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HIGHLY ELASTIC, ADJUSTABLE HELICAL 
COIL STENT 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to medical devices used to 
hold open blood vessels, heart valves and other conduits of 
the human body during a medical procedure. Speci?cally, a 
highly elastic, adjustable helical coil stent is disclosed 
Whose coils can be contracted around a small diameter 
catheter for percutaneous insertion into a human body and 
then be remotely expanded back to its original shape When 
positioned at the desired location Within the human body. 
such a highly elastic, adjustable helical coil stent is espe 
cially useful for total or partial heart assist during heart 
bypass procedures. 

BACKGROUND OF THE INVENTION 

It is sometimes necessary during medical procedures to 
insert a device into blood vessels, heart valves, urinary tracts 
or other conduits of the human body in order to either hold 
open or Widen those conduits. These devices are generally 
referred to as “stents.” A number of the stents knoWn in the 
art take the form of a helical coil and are designed for 
permanent implantation. An example of such a permanently 
implantable helical coil stent is shoWn in US. Pat. No. 
5,201,901, issued to Harada. In the Harada patent, a stent is 
constructed in one embodiment out of a unidirectional 
memory alloy, such as heat activated nickel-titanium alloy 
(“heat/cool Nitinol”), Which is responsive to body heat. 
After such a stent is inserted into the appropriate location in 
the body With the aid of a guide Wire or catheter, the body 
heat causes it to expand to a predetermined or “memorized” 
siZe. The guide Wire or catheter is then WithdraWn to alloW 
the stent to remain permanently implanted. 

In certain medical procedures Where stents are needed, it 
Would be impractical to leave the stent permanently 
implanted. One of these medical procedures is the heart 
bypass procedure With heart assist described in US. Pat. No. 
4,889,137, issued to co-inventor KoloboW, the disclosures of 
Which are incorporated by reference. In such a heart bypass 
procedure, a stent is used to temporarily keep one or both of 
the pulmonary and tricuspid valves partially or totally open. 
This stent is needed to provide effective decompression of 
the left heart during the heart bypass procedure in order to 
prevent the onset of potentially lethal forms of acute pul 
monary edema. Of course, if the heart is to return to its 
normal function after the heart bypass procedure, it is 
necessary for the stent to be adjusted back to a contracted 
state and completely removed so that the heart valves can 
return to their normal function. 

Several helical coil stents in the art have already been 
made to be temporary and adjustable. These include the 
temporary, adjustable helical coil stents of US. Pat. No. 
4,553,545, issued to Maass, and of US. Pat. No. 5,342,300, 
issued to Stefanadis. In both the Stefanadis and Maass 
patents, adjustable helical coil stents are made of bare 
stainless steel. In his patent, Maass recogniZes that thin 
stainless steel coils have a tendency in an expanded state to 
be mechanically unstable, even at the modest expansion 
ratios of 0.5 to 3.8 described in his speci?cation. This 
instability results in the tilting or collapse of the coil after its 
operational expansion. Maass tries to address this problem 
by adding a cumbersome set of additional parts Which he 
refers to as “rigidifying means.” 

What is needed in the art is a simple, highly elastic, 
adjustable helical coil stent Which does not become 
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2 
mechanically unstable When placed in an expanded state. 
This is particularly needed for heart bypass procedures 
Where the helical coil stent must be greatly compressed to be 
inserted into a narroW blood vessel and then reliably 
expanded to hold open a heart valve. The expansion ratios 
involved in such a heart bypass procedure can be signi? 
cantly greater that the 0.5 to 3.8 range described by Maass. 
What is also needed in the art is a simple, highly elastic, 

adjustable helical coil stent Which Will not promote blood 
clotting or blood vessel damage through the contact of sharp 
metallic surfaces With soft blood vessel tissue. 

SUMMARY OF THE INVENTION 

The present invention provides a simple, highly elastic, 
adjustable helical coil stent Whose helical coils can be 
contracted around a small diameter catheter for percutane 
ous insertion into a human body and then be remotely 
expanded back to its original shape When positioned at the 
desired location Within the human body. This adjustable 
helical coil stent is preferably formed of a metal alloy With 
high elasticity, such as superelastic Nitinol, and encased 
Within an coated elastomer, such as a heparin coated poly 
ester Hytrel elastomer, to help prevent blood clotting and 
damage soft tissue. The adjustable helical coil stent of the 
present invention has its helical coils af?xed at their distal 
end to a catheter and af?xed at their proximal end to a 
control tube. By rotating the control tube in one direction 
relative to the catheter, the adjustable helical coils can be 
made to contract. By rotating the control tube in the other 
direction, the adjustable helical coils can be made to expand. 
The adjustable helical coil stent of the present invention is 
particularly useful for total or partial heart assist during heart 
bypass procedures Where high expansion ratios and delicate 
tissue are involved. It can also be used, for example, as a 
stent for blood vessels or other body conduits in either 
humans or animals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a side vieW of the adjustable helical coil 
stent of the present invention. 

FIG. 2 shoWs a detail cross-section of the helical coil 
itself. 

FIG. 3 shoWs hoW the adjustable helical coil of the present 
invention can be percutaneously inserted into a human blood 
vessel. 

FIG. 4 shoWs use of the adjustable helical coil stent of the 
present invention for heart assist during a heart bypass 
procedure. 

FIG. 5 shoWs an alternative adjustable helical coil stent of 
the present invention con?gured as a drainage catheter. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

FIG. 1 shoWs a preferred form of adjustable helical coil 
stent 10 of the present invention. In this adjustable helical 
coil stent 10, a helical coil 20 is Wrapped around a balloon 
catheter 12. The balloon catheter 12 features a ?exible 
balloon 15 near its distal end 13 connected to a holloW, 
polymeric catheter shaft 16 of about 1 to 4 mm in diameter. 
This balloon catheter 12 is preferably a SWan GanZ type 
catheter. One of skill in the art Will recogniZe, though, that 
other types of catheters could be used in the present 
invention, including multilayered catheters and catheters 
Without balloons. The distal end 13 of the balloon catheter 
12 of the present invention is preferably left open so that 
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blood samples can be collected When the stent is in the body 
and blood temperature or pressure can be monitored. 

The helical coil 20 shoWn in FIG. 1 has a distal end 21 and 
a proximal end 22. The distal end 21 of the helical coil 20 
is permanently af?xed to the shaft 16 of the balloon catheter 
12. It can be preferably af?xed by fusing the helical coil 20 
and catheter 12 materials, by bonding them together With a 
permanent adhesive, such as a cyanoacrylate adhesive, or by 
mechanical attachment techniques. One preferred technique 
for bonding is to ?rst adhere the helical coil 20 to the 
catheter 12 With cyanoacrylate adhesive and then Wrap the 
bonded joint With a mono?lament Kevlar ?ber for extra 
strength. 
At its proximal end 22, the helical coil 20 is af?xed to the 

distal end 31 of a ?exible, holloW control tube 30 as shoWn 
in FIG. 1. Again, the helical coil 20 is permanently af?xed 
to this holloW control tube 30 through fusing, adhesive 
bonding or other means. One preferred technique is to fuse 
the helical coil 20 to the control tube 30 With heat and 
pressure and then Wrap the fused joint With a mono?lament 
Kevlar ?ber for extra strength. The holloW control tube 30 
is placed concentrically over the balloon catheter 12 so that 
it can move independently of the balloon catheter 12. The 
holloW control tube 30 is permanently af?xed at its proximal 
end 32 to an adjustable seal 35. Using this arrangement, the 
control tube 30 and adjustable seal 35 can be rotated in one 
direction relative to the catheter 12 to contract the helical 
coil (e.g., clockwise) and rotated in the other direction (e.g., 
counterclockwise) to expand the helical coil. 

In FIG. 2, a cross-section of the helical coil 20 is shoWn. 
At the center of this helical coil 20 is a Wire 25 made out of 
a highly elastic metal alloy, such as a heat treated, super 
elastic nickel-titanium alloy (“superelastic Nitinol”). This 
superelastic Nitinol can be purchased from Fort Wayne 
Metals of Fort Wayne, Ind. It is important to distinguish this 
preferred “superelastic Nitinol” from the “heat/cool Nitinol” 
of prior art helical coil stents. The inventors have found that 
helical coils made of superelastic Nitinol can have expan 
sion ratios over 50 and are not signi?cantly affected by body 
heat like “heat/cool Nitinol”. In this context, the “expansion 
ratio” is de?ned as the diameter of maximum helical coil 
expansion during operation divided by the diameter of 
maximum helical coil contraction during operation. Unlike 
helical coil stents of the prior art, it is an object of the present 
invention to have precise control over the dimensions of the 
helical coil by not having such dimensions vary signi?cantly 
With the ambient temperature. 

For heart assist during a heart bypass procedure, the 
inventors have found that the superelastic Nitinol Wire 25 
preferably has cross-sectional dimensions of about 0.10 mm 
by 1.0 mm. When the adjustable helical coil stent of the 
present invention is used in smaller body conduits, such as 
coronary arteries, use of a ?ner superelastic Nitinol Wire is 
preferred. By contrast, When the adjustable helical coil stent 
of the present invention is used in larger body conduits, such 
as the esophagus or trachea, either a Wider and thicker 
Nitinol Wire can be used or a plurality of ?ner superelastic 
Nitinol Wires is preferred. 

To reduce the risk of blood clotting and in?ammation to 
the body tissue through Which the helical coil stent 10 is 
passing, the helical coil Wire 25 shoWn in FIG. 2 is prefer 
ably encased Within a coated elastomeric sheathing 26. The 
inventors have found that a variety of materials can be used 
for the elastomeric sheathing 26 such as polyester Hytrel, 
polyurethane and silicone rubber. To prevent blood clotting, 
this elastomeric sheathing 26 is preferably coated With 
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4 
heparin or a heparin complex. Use of a slightly porous 
elastomer for the sheathing 26, rather that a solid elastomeric 
material, can also help reduce the risk of blood clotting. 
With an elastomeric sheathing 26 used to encase Wire 25 

as shoWn in FIG. 2, the full cross-sectional dimensions of the 
helical coil used for heart assist during a heart bypass 
procedure are preferably from about 4.0 to 8.0 mm in Width 
and 0.1 to 0.2 mm in thickness. This Width and thickness 
can, of course, vary depending upon the application in much 
the same Way that the thickness of the Wire varies. The 
length of coil used for such a heart bypass procedure is 
preferably about 3.0 to 8.0 cm. Also, While the coil shoWn 
in FIG. 2 has rectangular cross-sections for both the Wire 25 
and elastomeric sheathing 26, those of skill in the art Will 
readily recogniZe that the Wire 25 and sheathing can have 
other cross-sectional shapes, such as circular or oval. 

FIG. 3 shoWs an adjustable helical coil stent of the present 
invention after being inserted percutaneously into a blood 
vessel. The preferred technique for such insertion is to ?rst 
insert a syringe (not shoWn) through the skin until it reaches 
the desired blood vessel. A dilator (not shoWn) is then used 
to expand the siZe of the hole created by the syringe. The 
dilator should expand the hole Wide enough that an intro 
ducer sheath 40 can then be inserted. With helical coil stents 
from the prior art, the dilator Would typically need to expand 
the hole Wide enough to accommodate an introducer sheath 
With an approximate outside diameter of 13 mm, about 39 
French, a very formidable task. Due to the high elasticity of 
the alloy Wire 25 used in the present helical coil stent 
invention, though, a much smaller diameter introducer 
sheath 40 of approximately 4.6 mm, about 14 French, can be 
used instead. 

Once the introducer sheath 40 shoWn in FIG. 3 is in place, 
the helical coil stent 10 of the present invention can be 
inserted. Before such insertion, the helical coil 20 should be 
contracted around the balloon catheter 12 by rotating the 
control device 30 in an appropriate direction relative to the 
balloon catheter 12 (e.g., in a clockWise direction). The 
helical coil 20 must be contracted to a diameter Which is less 
than the internal diameter of the introducer sheath 40. If the 
helical coil stent 10 needs to be moved in the direction of 
blood ?oW, it is also advantageous to in?ate the balloon 15 
of balloon catheter 12 so that the blood How can assist the 
progression of the helical coil stent 10 by creating an 
upstream pressure against the balloon 15. The control tube 
30 and adjustable seal 35 of the helical coil stent should ?t 
snugly, yet movably, against the inside of the introducer 
sheath 40 in order to prevent both blood from exiting the 
control tube and spontaneous uncoiling of the helical coil 20. 
For these same reasons, the control tube 30 and adjustable 
seal 35 should also ?t snugly, yet movably, against the 
outside of the balloon catheter shaft 16. To achieve this type 
of snug ?t, the control tube 30 and adjustable seal 35 are 
preferably made of a pliable, polymeric material, such as 
silicone rubber. 
When the helical stent is moved into its desired position 

in the blood vessel 51, as shoWn in FIG. 3, or other body 
conduit, the helical coil can be expanded to an appropriate 
diameter by rotating the control device 30 relative to the 
balloon catheter 12 in the appropriate direction (e.g., in a 
counterclockWise direction). Both the positioning and diam 
eter of the helical coil stent 10 can be checked With a 
?uoroscope or X-ray. It is also appropriate When the helical 
coil stent has been appropriately positioned to de?ate the 
balloon 15 of the balloon catheter 12. 

To remove the helical coil stent 10 of the present inven 
tion from a blood vessel or other body conduit at the 
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conclusion of a medical procedure, one begins by contract 
ing the helical coil 20 to the point Where it is Wrapped tightly 
around the balloon catheter 12. The helical coil stent 10 can 
then be sloWly WithdraWn by pulling on the adjustable seal 
35. When the helical coil stent 10 is fully WithdraWn from 
the introducer sheath 40, the introducer sheath 40 itself can 
then be WithdraWn and the skin bandaged. 
As previously mentioned, a preferred application for the 

helical coil stent 10 of the present invention is as a heart 
assist during heart bypass procedures. During such a 
procedure, the helical coil stent 10 of the present invention 
can be introduced into the body through the internal or 
external jugular vein (not shoWn). It is preferably introduced 
With the balloon 15 of balloon catheter 12 being in?ated to 
a diameter of about 7 to 9 mm. As shoWn if FIG. 4, the 
helical coil stent 10 can then be threaded past the lungs 70, 
then through the right atrium 61 of the heart 60, through the 
right atrioventricular or tricuspid valve 62 of the right 
ventricle, through the pulmonary valve 64 and ?nally into 
the pulmonary artery 65 until its distal end 13 reaches the 
left or right stem of the pulmonary artery 65. At that point, 
the pulmonary artery 65 narroWs to the point that the balloon 
diameter becomes greater than the diameter of the pulmo 
nary artery 65. With insertion of the helical coil stent 10 
stopped at this point, the helical coil 20 should be correctly 
positioned inside one or both of the pulmonary valve 65 and 
tricuspid valve 62. The correctness of this positioning can be 
checked With a ?uoroscope or X-ray. 

With the correct positioning of the helical coil stent 10 
con?rmed, the helical coils 20 can be expanded to an 
appropriate diameter through appropriate rotation of the 
control tube 30 relative to the balloon catheter 12 (e.g., in a 
counterclockwise direction). In the case of a relatively 
healthy heart, the helical coils 20 can be expanded to a lesser 
diameter to hold one or both of the pulmonary valve 65 and 
tricuspid valve 62 partially open. By contrast, in the case of 
the severest forms of heart failure, the helical coils 20 can be 
expanded to a greater diameter to hold one or both of the 
pulmonary valve 65 and tricuspid valve 62 completely open. 
Also, the helical coil stent 10 of the present invention alloWs 
adjustment of valve opening siZe to be made during the 
course of the heart assist. The helical coil stent 10 of the 
present invention is designed to be left in place for days or 
even Weeks, depending upon hoW long the heart valves need 
to be left open. While the helical coil stent 10 of the present 
invention is in place, an external arti?cial heart machine can 
be used to pump blood throughout the body. Removal of the 
helical coil stent 10 can be easily accomplished by ?rst 
rotating the control tube 30 (e.g., in a clockWise manner) 
until the helical coil 20 is contracted tightly against the 
catheter 12 and then sloWly pulling the helical coil stent 10 
out of the body. 
As those skilled in the art Will readily recogniZe, the 

helical coil stent of the present invention can provide heart 
assist for extended periods of time Without thoracotomy, 
permanent implantation of a heart assist device or permanent 
implantation of an arti?cial heart. Because the control tube 
30 for the present helical coil stent 10 is located outside the 
body, adjustments can easily be made to the diameter of the 
helical coils 20 While in operation. When used in conjunc 
tion With an external arti?cial heart machine, the present 
helical coil stent offers a means for the heart to rest and 
recover Without resorting to pharmacologic agents. Correc 
tive surgery can then be performed as and When needed With 
better prospects for more rapid recovery. The present helical 
coil stent, When used as a heart assist, thus provides a simple 
and rapid Way of unloading the heart While alloWing optimal 
perfusion to the heart and other organ systems. 
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6 
Turning noW to FIG. 5, an alternative embodiment of the 

present invention is shoWn. In this ?gure, the helical coil 
stent is shoWn con?gured as a drainage stent 80 Which can 
be used to keep a conduit open While it is being drained. The 
principal difference betWeen this alternative embodiment 
and the earlier preferred embodiment is the con?guration of 
the catheter 81. In this case, a holloW drainage catheter 81 
With a blunted tip 82 and drainage holes 83 is used rather 
than the balloon catheter 12 of the earlier preferred embodi 
ment. The helical coil 20, nonetheless, continues to be 
permanently af?xed to the drainage catheter 81 at its distal 
end 21 and permanently af?xed to a control tube 30 at its 
proximal end. In operation, the helical coil 20 is again 
contracted tightly around the drainage catheter 81 When 
percutaneously inserted and, When positioned at the appro 
priate place in the conduit, expanded through appropriate 
rotation of the control tube 30 and adjustable seal 35 (e.g., 
counterclockWise). Drainage then occurs as ?uid seeps 
through the catheter drainage holes 83 and out of the 
proximal end of the catheter. When the drainage procedure 
is completed, the drainage stent can be removed by con 
tracting the helical coil 20 tightly around catheter 81 through 
appropriate rotation of the control tube 30 (e.g., clockWise) 
and sloWly pulling the contracted drainage stent 80 out of the 
body. 

In the foregoing speci?cation, the invention has been 
described With reference to speci?c preferred embodiments 
and methods. It Will, hoWever, be evident to those of skill in 
the art that various modi?cations and changes may be made 
Without departing from the broader spirit and scope of the 
invention as set forth in the appended claims. The speci? 
cation and draWings are, accordingly, to be regarded in an 
illustrative, rather than restrictive, sense; the invention being 
limited only by the appended claims. 
What is claimed is: 
1. An adjustable helical coil stent comprising: 
(a) a helical coil having proximal and distal ends, said 

helical coil formed of a thin superelastic nickel 
titanium alloy Wire encased Within an elastomer having 
a cross-sectional Width Which is about four to eight 
times greater than the Width of said Wire; 

(b) a catheter to Which said helical coil is permanently 
affixed at said distal end; and, 

(c) a control tube, to Which said helical coil is perma 
nently af?xed at said proximal end, said control tube 
used for expanding and contracting said helical coil 
through rotation of said control tube relative to said 
catheter and for later removal of said helical coil. 

2. The adjustable helical coil stent of claim 1 Wherein said 
helical coil can be contracted by rotating said control tube 
clockWise relative to said catheter. 

3. The adjustable helical coil stent of claim 1 Wherein said 
helical coil can be expanded aWay from said catheter by 
rotating said control tube counterclockWise relative to said 
catheter. 

4. The adjustable helical coil stent of claim 1 Wherein said 
elastomer is polyester Hytrel. 

5. The adjustable helical coil stent of claim 1 Wherein said 
elastomer is coated With heparin or a heparin complex. 

6. The adjustable helical coil stent of claim 1 Wherein said 
catheter is a balloon catheter. 

7. The adjustable helical coil stent of claim 1 Wherein said 
catheter is a drainage catheter. 

8. The adjustable helical coil stent of claim 1 Wherein said 
helical coil is about 3.0 to 8.0 cm. in length and has 
cross-sectional dimensions of about 4.0 to 8.0 mm in Width 
and 0.1 to 0.2 mm in thickness. 
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9. The adjustable helical coil stent of claim 1 having a 
stable expansion ratio of over 50 to 1. 

10. The adjustable helical coil stent of claim 1 Wherein 
said catheter is inserted concentrically Within said control 
tube but is free to rotate independent of said control tube. 

11. The adjustable helical coil stent of claim 10 Wherein 
the proximal end of said control tube is af?xed to an 
adjustable seal. 

12. An adjustable helical coil stent comprising: 
(a) a helical coil having proximal and distal ends, said 

helical coil formed of a thin superelastic nickel 
titanium alloy Wire encased Within an elastomer having 
a cross-sectional Width Which is about four to eight 
times greater than the Width of said Wire; 

(b) a balloon catheter to Which said helical coil is perma 
nently af?xed at said distal end; and, 

(c) a control tube concentrically overlaying said balloon 
catheter and to Which said helical coil is permanently 
af?xed at said proximal end, said control tube used for 
expanding and contracting the helical coil through 
rotation of said control tube relative to said catheter and 
for later removal of said helical coil. 

13. A method for heart assist during heart bypass proce 
dure in a human body comprising the steps of: 

(a) selecting an adjustable helical coil stent comprising: 
(i) a helical coil having proximal and distal ends, said 

helical coil formed of a thin superelastic nickel 
titanium alloy Wire surrounded by an elastomer 
having a cross-sectional Width Which is about four to 
eight times greater than the Width of said Wire; 

(ii) a catheter to Which said helical coil is permanently 
af?xed at said distal end; and, 

(iii) a control tube to Which said helical coil is perma 
nently af?xed at said proximal end, said control tube 
used for expanding and contracting the helical coil 
through rotation of said control tube relative to said 
catheter; 

(b) percutaneously inserting said adjustable helical coil 
stent, With the helical coil in a contracted position, into 
a blood vessel leading to the heart; 

(c) continuing to insert said adjustable helical coil stent 
until the helical coil is located Within one or more 

chosen heart valves; 
(d) adjusting said adjustable helical coil stent until said 

helical coil is in an expanded position Which holds said 
chosen heart valve(s) open to a desired degree; 

(e) performing heart assist; 
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(f) adjusting said adjustable helical coil stent until said 

helical coil is back in a contracted position; and, 
(g) removing said adjustable helical coil stent from said 
human body. 

14. The method of claim 13 Wherein said one or more 
chosen heart valves includes the pulmonary valve. 

15. The method of claim 13 Wherein said one or more 
chosen heart valves includes the tricuspid valve. 

16. The method of claim 13 Wherein said helical coil can 
be contracted by turning said control tube clockWise relative 
to said catheter. 

17. The method of claim 13 Wherein said helical coil can 
be expanded by turning said control tube counterclockwise 
relative to said catheter. 

18. The method of claim 13 Wherein said elastomer is 
polyester Hytrel. 

19. The method of claim 13 Wherein said elastomer is 
coated With heparin or a heparin complex. 

20. The method of claim 13 Wherein said catheter is a 
balloon catheter. 

21. A method for draining ?uids from a conduit in a 
human body comprising the steps of: 

(a) selecting an adjustable helical coil stent comprising: 
(i) a helical coil having proximal and distal ends, said 

helical coil formed of a thin superelastic nickel 
titanium alloy Wire surrounded by an elastomer 
having a cross-sectional Width Which is about four to 
eight times greater than the Width of said Wire; 

(ii) a drainage catheter to Which said helical coil is 
permanently affixed at said distal end; and, 

(iii) a control tube to Which said helical coil is perma 
nently af?xed at said proximal end, said control tube 
used for expanding and contracting the helical coil 
through rotation of said control tube relative to said 
catheter; 

(b) percutaneously inserting said adjustable helical coil 
stent in a contracted position into said conduit; 

(c) adjusting said adjustable helical coil stent until said 
helical coil is in an expanded position Which holds said 
damaged conduit open; 

(d) alloWing ?uids to drain through said drainage catheter 
and out of said human body; 

(e) adjusting said adjustable helical coil stent until said 

helical coil is back in a contracted position; and, removing said adjustable helical coil stent from said 

human body. 


