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FTELD AND BACKGROUND OF THE INVENTION

The presemt invendon relates o siznts and, more pardcularly, to methods of
fabricating and deploying st=nis.

The t=rm "stent” has come into widespread use 1o denote any of a large vanery
of spring—like support sucmuss, in the form of a tube which is open at both ends,
which can be implanted insids a blood vessel or other mbular body conduit, to help
kesp the vessel or conduit open. Stents may be used following balloon angioplasty 10
prﬁv:m restenosis and may, more generally, be used in repairing any of a number of
rubular body conduits, such as those in the _vascular, biliary, genitourinary,
gasointesinal and respiratory  Sysiems, ambng others, which have narrowed,
weakened., distoried. distended or otherwise d=formed, rypiczﬂly as a result of any of
a number of pathological condidons.

An effective stent must possess a2 number of important and very spzcific
characterisdes. Specifically, the sient should be chemically and biologically incri 1o
its suﬁoundjngs and should not rcact with, or otherwise simulate, the living ossues
zround it. The stent must further be such that it will stzy in the correct posidon and
condnue 1o support the wbular body conduit into which it is implantzd over extended
periods of time. Further. the stent must have the ability to rerurn 10 its prescribed in—
place diameter after the sient diameter has been significandy reduced prior 10 its
inscrdon. usually dghtly wrapped on a cathzter, into the wbular body conduit

These r:quir:mcﬁzs limit the suitable meral stent materials 1o just a few merals
and alloys. To date, it has been found that various alloys of nickel and Grznium
(hercinafter “nitinol™), with or without czrtain coatngs, have the desired properues and
are .considercd suitable for usc in sient applicanons.

Specifically, nidnols, with or without special coarngs, have been found to be
chemically and biologically inert and to inhibit thrombus formadon. Ninnols are, under
certain condidons, also supertlasic which allows them to withstand cxiensive:
deformadon and stll resurne their original shape. Furthermore, nitnols posscss shape

\emory, i.z., the metal "remembers” 2 specific shape fixed during 2 partcular heat
treagment and can resor to that shape under proper conditions. Shape—memory alloys

can be formed into 2 predetermined shape at a suitzble heat peatnent wemperamre. At
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temperatures below the mansiton emperature range ("TIR™) certain nignol alloys are
in their manensitc phase wherein they are highly ducdle and may be plasuc‘uly
dcformcd into any of a number of orher shapes. The alloy rerums to its austenite
. phase, remrning to its original predetermined shape upon rehearing 10 2 temperamre .
5 above the mansition temperature range. The transidon temperature varies with each
specific combination rato of the components in the alloy.

The superelastciry of nitinols and their shape memory characterisacs makcs it
possible to fabricate a stent having the desired shape and dimensions. Once formed,
the stent can be temporarily deformed into a much narrower shape for inscruon into

10 the body. Once in place, the stent can be made to resume its desired shape and
dimensions. Cerain’alloys-of nickel and titanium can be made which are plastc at
temperamures below about 30°C and are elastic at body tcmpcrﬁmrcs. above 35°C. Such
alloys are widely used for the production of stents for medical use since these ninnols
are able 1o resume their desired shape at normal body temperamre without the need to

15 ardficially heat the stent

While such stents have been proven effective, they continue to suffer from a
number of disadvantages. First. there is, in certain cases, a tendency for tissuc to grow
in the gaps berween adjoining loops of the stent.  Over dme, such growty could lead
10 the constriction, or even the complete closure, of the bular body conduit in which

20 the stent was inmoduced in order 10 keep open. A contnuous, gap-free, wbe structure
with no gaps would climinate such undesired tssue growth. However, a rigid wbe
would lack the highly désimblc flexibility which a coiled spring configuration offers.

Another disadvantage is that the techniques for locating stents in a body conduit
are such that the stents are often installed at a location which is not preciscly the

25 inwended opumal locanon.

There is thus a widely recognized need for, and it would be highly
advantageous 10 have, a stent which would be suitably flexible but which would
significantly reduce, or even eliminate, the possibility of undesired tissue growth
berween the coils of the stent _

30 There is further a widely recognized need for, and it would also be highly
advantageous to have, 2 technique for installing stents which would allow the sient to

be located at precisely the desired location, cither by conmolling the stent design or by
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devising adequate methods for its accurate release. Furthermore, in those cases where

the "shape memory" characteristic is used and the stent is to be heatrd in its final

‘locadon in the body to cause it to resume its memorized shape, it is desired and

-aﬂvént,agcous 10 have a way of heatng the stent which significanty reduces, or even

climinates, the chance of damaging surrounding ussue through heanng which is
conducted for too long and/or at temperanmes which are too high.

SUMMARY OF THE INVENTION

According 1o the present invendon there is provided a method of fabricaung
a stent from a Mrt,‘comprising: (2) winding the wire on a first mandrel; (b) heating
the woﬁnd wire to form a coiled spring; and (c) after the coiled spring has cooled
sufficiently, reversing the winding directon of the coiled sp.ring to form the stent
| Further according to the present inventon there is provided a stent comprising
a coiled wire characterized in that the wire includes at least one secton which is
wound in one sensc and at least one secton which is wound in the opposite sense,
deployment of said stent taking place by aghdy winding the stent onto a catheter and
subscqﬁcndy allowing the stemt to resume its normal dimensions.

Stll further according to the present inventon there is provided 2 method of
deploying a stent in a desired locadon, comprising: (a) tghuly winding the stent onto
a catheter: (b) immobilizing at least two te—down points on the stent using a
disconnectable thread: (c) bringing the stent to the desired locaton where the stent is
to be:deployed; (d) caus.ing the thread to disconnect at one or more of the de—down
points, thereby releasing the te—down point, wherein said disconnectable thread 1s
meltable and said thread is disconnected by heating the thread so as to cause the thread
1o melt. '

Further yet according to the present inventon there is provided 2 method of
heating 2 nitnol stent to cause the stent to shift from its manensite phase to its
austenite phase and to monitor the phase change, comprising: (2) electrically connecung
the stent 10 an electrical power supply; (b) supplying electrical current to the sient; (c)
sensing a change in at least one elecmrical property to indicate the phase change; (d)

controlling the current in response to the change.
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The present invendon successfully addresses the shortcomings of the preseatly
known stents z2nd thelr methods of dzployment by providing 2 stent which is suitably
flexible but which is sufficiently tight so as to climinate the gaps berween adjoining
windings of the stent, thereby significanty reducing or even eliminaring the possibility
of undesirable growth of tissue berween winding of the stent. The present inventon
further offers stents and associated deployment u:chniqixcs which make it possible to

accurately install the stent in a specific locadon of a body tbular conduit

BRIEF DESCRIPTION OF THE DRAWINGS

The inventon is herein described, by way of example only, with reference to

the accompanying drawings, wherein: .

FIG. 1 is.a perspective view of a single winding of a prior art stent;

FIG. 2 is a perspectve view of a single winding of stent according 10 the .
present invention which was obtained by reversing the winding of a stent such as that
in Figure 1; '

FIG. 3 is a side cross sectonal view of a stent undergoing reheating according
10 the present inventon, on a mandrel having two sectons, cach with a different heat
sink capacity,; N

FIG. 4 is a perspectve view of a stent wound and immobilized on a catheter,
according to the prior arm

FIG. 5 is a close—up side cross sectonal view of 2 porton of the sysiem of
Figure 4; .

FIG. 6 is a perspective view of one embodiment of a stent according to the
present invenuon showing rwo oppositely wound sccdons;

~ FIG. 7 is a schemadc side view of the stent of Figure 6 with reference 10 3

catheter on which the stent is delivered to its desired location after release of the
intermediate point;

FIG. 8 is a schematc side view of the stent of Figure 6 when wound tightly
on a catheter on which the stent is delivered to its desired locaton;

FIG. 8A is a side view of a catheter such as might be used in Figure 8;

FIG. 8B is a side view of the catheter of Figure 8A with the stent wound on

the catheter;
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FIG. 8C is a side view of the expanded stent after its release:

FIG. § is'a perspective view of another embodiment of a stent according o the
present invendon showing a plurality of oppositely wound secuons:

FIG. 10 is a schematic §idc view of the stent of Figure 9 with reference 10 2
céthctcr on which the stent is delivered to its desired location with the stent partly
released; | |

FIG. 11 is a schemarc side view of the stent of Figure 9 when wound dghtly
on a catheter on which the stent is delivered to its desired locanon;

FIG. 12 is a perspectve view of the embodiment of Figures 9-11 showing one
method of immobilizing the stent;

FIG. 13 is a close—up perspectve cross sectional view of one pordon of the
Systcrn of Figure 12 showing a de—down of an intermediate point,

FIG. 14 is a close-up perspective cross scctonal view of onc pordon of the
svstem of Figure 12 showing a te—down of an end point,

FIG. 15 is a perspective view of a variadon of the embodiment of Figure 9,
showing a stent wherein the immobilizauon is effected in somewhat different fashion:

FIG. 15A is 2 side view of a catheter such as might be used in Figure 15;

FIG. 15B is a side view of the catheter of Figure 15A with the stent wound on
the catheter;

FIG. 15C is a side view of the cxpaﬁdr:d stent as it would appear after it has
been released from the caLhctcr

P FIG. 16 is a 1a1d flat view of an cmbodzmcm according 1o the present

invention wherein the stent coils are encased by a film of flexible material;

FIG. 16A is 2 view of another embodiment of the device of Figures 16,
including an integral immobilization thread:

FIG. 16B is 2 side view of the device of Figure 16A as it would appear when
wound onto a catheter,

FIG. 17 is an end cross sectional view of the stent of Figure 16 when tghty
wound onto a catheter;

FIG. 18 is a side cross sectional view of the stent of Figure 16 when dghty

wound onto a catheter;
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.FIG 19 is a side cross sectonal view of another embodiment of a stent

accommg to the pu:scnt invention when dghty wound about a catheter'(not shown),

10

15

20

FIC 20 is a side cross sectional view of the embodiment of Figure 19 when

‘unwound for deployment:

FIG. 21 is a side view of stwent fearuring neck—down regions and two secuons

connected by 2 coil of low pitwch:
| FIG. 22 is an end cross—sectional view of the swnt of Figure 21;

FIG. 23 is a schematc CTOSS sectional side view of a catheter showing one
embodiment of a technique for reieasing the stent (not shown) using a single electrical
circuity

FIG. 24 is as in Figure 21 except that two elecmical ci;cuirs are used to provide
for the sequengal release of various points of the stent:

FIG. 25 is a circuit diagram for the clectrical heating and phase shift sensing
6f a stent acﬁording 10 the present inventon, for the automatic disconnecton of the

heatng circuit upon, Or at an appropriatc ume following, the detection of the phase
shift.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present inventon is of improved stents and of methods of making and

deploying them which can be used to increase the effectveness of stents.

; The principles and operaton of stents and related methods according to the
present invendon may be bemer understood with reference to the drawings and the
accompanying descripdon.

Referring now to the drawing, Figure 1 illuswrates a single winding of 2
convcnnonal stent. In many applicatons, it is important to precisely control the
flexibility of the stent as well as the interioop spacing and tghmess. A number of
factors must be considered in selectng the proper flexibility and interloop spacing.
First, the stent must be sufficiendy flexible to follow the namral shape and dimensions
of the body conduit into which it is installed without undue swess. The stent must also

be sufficienty flexible to adequately follow the various movements of the conduit.

30 These requirements tend to indicate that a coiled. or spring-like, swucture be used.
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However, the stent must not be 100 loose since this may erode its body condut

“support funcuon and since when the stent loosens significant interloop gaps are formed

which tend to encourage the growth of surrounding tissue into the separzdons. Such
iigrowth may have serious adverse consequences.

A stent is rypically made by first ightly winding a wire of 2 suitable material,
such as nitnol, on 2 mandrel. The assembly is then heated 10 2 suitable temperature
SO s to impart to the stent its desired shape. However, during the heatng process, the
mandrel is also heated. which brings about its expansion and leads to the formadon of
a stent with loops which are somewhat separated from one another. Such separanons
are undesirable in cerain applicatons.

These interloop gaps can be eliminated and the stent can be stffened somewhat
by reversing the winding direction of the stent after it has cooled sufficiently. Shown
in Figure 2 is the single stent winding of Figure 1 after it has been reversed.  Thus,
what, prior to reversal (Figure 1), was the left end of the loop, 10, is, after reversal
(Figure 2), the right end of the loop, 10, while what, prior 10 reversal (Figure 1), was
the right end of the loop, 12. is, after reversal (Figure 2), the left end of the loop, 12.
As will be appreciated, the reversal puts each loop in elastic deformarion and thereby
causes adjoining loops to press together and climinates interloop gaps. '

Under certain conditions a stent made by reversing the winding dirccdon as
described above may be overly rigid for a specific applicadon. In such a case, the
rigidity of the stent may be reduced to any desired level by following a rcheanng
procedure described bcléw. _

The reversed stent 20, whose rigidity is to be reduced, is mounted onto a
mandre] 22 (Figure 3) which may or may not bc the mandre] previously used 1o give
the stent its original shape. Stent 20 and mandrel 22 are reheated at 2 suitable
temperature above the transiton point but the rcheadng 1s allowed to contdnue only .
long enough to allow the outside portion of the stent (indicated in Figure 3 as the
unhatched portion) to approach the reheating temperamre and therefore to relax, while
the portion of the stent near the relatvely cool mandrel (indicated in Figure 3 by hatch
marks) stays at significantly lower temperamres, does not relax, and continues 10 have

its original rigidity. In this way the reheated stent, upon cooling, displays a flexibility
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which is inu:tmcdiam berween those of the unreheated stent and a stent which 1is
completely relaxed. but without opening up gaps derween the stent loops.

The duradon of the reheating must be carefully controlled to achieve the proper

. d::g-rcc of relaxation. The rcheaung dme wiil be influenced 10 & large degree by the

10

15

20

30

hcé.t properues of the mandrel. A mandrel which has high heat sink capacity, such as
the lefi-hand pordon of 'the mandrel of Figure 3, can ahsorb considerable heat and
keep the stent at low temperanres for 2 reladvely long ume. -
By conrrast, 2 mandrel which has low heat sink capaciry, such as the right—hand
poruon of the mandrel of Figure 3, can absorb very lirle heat and will not keep the

stent at low temperatures but rather will allow that pordon of the stent overlying it to

quickly reach the overall heating temperamre and undergo complctc relaxagon.

Advantage may be taken of this property to reheat different pordons of 2 stent
1o different extents so as to achicve 2 final product which has a certain rigidiry in one
or more sectons and is relaxed and feamres significant interloop gaps in other sectons.
Typically, it may be useful to have significant interioop gaps berween the windings
near cach end of the stent to facilitate the sunuring of the stent in place.

It will be appreciated that a stent having regions of differing relaxadon
characteristics can also be achieved by heaung the different segments to different
temperatures and dmes, such as by use of a segmented heater or furmnace.

Convendonal stents, as well as the reversed stents according to the present
inventon described abovc must be accurately placed in a specific Jocadon in the body
conduit in order 1o be most effectdve. A common placement technique currenty used
is illustrated in Figures 4 and 5. Stent 20 is tightly wound around 2 catheter 24, which
rypically fearures helical grooves 26 sized and shaped 1o accommodate stent 20 in its
dghuy wound configuragon.

The two ends of stent 20 are rypically bulbed. i.c., the ends feature a slighdy
enlarged diameter. Each end of sent 20 is immobilized by 2 thread 28 which is
anchored by wrapping around catheter 24 scveral times. Thread 28 is wrapped over
the end of stent 20 as shown in Figure 5. Catheter 24 features a small diameter bore
30 through which runs a release wire 32. Portons of thread 28 enter transversely into
bore 30 near the bulbed end of stent 20 and thread is connected with release wire 32

(see Figure 5) so that as Jong as release wire 32 is in place thread 28 immobilizes the
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end of stent 20. When both ends of stent 20 are so immobilized, stent 20 is effecavely

To depiny stent 20 in the body, catheter 24 is first brought 1o the appropniate
posiﬁon. Rcicnsc wire 32 is then pulled, thereby releasing the ends of stent 20. Stent
20 then immediately procesds to unwind, enlarge and install itself into the body tubular
conduit while gering shorter in proportion to the diameter growth, as is the case for
a stent having adjoining loops which contact each other. However, in the process of
unwinding, stent 20 assumes 2 final posidon which is somewhat arbimrary, within its
original length, and which depends, 10 some extent, on the local resistance encountered
10 the unwinding in the uneven blood vesscl. The lack of cerminty in the accurawe
plac:rricht of the stent often degrades its effecuveness. chcc. it is quite important to
be able 10 release the stent with a high degree of accuracy.

Funhcrmorc the unwinding acton of a stent of convenuonal design is
accompanied by the rapid mming through many cycles of the stent coils. Such a
rurning could have a dewmimental effect on surrounding tssue since the rapid and
prolonged turning could abrade or otherwise damage the interior walls of body vessels
in which the stent is released.

Accordingly, a stent according to one embodiment of the present invendon is
made up of a coiled wire which is characterized in that the wire includes at least one
secton which is wound in one sense and at least one secton which is wound in the
opposite sense. Preferably, the stent includes two sectons with each of these sectons
represening substznu'al]y.r one half of the stent. An example of such a stent is shown
in Figures 6-8.

Stent 120 has a cenmal point 40 where the winding directon changes, and two
enc points 42. To place stent 120 in a body conduit, stent 120 is first dghtly wound
onto catheter 24 and end points 42 are immobilized using release wire 32 as described
above in the context of Figures 4 and 5, or in any other suitable manner. In addidon,
central point 40 is also immobilized in a similar manner, but using a second release
wire 33.

To place stent 120, catheter 24 is first brought to the proper locadon. Next,
central point 40 is released by using second release wire 33. This allows stent 120 to

unwind without any axial displacement, since the two ends 42 are stll immobilized.
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As sient 120 unwinds it assumes its full diameter and is firmly installed onto the inner
walls of the body wbuiar conduit. ’

At this point the two end points 42 arc relcased by using release wire 32,
freeing stent 120 from catheter 24, and allowing the larter 10 be withdrawn. Since stent
120 is already fully unwound and firmly implanted in the body conduit prior 10 the
release of end points 42, stent 120 does not move upon the release of end points 42
and remains firmly instailed in the correct positon. Shown in Figures 84, 8B and 8C
are more detailed views of catheter 24 and stent 120 as they might appear in an actual
applicadon. _

In another embodiment of sients according to the present invendon showing in

Figures 9-i2, stent 220 is made up of several sections with adjoining secdons wound

in opposite direcuons. Preferably, adjoining 100ps of stent 220 are wound in opposite

directons, with intermediate points 140 representng  the regions where winding
directons change. To make such a stent, catheter can be used which features a senes
of suitably placed pins or progusions. The wire is wound about the rhandre] and use
is made of the pins or prowusions 10 Wrap the wirc around these in order O rEverse
the winding direcdon.

Shown in Figure 12 is one scheme for amaching stent 220 t0 catheter 4. Here
a first release wire 132 immobilizes the two cnd points 42 and approximately onc half
of intermediate points 140, while 2 second release wire 133 serves 10 immobilize the
balance of intcrmediate points 140. Each of rciease wires 132 and 133 is preferably
located in its own bore, 232 and 233, respecdvely. The release of such a stent is not
accompanied by the rapid and prolonged mming of the coils of the stent but is. rather,
achieved by minimum and uniform nurning of the coils through approximately two
rurns before the stent is fully deployed in the body vessel.

Figums 13 and 14 depict possibilides for the acmal immobilizadon of an
intermediate point 140 and an end point 42, respectively. '

Another embodiment of a stent according to the present invention is shown in
Figure 15, where at the end points and in the vicinity of cach winding direction
change, stent 320 feawres a kink or depression 50 in the otherwise circular cross

section of the stent. The kink or depression 50 allows stent 320 to be immobilized on
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a catheter (not shown) by inserung a release wire (not shown) above kink or dspression
50 (ses Figure 135). '

As can be bemer seen in Figures 15A and 15B, catheter 24 preferably feanres
slots 25 which accommodate the kinked portions of stent 320 so that release wires 32
and 33 can pass on the outside of the kinked portions and serve to immobilizes stent
320. Figure 15C shows stent 320 as it would appear after release from catheter 24.

Other variations and improvements of methods of immobilizing and releasing
stents, whether conventonal, or those according to the present invention, may be
envisioned.

When 2 stent is 1o be inserted deep into the body, the catheter used in deploying
the stent is necessarily very long and may need to follow a highly convoluted path on
its way to the desired deployment locadon. If the stent is. 1o be released from the
catheter by pulling on the release wire, the friction berween the release wire and its
bore may be sufficiently high that pulling the release wire will result in the deformagon
of the entre catheter and bring about the displacement of the catheter up on which the
stent is wound. This. in rurn, could result in the improper placement of the stent.

One way of avoiding this difficulty is demonstrated in Figures 23 and 24.
Here the release wire is an clectrically conductng wire which, unlike the rzlease wires
described above, is not movable but is, rather, used to conduct a small electric current
upon actdvation by the operator. In Figure 23, a pair of threads 28 are shown, each
of which is used to immobilize a certzin point on the stent (not shown). Thread 28 is
in contact with a heat prdducing clement 60 which forms a part of the electrical circuit |
Heat producing element 60 may be a resistor which converts clectrical energy into
heat. Thread 28 is made of 2 material such that when heat producing element 60 is
acdvated, thread 28 is caused 1o melt thereby mlcasmg the stent

In the embodiment of Figure 24 catheter 24 feanres two circuits, rather than
one. This makes it possible to sequendally release various points of the stent, for
example, as described above. As will readily be appreciated, the basic concept can be
used in a variety of related ways. For example, thread 28 can be caused 1o break or
disconnect by cuming, by chemical reacton, and the like.

Nitinols of certain composition have ransidon temperatures ranges which are

such that the nignol is in its martensite phase, and is plastc, at temperatures of about
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30°C and is in its austenitc phase, and highly clastc, at or above body temperamres,

ahove about 37°C. Such alloys are useful since stents made from them can be nghty

wound about a catheter at r00m (EMpETAIT and can then automatically resume their

desired shape at normal body temperature without the need to artificially heat the stent

However, this technique suffers from 2 disadvantage in that the stent may heat
to body temperamre premamrely, that is, before it is placed in its intended posidon,
and may thus suffer undesirable soesses and permanent deformadon. It is, thus, useful
1o employ nitnols which have 2 waﬁsidon temperamre range above body temperaire
(about 37°C) such that the sten: must be heated to a temperamure above body
temperature in order to convert the nitnol into its austenite phase.

In such cases conventonal techniques call for the heatng of stent through the
circulation of hot liquids through the catheter used to place the stent. A difficulty with
such techniques is that a liquid must be injected having a temperame which is
sufficiently high so as to reach the stent at a iemperarure which is sufficiendy high to
raise the stent temperature above the required TTR. Especially where a long catheter
must be used to reach remote body vessels, the injected liquid temperature may be high
enough to cause damage to blood and other body tssues.

The problem is compoundsd by uncertainty as to when the headng shouid be
discontnued. since it is difficulr 10 know preciscly when the nitinol reaches the desired
temperamre. As a result, there is a tendency 1o overhear the stent, which further incurs
the risk of overheating and damaging body ussues.

. To overcome these shortcornings, it is proposed that the swenr be heated
electrically and that advantage be taken of the differences in the properdes of nitdnols
in their martensite and austenite phases to sense the change of phase of the nitnol to
automarically regulate the heating.

Depicted in Figure 25 is a circuit diagram of a stent hearng and monitoring
system according to the present invengon. The principles and operaton of such a
systemn may be bener understood with respect 10 2 specific example described next.
It is 10 be understood that the example is illuszradve only and does not, in any way,
limit the scope of the invengon.

It is known that both the resistivity and the thermal conductivity of a nitinol

alloy in its austenite phase are different than in its manensite phase. For example, for
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2 pardcular nitinol, the resistvides are 70 and 100 pohm~—cm for the manensite and
austenite phases, respecavely. The thermal conductvides for the same ninnol are
0. 085 and 0.18 Wart/em—C® for the marnensite and austenite phases, respecavely.

In a system according to the present invendon, swnt 100 would be cieczically

connccu:d to a power source 102, such as a 12V banery. An appropriate ﬁrst

. resistance 104, for example 0.15 ohm, and a second resistance 108, for example 0.15

ohm, are provided to put a desirable voltage drop in the marnensite phase, say 6.3V,

across stent 100, having resistance of 0.36 ohm (0.5 mm diameter and 100 mm length).

When stent 100 shifts into its austenite phase its resistance will increase to 0.51
ohm and the voliage drop across stent 100 will increase 10 7.5V. The sharp change
in voltage is an excelient indicadon that stent 100 has shift;d into its austenite phase
and can be used to conmo! the end of the heatng process, either cuttng off heatng
immediately upon detectng the voltage change or at 2 certain fixed or calculated ime
thereafter.

For example, as shown in Figure 25, the circuit can further include 2 wansistor
gate 106 with a threshold of 2.5V. As long as stent 100 is in its mariensite phase the
potendal on ransistor gate 106 will be 2.8V which is above the threshold so that the
circuit will be closed. As soon as the austenite phase is reached the potendal on
transistor gate 106 drops to 2.2V, below its threshold, causing the circuir to open and
the hearing to be discondnued. The circuit may further have means (not shown) to
contnue hearng beyond this point for a suitable ame and at a suitable rate. It should
be appreciated that a siﬁilar system can be used wherein the current drawn, rather than
the voltage drop, is sensed and used 1o indicate the phase transidon.

In some cases it is desirable that the stent form a contdnuous wall. This may

be accomplished by encasing the wire making up the stent in a thin plastc envelop 70

(Figure 16) which will provide the continuous wall when the stent is in positon.
Shown in Figures 17 and 18 are an end view and a side view, respecdvely, of stent 20
enveloped in plastc envelop 70, as it would appear when stent 20 is tightly wound on
catheter 24.

Another embodiment of an encased stent is shown in Figures 16A and 16B.
The stent is as shown in Figure 16 with the addidon of a special release loops 21,

preferably made of a suitable plastic material and are connected to plastc envelope 70
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in some suitable fashion, which can be used (ses Figure 16B) to engage release wire
32 and immobilize the intermediate points of stent 20. The ends of stent 20 can oe
immobilized as described above. |

Yet another embodiment of an encased stent for effecding a condnuous wall
upon deployment is shown in Figures 19 and 20. In this embodiment 2 mezal core 80,
preferably made of nitnol, is encased in a shaped envelope 82, preferably of a suita_blc
plastic, which allows the stent 10 be tightly wound on the catheter and which forms a
continuous surface when the stent is unwound. Unlike the configuratons of Figures
16-18, in the configuration of Figures 19 and 20, the envelope is not continuous and

does not direcdy connect adjoining coils. Rather, the wire making up the stent is

enveloped in a suitable material, such as plastic, which feamres an extension such that,

when deployed, the exiension serves 10 bridge the gap berween adjoining coils of the
stent.

‘The configuradon shown in Figures 19 and 20 is such that when the stemt
expands and its meral core loops are scparated from each other (Figure 20) the stent
retains its contnuous sealed wall. Thus, a stent is obtained which features condnuous
walls and which is substandally the same length when wound onto the catherer for
delivery and placement as when fully deployed in the body vessel. It should be noted
that such a configuraton may be useful even without reversing of the winding
direction, since a sealed wall is mainmined even when adjoining loops arc not
completely condguous.

: It is 10 be noted ﬁxat 2 stent according to the present invendon, especially one
fearuring a continuous wall supporied on 2 meral coil frame, as described above, is
highly desirable in that such a smucture is able to support the body vessel and prevent
dssue ingrowth without undue interference with the normal flow of blood and other
bodily ﬂuidi The laner characteristic is achieved through use of very thin coils and
thin connecting walls enveloping the stent coils.

In addition, the profile and configuraton of the sient can be adjusted so as to
further minimize the flow fricion of fluids flowing inside the swent and reduce
wurbulence. For example, the distal ends of the stent can be made to have large coil
diameters than the rest of the coils so that, when the stent is deployed, its two ends

press firmly against the body vessel thereby creaung enwrance regions for flow through
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the stent wherein the stent is essendally flush with the body vessel, so that drag and

" wrbulence are minimized It is known that mrbulence. especially in blood vessels in

‘and near the heart, is directly linked to thrombus formanon.

In cerin applicadons it may be desirable for the stent to feanmre uneven
contour to help anchor it in place. An exampie is shown in Figure 21, where

depressions are placed along the coil to increase the friction between the coil and the. -

. tissue. Furthermore, in some cases it may be advantageous to have a sient which is

10

15

made up of two sectons which are connected to each other by a substandally straight
porton of wire, preferably connecting points on the opposing loops of the two sectons
which are not corrcsﬁond.ing points, so that the wire does not unduly press against the
wall of the body vessel where there is 2 natural conswiction in the body vessel berween
thc two sectons of the stent. Preferably the connectng wire is disposed near the
periphery of the stent, as shown in the end cross—sectional view of Figure 22, 10
minimize the obstructon to flow of fluids through the cenmal pordons of the sient.
While the inventon has been described with respect to a limited number of
embodiments, it will be appreciated that many variadons, modificadons and other
applicaﬁons of the inventon may be made. For example, the profile of the plasdc
envelope which makes up the stent can be varied so as to berer conform with the

internal shape of the body vessel wherein it is installed.
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1. A method of fabricating a stent from a wire,
combrising:
(a) winding the wire on a first mandrel;
(b) heating the wound wire to form a coiled
spring; and
(¢) after said coiled spring has cooled
sufficiently, reversing the winding direction of said

cailed spring to form the stent.

2. A mecthod as in claim 1, further comprising:
(d) placing said stent on a second mandrel; and
.(e) reheating said reversed coiled spring stent
for a time sufficiently short as to partially relax

sald stent.

3. A method as in claim 2 wherein said second
mandrel is made up of at least two regions of different
heat sink capacities, so that the portion of said stent
overlying said at least two regions will be relaxed to
different extents during said reheating. :

4. A stent, formed of a shape memory alloy,
comprising a tightly coiled spring having a multiplicity
of loops, wherein said loops are coiled in.a stressed
direction reversed from that of an original, relaxed
direction of winding such that said loops press together
tightly. .

5. A stent as in claim 4 wherein said coiled spring
is partially relaxed.

6. A stent as in- claim 5 wherein portions of said

coiled spring are relaxed to different extents.

7. A stent, formed of a shape memory alloy,
comprising a coiled wire having a remembered direction of

winding and at least one section which is wound in said
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remembered directicn of winding aad at least cne Saction
which is wound in the opposite direction of winding,
wherein said coiled wire is provided with depressions
extandin§ into the otherwise circular craoss-section of

said stent.

8. A stent as in claim 7 wherein said wire
includes twa sections with each of said sections

c
representing substantially half of said wire.

S. A method of deploying a stent of claim 7 in a
desired location, comprising:
- (a) tightly winding said stent onto a catheter;

(b) immobilizing the two end points of said
wire and at least one intermediate point on said
wire;

(c) bringing said stent to the desired location
wnere said stent is to be deployed;

(d) releasing said intermediate point on the
wire, thereby allowing said stent to unwind while
keeping said two end points‘immobilized; and

(e} releasing said two end points of said wire.

10. A stent as in claim 7 wherein said coiled wire
includes at least two sections which are wound in said
remembered direction of winding and at least two sections

wnich are wound in .said opposite direction of winding.

11. A stent as in claim 7 wherein said coiled wire
includes a plurality of sections, each section being made
up of substantially a single loop.

12. A stent as in claim 7 wherein the wire making up
the stent is enveloped in a plastic envelope having an
extension at one side, wherein said extension overlaps

neighboring coils of said wire when in an undeployed state
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and extends between neighboring coils of said wire when in

a deployed state thereby to form a continuous wall.

13. A stent comprising a coiled wire characterized
in that said wire is enveloped in an envelope having an
extension at one side, wherein said extension overlaps
neighboring coils of said wire when in an undeployed state
and extends between neighboring coils of said wire when in

a deployed state thereby to form a continuous wall.

14. A method of deploying in a desired location,
comprising:
(a) tightly winding said stent onto a catheter;
(b) immobilizing at least two tie-down pointg

on the stent using a disconnectable thread;

(c) bringing said stent to the desired
location where said stent is to be deployed;

{d) causing said thread to disconnect at one
or more of said thread is meltable and said thread is
disconnected by heating said thread so as to cause
said thread to melt.



