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STENT 

fIEl .... D. AND BACKGROUND OF 1liE INVENTION 

The present invention relates to stcnts and. more pan:icularlv, to methods of 

f~cating and deploying stcnts+ 

The =m "stcnt" has come into widespread use to denote any of a large variety 

of spring-like suppon suucmrcs, in the form of a tube which. is open at both· ends, 

which can be implanted inside a blood vessel or other tubular: body conduit, to help 
I 

keCp the vessei or conduit open. Stcnts may be used following balloon angioplasty to 

prevent restcnosis and may. more generally, be used in rep~g any of a number of 

10 tubular body conduits. suCh as those in the vascular. tfiliary, genitourinary, 

gastrointestinal and respiratory systems, among others, which have nmowed. 
. . 

weakened. distorted. distended or otherwise defonned. rypicilly as a result of any of 

a number of pathological conditions. 

An effective stcnt must possess a number of imponant and very specific 

15 characteristics. Specifically, the stcnt should be chemically and biologically inert to 

its surroundings and should not react with, or otherwise stimulate, the living tissues 

around it. The stcnt must funher be such that it will stay in the correct position and 

continue to support the tubular body conduit into which it is implanted ov.er extended 

periods of time. Further, the stent must have the ability to return to it! prescribed in-

20 place diameter afier the stent diameter has been significantly reduced prior to its 

insertion, usually tightly wrapped on a catheter. into the tubular body conduit. 

;tnese requirements limit the suitable metal Stent tnaieria!S to just a few metals 

and alloys. To date. it has been found that various alloys of nickel and titanium 

(hereinafter ''nitinor'), with or without ccnam coatings, have the desired properties and 

25 are considered suitable for use in stent applications. 

Specifically, nitinols. with or without special coatings, have been found to be 

chemically and biologically inen and to inhibit thrombus fomw:ion. Nitinols arc, under 

certain conditions, also superelastic which allows them to withstand extensive 

dcfonnation and still resume their original shape. Furthermore, nitinols possess shape 

30 memory. i.e •• the metal "remembers" a specific shape fixed during a particular heat 

tteannent and can reson to that shape under proper conditions. Shape-memory alloys 

can be fanned inro a ~determined ~hape at a suitable heat treatment temperature. At 
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tcmpera~s below ttie transition Iemperamrc range ("TI'R") ccnain nitinol alloys arc 
. . . } 

. in their mar=nsite phase wherein they are highly ductile and may bC piastically 
. . 

-deformed inio any of a number of odtcr shapes~ The alloy remms to its austenite 

pbaSe, returning to its original predercrmined shape upon reheating to a temperature 

5 above ~ tranSition temperature range. The transition temperature varies with each 

specific combination ratio of the components in the alloy. 

The superelasticity of nitinols. and their shape memory characteristics makes it 

pOSsible to fabricate a Stent having the desired shape and dimensions. Otice formed, 

the stern can be temporarily deformed into a much nmowcr shape for insertion into 

10 the· body. Once in place. the stent can be made to resume its desired shape and 

dimensions. Certain alloys of nickel and titanium can be made which arc plastic at 

temperatures below about 30°C and are elastic at body.temperatureS. above 35°C. Such 

alloys arc widely used for the production of srents for medical use since these nitinols 

are able to resume their desired shape at normal body temperamre without the need to 

15 artificially heat the Stent 

While such stcnts have been proven effective, they continue to suffer from a 

number of disadvantages. First. there is, in certain cases. a tendency for tissue to grow 

in the gaps between. adjoining loops of the stent. Over time, such gro~1 could lead 

to the constriction, or even the complete closure, of the tubular body conduit in which 

20 the stent was introduced in order to keep open. A continuous. gap-free, tube structure 

with no gaps would eliminate such undesired tissue growth. However, a rigid tube 

would •lack the highly desirable flexibility which a coiled spring configuration offers. 

Another disadvantage is that the techniques for locating stents in a body conduit 

are such that the stcnts arc often installed at a location which is not precisely the 

25 intendt:d optimal location. 

There is thus a widely recognized need for. and it would be highly 

advantageous to have, a stent which would be suitably flexible but which would 

significantly reduce, or even eliminate. the possibility of undesired tissue growth 

between the coils of the stcnt 

30 There is further a widely recognized need for, and it would also be highly 

advantageous to have. a technique for installing stents which would allow the srent to 

be located at precisely the desired location, either by controlling the stent design or by 
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. devising adequate methods for itS accurate release. Furthennorc, in those cases where 

: the ... shape memory" characteristic is used and the stent is to be heated in its final 

· location in the bOdy to cause it to resume its memorized shape, it -is desired and 

· advanr.ageous to have a way of hearing the stcnt which significandy reduces, or even 

5. eliminates, the chance of damaging surrounding tissue through heating which is 

. conducted for too long ancVor at temperatures which arc too high. 

$UMMARY OF THE INVENTION 

According to the present invention there is provided a method of fabricating 

a stent from a wire, comprising: (a) winding _the wire on a first mandrel; (b) heating 

10 the wound wire to fonn a coiled spring; and (c} after the coiled spring has cooled 

sufficiently, reversing the winding direction of the coiled spring to fonn the stent. 

Further according to the present invention there is provided a -Stent comprising 

a coiled wire characteriz.ed in that the wire includes at least one section which is 

wound in one sense and at least one section which is WOWld in the opposite sense, 

15 deployment of said stent taking place by tightly winding the Stent onto a catheter and 

subsequently allowing the scent to resume its normal dimensions. 

Still further according to the present invention there is provided. a method of 

deploying a stcnt in a desired location, comprising: (a) tightly winding the Stent onto 

a catheter; (b) immobilizing at least two tie-down points on the stcnt using a 

20 disconnectable thread; (c) bringing the stent to the desired location where the stent is 

to be;dcployed; (d) causing the thread to disconnect at one or more of the tie-down 

points. thereby releasing the tie-down point, wherein said disconnectablc thread is 

meltablc and said thread is disconnected by heating the thread so as to cause the thread 

~melt. 

25 Further yet according to the present invention there is provided a method of 

heating a nitinol stcnt to cause the sterit to shift from its manensite phase to its 

austcnite phase and to monitor the phase change. comprising: (a) elccuically connecting 

the stent to an electrical power supply; (b) supplying electrical current to the Stent; (c) 

sensing a change in at least one electrical propcny to indicate the phase change; {d) 

30 conU"Olling the cumnt in response to the change. 

---
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The ptcsent invention successfully addresses the shoncomings of the presently 
. . . 

. : . .· · ·. · . · · known n:n:S and ¢eir methods of deployment by providing a Stent which is suitably 

. ·flexible but which is sufficiently ·dght so as to eliminate the gaps between· adjoining 

windings of the stcnt. thereby significantly reducing or even eliminating the possibility 

S of undesirable growth of tissue between winding of the Stent. The present inven-?on 

further offers stents and associated deployment techniques which make it possible to 

accurately install the scent in a specific location of a body tubular conduit. 

BRIEF PESCRIPTION OF mE DRAWINGS 

The inv~n~on is herein described. by way of example only, with reference to 

10 the accompanying drawings, wherein: . 

FIG. ·1 is a perspective view of a single winding of a prior an su:nt; 

FIG. _2 is a perspective view of a single winding of Stent according to the 

present invention which was obtained by reversing the winding of a srent such as that 

in Figure l; 

15 FIG. 3 is a side cross sectional view of a stent undergoing reheating according 

to the present invention. on a mandrel having two sections, each with a different heat 

sink capacity; 

FIG. 4 is a perspective view of a stent wound and immobili7.cd on a catheter, 

according to the prior an; 

20 FIG. 5 is a close-up side cross sectional view of a portion of the system of 

Fig~ 4; 

FIG. 6 is a perspective view of one embodiment of a stcnt according to the 

present invention showing two oppositely wound sections; 

FIG. 7 is a schematic side view of the Stent of Figure 6 with reference to a 

25 catheter on which the Stent is delivered to its desired location after release of the 

intennediatc point; 

FIG. 8 is a schematic side view of the Stent of Figure 6 when wound tightly 

on a catheter on which the stent is delivered to its desired location; 

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

30 FIG. SB is a side view of the catheter of Figure SA with the Stent wound on 

the catheter; 
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FIG. SC is a side view of the expanded srcnt after its release;· 

flQ .. 9 is a pC_rspecti.ve view of an'?thcr embodiment of a srent according t0 the 

· · ·~resent inv~tion showing a plurality of oppositely wound sections; 

.FIG. 10 is a schematic side view of the Stent of Figure 9 with reference tO a 
. . 

· 5 catheter on which the stent is delivered to its desired location with the 'Stent partly 

released; 

FIG. 11 is a schematic side view of the stent of Figure 9 when wound tighdy 

on a catheter on which the stcnt is delivered to its desired location: 

FIG. 12 is a perspective view of the embodiment of Figures 9-11 showing one 

10 method. of immobilizing the srcnt; 

. . FIG. ·13 is a close-up perspective cross sectional v~w of one portion of the 

system of ~igure 12 showing a tie-down of an inu:rmediare point; 

FIG. 14 is a close-up perspective cross sectional view of one ponion of the 

system of Figure 12 showing a tic-down of an end point; 

15 FIG. 15 is a perspective view of a variation of the embodiment of Figure 9, 

showing a Stent wherein the immobilization is effected in somewhat different fashion; 

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

FIG. lSB is a ·side view of the catheter of Figure 15A with the st=nt wound on 

the catheter; 

20 FIG. lSC is a side view of the expanded stent as it would appear after it has 

been released from the catheter; 

• FIG. 16 is a laid-flat view of an embodiment according to the present 

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

FIG: 16A is a view of another embodiment of the device of Figures 16, 

25 including an integral immobilization thread; 

FIG. 16B is a side view of the de'vicc of Figure 16A a.S it would appear when 

wound onto a catheter; 

FIG. 17 is an end cross sectional view of the stent of Figure 16 when tightly 

wound onto a catheter; 

30 FIG. 18 is a side cross sectional view of the Stent of Figure 16 when tightly 

wound onto a catheter; 

.. -
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FIG. 19 is a side cross sectional view of another embodiment of a stern 

· actori:ihig to lhe present invention when tightly wound about a cathetu•{not shcWn}; 

. FIG .. 20. is a side cross sectional view of the embodiment of Figure 19_ when 

unwound for deployment: 

5 FIO. 21 is a side view of stent featming neck-down regions and tw9. sections 

connected by .a coil of low pitch; 

FIO. 22 is an end cross-sectional view of the ·su:nt of Figure 21; 

FIG. 23 is a schematic cross sectional side view of a catheter showing one 

embodiment of a rechnique for releasing the stent (not shown) using a sin~le electrical 

10 . circuit; 

FIG. 24 is as in Figure 21 except that two clccuical ~its arc used to provide 

.for the sequential release· of various points o.f the Stent; 

FIG. 25 is a circuit diagram for the electrical heating and phase shift sensing 

of a Stent according to the present invention, for the automatic disconnection of the 

15 heating circuit upon. or at an appropriate time following, the detection of the phase 

shift. 

DESCRIPTION OF mE PREFERRED EMBODIME?IT'S 

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

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

20 • The principles and operation of ~tents and related methods according to the 

present invention may be better understood with reference to the drawings and the 

accompanying description. 

. Referring now to the drawing, Figure 1 illustrates a single winding of a 

conventional stent. In many applications. it is important to precisely conttel the 

25 flexibility of the Stent as well as the intcrloop spacing and tighmess. A number of 

factors must be considered in selecting the proper flexibility and intcrloop spacing. 

FU'St. the Stent must be sufficiently flexible to follow the natural shape and dimensions 

of the body conduit into which it is installed without undue stress. The srcnt must also 

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

30 These requirements tend to indicate that a coiled, or spring-like. structure be used. 
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However, the stcnt must not be too loose since this may erode its body conduit 
. . . 

suppon function· and since when the stc1n looscns significant imerloop gaps arc fonncd 

which tend to encourage the ~wth of surrounding tissue into the scparrions. Such 

~growth may have serious adverse consequences. 

' S A stent is typically made by first tightly winding a witc of a suitable ~r.erial. 

such as nitinol. on a mandrel. The assembly is then heated to a suitable temperature 
I 

· so as to imp~ to the stent its desired shape. However, durinf. the hearing process, the 
I 

mandrel is also heated. which brings about its expansion and leads to the fonnation of 

a Stent with loops which are somewhat separated from one an~thcr. Such separations 

10 are undesirable in certain applications. 

These inrerloop gaps can be eliminated and the srent ~ be stiffened 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, 19. is. after reversal 

15 (Figure 2), the right end of the loop. 10, while what. prior to reversal (Figure 1), was 

the right end of the loop. 12. is. after reversal (Figure 2), the left end of the loop, ll. 

As will be appreciated. the reversal puts each loop in elastic deformation and thereby 

causes adjoining loops to press together and eliminates intcrloop gaps .. · 

Under cenam conditions a stent mad:e by reversing the winding direction as 

20 described above may be overly rigid for a specific application. In such a case. the 

rigidity of the stent may be reduced to any desired ~evel by following a reheating 

procedure desc:ribed below. 

The reversed stent 20. whose rigidity is to be reduced. is mounted onto a 

mandrel 22 (Figure 3) which may or may not be the mandrel previously used to give 
. -

25 the stent its original shape. Stent 20 and mandrel 22 are reheated at a suitable 

tempcrarure above the transition point but the reheating is allowed to continue only 

long enough to allow the outside ponion of the stent (indicated in Figure 3 as the 

unhatched portion) to approach the reheating temperatllrC and therefore to relax. while 

the portion of the stent near the relatively cool mandrel (indicated in Figure 3 by hatch 

30 m~ks) stays at significantly lower temperatures, does not relax. and continues to have 

its original rigidity. In this way the reheated stcnt. upon cooling, displays a flexibility 

--
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which is ··intmnediatc between those of the unrchcau:d stent and a su:nt which is 

. completdy· rel~ but without opening up gaps between the stcnt loop's. 

The duration. of the reheating must be cardully controlled to achieve the proper 

· dCgree of relaxation. The reheating time will be influenced to a large degree by the 

5 heat properties of the mandrel. A mandrel which has high heat sink capacity, such as 

the left-hand portion of the mand?el of Figure 3, can absorb considerable heat and 
keep the stent at low tcmpcramres .for a relatively long time. • 

By contraSt, a mandrel which has low heat sink capacity, such as the right-hand 

porti0n of the mandrel of Figure 3, can absorb very little heat and will not keep the 

10 s~nt at low temperatures but rather will allow. that portion of the stent overlying it to 

quickly reach the overall hearing tcmpcratme and undergo complete relaxation. 
,., . 

Advantage may be taken of this property to .reheat different portions of a stcnt 

~ different ~xtcnts so as to achieve a final product which has a certain rigidity in one 

or more sections and is relaxed and features significant intcrloop gaps in other sections. 

15 Typically, it may be useful to have significant intcrloop gaps between the windings 

near each end of the stent to facilitate the suturing of the stern in place. 

It will be appreciated that a stent having regions of differing relaxation 

characteristics can also be achieved by heating the different segments to different 

temperatures and times. such as by use of a segmented heater or furnace. 

20 Conventional stents, as well as the reversed stents accon:ling t0 the present 

invention described above. must be accurately placed in a specific location in the body 

conduit in order to be most effective. A common placement technique cuncntly used 

is illustrated in Figures 4 and 5. Stent 20 is tightly wound around a catheter 24, which -

typically features helical grooves 26 sized and shaped to accommodate stcnt 20 in its 

25 tightly wound configura~on. 

The two ends of stcnt 20 are typically bulbed, i.e., the ends feamrc a slightly 

enlarged diameter. Each end of stent 20 is immobilimi by a thread 28 which is 

anchored by wrapping around cathct:r 24 several times. Thread 28 is wrapped over 

the end of stent 20 as shown in Figure 5. Catheter 24 features a small diameter bore 

30 30 through which runs a release wire 32. Portions of thread 28 enter transversely into 

bore 30 near the bulbed end of srcnt 20 and thread is connected with release wile 32 

{see Figure 5) so that as long as release wire 32 is in place thrC3d 28 immobilizes the 

--
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end of stent 20. When both ends of stcnt 20 are so immobili%.cd, stent 20 is effectively 

: prevented. from unwinding and resuming itS preset shape. 

To dcpJ'ly 'Stent 20 in the body, catheter 24 is first brought to the appropriate 

position. Release wife 32 is then pulled. thereby releasing the ends of stern 20. Stent 

S. 20 then immediately proceeds to unwind. enlarge and install itself into the body tubular 

. condiµt while getting shoncr in proportion to the diameter growth, as is the case fer 
a Stent having adjoining loops which contact each other. However. in the process of 

unwinding, Stent 20 assumes a final position which is somewhat arbittary, wirhin its 

original length. and which depends. to some extent, on the local resistance encountered 

I 0 to the unwinding in the uneven blood vessel. The lack of ccnainty in the accurate 

placement of the stent often degrades itS- effectiveness. Hence. it is quite important to 

be able 10 release the stent with a high degree of accuracy. 

Furthenno~ the unwinding action of. a stent of conventional design is 

accompanied by the rapid turning through many cycles of the stent coils. Such a 

15 turning could have a detrimental effect on smrounding tissue since the rapid and 

prolonged tu:ming 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-invention is 

made up of a coiled wire which is characteriz.cd in that the wire includes at least one 

· 20 section which is wound in one s-...nse and at least one section which is wound in the 

opposite sense. .Preferably. the stcnt includes two sections with each of these sections 

reprcs'!nting substantially one half of the Stent. >JJ. example of such a stcnt is shown 

in Figures 6-8. 

Stcnr 120 has a central point 40 where the winding direction changes, and two 

25 ~cl points 42. To place stent 120 iii a body conduit. stent 120 is first tightly wound 

onto catheter .24 and end points 42 are immobilized using release wire 32 as described 

above in the contcXt of Figures 4 and s. or in any other suitable manner. In addition. 

central point 40 is also immobilized in a similar manner, but using a second release 

wire 33. 

30 To place stent 120. catheter 24 is first brought to the proper location. Next. 

central point 40 is released by using second release wire 33. This allows stcnt 120 to 

unwind without any axial displacement, since the two ends 42 are still immobilized. 

-~ -
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As su;nt 120 Ul)~ds it assumes its full diameter and is firmly installed onto the inner 
. . 

.WaJ~ ·of the body tubular conduit. ' 

At this point the two end ·points 42 are released by using release wire 32.. 

. freCing stcnt 120 from catbetcr 24. and allowing the latter to be withdrawn. Since s~t 

5 120 is already fully unwowid and fimtly implanted in the body conduit prior t0 the 

release of end points 42, stcnt llO doc! not move upon the release of end points 42 

and remains firmly installed in the correct position. Shown in Figures SA, SB· and SC 

are more detailed views of catheter 24 and stcnt 120 as they might appear in an acmal 

application. 

1 Q Jn another .embodiment of Stcnts according to the present invention showing in 

_Figures 9-12. stcnt no is~ up of several sections with adjoining sections wound 

i~ opposite directions. Preferably, adjoining loops of Stent 220 arc wound in opposite 

directions, ~th intermediate points 140 representing the regions where winding 

directions change. To make such a stcnt. a catheter can be used which features a series 

15 of suitably placed pins or protrusions. The wire is wound about the mandrel and use 

is made of the pins or protrUsions to wrap the wire around these in order to reverse 

the winding dm::ction. 

Shown in Figure 12 is one scheme for attaehing stent 220 to catheter 24. Here 
~ 

a first release wire 132 immobiliz:es the two end points 42 and approximately one half 

20 of intcnnediate points 140, while a second release wire 133 serves to immobilize the 

balance of intcnnediate points 140. Each of release wires 132 and 133 is preferably 

located in its own bore, 232 and .233, respectively. The release of such a stcnt is not 

accompanied by the rapid. and prolonged turning of the coils of the stcnt but is. rather. 

achievCd by minimum and unifonn turning of the coils through approximately two 

25 turns before the stcnt is fully deployed in the body vessel. 

Figures 13 and 14 depict possibilities for the acmal immobilization of an 

intermediate point 140 and an end point 42, rcspcctively. 

Another embodiment of a st.ent according to the present invention is shown in 

Figure 15. where at the end points and in the vicinity of each winding direction 

30 change, Stent 320 features a kink or depression 50 in the otherwise circ:ular cross 

section of the Stent. The kink or ciCjJrcssion SO allows stcnt 320 to be immobiliml on 
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a ~eter (not shown) by inserting a release wire (n~t shown) above kink· or dcprcssion 

. 50 (see Figure :15). · 
. . . . . . . 
· ·. · · · . : : _As can·be better see~ in Figures ISA IJ'd 15B. catheter 24 preferably features 

sl~ts is ~hich accommodate the kinked ponions of stcnt 320 so that release wires 32 

~ and 33 can pass on the outside of the kinked pon:lons and serve to immobilizes stcnt 

320. Figure !SC shows stent 320 as it would appear after release from catheter 24. 

Other variations and improvements of methods of immobilizing and releasing 

StCnts. ·whether conventional. or those according to the present invention, may be 

envisioned. 

l 0 When a stcnt is to be inserted deep into the body, the catheter used in deploying 

the s~~t is necessarily very long and may need to follow a highly convoluted path on 

its way 10 the desired deployment location. If the stcnt is to be released from the 

catheter by pulling on the release wire, the friction between the release wire and its 

bore may be sufficiently high that pulling the release wire will result in the deformation 

· 15 of the entire catheter and bring about the displacement of the catheter tip on which the 

srcnt is wound. This. in mm. could result in the improper placement of the stcnt. 

One way of ·avoiding this difficulty is demonstrated in Figures 23 and 24. 

Herc the release wire is ·an eleetrically conducting wire which, unlike the r-..leasc wires 

described above, is not movable but is. rather, used to conduct a small electric cmrcnt 

20 upon activation by the operator. In Figure 23. a pair of threads 28 arc shown. each 

of which is used to immobilize a certain point on the stcnt (not shown). nin:ad 28 is 

in cont.21Ct with a heat producing element 60 which fonns a part of the electrical circuit. 

Heat producing element 60 may be a resistor which convcns electrical energy into 

heat. Thread 28 is made of a material such that when heat producing clement 60 is 

25 activated.. thread 28 is caused to melt thereby releasing the stcnt. 

In the embodiment of Figure 24 catheter 24 fcamrcs two circuits. rather than 

one. This makes it possible to sequentially release various points of the stcn~ 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 to break or 

30 disconnect by cutting. by chemical reaction. and the like. 

Nitinols of cenain composition have transition temperatures ranges which arc 

such that the nitinol is in its mancnsite phase. and is plastic, at temperatures of about 

-..,,... 
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3C°C -and is in its austenitc phase. and highly elastic, at or above body tcmpcramrcs, 

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

~und. ~ut a catheter at room temperature and can then automatically resume their 

de~ shape at nmmal body temperature without the need to artificially heat the Stent. 

However, this technique suffers from a disadvantage in that the stcnt ~ay heat 

to ~y tcm~ture prematurely, that is, before it is plaCed in its inumdcd position, 

and may thus suffer undesirable stresses and permanent deformation. It is. thus, usCful 

to employ nitinols which have a transition temperatUl"C range above body temperature 

(about 37°C) such that the stcnt must be heated to a tcmperatur.c above body 

10 t~peramre in order to conven the nitinol into its austenitc phase. 

In such cases conventional tec~iques call for the heating of stcnt through the 

c~ation of hot liquids Uu:ough the catheter us_cd to place the stcnL A difficulty with 

such tectmiqucs is that a liquid must be injected having a temperature which is 

sufficiently high so as to reach the stcnt at a temperature which is sufficiently high to 

15 raise the Stent temperature above the required TIR. Especially where a iong 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 tissues. 

The problem is compounded by uncertainty as to when the heating should be 

discontinued. since it is difficult to know precisely when the nitinol reaches the desired 

20 temperanire. As a result. there is a tendency to overheat the Stent. which further incurs 

the risk of overheating and damaging body tissues. 

; To overcome these shonc:omings. it is proposed that the stcnt be heated 

· electrically and that advantage be taken of the differences in the properties of nitinols 

in their mancnsite and austcnite phases to sense the change of phase of the nitinol to 

25 auto~tically regulate the heating. 

Depicted in Figure 25 is a circuit diagnm of a stcnt heating and monitoring 

system according to the present invention. The principles and operation of such a 

system may be better understood with respect to a specific example desaibed next. 

It is to be understood that the example is illustrative only and docs not, in any way, 

30 limit the scope of the invention. 

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

alloy in its austenitc phase arc different than in its mancnsitc phase. For example, for 
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a particular nidnol. the resisdvities are 70 and 100 µohm-cm for the mancnsitc and 
. . I 

auStcnitc ·phases, respectively. The thermal conductivities for the same nitinol arc 

0.085 and 0.18 Watt/cm-C° for the mancnsite and austenite phases. rcspccti~ly. 

In a system according· to the present invention. su:nt 100 would be electrically 

S connected ·to a power source 102, such as a 12V battc?y. An appropriate first 
. . 

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

ohm, are ~vidcd to put a desirable voltage drop in the ~site phase, say 6.SV, 
I 

across stent 100, having resimnce of0.36 ohm (0.S mm diameter and 100 mm length). 

When ste1tt 100 shifts into its aust=ite phase its resistlmce will increase to O.S 1 
' . 

10 ohm and the voltage drop across stent 100 w;il1 increase to 7.SV. The sharp change 

. in voltage is an excellent indication that Stent 100 has shifted into its austenitc phase 

and can be used to control the end of the heating process, either cutting off heating 

immediar.ely f:Ipon detecting the voltage change or at a certain fixed or calculated time 

thereafter. 

15 For example. as shown in Figure 25, the circuit can funher include a mmsistor 

gate 106 with a threshold of 2.SV. As long as stent 100 is in its mancnsitc phase the 

potential on transistor gate 106 will be 2.SV which is above the threshold so that the 

circuit will be closed. As soon as the austenite phase is reached the potential on 

transistor gate 106 drops to 2.2V, below its _threshold. causing the circuit to open and 

20 the heating to be discontinued. The circuit may further have means (not shown) to 

continue heating beyond this point for a suitable time and at a suitable rate. It shou.Jd 

be apPJ:cciated that a similar system can be used wherein the cmrcnt dra~ rather than 

the voltage drop, is sensed and used to indicate the phase transition. 

In some cases it is desirable that the stent fonn a continuous wall. This may 

25 be accomplished by encasing the wire making up the stent in a thin plastic envelop 70 
(Figure 16) which will provide the continuous wall when the stent is in position. 

Shown in Figures 17 and 18 are an end view and a side view, ~spectively, of Stent 20 

enveloped in plastic envelop 70, as it would appear when stent 20 is tightly wound on 

catheter 24. 

30 Another embodiment of an encased stent is shown in Figures l 6A and 16B. 

The stent is as shown in Figure 16 with the addition of a special ~lease loops 21, 

preferably made of a suitable plastic material and arc conncctcd. to plastic envelope 70 
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in some suitable faspion, which can be used (see figure 16B) to engage release wire 
·. l 

32 and immobilize the in=mediate points of stcnt 20. The ends of stent 20 can be 

immobilized as dcsCribcd above. 

Y ct another embodiment of an encased stent for effecting a continuous wall 

5 upon deployment is shown in Figures 19 and 20. In this embodiment a metal core 80, 

i>referably made of nitinol, is encased in a shaped envelope 82, preferably of a suitable 

plastic, which allows the Stent to~ tightly wotmd on the catheter and which fonns a 

continuous smface when the stcnt is unwound. Unlike the configurations of Figures 

16-18, in the configuration of Figures 19 and 20, the envelope is not continuous and 

10 does not directly connect adjoining coils. Rather, the wire making up the stctlt is 

enveloped in a suitable ma~~al., such as plastic. which feamr:es an extension such that. 

_ when deployed.. the extension serves to bridge the gap between adjoining coils of the 

Stent. 

The configuration shown in Figmes 19 and 20 is such that when the stcnt 

15 expands and its metal core loops are separated from each other (Figure 20) the Stent 

retains its continuous scaled wall. Thus, a Stent is obtained which features continuous 

walls and which is subsr.antial.ly the same length when wound onto the catheter for 

delivery and plac~cnt as when fully deployed in the body vessel It should be noted 

that such a configuration may be useful even without reversing of the winding 

20 direction, since a scaled wall is maintained even when adjoining loops are not 

completely contiguous. 

• It is to be noted that a stent according to the present invention, especially one 

featuring a continuous wall supported on a metal coil frame, as dcsaibcd above, is 

highly desirible in that such a strUcmrc is able to support the body vessel and prevent 

25 tissue ingrowth without undue interference with the nonnal flow of blood and other 

bodily fluids. The latter characteristic is achieved through use of very thin coils and 

thin corinccting walls enveloping the stcnt coils. 

In addition. the profile and configuration of the stent can be ad.justed so as to 

further minimize the flow friction of fluids flowing inside the stcnt and reduce 

30 turbulence. 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 creating entranee regions for flow through 
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.the stcni wherein the Stent is essentially flush with the body vessel, so that drag and 

· turbUience.are minimiz.c:d. It is known that turbulence. especially in bloOd vessels in 

and near the hem,· i~ directly linked to thrombus formation. 

· In ccnam applications it may be desirable for the Stent tO fcamrc uneven 

5 .contour to help anchor it in place. An example is shown in Figure 21, where 
. . 

depressions ate placed along the coil to incrca.se chc friction between the coil and the 

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

~ade up of two sections which arc coMected to each other by a substantially straight 

portion of wire, ptefcrably connecting points on the opposing loops of the two sections 

10 which are not cmresponding points. so that the wire does not unduly press against the 

wall of the body vessel where there is a namral constriction in the body vessel between 

the two sections of the stent. Preferably the connecting wire is disposed near the 

periphery of the stent. as shown in the end cross-sectional view of Figure 22. to 

minimize the obstruction to flow of fluids through the central portions of the Stent. 

15 While the invention has been described with respect to a limited number of 

embodiments, it will be appreciated that many variations. modifications and other 

applications of the invention may be made. For example, the profile of the plastic 

envelope which makes up the stcnt can be varied so as to better confunn with the 

internal shape of the body vessel wherein it is installed. 
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1. A method of deploying in a desired location, 

· .comprising: 

(a} tightly winding said. stent onto a catheter; 

(b) immobilizing at least two tie-down points 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 tie-down point, wherein said 

disconn~ctable thread is meltable and said thread is 

disconnected by heating said thread so as to cause 

said thread to melt. 

2. A method of heating a nitinol stent cause the 

stent to shift from its martensite phase to its austenite 

phase and to sense the phase change, comprising: 

(a) electrically connecting the stent to an 

electrical power supply; 

(b) supplying electrical current to the stent; 

(c) sensing a change in at least one electrical 

property to indicate the phase change; 

(d) controlling said current in response to said 

change. 

3. - A method as in claim 2 wherein said electrical . 

property is a voltage drop change. 

4. A method as in claim 2 wherein said electrical 

property is a current change. 


