement member 3 is not a projection.

Combined reference 1s made to Fig. 2b, in practical use, the stent 1 is radially
confined by the delivery sheath so that retention lugs 13 are engaged with the second
engagement member 3 while being constrained by the delivery sheath and thus
cannot escape. Such retaining engagement allows more stable delivery, and upon the
retention lugs 13 being pushed out of the delivery sheath, the retention lugs 13 are no
longer confined by the delivery sheath and can disengage from the second
engagement member 3. Such disengagement can be established based on a simple
structure, and 1s easy to achieve and allows quick release of the stent 1.

Compared to the prior art, the stent 1 is delivered in the delivery sheath while
being mechanically retained on the delivery shaft. This substantially prevents
dislodgement of the stent 1 during delivery and allows more stable delivery thereof.
In addition, the retention structure is simple and allows easy locking and unlocking.

With continued reference to Figs. 3a to 3¢, in some embodiments, a surface
mdent may be formed in the second engagement member 3, which extend axially
therethrough. The surface indent may be in the form of a notch as shown in Fig. 3b or
3c, or may be defined by adjacent protrusions shown in Fig. 3a. As shown in Fig. 3d,
m some alternative embodiments, the second engagement member 3 may be a
cylinder that has a smooth surface and a cross-section shape, which may be, but is not
limited to, circular, square, rectangular or profiled. The second engagement member 3
may be either solid or tubular, and in the latter case, it may be a coiled tube. The

second engagement member 3 may be formed of a macromolecular or metallic
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material, including, but not limited to, stainless steel and nickel-titanium alloys.
Preferably, the second engagement member 3 is made of a radiopaque metal material,
which makes it easy to check the position thereof, in particular relative to the axis of
the delivery sheath during the implantation procedure, thus determining the progress
of release of the stent 1.

Two or more surface indents may be provided and disposed about an axis of the
second engagement member 3 (i.e., spaced apart along a circumferential direction of
the second engagement member 3, more preferably, in a symmetrical way). The
proximal end 11 of the stent 1 may be so engaged that the filaments thereof are
partially received in the surface indents of the second engagement member 3. This
can, in an aspect, result in a reduced diameter of the compressed stent 1 and thus
allow the use of a delivery sheath with a smaller diameter, and in another aspect, can
strengthen the confinement of the stent 1 and the delivery shaft and thus additionally
enhance the delivery stability of the stent.

Further, the proximal end 11 of the stent 1 may include several mesh cells, and
the retention lugs 13 may be arranged at extremities of at least some of the mesh cells.
That 1s, 1t 1s not necessary that each of the mesh cells is provided at its proximal
extremity with a retention lug 13. Additionally, each first engagement member 2
mcludes two or more retention lugs 13, which are arranged on respective mesh cells
so as to be in symmetry on the same circumference.

Retaining engagement established between the first and second engagement
members 2 and 3 will be further described below, but the following description is in
no way intended to limit the present invention. Rather, any and all modifications
made m light of the following description are intended to be also embraced in the
scope of the present invention.

Embodiment 1

As shown 1in Fig. 4, m this embodiment, the delivery shaft 4 includes a second
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engagement structure that includes at least two second engagement members 3, which
are spaced apart along the axial direction of the shaft body. For example, two second
engagement members 3 are included, which are axially spaced from each other by a
distance that allows at least one first engagement member 2 to be retained between
the two second engagement members. When the first engagement member 2 1s an
elastic member that can be compressed between the two second engagement members
3, the axial distance between the two second engagement members 3 may be smaller
than or equal to an axial length of the first engagement member 2 (when it is not
compressed). Alternatively, the first engagement member 2 may be a rigid member
without elasticity and deformability. In this case, the axial distance between the two
second engagement members 3 may be greater than or equal to the axial length of the
first engagement member 2. Moreover, in order to avoid significant axial
displacement, there should not be an excessively large clearance left between any of
the second engagement members 3 and the first engagement member 2. Further, the
second engagement members 3 may also be elastic members so that they can be
deformed to allow a first engagement member 2 to be compressed therebetween. In
this case, the axial distance between the two second engagement members 3 may also
be smaller than or equal to the axial length of the first engagement member 2.

As shown in Fig. 5, in conjunction with Fig. 2b, the first engagement member 2
mcludes four retention lugs 13, which are spaced apart on the same circumference
and each arranged over filaments at the proximal end 11 of the stent 1. These
retention lugs 13 may have the same or different structures, and may be aligned with
one another on both sides or not. The delivery device further includes a delivery
sheath 5. In practical operation, as shown in Fig. 5, the stent 1 1s entirely compressed
within the delivery sheath 5 so that the four retention lugs 13 at the proximal end 11
are confined and retained between the two second engagement members situated

respectively at proximal and distal ends of the first engagement member 2. In this
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way, the stent 1 1s prevented from moving in opposite directions.

In addition, indents may be formed in an outer surface of the distal one of the
second engagement members 3, in which filaments at the proximal end 11 of the stent
1 may be received. Therefore, the two second engagement members 3 may have the
same or different structures. Preferably, the distal second engagement member 3 is
provided with surface indents, while the other is not.

As shown in Figs. 6a and 6b, when the stent 1 1s (fully) compressed in the
delivery sheath 5, a gap (indicated at d1 in the figure) is formed among the four
retention lugs 13. When the gap has a regular shape, e.g., circular, the second
engagement members 3 both have a diameter (e.g., a maximum span) d2 that is
greater than a diameter d1 of the gap. When the gap has an irregular shape, the
diameter d2 of the second engagement members 3 is greater than a maximum span of
the gap. This ensures that the second engagement member 3 will not pass through the
gap when the stent 1s being pushed.

With continued reference to Figs. 6a and 6b, when the stent 1 1s fully
compressed, a radial distance L1 for the surface indents may be equal to or greater
than a radial distance (d1/2) for the gap. Alternatively, the radial distance L1 for the
surface indents may also be smaller than the radial distance (d1/2) for the gap. That s,
the surface indents are not limited to having any particular depth. However, in order
to avoid any retention lug 13 from escaping through any surface indent, the surface
mdents are preferably sized so as to disallow passage of the retention lugs 13
therethrough. Preferably, a maximum span of each surface indent along the
circumferential direction of the second engagement member 3 is designed to be
smaller than a minimum span of each retention lug 13 along the circumferential
direction of the stent 1.

In this way, in practical operation, as shown in Fig. 5, when the delivery shaft 4

1s withdrawn (i.e., caused to move proximally), the first engagement member 2 is
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blocked by the distal second engagement member 3 and cannot move relative to the
delivery shaft 4. On the contrary, when the delivery shaft 4 is pushed forward (i.e.,
caused to move distally), the first engagement member 2 is blocked by the proximal
second engagement member 3 and also cannot move relative to the delivery shaft 4.

Embodiment 2

As shown in Figs. 7 and 8, in this embodiment, the second engagement
structure of the delivery shaft 4 includes at least one second engagement member 3,
while the first engagement structure at the proximal end 11 of the stent 1 includes at
least two first engagement members 2, which are spaced from each other along the
axial direction of the stent 1. For example, two first engagement members 2 are
mcluded, which are spaced by an axial distance allowing the at least one second
engagement member 3 to be retained therebetween. The axial distance between the
two first engagement members 2 may be greater or smaller than, or equal to an axial
length of the second engagement member 3. For example, the first engagement
members 2 may be elastic members that can be stretched or compressed.

As shown in Fig. 9, in practical operation, within the delivery sheath 5, the
second engagement member 3 1s retained between the two first engagement members
2, with filaments S between the two first engagement members 2 being received in
surface indents G formed in the second engagement member 3. Moreover, during
delivery, when the stent 1 is advanced (i.e., caused to move distally), the proximal
one of the first engagement members 2 is blocked by the second engagement member
3, ensuring that there is no relative movement between the stent 1 and the delivery
shaft 4. On the contrary, when the stent 1 1s withdrawn, the distal one of the first
engagement members 2 1s blocked by the second engagement member 3. In this way,
the stent 1 will not move relative to the delivery shaft 4 regardless of whether it is
pushed forward or withdrawn, enabling stable delivery of the stent 1.

Further, as shown in Fig. 10, release of the stent 1 can be achieved simply by
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advancing it until the proximal end 11 thereof is entirely pushed out of the delivery
sheath 5. Subsequently, the first engagement member 2 will flare or be caused to flare
radially outward, disengaging and allowing release of the stent 1. Thus, as can be
appreciated, the disengagement and release of the stent 1 is easy to achieve.

Embodiment 3

In this embodiment, the first engagement structure at the proximal end of the
stent includes two or more first engagement member groups, which are spaced apart
from one another along the axial direction of the stent 1 and each includes two or
more first engagement members 2. In each first engagement member group, the two
or more first engagement members 2 are also spaced apart from one another along the
axial direction of the stent 1, and all retention lugs 13 in the first engagement member
are axially aligned with respect to the stent 1. Here, the term “axial aligned” means
that when projected to a single plane perpendicular to the axis of the stent, the axial
projections of all the retention lugs 13 in each first engagement member group
coincide with one another.

In addition, the mventors have found that a greater radial size of the first
engagement members 2 or a larger number of retention lugs 13 tends to lead to a
larger overall size of the compressed stent 1 and the delivery device. In order to
overcome this, retention lugs 13 in different first engagement member groups may be
staggered along the axial direction of the stent 1 so that the retention lugs 13 in each
first engagement member group can be confined on a separate circumference,
resulting in a reduction in the size of the compressed stent and allowing the use of a
smaller delivery sheath 5 in which the stent can be delivered.

As shown in Fig. 11, in this embodiment, there are two first engagement
member groups 14 and 15, as indicated by the dashed lines for clearer illustration.
The first engagement member groups 14 and 15 are spaced apart from each other

along the axial direction of the stent 1, and retention lugs 13 therein are axially
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staggered from each other. Here, the term “axially staggered” means that when
projected to a single plane perpendicular to the axis of the stent, axial projections of
the retention lugs 13 in the first engagement member group 14 do not coincide with
those of the retention lugs 13 in the first engagement member group 15.

More specifically, the first engagement member group 14 includes two first
engagement members 2, which are spaced from each other in the axial direction of
the stent 1 so that one of them is closer to the distal end and the other to the proximal
end. Moreover, the retention lugs 13 of the two first engagement members 2 in the
first engagement member group 14 are axially aligned. Similarly, the first
engagement member group 15 includes two first engagement members 2, which are
spaced from each other in the axial direction of the stent 1 so that one of them is
closer to the distal end and the other to the proximal end. Moreover, the retention lugs
13 of the two first engagement members 2 i the first engagement member group 15
are axially aligned.

For example, each first engagement member 2 includes two retention lugs 13,
as shown in Fig. 11. As illustrated, along the direction from the distal end to proximal
end, four first engagement members 2 (i.e., a first one, a second one, a third one, and
a fourth one of the engagement members 2) are sequentially arranged at the proximal
end 11 of the stent 1. The two retention lugs 13 in the most distal one of the first
engagement members 2 (i.e., the first one of the first engagement members 2) are
axially aligned those in the second one of the first engagement members 2, with those
m the third one of the first engagement members 2 and the most proximal one of the
first engagement members 2 (i.e., the fourth one of the first engagement members 2)
being arranged in a similar manner. However, the retention lugs 13 in the latter two
first engagement members 2 are axially staggered from those in the former two first
engagement members 2. Such an arrangement with axial positions of the retention

lugs 13 differing n the circumferential direction (i.e., being axially staggered) allows
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the stent 1 to have a reduced size when compressed and thus to be able to be
delivered within a delivery sheath 5 have a smaller size.

In this embodiment, as shown in Fig. 4, the delivery shaft 4 includes two
second engagement members 3 for retaining engagement with the respective two first
engagement member groups 14 and 15. As shown in Figs. 12 and 13, one of the
second engagement members 3 i1s arranged between the proximal two of the first
engagement members 2, and the other is arranged between the distal two of the first
engagement members 2. In this way, the stent 1 and the delivery shaft 4 are limited
relative to each other in terms of position, thus enabling stable, reliable engagement
m addition to a reduced size.

Embodiment 4

The stent and the delivery device according to this embodiment are similar in
structure to those of the previous embodiments, and only its differences therefrom
will be described below.

In this embodiment, as shown in Fig. 14, the delivery device further includes a
release tube 6, which is movably disposed within the delivery sheath 5 over the
delivery shaft 4 in order to enable entire release and entire retrieval of the stent 1. In
this case, the release tube 6 makes up the confinement member.

Specifically, after the stent 1 1s pushed out of the delivery sheath 5 at the target
site, the proximal end 11 of the stent remains engaged with the delivery shaft 4. At
this pont, 1if it 1s found that the disengagement does not proceed very well (e.g., the
stent 1s not entirely released or disengaged), the stent 1 can be entirely or partially
withdrawn back into the delivery sheath 5 by moving back the delivery shaft 4. When
it 1s determined that it would be appropriate to disengage the stent (e.g., correct
release location has been attained), relative movement between the release tube 6 and
the delivery shaft 4 may be caused. For example, the operating surgeon may push the

delivery shaft 4 forward (distally), concurrently with the release tube 6 being
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maintained stationary. Alternatively, the release tube 6 may be withdrawn while the
delivery shaft 4 is kept stationary. As a result, the proximal end 11 of the stent 1 1s no
longer radially confined by the release tube 6, thereby disengaging and separating the
stent 1 from the delivery shaft 4. Compared to the prior art, the present invention
allows the stent 1 (except the proximal end 11) to be entirely withdrawn after its
entire release and subsequent disengagement of the proximal end 11 of the stent 1
from the delivery shaft 4 when satisfactory release location and condition have been
confirmed. This allows increased release accuracy of the stent 1 and thus improved
treatment outcomes.

More specifically, the release tube 6 so surrounds the second and first
engagement members 3 and 2 that they remain in retaining engagement with each
other. Moreover, if there is no relative movement between the delivery shaft 4 and the
release tube 6, the stent 1 1s always engaged with the delivery shaft 4. However, when
the release tube 6 moves proximally relative to the delivery shaft 4, the proximal end
11 of the stent 1 and the second engagement member 3 will be no longer radially
confined. Moreover, due to the self-expanding properties of the stent 1, the proximal
end 11 of the stent 1 will radially flare away from the second engagement member 3
and thus disengage from the delivery shaft 4.

In this embodiment, the release tube 6 may extend distally up to the proximal
end 11 of the stent 1 in order to confine the first engagement member(s) 2, and
proximally beyond the proximal end of the delivery sheath 5 so as to be able to be
manipulated by the surgeon. Further, the release tube 6 may be made of, but is not
limited to, a macromolecular or metallic material.

Further, it 1s to be noted that, in the case of one second engagement member 3
being retained between two first engagement members 2, the two first engagement
members 2 are axially spaced from each other, with their retention lugs 13 being

axially either aligned or staggered. The staggered arrangement can result in a reduced
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size of the stent in the compressed configuration.

While how the stent and the delivery shaft are engaged with each other has
been described in detail with reference to the above embodiments, it 1s a matter of
course that the present mvention is not limited to the engagement approaches

5 disclosed above, and any and all modifications made thereto in light of the above
teachings are intended to fall within the scope of the present invention. Those skilled
m the art can devise other embodiments on the basis of the description of the
foregoing embodiments.

The description presented above 1s merely that of a few preferred embodiments

10 of the present invention and is not intended to limit the scope thereof in any sense.
Any and all changes and modifications made by those of ordinary skill i the art

based on the above teachings fall within the scope as defined in the appended claims.
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CLAIMS

1. A vascular implant, for delivery to a target site by a delivery device
comprising a delivery shaft and a chamber, wherein the vascular implant comprises a
proximal end defining a first engagement structure configured for detachable
retaining engagement with the delivery shaft, the first engagement structure and the
delivery shaft being able to be received in or removed from the chamber,

wherein when the first engagement structure and the delivery shaft are received
m the chamber, the first engagement structure is confined by the chamber and
remains in retaining engagement with the delivery shaft, so that the vascular implant
1s axially locked to the delivery shaft, and

wherein when the first engagement structure is removed from the chamber, the
first engagement structure is no longer confined by the chamber and is detachable
from the delivery shaft, so that the vascular implant is axially unlocked from the
delivery shaft.

2. The vascular implant of claim 1, wherein the first engagement structure
comprises at least one first engagement member configured to remain in retaining
engagement with the delivery shaft when confined by the chamber and to become
detachable from the delivery shaft when no longer confined by the chamber, wherein
the first engagement member defining a gap configured to:

disallow passage of the delivery shaft therethrough when the first engagement
structure and the delivery shaft are received in the chamber to maintain the first
engagement member in retaining engagement with the delivery shaft; and

allow passage of the delivery shaft therethrough when the first engagement
structure 1s removed from the chamber to make the first engagement member
detachable from the delivery shaft.

3. The vascular implant of claim 2, wherein the first engagement member

comprises two or more retention lugs which are spaced apart from one another along
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a circumferential direction of the vascular implant and define the gap therebetween.

4. The vascular implant of claim 3, wherein the retention lugs are configured to
be deformable along an axial direction of the vascular implant so that the first
engagement member 1s deformable along the axial direction of the vascular implant.

5. The vascular implant of claim 3, wherein at least one of the two or more
retention lugs 1s made of a radiopaque metallic material.

6. The vascular implant of any one of claims 3 to 5, wherein the first
engagement structure comprises two or more said first engagement members which
are spaced from one another in an axial direction of the vascular implant.

7. The vascular implant of claim 6, wherein the retention lugs in the two or
more first engagement members are aligned with one another in the axial direction of
the vascular implant.

8. The vascular implant of any one of claims 3 to 5, wherein the first
engagement structure comprises two or more first engagement member groups spaced
from one another in an axial direction of the vascular implant,

each of the first engagement member groups comprising two or more said first
engagement members which are spaced from one another in an axial direction of the
vascular implant, and

wherein the retention lugs in any one of the first engagement member groups
are aligned with one another in the axial direction of the vascular implant and are
staggered from the retention lugs in any other one of the first engagement member
groups in the axial direction of the vascular implant.

9. The vascular implant of claim 1, wherein the vascular implant 1s a
self-expanding implant.

10. The vascular implant of claim 1, which is a stent, an embolization coil
or an aneurysm occluder.

11. A delivery device, for delivering a vascular implant to a target site, the
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delivery means comprising:

a delivery shaft comprising a second engagement structure configured for
detachable retaining engagement with a proximal end of the vascular implant; and

a chamber configured to receive therein the delivery shaft and the proximal end
of the vascular implant,

wherein when the proximal end of the vascular implant and the delivery shaft
are received in the chamber, the proximal end of the vascular implant 1s confined by
the chamber and remains in retaining engagement with the second engagement
structure, so that the vascular implant is axially locked to the delivery shaft, and

wherein when the proximal end of the vascular implant is removed from the
chamber, the proximal end of the vascular implant is no longer confined by the
chamber and 1s thus detachable from the second engagement structure, so that the
vascular implant 1s axially unlocked from the delivery shaft.

12. The delivery device of claim 11, wherein the second engagement
structure comprises at least one second engagement member configured for
detachable retaining engagement with the proximal end of the vascular implant, and

wherein the delivery shaft further comprises a shaft body provided thereon with
at least one projection serving as the second engagement member, so that the
proximal end of the vascular implant is allowed to be retained on both sides of the at
least one projection or between at least two said projections.

13. The delivery device of claim 11, wherein the second engagement
structure comprises at least one second engagement member configured for
detachable retaining engagement with the proximal end of the vascular implant, and

wherein the delivery shaft further comprises a shaft body provided therein with
at least one recess serving as the second engagement member, so that the proximal
end of the vascular implant 1s allowed to be retained in the recess.

14. The delivery device of claim 12, wherein the second engagement
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member comprises a surface indent axially extending therethrough, the surface indent
configured to receive therein part of the vascular implant.

15.  The delivery device of claim 14, wherein two or more said surface
mdent are provided and arranged on a circumference of the second engagement
member.

16.  The delivery device of claim 14, wherein the proximal end of the
vascular implant comprises at least one first engagement member configured for
detachable retaining engagement with the second engagement member, the first
engagement member comprising two or more retention lugs that are spaced from one
another along a circumferential direction of the vascular implant so that a gap is
formed between the two or more retention lugs, and

wherein when the proximal end of the vascular implant and the delivery shaft
are in retaining engagement with each other and received in the chamber, the surface
mdent 1s configured to disallow passage of any of the retention lugs therethrough.

17. The delivery device of claim 11, wherein the second engagement
structure 1s made of a radiopaque metallic material.

18.  The delivery device of any one of claims 11 to 17, wherein the delivery
device further comprises a confinement member which comprises the chamber and 1s
disposed over the delivery shaft.

19.  The delivery device of claim 18, wherein the delivery device further
comprises a delivery sheath configured for loading the vascular implant therein,
wherein the delivery shaft is configured to be movably inserted in the delivery sheath,
and wherein the delivery sheath serves as the confinement member.

20.  The delivery device of claim 18, wherein the delivery device further
comprises a delivery sheath configured for loading the vascular implant therein,
wherein the delivery shaft is configured to be movably inserted in the delivery sheath,

and wherein the confinement member 1s configured to be movably mserted mn the
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delivery sheath and sleeved over both the proximal end of the vascular implant and
the delivery shatft.
21. A medical apparatus, comprising:
the vascular implant of any one of claims 1 to 10; and
5 the delivery device of any one of claims 11 to 20,
wherein the first engagement structure of the vascular implant 1s configured for
detachable retaining engagement with the second engagement structure of the

delivery shaft.

10
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