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(57) Abstract: Medical apparatus (100) is provided for in
sertion into a mammalian body. The apparatus (100) in

FIG. 1A cludes structural stent elements ( 110), at least a portion of
which are shaped so as to define (a) at least one generally
circumferential band ( 112), and (b) a plurality of engage
ment members ( 114) that are joined to and extend radially
inwardly from the band ( 112). The apparatus (100) further
includes an elongated latch member ( 118) which is threaded
through the engagement members ( 114), thereby physically
latching the engagement members ( 114). The band ( 112)
and the engagement members ( 114) are configured such that
(a) when the latch member ( 118) is threaded through and
thus physically latches the engagement members ( 114), the
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IMPLANTABLE MEDICAL DEVICES CONSTRUCTED OF SHAPE MEMORY

MATERIAL

CROSS-REFERENCES TO RELATED APPLICATIONS

The present patent application claims priority from US Provisional Application

61/438,977, filed February 3, 2011, which is assigned to the assignee of the present

application and is incorporated herein by reference.

FIELD OF THE APPLICATION

The present invention relates generally to implantable medical devices, and

specifically to delivery tools and implantable medical devices comprising a shape

memory material.

BACKGROUND OF THE APPLICATION

Some materials, both organic and metallic, have shape memory. An article made

of such materials when deformed "remembers" its original, cold-forged shape, and returns

to its pre-deformed shape when heated. The three main shape memory alloys are copper-

zinc-aluminum-nickel, copper-aluminum-nickel, and nickel-titanium (NiTi). NiTi shape

memory alloys have two different temperature-dependent crystal structures (phases)

called "martensite" (lower temperature) and austenite (higher temperature or parent

phase). Several properties of austenite NiTi and martensite NiTi are notably different.

When heated, martensite NiTi begins to transform into austenite at a temperature

called the austenite start temperature (As), and completes the transformation at a

temperature called the austenite finish temperature (Af). When cooled, austenite NiTi

begins to transform into martensite at a temperature that is called the martensite start

temperature (Ms), and is again completely reverted at a temperature called the martensite

finish temperature (Mf).

Composition and metallurgical treatments have dramatic impacts on the above-

mentioned transition temperatures. For practical applications, NiTi can have three

different forms: martensite, stress-induced martensite (superelastic), and austenite. When

the material is in its martensite form, it is soft and ductile and can be easily deformed



(somewhat like soft pewter). Superelastic NiTi is highly elastic (rubber-like), while

austenitic NiTi is quite strong and hard (similar to titanium).

NiTi has all of these properties, and their specific expression depends on the

temperature in which the NiTi is used.

The temperature range for the martensite-to-austenite transformation, i.e., soft-to-

hard transition, that takes place upon heating is somewhat higher than that for the reverse

transformation upon cooling. The difference between the transition temperatures upon

heating and cooling is called hysteresis (denoted as H). Hysteresis is generally defined as

the difference between the temperatures at which the material is 50% transformed to

austenite upon heating and 50% transformed to martensite upon cooling. This difference

can be up to 20-30 degrees C. In practice, this means that an alloy designed to be

completely transformed by body temperature upon heating (Af < 37 degrees C) would

require cooling to about +5 degrees C to fully retransform into martensite (Mf).

One of the commercial uses of shape memory alloy exploits the pseudo-elastic

properties of the metal during the high-temperature (austenitic) phase. This is the result of

pseudoelasticity; the martensitic phase is generated by stressing the metal in the austenitic

state and this martensite phase is capable of large strains. With the removal of the load,

the martensite transforms back into the austenite phase and resumes its original shape.

This allows the metal to be bent, twisted and pulled, before reforming its shape when

released. This means the frames of shape memory alloy glasses are claimed to be "nearly

indestructible" because it appears no amount of bending results in permanent plastic

deformation.

The martensite temperature of shape memory alloys is dependent on a number of

factors including alloy chemistry. Shape memory alloys with transformation temperatures

in the range of 60-1450 K have been made.

Many shape memory alloys (SMAs) are known to display stress-induced

martensite (SIM). When an SMA sample exhibiting stress-induced martensite is stressed

at a temperature above Ms (so that the austenitic state is initially stable), but below Mj

(the maximum temperature at which martensite formation can occur even under stress) it

first deforms elastically and then, at a critical stress, begins to transform by the formation

of stress-induced martensite. Depending on whether the temperature is above or below

As , the behavior when the deforming stress is released differs. If the temperature is below



A s , the stress-induced martensite is stable; but if the temperature is above A s , the

martensite is unstable and transforms back to austenite, with the sample returning (or

attempting to return) to its original shape. The effect is seen in almost all alloys which

exhibit a thermoelastic martensitic transformation, along with the shape memory effect.

However, the extent of the temperature range over which S is seen and the stress and

strain ranges for the effect vary greatly with the alloy.

Ryhanen J , in "Biocompatibility evaluation of nickel-titanium shape memory

metal alloy," Academic Dissertation, Faculty of Medicine, Department of Surgery,

University of Oulu, Finland (May 1999), which is incorporated herein by reference,

describes the shape memory effect, superelasticity, and good damping properties that

make the nickel-titanium shape memory metal alloy (Nitinol or NiTi) a fascinating

material for surgical applications. Among other things, the dissertation describes the

mechanical properties of NiTi in Section 2.3.8, including Table I thereof.

SUMMARY OF THE APPLICATION

Some applications of the present invention provide medical apparatus comprising

a hollow placement device and a stent body restrained therein. The placement device

comprises a restraining member, which is configured to rotatively release the stent body

therefrom. Unlike in some conventional techniques for deploying a stent body, in some

applications of the present invention an outer tube need not be axially withdrawn in order

to release the stent body. Therefore, in some applications of the present invention a

proximal stopper is not needed to prevent the stent body from being withdrawn

proximally as the outer tube is withdrawn. The stent body thus is less likely to fold or

otherwise become distorted during deployment.

The medical apparatus comprises structural stent elements, at least a portion of

which define the stent body. The stent body is configured to assume radially-compressed

and radially-expanded states. For some applications, the medical apparatus further

comprises an implantable-grade fabric securely attached to and at least partially covering

the stent body.

At least a portion of stent body is initially disposed, while in the radially-

compressed state, in the restraining member. The restraining member is configured to

assume at least (a) a first rotational state, in which the restraining member restrains the at



least a portion of the stent body in the radially-compressed state, and (b) a second

rotational state, in which the restraining member releases the at least a portion of the stent

body, thereby allowing the at least a portion of the stent body to transition to the radially-

expanded state.

For some applications, the restraining member comprises at least two generally

arcuate sections, which together define at least a circumferential portion of a generally

tubular structure. The restraining member is configured such that (a) when the restraining

member is in the first rotational state, the arcuate sections are rotationally disposed with

respect to each other around a central longitudinal axis of the restraining member so as to

restrain the at least a portion of the stent body in the radially-compressed state; and (b)

when the restraining member is in the second rotational state, the arcuate sections are

rotationally disposed with respect to each other around the axis so as to not restrain the

stent body within the restraining member, thereby releasing the stent body from the

restraining member and allowing the at least a portion of the stent body to transition to the

radially-expanded state.

Some applications of the present invention provide another medical apparatus

comprising structural stent elements, at least a portion of which are shaped so as to define

(a) one or more generally circumferential bands, and (b) a plurality of engagement

members that are joined to and extend radially inwardly from each of the bands. For

some applications, the structural stent elements, including the at least a portion that

defines the one or more bands, are shaped so as to define a generally tubular structure.

For some applications, the medical apparatus further comprises an implantable-grade

fabric securely attached to and at least partially covering the generally tubular structure.

The medical apparatus further comprises an elongated latch member which is

threaded through the engagement members, thereby physically latching engagement

members. Typically, the elongated latch member comprises a wire or a hollow tube. The

engagement members and each of the one or more bands are configured such that (a)

when the latch member is threaded through and thus physically latching the engagement

members, the engagement members retain the band in a radially-compressed state; and (b)

when the latch member is removed from the engagement members, the band assumes a

radially-expanded state.

For some applications, the engagement members have (a) respective first ends,



which are joined to and extend from one of one or more bands, (b) respective second

ends, which are joined to and extend from the band at respective junctions, and (c)

respective curved portions between the respective first and the respective second ends.

When the latch member is threaded through the engagement members, the curved

portions pass around the latch member. As a result, the latch member holds the curved

portions near a central longitudinal axis of band. The engagement members thus prevent

the band from expanding radially.

For some of the applications described above, the structural stent elements

comprise a shape memory alloy. For example, the shape memory alloy may comprise a

nickel and titanium, and, optionally, additionally cobalt. The shape memory element may

comprise any shape memory alloy known in the art that is characterized by a stress-

induced martensitic state and an unstressed austenitic state. For some applications,

suitable alloys are those that display stress-induced martensite at temperatures near

mammalian (e.g., human) body temperature (35 - 40 degrees C).

There is therefore provided, in accordance with an application of the present

invention, medical apparatus for insertion into a mammalian body, the apparatus

including:

structural stent elements, at least a portion of which are shaped so as to define:

at least one generally circumferential band, and

a plurality of engagement members that are joined to and extend radially

inwardly from the band; and

an elongated latch member which is threaded through the engagement members,

thereby physically latching the engagement members,

wherein the band and the engagement members are configured such that:

when the latch member is threaded through and thus physically latches the

engagement members, the engagement members retain the band in a radially-

compressed state, and

when the latch member is removed from the engagement members, the

band assumes a radially-expanded state.

For some applications, the elongated latch member includes an element selected

from the group consisting of: a wire and a hollow tube.

For some applications, the engagement members have (a) respective first ends,



which are joined to and extend from the band, (b) respective second ends, which are

joined to and extend from the band at respective junctions, and (c) respective curved

portions between the respective first and the respective second ends. For some

applications, the circumferential band has distal and proximal ends, and all of the

engagement members are shaped such that the curved portions are disposed more

proximally than the junctions, when the latch member physically latches the engagement

members. Alternatively, for some applications, the circumferential band has distal and

proximal ends, and wherein, when the latch member physically latches the engagement

members: a first subset of the engagement members are shaped such that the curved

portions thereof are disposed more distally than the junctions thereof, a second subset of

the engagement members are shaped such that the curved portions thereof are disposed

more proximally than the junctions thereof, and the first and the second subsets do not

include any common engagement members.

For any of the applications described above, the at least a portion of the structural

stent elements may be shaped so as to define a plurality of generally circumferential

bands, and respective subsets of the engagement members are joined to and extend

radially inwardly from the bands.

For any of the applications described above, at least a portion of the structural

stent elements of the band may be arranged as a plurality of pairs of two respective

generally straight, adjacently disposed structural stent elements joined by respective

peaks, and each of the engagement members may have (a) a first end, which is joined to

and extends from one of the generally straight structural stent elements of one of the pairs,

(b) a second end, which is joined to and extends from the other of the generally straight

structural stent elements of the one of the pairs, and (c) a curved portion between the first

and the second ends of the engagement member. For some applications, the latch

member, when physically latching the engagement members, rests against an inner

surface of the curved portion.

For any of the applications described above, the structural stent elements,

including the at least a portion that defines the at least one band, may be shaped so as to

define a generally tubular structure, and the medical apparatus further includes an

implantable-grade fabric securely attached to and at least partially covering the generally

tubular structure.



For any of the applications described above, the apparatus may further include a

hollow, elongated delivery shaft, in which the at least one band is initially positioned,

with the latch member threaded through the engagement members. For some

applications, the delivery shaft and the at least one band are configured such that the at

least one band, when retained by the latch member in the radially-compressed state, is

slidably positioned in the delivery shaft. Alternatively, for some applications, the

radially-compressed state is a first radially-compressed state, and the delivery shaft and

the at least one band are configured such that the delivery shaft holds the at least one band

in a second radially-compressed state that is more radially compressed than the first

radially-compressed state.

For any of the applications described above, the structural stent elements may

include a shape memory alloy. For some applications, the shape memory alloy includes

nickel and titanium, and, optionally, further includes cobalt.

For some applications, (a) the shape memory alloy includes a pseudoelastic shape-

memory alloy, the alloy displaying reversible stress-induced martensite at between 35 and

40 degrees C such that it has a stress-induced martensitic state and an austenitic state; (b)

when the alloy is in the stress-induced martensitic state, the band has a deformed shape

that provides the radially-compressed state; and (c) when the alloy is in the austenitic

state, the band has a different unstressed shape that provides the radially-expanded state.

For some applications, the band and the engagement members are configured such

that:

when the latch member physically latches the engagement members and the shape

memory alloy is at a temperature greater than an austenite start temperature of the shape

memory alloy, the latch member retains the shape memory alloy of the band so that at

least a portion of the alloy is in at least a partially stress-induced martensitic state and the

band is in the deformed shape, and

when the latch member is removed from the plurality of engagement members and

the shape memory alloy is at a temperature greater than the austenite start temperature, at

least a portion of the shape memory alloy at least partially transitions to an austenitic state

from the stress-induced martensitic state, thereby causing a transformation of the band

from the deformed shape to the unstressed shape.

For some applications, the shape memory alloy is realized such that the



transformation occurs without any change in temperature of the latch member or the

shape memory alloy. Alternatively, for some applications, the shape memory alloy is

realized such that the transformation occurs with a change in temperature of at least one

element selected from group consisting of: the latch member and the shape memory alloy.

For some applications, the latch member is configured to function as a heat

dissipation element, which is in physical contact with the shape memory alloy at least

when the latch member physically latches the engagement members. For some

applications, the latch member, when physically latching the engagement members, is

disposed adjacent to at least a portion of the shape memory alloy. For some applications,

the latch member, when physically latching the engagement members, is in direct physical

contact with at least a portion of the shape memory alloy.

For some applications, the apparatus further includes a heat dissipation element,

which is in thermal contact with the shape memory alloy at least when the band is in the

radially-compressed state. For some applications, the apparatus further includes a hollow,

elongated delivery shaft, in which the at least one band is initially positioned, retained by

the latch member in the radially-compressed state, and the elongated delivery shaft

includes the heat dissipation element.

For some applications, the heat dissipation element is disposed adjacent to at least

part of the shape memory alloy while the shape memory alloy is in the stress-induced

martensitic state.

For some applications, the heat dissipation element includes a plurality of heat

dissipation elements.

For some applications, the heat dissipation element is adapted to lose thermal

energy at a rate faster than the rate of change of thermal energy caused by the change in

temperature.

There is further provided, in accordance with an application of the present

invention, a method including:

providing (a) structural stent elements, at least a portion of which are shaped so as

to define (i) at least one generally circumferential band, and (ii) a plurality of engagement

members that are joined to and extend radially inwardly from the band, and (b) an

elongated latch member which is threaded through the engagement members, thereby



physically latching the engagement members;

transvascularly introducing the at least one band into a blood vessel of a

mammalian subject while the latch member is threaded through and thus physically

latches the engagement members, such that the engagement members retain the band in a

radially-compressed state; and

thereafter, removing the latch member from the engagement members, thereby

transitioning the band to a radially-expanded state.

For some applications, providing the latch member includes providing a latch

member that includes an element selected from the group consisting of: a wire and a

hollow tube.

For some applications, providing the engagement members includes providing

engagement members that have (a) respective first ends, which are joined to and extend

from the band, (b) respective second ends, which are joined to and extend from the band

at respective junctions, and (c) respective curved portions between the respective first and

the respective second ends.

For some applications, the structural stent elements, including the at least a portion

that defines the at least one band, are shaped so as to define a generally tubular structure,

and further including providing an implantable-grade fabric securely attached to and at

least partially covering the generally tubular structure.

For some applications, transvascularly introducing includes transvascularly

introducing the at least one band while the at least one band is positioned in a hollow,

elongated delivery shaft, with the latch member threaded through the engagement

members.

For some applications, transvascularly introducing includes advancing the delivery

shaft to a target site in the blood vessel, and thereafter sliding the at least one band

through at least a portion of the delivery shaft while the at least one band is retained by

the latch member in the radially-compressed state.

For some applications, the radially-compressed state is a first radially-compressed

state, and transvascularly introducing includes:

transvascularly introducing delivery shaft while the delivery shaft holds the at

least one band in a second radially-compressed state that is more radially compressed than



the first radially-compressed state; and

thereafter, withdrawing the delivery shaft so as to release the at least one band

from the delivery shaft, thereby causing the at least one band to radially expand to the first

radially-compressed state.

For some applications, providing the structural stent elements includes providing

structural stent elements that include a shape memory alloy.

There is still further provided, in accordance with an application of the present

invention, medical apparatus for insertion into a mammalian body, the apparatus

including:

structural stent elements, at least a portion of which define a stent body that is

configured to assume radially-compressed and radially-expanded states; and

a restraining member, in which at least a portion of the stent body is disposed in

the radially-compressed state, and which restraining member is configured to assume at

least:

a first rotational state, in which the restraining member restrains the at least

a portion of the stent body in the radially-compressed state, and

a second rotational state, in which the restraining member releases the at

least a portion of the stent body, thereby allowing the at least a portion of the stent

body to transition to the radially-expanded state.

For some applications, the restraining member includes at least two generally

arcuate sections, which together define at least a circumferential portion of a generally

tubular structure, and wherein:

when the restraining member is in the first rotational state, the arcuate sections are

rotationally disposed with respect to each other around a central longitudinal axis of the

restraining member so as to restrain the at least a portion of the stent body in the radially-

compressed state, and

when the restraining member is in the second rotational state, the arcuate sections

are rotationally disposed with respect to each other around the axis so as to not restrain the

stent body within the restraining member, thereby releasing the stent body from the

restraining member and allowing the at least a portion of the stent body to transition to the

radially-expanded state.

For some applications, when the restraining member is in the first rotational state,



circumferentially-adjacent ones of the arcuate sections partially circumferentially overlap

one another along at least portions of respective axial lengths of the arcuate sections. For

some applications, when the restraining member is in the first rotational state, the

circumferentially-adjacent ones of the arcuate sections circumferentially overlap one

another along less than respective entire axial lengths of portions of the arcuate sections

that restrain the at least a portion of the stent body.

For some applications, when the restraining member is in the second rotational

state, the arcuate sections circumferentially overlap one another to a greater extent than

when in the first rotational state. For some applications, when the restraining member is

in the first rotational state, the arcuate sections do not circumferentially overlap one

another.

For some applications, when the restraining member is in the first rotational state,

a greatest arc between circumferentially-adjacent ones of the arcuate sections, along

respective entire axial lengths of portions of the arcuate sections that restrain the at least a

portion of the stent body, is no more than 150 degrees. For some applications, when the

restraining member is in the first rotational state, the greatest arc between

circumferentially-adjacent ones of the arcuate sections is no more than 120 degrees.

For some applications, the restraining member includes exactly three generally

arcuate sections. For some applications, the restraining member includes between two

and six generally arcuate sections.

For some applications, when the restraining member is in the first rotational state,

the arcuate sections collectively circumscribe one or more arcs having an angular sum of

at least 220 degrees. For some applications, the angular sum equals 360 degrees.

For some applications, when the restraining member is in the second rotational

state, the arcuate sections collectively circumscribe one or more arcs having an angular

sum of no more than 150 degrees, such as no more than 90 degrees.

For some applications, the arcuate sections are shaped so as to define (a)

respective longitudinal base strips, and (b) respective pluralities of circumferential tabs

that extend circumferentially from the respective longitudinal base strips, and wherein,

when the restraining member is in the first rotational state, the longitudinal base strips of

circumferentially-adjacent ones of the arcuate sections do not circumferentially overlap



one another, and the circumferential tabs overlap the longitudinal base strips of

circumferentially-adjacent ones of the arcuate sections. For some applications, when the

restraining member is the second rotational state, the longitudinal base strips of at least

some of the arcuate sections at least partially overlap one another. For some applications,

when the restraining member is the second rotational state, the longitudinal base strips of

all of the arcuate sections at least partially overlap one another.

For some applications, portions of the arcuate sections that restrain the at least a

portion of the stent body in the radially-compressed state have respective lengths along

the axis, and an average of the lengths is at least 30% of an average length of the at least a

portion of the stent body when in the radially-compressed state.

For any of the applications described above, a portion of the restraining element

that restrains the at least a portion of stent body 20 in the radially-compressed state may

have a length along the axis of at least 30% of an average length of the at least a portion

of the stent body when in the radially-compressed state.

For any of the applications described above, the apparatus may further include an

implantable-grade fabric securely attached to and at least partially covering the stent

body.

For any of the applications described above, the structural stent elements may

include a shape memory alloy. For some applications, the shape memory alloy includes

nickel and titanium, and, optionally further includes cobalt.

For some applications, (a) the shape memory alloy includes a pseudoelastic shape-

memory alloy, the alloy displaying reversible stress-induced martensite at between 35 and

40 degrees C such that it has a stress-induced martensitic state and an austenitic state, (b)

when the alloy is in the stress-induced martensitic state, the stent body has a deformed

shape that provides the radially-compressed state, and (c) when the alloy is in the

austenitic state, the stent body has a different unstressed shape that provides the radially-

expanded state. For some applications, when the restraining member is in the first

rotational state and the shape memory alloy is at a temperature greater than an austenite

start temperature of the shape memory alloy, the restraining member confines and stresses

the memory alloy element so that the at least a portion of the stent body is retained in a

stress-induced martensite state. For some applications, when the at least a portion of the

stent body is released and transitions to the radially-expanded state, the transformation of



the stent body occurs with a change in the temperature of at least one element from the

group consisting of: the restraining member, the structural stent elements including the

shape memory alloy, and the mammalian body. For some applications, the apparatus

further includes a heat dissipation element in thermal contact with at least one element

selected from the group consisting of: the restraining member and the structural stent

elements.

There is additionally provided, in accordance with an application of the present

invention, a method including:

providing (a) structural stent elements, at least a portion of which define a stent

body that is configured to assume radially-compressed and radially-expanded states, and

(b) a restraining member, in which at least a portion of the stent body is disposed in the

radially-compressed state;

transvascularly introducing the stent body into a blood vessel of a mammalian

subject while the restraining member is in a first rotational state, in which the restraining

member restrains the at least a portion of the stent body in the radially-compressed state;

and

thereafter, causing the restraining member to assume a second rotational state, so

that the restraining member releases the at least a portion of the stent body, thereby

allowing the at least a portion of the stent body to transition to the radially-expanded state.

For some applications, providing the restraining member includes providing a

restraining member that includes at least two generally arcuate sections, which together

define at least a circumferential portion of a generally tubular structure, and (a) when the

restraining member is in the first rotational state, the arcuate sections are rotationally

disposed with respect to each other around a central longitudinal axis of the restraining

member so as to restrain the at least a portion of the stent body in the radially-compressed

state, and (b) when the restraining member is in the second rotational state, the arcuate

sections are rotationally disposed with respect to each other around the axis so as to not

restrain the stent body within the restraining member, thereby releasing the stent body

from the restraining member and allowing the at least a portion of the stent body to

transition to the radially-expanded state.

For some applications, when the restraining member is in the first rotational state,

circumferentially-adjacent ones of the arcuate sections partially circumferentially overlap



one another along at least portions of respective axial lengths of the arcuate sections. For

some applications, when the restraining member is in the first rotational state, the

circumferentially-adjacent ones of the arcuate sections circumferentially overlap one

another along less than respective entire axial lengths of portions of the arcuate sections

that restrain the at least a portion of the stent body.

For some applications, when the restraining member is in the second rotational

state, the arcuate sections circumferentially overlap one another to a greater extent than

when in the first rotational state. For some applications, when the restraining member is

in the first rotational state, the arcuate sections do not circumferentially overlap one

another.

For some applications, the method further includes providing an implantable-grade

fabric securely attached to and at least partially covering the stent body.

For some applications, providing the structural stent elements includes providing

structural stent elements that include a shape memory alloy.

The present invention will be more fully understood from the following detailed

description of embodiments thereof, taken together with the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a schematic illustrations of medical apparatus comprising a hollow

placement device and a stent body restrained therein, in accordance with an application of

the present invention;

Fig. IB shows the hollow placement device of Fig. 1A without the stent body

restrained therein, in accordance with an application of the present invention;

Figs. 1C and ID are schematic illustrations of the restraining member of Figs. 1A

and IB viewed from one end of the restraining member, in accordance with an application

of the present invention;

Figs. 2A-C are schematic illustrations of the medical apparatus of Figs. 1A and IB

in several respective rotational states, in accordance with an application of the present

invention;

Figs. 3A and 3B are schematic illustrations of another medical apparatus, in

accordance with respective applications of the present invention;



Fig. 4 is a schematic illustration of the medical apparatus of Figs. 3A and 3B in a

partially radially-expanded state, in accordance with an application of the present

invention; and

Figs. 5A and 5B are schematic illustrations of yet another medical apparatus, in

accordance with respective applications of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1A is a schematic illustrations of medical apparatus 10 comprising a hollow

placement device 12 and a stent body 20 restrained therein, in accordance with an

application of the present invention. Fig. IB shows hollow placement device 12 without

stent body 20 restrained therein, in accordance with an application of the present

invention. Medical apparatus 10 is configured for insertion into a mammalian body, such

as a human body. Placement device 12 comprises a restraining member 30, which is

configured to rotatively release stent body 20 therefrom, as described hereinbelow.

As shown in Fig. 1A, medical apparatus 10 comprises structural stent elements 32,

at least a portion of which define stent body 20. Stent body 20 is configured to assume

radially-compressed and radially-expanded states. Stent body 20 is shown in the radially-

compressed state in Fig. 1A (as well as in Figs. 2A-B, described hereinbelow). For some

applications, medical apparatus 10 further comprises an implantable-grade fabric 34

securely attached to and at least partially covering stent body 20 (an inner and/or an outer

surface of the stent body). The fabric typically defines a fluid flow guide through the

body of the stent. The fabric is biologically-compatible and substantially blood-

impervious, and may comprise, for example, a polyester, a polyethylene (e.g., a poly-

ethylene-terephthalate), a polymeric film material (e.g., polytetrafluoroethylene), a

polymeric textile material (e.g., woven polyethylene terephthalate (PET)), natural tissue

graft (e.g., saphenous vein or collagen), or a combination thereof.

Also as shown in Fig. 1A, at least a portion of stent body 20 is initially disposed,

while in the radially-compressed state, in restraining member 30.

Restraining member 30 is configured to assume at least:

• a first rotational state, in which restraining member 30 restrains the at least a

portion of stent body 20 in the radially-compressed state, and

• a second rotational state, in which restraining member 30 releases the at



least a portion of stent body 20, thereby allowing the at least a portion of

stent body 20 to transition to the radially-expanded state.

Restraining member 30 typically can assume many additional rotational states,

some of which restrain the stent body, some of which do not, and, optionally, some of

which partially restrain the stent body. By way of example, restraining member 30 is

shown in one first rotational state in Figs. 1A and IB, and two other first rotational states

in Figs. 2A and 2B. Also by way of example, restraining member 30 is shown in one

second rotational state in Fig. 2C.

For some applications, restraining member 30 comprises at least two generally

arcuate sections 34, which together define at least a circumferential portion of a generally

tubular structure 36. Typically, restraining member 30 comprises between two and six

generally arcuate sections 34, such as exactly three generally arcuate sections 34A, 34B,

and 34C, as shown. Restraining member 30 is configured such that:

• when restraining member 30 is in the first rotational state, arcuate sections

34 are rotationally disposed with respect to each other around a central

longitudinal axis 40 of restraining member 30 so as to restrain the at least a

portion of stent body 20 in the radially-compressed state, such as shown in

Fig. 1A; and

• when restraining member 30 is in the second rotational state, arcuate

sections 34 are rotationally disposed with respect to each other around axis

40 so as to not restrain stent body 20 within restraining member 30, thereby

releasing stent body 20 from restraining member 30 and allowing the at

least a portion of stent body 20 to transition to the radially-expanded state,

such as shown in Fig. 2C, described hereinbelow.

As used in the present application, including in the claims, "tubular" means having

the form of an elongated hollow object that defines a conduit therethrough. A "tubular"

structure may have varied cross-sections therealong, and the cross-sections are not

necessarily circular. For example, one or more of the cross-sections may be generally

circular, or generally elliptical but not circular, or circular.

Reference is additionally made to Figs. 1C and ID, which are schematic

illustrations of restraining member 30 viewed from one end of the restraining member, in



accordance with an application of the present invention. Fig. 1C shows the restraining

member in one first rotational state, while Fig. ID shows the restraining member in one

second rotational state.

For some applications, when restraining member 30 is in the first rotational state,

circumferentially-adjacent ones of arcuate sections 34 partially circumferentially overlap

one another along at least portions of respective axial lengths of the arcuate sections, such

as shown in Figs. 1A and IB (and in Fig. ID, except that the axial lengths are not shown).

For some applications, when restraining member 30 is in the first rotational state, the

circumferentially adjacent ones of the arcuate sections circumferentially overlap one

another along less than respective entire axial lengths of portions of the arcuate sections

that restrain the at least a portion of stent body 20, as shown in Fig. 1A. For example, as

shown in Fig. 1A, circumferentially-adjacent arcuate sections 34A and 34C

circumferentially overlap one another at points A and B along the axial lengths of arcuate

sections 34A and 34C, but not at point C along these axial lengths.

Alternatively, for other applications, when restraining member 30 is in the first

rotational state, arcuate sections 34 do not circumferentially overlap one another

(configuration not shown); in this configuration, the arcuate sections are nevertheless

distributed around axis 40 so as to restrain the at least a portion of stent body 20 in the

radially-compressed state. For these latter applications, when restraining member 30 is in

the first rotational state, a greatest arc between circumferentially-adjacent ones of the

arcuate sections, along respective entire axial lengths of portions of the arcuate sections

that restrain the at least a portion of the stent body (i.e., between the most

circumferentially extreme portions of each arcuate section, at which circumferential

locations no portion of any arcuate section is disposed), is no more than 150 degrees, such

as no more than 120 degrees, in order to restrain the at least a portion of stent body 20 in

the radially-compressed state.

For some applications, when restraining member 30 is in the second rotational

state, such as shown in Figs. ID and 2C, arcuate sections 34 circumferentially overlap one

another to a greater extent than when in the first rotational state, such as shown in Figs.

1A, IB, and ID. For example, when restraining member 30 is in the second rotational

state, arcuate sections 34 may be arranged to have maximal overlap with one another, as

shown in Fig. ID.



For some applications, when restraining member 30 is in the first rotational state,

arcuate sections 34 collectively circumscribe (i.e., without double-counting the arcs of any

circumferentially-overlapping portions) a complete circle, i.e., exactly one 360-degree arc,

as shown in Figs. 1A, IB, and 1C. Alternatively, when restraining member 30 is in the

first rotational state, arcuate sections 34 collectively circumscribe one or more arcs having

an angular sum of at least 220 degrees (the configuration in which the sum is less than

360 degrees is not shown).

For some applications, when restraining member 30 is in the second rotational

state, such as shown in Fig. ID and 2C, arcuate sections 34 collectively circumscribe (i.e.,

without double-counting the arcs of any circumferentially-overlapping portions) one or

more arcs having an angular sum of no more than 150 degrees, as is approximately shown

in Fig. ID, e.g., no more than 90 degrees.

Reference is still made to Fig. IB. For some applications, arcuate sections 34 are

shaped so as to define (a) respective longitudinal base strips 42, and (b) respective

pluralities of circumferential tabs 44 that extend circumferentially from respective

longitudinal base strips 42. For some applications, as shown in Fig. IB, a first subset of

circumferential tabs 44 extend circumferentially clockwise from each of longitudinal base

strips 42, and a second subset of circumferential tabs 44 extend circumferentially

counterclockwise from the longitudinal base strip. When restraining member 30 is in the

first rotational state, longitudinal base strips 42 of circumferentially- adjacent ones of

arcuate sections 34 do not overlap one another, and circumferential tabs 44 overlap

longitudinal base strips 42 of circumferentially-adjacent ones of arcuate sections 34. For

example, as shown in Fig. IB, the circumferential tabs 44A that extend circumferentially

counterclockwise (as viewed from the top of the figure) from longitudinal base strip 42A

of arcuate section 34A circumferentially overlap longitudinal base strip 42C of

circumferentially-adjacent arcuate section 34C, and longitudinal base strips 42A and 42C

of circumferentially-adjacent arcuate sections 34A and 34C do not circumferentially

overlap one another.

Typically, longitudinal base strips 42 extend along an entire axial length of their

respective arcuate sections 34, as shown in Fig. IB. For some applications, at least one of

arcuate sections 34 is shaped such that longitudinal base strip 42 thereof extends axially

beyond the end-most circumferential tab(s) 44 thereof, such as shown in Fig. IB for



arcuate sections 34A and 34B (but not arcuate section 34C).

For some applications, when restraining member 30 is the second rotational state,

longitudinal base strips 42 of at least some of (e.g., all of) arcuate sections 34 at least

partially overlap one another.

For some applications, portions of arcuate sections 34 that restrain the at least a

portion of stent body 20 in the radially-compressed state have respective lengths along the

axis 40, and an average of the lengths is at least 30% of an average length of the at least a

portion of stent body 20 when in the radially-compressed state. For some applications, a

portion of restraining element 30 that restrains the at least a portion of stent body 20 in the

radially-compressed state has a length along the axis of at least 30% of an average length

of the at least a portion of stent body 20 when in the radially-compressed state.

For some applications, structural stent elements 32 comprise a shape memory

alloy. For example, the shape memory alloy may comprise a nickel and titanium, and,

optionally, additionally cobalt. The shape memory element may comprise any shape

memory alloy known in the art that is characterized by a stress-induced martensitic state

and an unstressed austenitic state. For some applications, suitable alloys are those that

display stress-induced martensite at temperatures near mammalian (e.g., human) body

temperature (35 - 40 degrees C). For example, one such alloy is the

nickel/titanium/vanadium alloy described in US Patent 4,505,767 to Quin, which is

incorporated herein by reference. The shape memory alloy is typically configured such

that stent body 20 is self-expanding when not radially restrained.

For some applications, the shape memory alloy comprises a pseudoelastic shape-

memory alloy, the alloy displaying reversible stress-induced martensite at between 35 and

40 degrees C such that it has a stress-induced martensitic state and an austenitic state.

When the alloy is in the stress-induced martensitic state, stent body 20 has a deformed

shape that provides the radially-compressed state. When the alloy is in the austenitic

state, the stent body has a different unstressed shape that provides the radially-expanded

state.

For some applications, when restraining member 30 is in the first rotational state

and the shape memory alloy is at a temperature greater than an austenite start temperature

of the shape memory alloy, restraining member 30 confines and stresses the memory alloy

element so that the at least a portion of stent body 20 is retained in a stress-induced



martensite state.

For some applications, when the at least a portion of stent body 20 is released and

transitions to the radially-expanded state, the transformation of stent body 20 occurs with

a change in the temperature of at least one element from the group consisting of:

restraining member 30 (typically, arcuate sections 34 thereof), structural stent elements 32

comprising the shape memory alloy, and the mammalian body.

For some applications, medical apparatus 10 further comprises a heat dissipation

element in thermal contact with at least one element selected from the group consisting of:

restraining member 30 and structural stent elements 32. The heat dissipation element

dissipates at least a portion of any heat that may be released by the stent body as it radially

expands.

Reference is made again to Fig. 1A, and additionally to Figs. 2A-C, which are

schematic illustrations of medical apparatus 10 in several respective rotational states, in

accordance with an application of the present invention. Figs. 1A, 2A, 2B, and 2C show

restraining member 30 in successively more open, i.e., less restraining, rotational states.

As described above, Fig. 1A shows restraining member 30 in a first rotational state, in

which restraining member 30 restrains the at least a portion of stent body 20 in the

radially-compressed state. For some applications, this rotational state is the rotational

state in which restraining member 30 is initially disposed, and may, for example, be

delivered to a surgeon in this state. Figs. 2A and 2B show restraining member 30 in a

subsequent, different first rotational states that are successively less restraining, as arcuate

members 34 are rotated toward one another into a more circumferentially dense

disposition.

Fig. 2C shows restraining member 30 in the second rotational state, releasing the

at least a portion of stent body 20. The stent body, as it is released, transitions to the

radially-expanded state, because of the memory properties of the shape memory alloy, as

discussed above.

The rotational state of restraining member 30 is typically controlled using a handle

located external to the patient's body. Typically, the surgeon manually actuates (e.g., by

rotating a handle, pressing on a knob, advancing a lever, etc.) one or more knobs that

transmit the rotation to the arcuate sections, such as via one or more wires, shafts, and/or

another gearing mechanism. Alternatively, the handle comprises one or more motors that



are actuated to rotate the arcuate sections.

Reference is now made to Figs. 3A and 3B, which are schematic illustrations of

medical apparatus 100, in accordance with respective applications of the present

invention. Medical apparatus 100 is configured for insertion into a mammalian body,

such as a human body. Medical apparatus 100 comprises structural stent elements 110, at

least a portion of which are shaped so as to define (a) one or more generally

circumferential bands 112, such as a plurality of generally circumferential bands 112, and

(b) a plurality of engagement members 114 that are joined to and extend radially inwardly

from each of bands 112.

For some applications, structural stent elements 110, including the at least a

portion that defines the one or more bands 112, are shaped so as to define a generally

tubular structure. For some applications, as shown in Fig. 3B, medical apparatus 100

further comprises an implantable-grade fabric 116 securely attached to and at least

partially covering the generally tubular structure (an inner and/or an outer surface of the

structure). Fabric 116 may have the properties of fabric 34, described hereinabove with

reference to Fig. 1A.

Medical apparatus 100 further comprises an elongated latch member 118 which is

threaded through engagement members 114, thereby physically latching engagement

members 114. Typically, elongated latch member 118 comprises a wire (typically

comprising a metal, such as a metal alloy, e.g., any of the alloys described herein) or a

hollow tube (which may comprise a metal, such as a metal alloy, e.g., any of the alloys

described herein, or plastic).

Engagement members 114 and each of one or more bands 112 are configured such

that:

· when latch member 118 is threaded through and thus physically latches

engagement members 114, engagement members 114 retain the band in a

radially-compressed state, as shown in Figs. 3A and 3B; and

• when latch member 118 is removed from engagement members 114, the

band assumes a radially-expanded state, as described hereinbelow with

reference to Fig. 4.

Reference is still made to Fig. 3A. For some applications, engagement members



114 have (a) respective first ends 130, which are joined to and extend from one of one or

more bands 112, (b) respective second ends 132, which are joined to and extend from the

band at respective junctions 134, and (c) respective curved portions 136 between

respective first and respective second ends 130 and 132. When latch member 118 is

threaded through engagement members 114, curved portions 136 pass around latch

member 118. As a result, latch member 118 holds the curved portions near a central

longitudinal axis of band 112. The engagement members thus prevent the band from

expanding radially.

For some applications, each of the one or more bands 118 has distal and proximal

ends 140 and 142. All of engagement members 114 of a given circumferential band are

shaped such that curved portions 136 thereof are disposed more proximally than junctions

134, when latch member 118 physically latches the engagement members. In other

words, all of these curved portions generally extend in the same, proximal direction.

For some applications, at least a portion of the structural stent elements of each of

one or more bands 112 are arranged as a plurality of pairs 150 of two respective generally

straight, adjacently disposed structural stent elements 152A and 152B joined by respective

peaks 154.

First end 130 of each of engagement members 114 is joined to and extends from

one of the generally straight structural stent elements 152A of one of pairs 150. Second

end 132 of the engagement member is joined to and extends from the other 152B of the

generally straight structural stent elements of the one of pairs 150. Typically, latch

member 118, when physically latching engagement members 114, rests against an inner

surface of curved portion 136 of each of engagement member 114. Optionally,

circumferentially-adjacent pairs 150 are connected by secondary peaks 156 at an end of

the band opposite to the end at which peaks 154 are disposed.

For some applications, as shown in Fig. 3B, medical apparatus 100 further

comprises a hollow, elongated delivery shaft 160, in which one or more bands 112 are

initially positioned, retained by latch member 118 in the radially-compressed state. For

some applications, delivery shaft 160 and one or more bands 112 are configured such that

the bands, when retained by latch member 118 in the radially-compressed state, are

slidably positioned in the delivery shaft. (In contrast, conventional self-expanding stents

apply a radially-outwardly-directed force against the inner wall of the delivery shaft, such



that such conventional stents slide in the delivery shaft while applying significant

frictional force.) In this configuration of the present invention, a rapid exchange

technique can be performed in which the delivery shaft can be advanced to a target site in

a body lumen (typically a blood vessel), and thereafter bands 112 (typically as part of a

medical device, such as a stent-graft) are advanced through the delivery shaft. Because

latch member 118 holds the bands in a radially-compressed state, the bands do not apply

outward force again the inner wall of the delivery shaft, and thus the bands can slide

through the delivery shaft. After the desired site is reached, the delivery shaft is

withdrawn, leaving the bands in place. The bands are then allowed to radially expand by

removal of the latch member 118, as described herein.

Alternatively, for some applications, delivery shaft 160 and one or more bands 112

are configured such that the shaft snugly (non-slidably) holds the bands in a second

radially-compressed state that is more radially compressed than the radially-compressed

state in which latch member 118 restrains the bands. Proximal withdrawal of the delivery

shaft with respect to the bands releases the bands to a partial deployment state, in which

the bands are in the radially-compressed state in which latch member 118 restrains the

bands. When the latch member is removed from the engagement members, the bands

assume the radially-expanded state, thereby completing deployment. This two-stage

deployment approach may be useful in cases where deployment accuracy-axial and/or

orientational-is of high importance, such as when deploying a main stent-graft module

that has side-branch fenestrations, which fenestrations should be positioned as accurately

as possible relative to the anatomical side branches..

For some applications, structural stent elements 110 comprise a shape memory

alloy. For example, the shape memory alloy may comprise a nickel and titanium, and,

optionally, additionally cobalt. The shape memory element may comprise any shape

memory alloy known in the art that is characterized by a stress-induced martensitic state

and an unstressed austenitic state. For some applications, suitable alloys are those that

display stress-induced martensite at temperatures near mammalian (e.g., human) body

temperature (35 - 40 degrees C). For example, one such alloy is the

nickel/titanium/vanadium alloy described in US Patent 4,505,767 to Quin, which is

incorporated herein by reference. The shape memory alloy is typically configured such

that bands 112 are self-expanding when not radially restrained.



For some applications, the shape memory alloy comprises a pseudoelastic shape-

memory alloy, the alloy displaying reversible stress-induced martensite at between 35 and

40 degrees C such that it has a stress-induced martensitic state and an austenitic state.

When the alloy is in the stress-induced martensitic state, each of one or more bands 112

has a deformed shape that provides the radially-compressed state. When the alloy is in

the austenitic state, each of the bands has a different unstressed shape that provides the

radially-expanded state.

For some applications, one or more bands 112 and engagement members 114 are

configured such that:

• when latch member 118 physically latches engagement members 114 and

the shape memory alloy is at a temperature greater than an austenite start

temperature of the shape memory alloy, the latch member retains the shape

memory alloy of the one or more bands so that at least a portion of the alloy

is in at least a partially stress-induced martensitic state and the one or more

bands are in the deformed shape, and

• when latch member 118 is removed from the plurality of engagement

members 114 and the shape memory alloy is at a temperature greater than

the austenite start temperature, at least a portion of the shape memory alloy

at least partially transitions to an austenitic state from the stress-induced

martensitic state, thereby causing a transformation of the one or more bands

from the deformed shape to the unstressed shape.

For some applications, the shape memory alloy is realized such that the

transformation occurs without any change in temperature of the latch member or the

shape memory alloy. Alternatively, the shape memory alloy is realized such that the

transformation occurs with a change in temperature of at least one element selected from

group consisting of: the latch member and the shape memory alloy.

For some applications, latch member 118 is configured to function as a heat

dissipation element, which is in physical contact with the shape memory alloy at least

when the latch member physically latches engagement members 114. For some

applications, latch member 118, when physically latching engagement members 114, is

disposed adjacent to at least a portion of the shape memory alloy. Alternatively or

additionally, for some applications, latch member 118, when physically latching



engagement members 114, is in direct physical contact with at least a portion of the shape

memory alloy. The latch member, functioning as the heat dissipation element, dissipates

at least a portion of any heat that may be released by bands 112 as they radially expand.

For some applications, latch member 118 is configured to function as a heat

application element, which is in thermal contact with the shape memory alloy at least

when the latch member physically latches engagement members 114. For some

applications, latch member 118, when physically latching engagement members 114, is

disposed adjacent to at least a portion of the shape memory alloy. Alternatively or

additionally, for some applications, latch member 118, when physically latching

engagement members 114, is in direct physical contact with at least a portion of the shape

memory alloy. The latch member, functioning as the heat application element, applies at

least a portion of any heat that may be absorbed by bands 112 as they radially expand.

For some applications, medical apparatus 100 further comprises a heat dissipation

element, which is in thermal contact with the shape memory alloy at least when one or

more bands 112 are in the radially-compressed state. For some applications in which

elongated delivery shaft 160 is provided, the elongated delivery shaft comprises the heat

dissipation element. The heat dissipation element dissipates at least a portion of any heat

that may be released by bands 112 as they radially expand.

For some applications, the heat dissipation element is disposed adjacent to at least

part of the shape memory alloy while the shape memory alloy is in the stress-induced

martensitic state.

For some applications, the heat dissipation element comprises a plurality of heat

dissipation elements. For some applications, the heat dissipation element is adapted to

lose thermal energy at a rate faster than the rate of change of thermal energy caused by the

change in temperature.

For some applications, medical apparatus 100 further comprises a heat application

element, which is in thermal contact with the shape memory alloy at least when one or

more bands 112 are in the radially-compressed state. For some applications in which

elongated delivery shaft 160 is provided, the elongated delivery shaft comprises the heat

dissipation element. The heat application element applies at least a portion of any heat

that may be absorbed by bands 112 as they radially expand.



For some applications, the heat application element is disposed adjacent to at least

part of the shape memory alloy while the shape memory alloy is in the stress-induced

martensitic state.

For some applications, the heat application element comprises a plurality of heat

application elements.

Reference is made to Fig. 4, which is a schematic illustration of medical apparatus

100 in a partially radially-expanded state, in accordance with an application of the present

invention. In this configuration, medical apparatus 100 comprises fabric 116, as

described hereinabove with reference to Fig. 3B, and a plurality of bands 112. Latch

member 118 has been partially withdrawn. In particular, latch member 118 has been

withdrawn from engagement members 14 of the uppermost band 112 in the figure, but is

still threaded through and physically latching engagement members 114 of the middle and

lowermost bands 112. As a result, uppermost band 112 has assumed the radially-

expanded state, while middle and lowermost bands 112 are still restrained by latch

member 118 in the radially-compressed state.

Reference is now made to Figs. 5A and 5B, which are schematic illustrations of

medical apparatus 200, in accordance with respective applications of the present

invention. Medical apparatus 200 is configured for insertion into a mammalian body,

such as a human body. Medical apparatus 200 is similar in some respects to medical

apparatus 100, described hereinabove with reference to Figs. 3A-4, and may implement

any of the configurations in the applications described hereinabove for medical apparatus

100. Medical apparatus comprises structural stent elements 210, at least a portion of

which are shaped so as to define (a) one or more generally circumferential bands 212,

such as a plurality of generally circumferential bands 112, and (b) a plurality of

engagement members 214 that are joined to and extend radially inwardly from each of

bands 212.

For some applications, structural stent elements 210, including the at least a

portion that defines the one or more bands 212, are shaped so as to define a generally

tubular structure. For some applications, as shown in Fig. 5B, medical apparatus 200

further comprises an implantable-grade fabric 216 securely attached to and at least

partially covering the generally tubular structure (an inner and/or an outer surface of the

structure). Fabric 216 may have the properties of fabric 34, described hereinabove with



reference to Fig. 1A.

Medical apparatus 200 further comprises an elongated latch member 218 which is

threaded through engagement members 214, thereby physically latching engagement

members 214. Typically, elongated latch member 218 comprises a wire or a hollow tube.

Engagement members 214 and each of one or more bands 212 are configured such

that:

• when latch member 218 is threaded through and thus physically latches

engagement members 214, engagement members 214 retain the band in a

radially-compressed state, as shown in Fig. 5A, and for the lower two bands

218 shown in Fig. 5B; and

• when latch member 218 is removed from engagement members 214, the

band assumes a radially-expanded state, as shown in the uppermost band

218 shown in Fig. 5B.

Reference is still made to Fig. 5A. For some applications, engagement members

214 have (a) respective first ends 230, which are joined to and extend from one of one or

more bands 212, (b) respective second ends 232, which are joined to and extend from the

band at respective junctions 234, and (c) respective curved portions 236 between

respective first and respective second ends 230 and 232. When latch member 218 is

threaded through engagement members 214, curved portions 236 pass around latch

member 218. As a result, latch member 218 holds the curved portions near a central

longitudinal axis of band 212. The engagement members thus prevent the band from

expanding radially.

For some applications, each of the one or more bands 218 has distal and proximal

ends 240 and 242. A first subset 244 of engagement members 214 are shaped such that

curved portions 236 thereof are disposed more distally than junctions 234 thereof, and a

second subset 246 of engagement members 214 are shaped such that curved portions 236

thereof are disposed more proximally than junctions 234 thereof. In other words, the

curved portions of first subset 244 generally extend in the opposite direction as the curved

portions of second subset 246. First and second subsets 244 and 246 do not include any

common engagement members 214, i.e., are non-overlapping sets. This configuration

may prevent engagement members 214 from giving band 218 a biased shape.



For some applications, structural stent elements 210 comprise a shape memory

alloy, such as described regarding structural stent elements 110 hereinabove with

reference to Figs. 3A-4.

Reference is still made to Fig. 5B, which shows medical apparatus 200 in a

partially radially-expanded state. Latch member 218 has been partially withdrawn. In

particular, latch member 218 has been withdrawn from engagement members 214 of the

uppermost band 212 in the figure, but is still threaded through and physically latching

engagement members 214 of the middle and lowermost bands 212. As a result,

uppermost band 212 has assumed the radially-expanded state, while middle and

lowermost bands 212 are still restrained by latch member 218 in the radially-compressed

state.

Although the techniques described herein have been generally described for

implanting a stent-graft in a blood vessel, the techniques maybe used to implant other

implantable medical devices that are introduced into the body in a relatively compact state

and used within the body in a relatively expanded state. Non-limiting examples of such

implantable medical devices include stents, coil stents and filters, catheters, cannulas,

intrauterine contraceptive devices (IUDs), bone plates, marrow nails, dental arch wires,

filters, bone staples, heart valves, and clips.

The scope of the present invention includes embodiments described in the

following applications, which are assigned to the assignee of the present application and

are incorporated herein by reference. In an embodiment, techniques and apparatus

described in one or more of the following patent applications are combined with

techniques and apparatus described herein. In particular, the techniques with reference to

Figs. 1-2C, the techniques described herein with reference to Figs. 3A-4, and the

techniques described herein with reference to Figs. 5A-B, may be used to deliver any of

the radially-compressible stent-grafts and stents described in the following patent

applications.

• PCT Application PCT/IL2008/000287, filed March 5, 2008, which published as

PCT Publication WO 2008/107885 to Shalev et al., and US Application

12/529,936 in the national stage thereof, which published as US Patent

Application Publication 2010/0063575 to Shalev et al.

• US Provisional Application 60/892,885, filed March 5, 2007



• US Provisional Application 60/99 1,726, filed December 2, 2007

• PCT Application PCT/IL2008/001621, filed December 15, 2008, which published

as PCT Publication WO 2009/078010

• US Provisional Application 61/219,758, filed June 23, 2009

• US Provisional Application 61/221,074, filed June 28, 2009

• PCT Application PCT/IB20 10/052861, filed June 23, 2010, which published as

PCT Publication WO 2010/150208

• PCT Application PCT/IL20 10/000549, filed July 8, 2010, which published as PCT

Publication WO 201 1/004374

• PCT Application PCT/IL20 10/000564, filed July 14, 2010, which published as

PCT Publication WO 201 1/007354

• PCT Application PCT/IL20 10/0009 17, filed November 4, 2010, which published

as PCT Publication WO 201 1/055364

• PCT Application PCT/IL20 10/000999, filed November 30, 2010, which published

as PCT Publication WO 201 1/064782

• PCT Application PCT/IL2010/001018, filed December 2, 2010, which published

as PCT Publication WO 201 1/067764

• PCT Application PCT/IL20 10/00 1037, filed December 8, 2010, which published

as PCT Publication WO 201 1/070576

• PCT Application PCT/IL201 1/000135, filed February 8, 201 1, which published as

PCT Publication WO 201 1/095979

• US Application 13/031,871, filed February 22, 2011, which published as US

Patent Application Publication 201 1/0208289

It will be appreciated by persons skilled in the art that the present invention is not

limited to what has been particularly shown and described hereinabove. Rather, the scope

of the present invention includes both combinations and subcombinations of the various

features described hereinabove, as well as variations and modifications thereof that are

not in the prior art, which would occur to persons skilled in the art upon reading the

foregoing description.



CLAIMS

1. Medical apparatus for insertion into a mammalian body, the apparatus comprising:

structural stent elements, at least a portion of which are shaped so as to define:

at least one generally circumferential band, and

a plurality of engagement members that are joined to and extend radially

inwardly from the band; and

an elongated latch member which is threaded through the engagement members,

thereby physically latching the engagement members,

wherein the band and the engagement members are configured such that:

when the latch member is threaded through and thus physically latches the

engagement members, the engagement members retain the band in a radially-

compressed state, and

when the latch member is removed from the engagement members, the

band assumes a radially-expanded state.

2. The apparatus according to claim 1, wherein the elongated latch member

comprises an element selected from the group consisting of: a wire and a hollow tube.

3. The apparatus according to claim 1, wherein the engagement members have (a)

respective first ends, which are joined to and extend from the band, (b) respective second

ends, which are joined to and extend from the band at respective junctions, and (c)

respective curved portions between the respective first and the respective second ends.

4. The apparatus according to claim 3, wherein the circumferential band has distal

and proximal ends, and wherein all of the engagement members are shaped such that the

curved portions are disposed more proximally than the junctions, when the latch member

physically latches the engagement members.

5. The apparatus according to claim 3, wherein the circumferential band has distal

and proximal ends, and wherein, when the latch member physically latches the

engagement members:

a first subset of the engagement members are shaped such that the curved portions

thereof are disposed more distally than the junctions thereof,

a second subset of the engagement members are shaped such that the curved

portions thereof are disposed more proximally than the junctions thereof, and



wherein the first and the second subsets do not include any common engagement

members.

6. The apparatus according to any one of claims 1-5, wherein the at least a portion of

the structural stent elements is shaped so as to define a plurality of generally

circumferential bands, and wherein respective subsets of the engagement members are

joined to and extend radially inwardly from the bands.

7. The apparatus according to any one of claims 1-5,

wherein at least a portion of the structural stent elements of the band are arranged

as a plurality of pairs of two respective generally straight, adjacently disposed structural

stent elements joined by respective peaks, and

wherein each of the engagement members has (a) a first end, which is joined to

and extends from one of the generally straight structural stent elements of one of the pairs,

(b) a second end, which is joined to and extends from the other of the generally straight

structural stent elements of the one of the pairs, and (c) a curved portion between the first

and the second ends of the engagement member.

8. The apparatus according to claim 7, wherein the latch member, when physically

latching the engagement members, rests against an inner surface of the curved portion.

9. The apparatus according to any one of claims 1-5, wherein the structural stent

elements, including the at least a portion that defines the at least one band, are shaped so

as to define a generally tubular structure, and wherein the medical apparatus further

comprises an implantable-grade fabric securely attached to and at least partially covering

the generally tubular structure.

10. The apparatus according to any one of claims 1-5, further comprising a hollow,

elongated delivery shaft, in which the at least one band is initially positioned, with the

latch member threaded through the engagement members.

11. The apparatus according to claim 10, wherein the delivery shaft and the at least

one band are configured such that the at least one band, when retained by the latch

member in the radially-compressed state, is slidably positioned in the delivery shaft.

12. The apparatus according to claim 10, wherein the radially-compressed state is a

first radially-compressed state, and wherein the delivery shaft and the at least one band

are configured such that the delivery shaft holds the at least one band in a second radially-



compressed state that is more radially compressed than the first radially-compressed state.

13. The apparatus according to any one of claims 1-5, wherein the structural stent

elements comprise a shape memory alloy.

14. The apparatus according to claim 13, wherein the shape memory alloy comprises

nickel and titanium.

15. The apparatus according to claim 14, wherein the alloy further comprises cobalt.

16. The apparatus according to claim cl,

wherein the shape memory alloy comprises a pseudoelastic shape-memory alloy,

the alloy displaying reversible stress-induced martensite at between 35 and 40 degrees C

such that it has a stress-induced martensitic state and an austenitic state,

wherein, when the alloy is in the stress-induced martensitic state, the band has a

deformed shape that provides the radially-compressed state, and

wherein, when the alloy is in the austenitic state, the band has a different

unstressed shape that provides the radially-expanded state.

17. The apparatus according to claim 16, wherein the band and the engagement

members are configured such that:

when the latch member physically latches the engagement members and the shape

memory alloy is at a temperature greater than an austenite start temperature of the shape

memory alloy, the latch member retains the shape memory alloy of the band so that at

least a portion of the alloy is in at least a partially stress-induced martensitic state and the

band is in the deformed shape, and

when the latch member is removed from the plurality of engagement members and

the shape memory alloy is at a temperature greater than the austenite start temperature, at

least a portion of the shape memory alloy at least partially transitions to an austenitic state

from the stress-induced martensitic state, thereby causing a transformation of the band

from the deformed shape to the unstressed shape.

18. The apparatus according to claim 17, wherein the shape memory alloy is realized

such that the transformation occurs without any change in temperature of the latch

member or the shape memory alloy.

19. The apparatus according to claim 17, wherein the shape memory alloy is realized

such that the transformation occurs with a change in temperature of at least one element



selected from group consisting of: the latch member and the shape memory alloy.

20. The apparatus according to claim 19, wherein the latch member is configured to

function as a heat dissipation element, which is in physical contact with the shape

memory alloy at least when the latch member physically latches the engagement

members.

21. The apparatus according to claim 20, wherein the latch member, when physically

latching the engagement members, is disposed adjacent to at least a portion of the shape

memory alloy.

22. The apparatus according to claim 20, wherein the latch member, when physically

latching the engagement members, is in direct physical contact with at least a portion of

the shape memory alloy.

23. The apparatus according to claim 19, further comprising a heat dissipation

element, which is in thermal contact with the shape memory alloy at least when the band

is in the radially-compressed state.

24. The apparatus according to claim 23, further comprising a hollow, elongated

delivery shaft, in which the at least one band is initially positioned, retained by the latch

member in the radially-compressed state, and wherein the elongated delivery shaft

comprises the heat dissipation element.

25. The apparatus according to claim 23, wherein the heat dissipation element is

disposed adjacent to at least part of the shape memory alloy while the shape memory alloy

is in the stress-induced martensitic state.

26. The apparatus according to claim 23, wherein the heat dissipation element

comprises a plurality of heat dissipation elements.

27. The apparatus according to claim 23, wherein the heat dissipation element is

adapted to lose thermal energy at a rate faster than the rate of change of thermal energy

caused by the change in temperature.

28. A method comprising:

providing (a) structural stent elements, at least a portion of which are shaped so as

to define (i) at least one generally circumferential band, and (ii) a plurality of engagement

members that are joined to and extend radially inwardly from the band, and (b) an



elongated latch member which is threaded through the engagement members, thereby

physically latching the engagement members;

transvascularly introducing the at least one band into a blood vessel of a

mammalian subject while the latch member is threaded through and thus physically

latches the engagement members, such that the engagement members retain the band in a

radially-compressed state; and

thereafter, removing the latch member from the engagement members, thereby

transitioning the band to a radially-expanded state.

29. The method according to claim 28, wherein providing the latch member comprises

providing a latch member that includes an element selected from the group consisting of:

a wire and a hollow tube.

30. The method according to claim 28, wherein providing the engagement members

comprises providing engagement members that have (a) respective first ends, which are

joined to and extend from the band, (b) respective second ends, which are joined to and

extend from the band at respective junctions, and (c) respective curved portions between

the respective first and the respective second ends.

31. The method according to claim 28, wherein the structural stent elements, including

the at least a portion that defines the at least one band, are shaped so as to define a

generally tubular structure, and further comprising providing an implantable-grade fabric

securely attached to and at least partially covering the generally tubular structure.

32. The method according to claim 28, wherein transvascularly introducing comprises

transvascularly introducing the at least one band while the at least one band is positioned

in a hollow, elongated delivery shaft, with the latch member threaded through the

engagement members.

33. The method according to claim 32, wherein transvascularly introducing comprises

advancing the delivery shaft to a target site in the blood vessel, and thereafter sliding the

at least one band through at least a portion of the delivery shaft while the at least one band

is retained by the latch member in the radially-compressed state.

34. The method according to claim 32, wherein the radially-compressed state is a first

radially-compressed state, and wherein transvascularly introducing comprises:

transvascularly introducing delivery shaft while the delivery shaft holds the at



least one band in a second radially-compressed state that is more radially compressed than

the first radially-compressed state; and

thereafter, withdrawing the delivery shaft so as to release the at least one band

from the delivery shaft, thereby causing the at least one band to radially expand to the first

radially-compressed state.

35. The method according to claim 28, wherein providing the structural stent elements

comprises providing structural stent elements that comprise a shape memory alloy.

36. Medical apparatus for insertion into a mammalian body, the apparatus comprising:

structural stent elements, at least a portion of which define a stent body that is

configured to assume radially-compressed and radially-expanded states; and

a restraining member, in which at least a portion of the stent body is disposed in

the radially-compressed state, and which restraining member is configured to assume at

least:

a first rotational state, in which the restraining member restrains the at least

a portion of the stent body in the radially-compressed state, and

a second rotational state, in which the restraining member releases the at

least a portion of the stent body, thereby allowing the at least a portion of the stent

body to transition to the radially-expanded state.

37. The apparatus according to claim 36, wherein the restraining member comprises at

least two generally arcuate sections, which together define at least a circumferential

portion of a generally tubular structure, and wherein:

when the restraining member is in the first rotational state, the arcuate sections are

rotationally disposed with respect to each other around a central longitudinal axis of the

restraining member so as to restrain the at least a portion of the stent body in the radially-

compressed state, and

when the restraining member is in the second rotational state, the arcuate sections

are rotationally disposed with respect to each other around the axis so as to not restrain the

stent body within the restraining member, thereby releasing the stent body from the

restraining member and allowing the at least a portion of the stent body to transition to the

radially-expanded state.

38. The apparatus according to claim 37, wherein, when the restraining member is in

the first rotational state, circumferentially-adjacent ones of the arcuate sections partially



circumferentially overlap one another along at least portions of respective axial lengths of

the arcuate sections.

39. The apparatus according to claim 38, wherein, when the restraining member is in

the first rotational state, the circumferentially-adjacent ones of the arcuate sections

circumferentially overlap one another along less than respective entire axial lengths of

portions of the arcuate sections that restrain the at least a portion of the stent body.

40. The apparatus according to claim 37, wherein, when the restraining member is in

the second rotational state, the arcuate sections circumferentially overlap one another to a

greater extent than when in the first rotational state.

41. The apparatus according to claim 40, wherein, when the restraining member is in

the first rotational state, the arcuate sections do not circumferentially overlap one another.

42. The apparatus according to claim 37, wherein, when the restraining member is in

the first rotational state, a greatest arc between circumferentially-adjacent ones of the

arcuate sections, along respective entire axial lengths of portions of the arcuate sections

that restrain the at least a portion of the stent body, is no more than 150 degrees.

43. The apparatus according to claim 42, wherein, when the restraining member is in

the first rotational state, the greatest arc between circumferentially-adjacent ones of the

arcuate sections is no more than 120 degrees.

44. The apparatus according to claim 37, wherein the restraining member comprises

exactly three generally arcuate sections.

45. The apparatus according to claim 37, wherein the restraining member comprises

between two and six generally arcuate sections.

46. The apparatus according to claim 37, wherein, when the restraining member is in

the first rotational state, the arcuate sections collectively circumscribe one or more arcs

having an angular sum of at least 220 degrees.

47. The apparatus according to claim 46, wherein the angular sum equals 360 degrees.

48. The apparatus according to claim 37, wherein, when the restraining member is in

the second rotational state, the arcuate sections collectively circumscribe one or more arcs

having an angular sum of no more than 150 degrees.

49. The apparatus according to claim 48, wherein the angular sum is no more than 90



degrees.

50. The apparatus according to claim 37, wherein the arcuate sections are shaped so as

to define (a) respective longitudinal base strips, and (b) respective pluralities of

circumferential tabs that extend circumferentially from the respective longitudinal base

strips, and wherein, when the restraining member is in the first rotational state, the

longitudinal base strips of circumferentially-adjacent ones of the arcuate sections do not

circumferentially overlap one another, and the circumferential tabs overlap the

longitudinal base strips of circumferentially-adjacent ones of the arcuate sections.

51. The apparatus according to claim 50, wherein, when the restraining member is the

second rotational state, the longitudinal base strips of at least some of the arcuate sections

at least partially overlap one another.

52. The apparatus according to claim 51, wherein, when the restraining member is the

second rotational state, the longitudinal base strips of all of the arcuate sections at least

partially overlap one another.

53. The apparatus according to claim 37, wherein portions of the arcuate sections that

restrain the at least a portion of the stent body in the radially-compressed state have

respective lengths along the axis, and wherein an average of the lengths is at least 30% of

an average length of the at least a portion of the stent body when in the radially-

compressed state.

54. The apparatus according to any one of claims 36-53, wherein a portion of the

restraining element that restrains the at least a portion of stent body 20 in the radially-

compressed state has a length along the axis of at least 30% of an average length of the at

least a portion of the stent body when in the radially-compressed state.

55. The apparatus according to any one of claims 36-53, further comprising an

implantable-grade fabric securely attached to and at least partially covering the stent

body.

56. The apparatus according to any one of claims 36-53, wherein the structural stent

elements comprise a shape memory alloy.

57. The apparatus according to claim 56, wherein the shape memory alloy comprises

nickel and titanium.

58. The apparatus according to claim 57, wherein the shape memory alloy further



comprises cobalt.

59. The apparatus according to claim 56,

wherein the shape memory alloy comprises a pseudoelastic shape-memory alloy,

the alloy displaying reversible stress-induced martensite at between 35 and 40 degrees C

such that it has a stress-induced martensitic state and an austenitic state,

wherein, when the alloy is in the stress-induced martensitic state, the stent body

has a deformed shape that provides the radially-compressed state, and

wherein, when the alloy is in the austenitic state, the stent body has a different

unstressed shape that provides the radially-expanded state.

60. The apparatus according to claim 59, wherein, when the restraining member is in

the first rotational state and the shape memory alloy is at a temperature greater than an

austenite start temperature of the shape memory alloy, the restraining member confines

and stresses the memory alloy element so that the at least a portion of the stent body is

retained in a stress-induced martensite state.

61. The apparatus according to claim 59, wherein, when the at least a portion of the

stent body is released and transitions to the radially-expanded state, the transformation of

the stent body occurs with a change in the temperature of at least one element from the

group consisting of: the restraining member, the structural stent elements comprising the

shape memory alloy, and the mammalian body.

62. The apparatus according to claim 59, further comprising a heat dissipation element

in thermal contact with at least one element selected from the group consisting of: the

restraining member and the structural stent elements.

63. A method comprising:

providing (a) structural stent elements, at least a portion of which define a stent

body that is configured to assume radially-compressed and radially-expanded states, and

(b) a restraining member, in which at least a portion of the stent body is disposed in the

radially-compressed state;

transvascularly introducing the stent body into a blood vessel of a mammalian

subject while the restraining member is in a first rotational state, in which the restraining

member restrains the at least a portion of the stent body in the radially-compressed state;

and



thereafter, causing the restraining member to assume a second rotational state, so

that the restraining member releases the at least a portion of the stent body, thereby

allowing the at least a portion of the stent body to transition to the radially-expanded state.

64. The method according to claim 63, wherein providing the restraining member

comprises providing a restraining member that includes at least two generally arcuate

sections, which together define at least a circumferential portion of a generally tubular

structure, and wherein:

when the restraining member is in the first rotational state, the arcuate sections are

rotationally disposed with respect to each other around a central longitudinal axis of the

restraining member so as to restrain the at least a portion of the stent body in the radially-

compressed state, and

when the restraining member is in the second rotational state, the arcuate sections

are rotationally disposed with respect to each other around the axis so as to not restrain the

stent body within the restraining member, thereby releasing the stent body from the

restraining member and allowing the at least a portion of the stent body to transition to the

radially-expanded state.

65. The method according to claim 64, wherein, when the restraining member is in the

first rotational state, circumferentially-adjacent ones of the arcuate sections partially

circumferentially overlap one another along at least portions of respective axial lengths of

the arcuate sections.

66. The method according to claim 65, wherein, when the restraining member is in the

first rotational state, the circumferentially-adjacent ones of the arcuate sections

circumferentially overlap one another along less than respective entire axial lengths of

portions of the arcuate sections that restrain the at least a portion of the stent body.

67. The method according to claim 64, wherein, when the restraining member is in the

second rotational state, the arcuate sections circumferentially overlap one another to a

greater extent than when in the first rotational state.

68. The method according to claim 67, wherein, when the restraining member is in the

first rotational state, the arcuate sections do not circumferentially overlap one another.

69. The method according to claim 63, further comprising providing an implantable-

grade fabric securely attached to and at least partially covering the stent body.



70. The method according to claim 63, wherein providing the structural stent elements

comprises providing structural stent elements that comprise a shape memory alloy.


















	abstract
	description
	claims
	drawings

