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CATHETER SYSTEM FOR TREATING A 
VASCULAR OCCLUSION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates generally to medical devices 
and especially intravascular catheters designed to operate 
With respect to occlusions Within a blood vessel. More 
particularly, this invention relates to intravascular catheters 
having the ability to fracture an occlusion suf?ciently for 
alloWing a guide Wire to pass through the occlusion Within 
the natural lumen of the blood vessel. 

[0003] 2. Background 

[0004] Medical science has long sought effective treat 
ments for disease conditions involving stenosis (narroWing 
or obstruction) of the lumen (interior passage of the artery) 
of an artery. This condition, knoWn generally as an occlu 
sion, is found in patients suffering from atherosclerosis 
(accumulation of ?brous, fatty or calci?ed tissue in the 
arteries). An occlusion can manifest itself in hypertension 
(high blood pressure), ischemia (de?ciency of circulation), 
angina (chest pain), myocardial infarction (heart attack). 
stroke, or death. An occlusion may be partial or total, may 
be soft and pliable or hard and calci?ed, and may be found 
at a great variety of sites in the arterial system including the 
aorta, the coronary and carotid arteries, and peripheral 
arteries. 

[0005] Of particular interest to cardiac medicine are the 
often disabling or fatal occlusions occurring in the coronary 
arteries (arteries supplying the heart). Traditionally, coro 
nary artery occlusions have been treated by performing 
coronary bypass surgery, in Which a segment of the patient’s 
saphenous vein is taken from the patient’s leg and is grafted 
onto the affected artery at points proximal (upstream) and 
distal (doWnstream) to the occluded segment. The bypass 
often provides dramatic relief. HoWever, it entails dangerous 
open chest surgery and a long, painful, costly convalescence 
in the hospital. Moreover, With the passage of time, the 
bypass patient’s saphenous vein graft can also become 
occluded. If the patient has another saphenous vein, a second 
bypass procedure may be performed, once again entailing 
open chest surgery and prolonged hospitaliZation. Thereaf 
ter, if the underlying atherosclerotic disease process is not 
controlled, the prognosis is dismal. 

[0006] NeWer, minimally invasive procedures are noW 
preferred in the treatment of arterial occlusions. These 
procedures use a catheter, a long, thin, highly ?exible device 
Which is introduced into a major artery through a small 
arterial puncture made in the groin, upper arm, or neck and 
is advanced and steered into the site of the stenosis. At the 
distal end of the catheter, a great variety of miniature devices 
have been developed for operating upon the stenosed artery. 

[0007] The more popular minimally invasive procedures 
include percutaneous transluminal coronary angioplasty 
(PTCA), directional coronary atherectomy (DCA), and 
stenting. PTCAemploys a balloon to mechanically dilate the 
stenosis. In PTCA, a steerable guideWire is introduced and 
advanced under ?uoroscopic observation into the stenosed 
artery and past the stenosis. Next, a balloon-tipped catheter 
is advanced over the guideWire until it is positioned across 
the stenosed segment. The balloon is then in?ated, separat 
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ing or fracturing the atheroma (stenosed tissue). The hoped 
for outcome is that, over time, the lumen Will stay open. 

[0008] In directional coronary atherectomy, a catheter 
containing a cutter housed in its distal end is advanced over 
the guideWire into the stenosed segment. The housing is 
urged against the atheroma by the in?ation of a balloon, so 
that part of the atheroma intrudes through a WindoW in the 
side of the housing. Under ?uoroscopic observation, the 
cutter is used to shave aWay the atheroma. The shavings are 
collected in the nosecone of the housing and WithdraWn 
along With the catheter. 

[0009] Stenting is a procedure in Which a Wire frameWork, 
knoWn as a stent, is compressed and delivered a balloon 
catheter. The stent is positioned across the stenosed segment 
of the artery. The balloon is in?ated, dilating the stent and 
forcing the stent against the artery Wall. The hoped-for 
outcome is that the stent Will hold the arterial lumen open for 
a prolonged period. Frequently, a stent is placed in an artery 
immediately folloWing PTCA or DCA. 

[0010] It must be noted, hoWever, that the aforementioned 
catheters are “over-the-Wire catheters”. These catheters 
depend on the guideWire, Which typically has a tiny bent 
portion at its distal end for steering. Over-the-Wire catheters 
cannot be positioned adjacent the stenosis until the 
guideWire has been advanced across the stenosed arterial 
segment. Thus, Where the occlusion is too severe to be 
crossed by a guideWire or Where there is not enough room 
for the balloon, cutter, or stent delivery catheter, neither 
PTCA nor DCA nor stenting can be done. Unfortunately, the 
occlusion often contains extremely hard, calci?ed tissue and 
presents an impenetrable barrier to the guideWire. Even a 
less than total occlusion may contain complex structures 
Which divert or trap the steering end of the guideWire. Thus, 
the guideWire might not completely cross the occlusion, but 
become diverted into the subintimal space betWeen the 
intima and the atheroma or become buried in the atheroma. 
In either case, the guideWire cannot be positioned across the 
stenosis to guide a balloon or cutting element. In such cases, 
bypass surgery may be necessary With the associated cost, 
risks, and recovery period. 

[0011] Thus, in patients suffering from severe or total 
arterial occlusion, it is preferable to do What has been 
dif?cult or impossible in the past: to open the severely or 
totally occluded artery itself, rather than by performing a 
bypass. If a guideWire and Working catheter can be passed 
through or around the atheroma, the severe or total occlusion 
can be treated by PTCA, DCA, stenting, site-speci?c drug 
delivery or a combination of these proven therapies. 

[0012] It Would be advantageous to ?nd and open a path 
of loW resistance, either through or around the atheroma. Of 
course, this must be done Without perforating arterial Wall. 
Clearly, the serious consequences of penetrating the arterial 
Wall must be avoided at all costs. The physician Will not use 
a system Which Would be unsafe and no patient Would Want 
a physician to use such a system. Therefore, any solution to 
the problem of ?nding and creating an opening through or 
around the atheroma must be safe and in many instances 
include a system of guidance for the device that Would ?nd 
and open such an occlusion. 

[0013] There has been a long felt need to provide a reliable 
system of guidance for such a device. As understood by 
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those in the art, the device must travel a criss-crossing, often 
maZe-like structure before it even gets to the occlusion. Then 
the occlusion itself is often a maze like structure. Attempting 
to cross such an occlusion Without reliable guidance is 
dangerous. For example, it is easy to dissect the tissues of 
the arterial Wall instead of the occlusion, thereby creating a 
false lumen and possibly perforating the artery. If blood 
escapes the artery and accumulates in the pericardial space, 
it Will compress the heart, requiring emergency intervention 
to avert heart failure and death. 

[0014] One guidance system Which has been used in 
conjunction With coronary catheteriZation is biplane ?uo 
roscopy, Wherein the interventionist observes tWo ?at real 
time x-ray images acquired from different angles. Biplane 
?uoroscopy, hoWever, is unreliable, costly, and sloW. Delay 
is unacceptable, for it contributes to trauma and stress and 
creates opportunities for complications and failures of tech 
mque. 

[0015] Recently, promising optical systems have been 
disclosed for imaging an occlusion through a catheter placed 
in the artery. One such system is Optical Coherence Tomog 
raphy (OCT). In OCT, a beam of light carried by an optical 
?ber illuminates the artery interior. In a radar-like manner, 
light re?ected back into the ?ber from features inside the 
artery is correlated With the emitted light to capture the depth 
as Well as the angular separation of those features. The 
features are displayed graphically in tWo or three dimensions 
through the use of a suitably programmed computer. 

[0016] The beam in OCT is sWept by mechanical rotation 
or movement of optical components in the catheter, or by 
optical sWitching devices Which select one of several ?bers 
through Which to perform measurements. The rotation is 
encoded, or the sWitching pattern recorded, for reconstruct 
ing angular information about the artery interior. For 
example, a beam splitter may be placed betWeen the light 
source and the catheter ?ber to produce a reference beam 
Which is directed to a re?ector at a knoWn distance. The 
catheter beam and the reference beam are recombined as 
they return. When the paths traveled by the tWo beams are 
of equal optical length, interference fringes are observable in 
the combined beam. Since the lengths of the reference path 
and the catheter ?ber are knoWn, the distance from the ?ber 
end to a particular re?ective feature Within the artery can be 
inferred. In OCT and related methods, signals may also be 
impressed upon the light beam to facilitate the measurement 
of distance or the detection of motion of objects relative to 
the ?ber end. By means of OCT or other similar optical 
methods, imaging capability can be incorporated into an 
intravascular catheter or guideWire. 

[0017] HoWever, While superior imagery alone is of diag 
nostic interest, effective intervention for severe occlusive 
arterial disease is What is truly desired. Even With improved 
guidance, there persists a long felt need for Working ele 
ments Which are capable of opening a path through or 
around an arterial occlusion at loW risk of perforating the 
artery. What is needed is an intravascular catheter system for 
the effective treatment of the severely occluded artery and, 
in particular, the totally occluded artery. What is especially 
needed is a therapeutic Working element Which alloWs the 
physician to mechanically fracture an occlusion or to sepa 
rate the occlusion from the intimal surface, but Which is 
operable in a manner unlikely to perforate the adventitia. 
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SUMMARY OF THE INVENTION 

[0018] It is an object of this invention to provide a blunt 
end assembly for fracturing an occlusion Within a blood 
vessel. 

[0019] It is an additional object of this invention to pro 
vide such an assembly Wherein the assembly includes a 
catheter having a distal end and a proximal end and Wherein 
a Working end member ?ts in an interchangeable manner to 
the distal end of the catheter and Wherein the Working end 
comprises a blunt end member in accordance With the 
invention. 

[0020] It is an additional object of this invention to pro 
vide such an assembly Wherein the blunt end member has a 
?rst closed position and a second open position and may be 
repeatedly opened and closed for fracturing the occlusion 
Within the native lumen of the blood vessel. 

[0021] In accordance With the above objects and those that 
Will be mentioned and Will become apparent beloW, the blunt 
end member assembly in accordance With this invention 
comprises: 

[0022] a blunt end member connectable to the distal 
end of the catheter, the blunt end member siZed and 
shaped for ?tting Within the blood vessel and for 
fracturing the occlusion, the blunt end member hav 
ing a ?rst position for alloWing the blunt end member 
to be located at the occlusion and a second position 
for fracturing the occlusion; and 

[0023] an actuation member for moving the blunt end 
member betWeen the ?rst and second positions, 

[0024] Whereby the blunt end member is connectable 
to the distal end of the catheter and the blunt end 
member is deliverable to the occlusion in the ?rst 
position and is actuable to a second position for 
fracturing the occlusion. 

[0025] In one exemplary embodiment of the invention, an 
over-the-Wire intravascular catheter is provided comprising 
a blunt end member disposed at the distal end thereof and a 
securing balloon disposed about the distal end Zone of the 
catheter proximal to the blunt end member. The catheter and 
blunt end member are siZed and shaped so as to alloW the 
blunt end member to be advanced into contact With an 
occlusion in an artery. The balloon is disposed on the outer 
surface of the distal end Zone of the catheter and is in?atable 
to secure the distal end of the catheter Within the artery and 
thus to maintain engagement of the blunt end member With 
the occlusion. A balloon in?ation lumen is provided in the 
catheter. 

[0026] The blunt end member comprises four jaW sections 
?exibly attached to the distal end of the catheter and 
arranged symmetrically about the longitudinal axis thereof. 
The catheter comprises a retractable actuation shad having a 
ball-shaped ferrule ?xed to the distal end thereof betWeen 
the jaW sections. To accommodate a guideWire, the actuation 
shad includes a lumen and the ferrule includes a center 
opening. The jaW sections have a ?rst, closed position in 
Which the catheter may be advanced to engage the jaWs With 
the occlusion. When the actuation shaft, is retracted, the 
ferrule impinges upon the inner surfaces of the jaW sections, 
urging them apart toWard a second, open position to fracture 
the occlusion. 
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[0027] It is an advantage of this exemplary embodiment of 
the invention that fracturing force is stably applicable to a 
severe or total arterial occlusion. It is a further advantage of 
this exemplary embodiment that a mechanical Working 
element is stably operable upon a severe or total arterial 
occlusion in a manner unlikely to perforate the adventitia. 

[0028] In another exemplary embodiment of the invention, 
the jaW sections are spade-shaped. In the ?rst, closed posi 
tion, the jaW sections form a channel substantially con?ning 
the guideWire to the longitudinal axis of the blunt end 
member. It is an advantage of this exemplary embodiment 
that When the jaW sections are in the ?rst, closed position, a 
guideWire may be advanced into a portion of the occlusion 
bounded by the points of contact With the distal ends of the 
jaW sections. 

[0029] In another exemplary embodiment of the invention, 
the ferrule has a frusto-conical pro?le. 

[0030] In another exemplary embodiment of the invention, 
each jaW section includes a rectangular distal end. 

[0031] In another exemplary embodiment of the invention, 
the actuation member includes an actuation cable disposed 
in the catheter. The proximal end of the cable is manipulable 
from the proximal end of the catheter and the distal end of 
the cable is attached to the ferrule. It is an advantage of this 
exemplary embodiment of the invention that the cable 
increases the tension capacity of the actuation member 
during retraction of the ferrule. 

[0032] In another exemplary embodiment of the invention, 
the jaW sections are fabricated from an alloy comprising 
Nickel and Titanium. It is an advantage of this exemplary 
embodiment of the invention that the superelastic properties 
of the alloy facilitate spreading of the jaW sections When the 
ferrule is retracted. 

[0033] In another exemplary embodiment of the invention, 
a part of the lumen of the actuating member includes a 
friction reducing coating. It is an advantage of this exem 
plary embodiment of the invention that the catheter and 
blunt end slide easily over the guideWire. 

[0034] In another exemplary embodiment of the invention, 
the mating surface de?ned by the impingement of the 
actuation member upon the blunt end member includes a 
friction reducing coating. It is an advantage of this exem 
plary embodiment of the invention that the actuation mem 
ber encounters minimal frictional resistance While urging the 
jaW sections apart. 

[0035] In another exemplary embodiment of the invention, 
the entire blunt end member is fabricated from a single piece 
of material. It is an advantage of this exemplary embodiment 
of the invention that fabrication of the blunt end member 
does not require attachment or assembly of multiple parts. 

[0036] In another exemplary embodiment of the invention, 
the blunt end member includes a rigid tubular reinforcing 
member slidably disposed about the actuation shaft inside 
the distal end Zone of the catheter. Atubular support member 
is disposed on the outer surface of the distal end of the 
catheter. The distal end of the support member includes a 
spring member deformably supporting a plurality of jaW 
sections. The support member is crimped onto the distal end 
Zone of the catheter, securing the catheter onto the reinforc 
ing member. It is an advantage of this exemplary embodi 
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ment of the invention that a simple yet secure attachment is 
formed betWeen the catheter and the blunt end member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] For a further understanding of the objects and 
advantages of the present invention, reference should be had 
to the folloWing detailed description, taken in conjunction 
With the accompanying draWings, in Which like parts are 
given like reference numerals and Wherein: 

[0038] FIG. 1 illustrates an exemplary embodiment of the 
blunt end member for fracturing a total occlusion in accor 
dance With this invention shoWn in partial cross section. 

[0039] FIG. 2 is a partial cross sectional vieW of the 
catheter having the blunt end member of FIG. 1 in the 
process of fracturing the total occlusion. 

[0040] FIG. 3 is an enlarged side vieW of the blunt end 
member having a ?rst closed position and a second open 
position. 

[0041] FIG. 4 is an end vieW of the blunt end member of 
FIG. 3 in the ?rst or closed position. 

[0042] FIG. 5 is a cross sectional plane vieW of the blunt 
end member of FIG. 1 shoWn in cross sectional vieW. 

[0043] FIG. 6 is a cross sectional vieW of the blunt end 
member of FIG. 1 shoWn in the second open position. 

[0044] FIG. 7 is a cross sectional plane vieW of another 
exemplary embodiment of the blunt end member in accor 
dance With this invention. 

[0045] FIG. 8 is a cross sectional vieW of the blunt end 
member of FIG. 7 shoWn in the second open position. 

[0046] 
FIG. 8. 

[0047] FIG. 10 is an enlarged end vieW of the blunt end 
member of FIG. 7 shoWn in the second or open position. 

FIG. 9 is an end vieW of the blunt end member of 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0048] The invention Will be described particularly With 
reference to a coronary bypass arterial condition. As illus 
trated in FIGS. 1 and 2, the blunt end member, in accor 
dance With this invention, is shoWn adjacent to a total 
occlusion Where a bypass is in the process of failing. The 
bypass has developed diffuse stenosis as shoWn in FIGS. 1 
and 2. Consistent With the above description, it is quite 
likely that Where stenosis has developed suf?ciently to block 
an arterial blood vessel, after a bypass is performed. stenosis 
in the bypass Will also accumulate. Even, to the point that the 
bypass may also be blocked or become totally occluded. 
Using the blunt end member, in accordance With this inven 
tion, the original, native blood vessel is reopened alloWing 
the bypass to fade as the primary source of blood ?oW. 

[0049] It Will of course be appreciated that the draWings 
are illustrative only, and that the invention made be used in 
any situation Where the blood vessel, such as a coronary 
artery has been occluded, by stenosis or other arterial 
disease. The principal feature of the invention is to fracture 
the stenosis occluding blood How and alloW the native artery 
to resume the primary responsibility for blood ?oW. 
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[0050] With particular reference to FIG. 1, there is shown 
the blunt end member assembly in accordance With this 
invention, generally designated by the numeral 20. The 
assembly 20 includes a blunt end member, generally indi 
cated by the numeral 22, and a catheter 24. An actuation 
member indicated by doted lines 26 moves the blunt end 
member from a ?rst closed position as illustrated in FIG. 1 
to an second open position as illustrated in FIG. 2. 

[0051] The catheter is positioned using a guide Wire 28 as 
best shoWn in FIG. 2, so that the extreme distal end of the 
blunt end member is adjacent to the total occlusion, as 
shoWn in FIGS. 1 and 2. Once positioned, the catheter 
Which includes, in a exemplary embodiment, a member for 
stabiliZing the assembly 20 in the blood, namely, a balloon 
member 30. The balloon member 30 is in?ated as shoWn in 
FIG. 2, so that the catheter remains in place during actuation 
of the blunt end member 22. 

[0052] With particular reference to FIGS. 3 through 6, 
there is shoWn an exemplary ?rst embodiment of the blunt 
end member 22. The blunt end member 22 has a proximal 
end 40 attached to the distal end of the catheter 24. The 
method of attachment is conventional Within the skill and 
knoWledge of the prior art and is not explained herein in 
detail. 

[0053] The blunt end member includes a set of sectional 
members de?ning jaW sections 42. The jaW sections 42 are 
located at the distal end of the blunt end member and are 
spaced equal distance of the longitudinal center line 44. 
Thus, as Will be appreciated herein after, the jaW sections 42 
open to a second position shoWn particularly in FIGS. 3 and 
6, and close to a ?rst position as shoWn in FIGS. 3, 4, and 
5. As Will be explained beloW, an actuation member is 
required to move the jaW sections 42 from its ?rst closed 
position to its second open position. 

[0054] The jaW sections 42 are generally spade shaped and 
are separate from one another as illustrated. This alloWs the 
jaW sections to meet ?ush against the arterial Wall and the 
occlusion for optimiZing fracturing of the occlusion. The jaW 
sections 42 are spaced apart as shoWn in FIG. 4. 

[0055] With respect to FIGS. 5 and 6, there is shoWn an 
assembly vieW of the blunt end member 22 in accordance 
With the invention as illustrated in FIG. 4. FIG. 5 is a cross 
sectional vieW along line 5-5 of FIG. 4 and looking in the 
direction of the arroWs. The blunt end member 22 includes 
a reverse conical urging member 50 and a spaced apart 
support member 52. The members 50 and 52 are siZed and 
shaped to ?t Within the same cavity or lumen of the catheter 
24. 

[0056] Each of the members 50 and 52 includes a center 
opening along the longitudinal center line 44. The openings 
50 and 52 are aligned so that a guide Wire tube 54 is able to 
slide toWard and aWay from the proximal end of the catheter 
24. 

[0057] Attached to the guide Wire tube 54 is a ferrule 56. 
The ferrule 56 also has a center opening aligned With the 
center openings of the members of 50 and 52. HoWever, the 
center opening of the ferrule 56 has a smaller diameter to 
match the guide Wire 28 and not the guide Wire tube 54. 
Thus, the ferrule 56 is designed to accommodate only the 
guide Wire 28 and not the guide Wire tube 54. 
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[0058] The guide Wire 28 is shoWn inserted in the center 
opening of the ferrule 56. It Will also be appreciated that the 
jaW sections 42 are spaced apart a suf?cient distance along 
the longitudinal center line 44 so that the guide Wire is 
guided thereby. As clearly shoWn in FIG. 5, the jaW sections 
42, When closed, form a internal guide 58 for sliding the 
guide Wire toWard and aWay from the distal end of the 
catheter 24. 

[0059] The ferrule 56 may be made from a variety of 
materials including stainless steel, nickel titanium or other 
shape memory alloys and various engineering plastics. 
Additionally, other polymers or metal materials, Which are 
bio-compatible and have the mechanical characteristics nec 
essary to perform the functions herein are equally suitable. 

[0060] The ferrule de?nes a frusto-conical shape, While 
the urging member 50 forms a reverse compatible shape for 
sliding against the frusto conical shape of the ferrule 56. The 
surfaces Where each of the ferrule 56 and the urging member 
50 contact, de?ne a mating surface. The materials selected 
for each of the ferrule 56 and urging member 50 are 
compatible for such mating sliding contact. 

[0061] In response to actuation, the ferrule 56 is pulled 
toWard the proximal end of the catheter 24 causing the 
ferrule 56 to slide against the urging member 50, the mating 
surfaces of each sliding across one another. As the ferrule is 
pulled toWards the proximal end of the catheter, an increas 
ing force is urged against the jaW sections 42 for spreading 
apart said jaW sections 42. Upon full activation of the 
actuation member the jaWs are fully open, as shoWn in FIG. 
6. 

[0062] In an exemplary embodiment of the invention, the 
blunt end jaW members 42 must be made of material having 
suf?cient strength to Withstand the mechanical forces nec 
essary to fracture the occlusion shoWn in FIGS. 1 and 2. In 
a preferred exemplary embodiment, the jaW sections are 
made from nickel titanium Which has proven bio-compatible 
as Well as having suf?cient strength for the function intended 
herein. 

[0063] The guide Wire tube 54 is bonded to the ferrule as 
shoWn in FIGS. 5 and 6. The bonding may be similar to the 
bonding of the catheter and the blunt end member 22. 
Additionally, bonding may be done by use of adhesives such 
as loc-titeTM, soldering, or chemical or physical bonding, of 
a suitable kind. The guide Wire tube 54 being thus, perma 
nently connected to the ferrule in a bond Which is strong 
enough to Withstand the urging forces exerted against the 
occlusion. The interior opening of the members 50 and 52, 
provides a guide for the guide Wire tube 54 as the jaW 
sections 42 are opened and closed in repeated use. It may be 
advantages to coat the interior opening of the members 50 
and 52, as Well as the exterior of the guide Wire 54, With 
Te?on or similar polymers so that the friction from the 
movement of sliding through the internal opening is greatly 
reduced. A reduction in friction Will, of course, result in 
more force being applied by the ferrule 56 against the urging 
member 50 to maximiZe the amount of fracturing poWer 
generated by the blunt end member 42. 

[0064] Conventionally, the guide Wire tube 54 is a braided 
strand, and thus can be quite abrasive to the internal opening 
of the members of 50 and 52. Thus, the matter of applying 
a coating may be increasingly important to reduce the 
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friction in the sliding movement. Additionally, it is prefer 
able that the mating surfaces of the urging member 50 and 
the ferrule 56 also be as smooth as possible and chosen from 
compatible materials to minimiZe the amount of friction 
developed as the mating surfaces slide against one another 
in an effort to fracture the occlusion of FIGS. 1 and 2. In an 
exemplary embodiment the ferrule and urging members are 
both made from nickel titanium. In another embodiment, the 
urging member 50 is made from stainless steel and the 
ferrule 56 is made from nickel titanium. Again, the mating 
surfaces of the ferrule 56 and urging member 50 are made 
as smooth as possible to minimiZe the friction there betWeen. 

[0065] As Will be appreciated, the support member 52 
provides support both internal and external to the assembly 
20. The support member 52 remains ?xedly attached to the 
distal end of the catheter 24 and provides an internal opening 
for the sliding movement of the guide Wire tube 54. Addi 
tionally, as Will be appreciated in FIGS. 5 and 6, the jaW 
sections 42 have a proximal end Zone 60 Which surrounds 
both the urging member 50 and the support member 52. The 
proximal end Zone of the jaW sections 42 secures the 
members 50 and 52 together to provide the assembly 20. As 
shoWn in FIG. 6 the support member is notched at shoulder 
62 to provide a secure connection ?t With the jaW sections 
42. 

[0066] It Will, of course, be appreciated that the entire 
assembly, including members 50 and 52, as Well as jaW 
sections 42, may be made from a single piece of nickel 
titanium (NiTi) for a uni?ed assembly. In another exemplary 
embodiment in accordance With a uni?ed assembly, the jaW 
sections Would be notched With an opening at elboW 64, as 
shoWn in FIG. 6. This Would alloW space for deformation of 
the jaW sections along an axis predetermined by the angle 
and length of the opening. 

[0067] With respect to FIGS. 7 through 10, there is 
shoWn a second embodiment of the blunt end member in 
accordance With this invention, generally designated by the 
numeral 100. The blunt end member 100 includes jaW 
sections, as illustrated in FIGS. 8 and 10, designated by the 
numeral 102. The blunt end member 100 includes a spring 
member 104 and a support member 106. A reinforcing 
member 108 is positioned betWeen the catheter tube 24 and 
the guide Wire tube 54 in the guide Wire lumen of the 
catheter tube 24. Attached to the guide Wire tube 54 is a 
ferrule 56 as discussed previously With regard to the earlier 
described embodiment. 

[0068] Similar to the reverse conical urging member 50, 
the spring member 104 has a mating surface for mating With 
the ferrule 56, as clearly shoWn in FIG. 8. Upon actuation, 
the ferrule 56 is pulled toWard the proximal end of the 
catheter 24 and the mating surfaces engage and separate the 
jaW sections 102, as shoWn in FIGS. 8 and 10. Upon 
releasing the actuation member, the spring member 104 
urges the jaW sections 102, back to their original and ?rst 
closed positioned, as clearly shoWn in FIGS. 7 and 9. The 
spring member 104 serves to connect the jaW sections 102 
and the rest of the blunt end member 100, and speci?cally 
the support member 106. The support member 106 is 
crimped at its proximal end 110. The reinforcing member 
108 is positioned so that the crimp in the support member 
106 sandWiches the distal end of the catheter tube 24. It Will 
be appreciated that the hoop strength provided by the 
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reinforcing member 108 enables a secure attachment of the 
support member to the distal end of the catheter tube 24. It 
Will be further appreciated that the crimp in the support 
member, plus the added hoop strength provided by the 
reinforcing member 108, provide a secure connection for the 
entire blunt end member 100. 

[0069] Typically the blunt end member is supported by the 
connections at the joining of the spring 104, the jaW sections 
102, and support member 106. These joints can be done in 
a variety of Ways. For example, it is preferable to bond the 
members With an epoxy, should they be made of a polymer 
or to use Welding, soldering, or braZing, if the members are 
made from metal. 

[0070] In a preferred exemplary embodiment, the spring 
104 is made from nickel titanium as are the support member 
106 and jaW sections 102. In other embodiments, it is 
contemplated Within the scope of this invention to make the 
support and spring members, 106 and 104, respectively, 
from stainless steel. Additionally, the reinforcing member 
108 may be made alternately from nickel titanium or stain 
less steel. It is also contemplated that various other types of 
materials are suitable for manufacturing of the blunt end 
member 100 as described above. 

[0071] The operation of the second exemplary embodi 
ment Will noW be described in detail With reference to FIGS. 
7 through 10. As shoWn in FIG. 7, the blunt end member 
100 is in its normal or ?rst closed position, as clearly 
illustrated in FIG. 7. As is typical in DCA operations, the 
guide Wire 28 is fed through the lumen of the blood vessels 
of a patient. Upon reaching the selected location, such as that 
illustrated in FIGS. 1 and 2, the guide Wire Will meet an 
occlusion. The blunt end member 100 With ferrule 56 Will be 
positioned, as described earlier, directly adjacent to the 
occlusion. Although not shoWn, it Will be appreciated that 
the balloon 30 of FIGS. 1 and 2 may also be adapted for use 
With the second exemplary embodiment shoWn in FIGS. 7 
through 10. 

[0072] After stabiliZation of the catheter 24 in the lumen 
of the blood vessel, the blunt end member 100 is activated 
by pulling on an actuation member such that the mating 
surfaces of the spring 104 and the ferrule 56 are brought into 
contact With one another. The ferrule 56 moves the jaW 
sections 102 aWay from the longitudinal center line 44 of the 
catheter as described earlier With reference to FIGS. 1 
through 6. This operation is repeated until fracturing occurs, 
as clearly shoWn in FIG. 2. Once fracturing occurs, and the 
guide Wire 28 can be fed through the natural lumen of the 
blood vessel, the catheter may be removed and another 
Working end may be brought to bear upon the occlusion. 
Such Working end may include an angioplasty device, 
atherectomy catheter device, or a stent or other knoWn 
medical methods, for removing the occlusion once the guide 
Wire 28 is across the occlusion. 

[0073] While the foregoing detailed description has 
described several embodiments of the method in accordance 
With this invention, it is to be understood that the above 
description is illustrative only and not limiting of the dis 
closed invention. Particularly, the invention need not be 
limited to a ferrule having a frusto-conical shape. It Will be 
appreciated that a spherical ferrule could also be used Within 
the spirit and scope of this invention. It Will also be 
appreciated that the various elements Which make up the 
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blunt end member may be made from stainless steel, or some 
engineering plastic, including a suitable polymer. Addition 
ally, While the invention has been described With regard to 
a bypass type of operation, it Will be appreciated that other 
medical procedures Wherein a occlusion blocks a blood 
vessel, or substantially blocks a blood vessel, or at least 
prevents a guide Wire from easy going across the occlusion, 
are suitable for use With the invention described herein. 
Thus, the invention is to be limited only by the claims as set 
forth beloW. 

What is claimed is: 
1. An assembly for a catheter having a proximal end and 

a distal end and a longitudinal axis betWeen the ends, the 
assembly designed for fracturing an occlusion Within a 
blood vessel, the assembly comprising: 

a blunt end member connectable to the distal end of the 
catheter, the blunt end member siZed and shaped for 
?tting Within the blood vessel and for fracturing the 
occlusion, the blunt end member having a ?rst position 
for alloWing the blunt end member to be located at the 
occlusion and a second position for fracturing the 
occlusion; and 

an actuation member for moving the blunt end member 
betWeen, the ?rst, and second positions. 

Whereby the blunt end member is connectable to the distal 
end of the catheter and the blunt end member is 
deliverable to the occlusion in the ?rst position and is 
actuable to a second position for fracturing the occlu 
sion. 

2. The assembly as set forth in claim 1, Wherein the blunt 
end member includes a plurality of jaW sections disposed 
about the longitudinal axis of the catheter, the jaW sections 
having a ?rst position Wherein the jaW sections are closed for 
location adjacent the occlusion and a second position 
Wherein the jaWs are open for fracturing the occlusion. 

3. The assembly as set forth in claim 2 Wherein at least 
one jaW section is spade-shaped. 

4. The assembly as set forth in claim 2 Wherein at least 
one jaW section includes a distal end having a rectangular 
shape. 

5. The assembly as set forth in claim 2, Wherein at least 
one jaW section has a rectangular paW disposed at the distal 
end thereof. 

6. The assembly as set forth in claim 1 Wherein the 
actuation member comprises: 

an actuation shaft, disposed in the catheter, having a 
proximal end manipulable from the proximal end of the 
catheter and a distal end proximate the distal end of the 
catheter and proximate the blunt end member; and 

a ferrule, attached to the distal end of the actuation shaft, 
disposed proximate the blunt end member. 

7. The assembly as set forth in claim 6 Wherein the ferrule 
has a frusto-conical pro?le. 

8. The assembly as set forth in claim 6 Wherein the ferrule 
has a ball-shaped pro?le. 

9. The assembly as set forth in claim 6 further comprising 
an actuation cable, disposed in the catheter, having a proxi 
mal end manipulable from the proximal end of the catheter 
and a distal end attached to the ferrule. 

10. The assembly as set forth in claim 1 Wherein the 
actuation member comprises: 
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an actuation shaft extending from the blunt end member 
to the proximal end of the catheter; and 

a ferrule, ?xed to the distal end of the actuation shaft, 
impinging upon the blunt end member, 

Whereby, upon actuation, the shaft is pulled toWard the 
proximal end, urging the blunt end member to a second 
position. 

11. The assembly as set forth in claim 1 Wherein the 
catheter includes a securing member for holding the catheter 
in place at the location of the occlusion; the securing 
member being selectively activatable. 

12. The assembly as set forth in claim 6 a Wherein the 
catheter includes a securing member for holding the catheter 
in place at the location of the occlusion; the securing 
member being selectively activatable. 

13. The assembly as set forth in claim 12 Wherein the 
securing member comprises an in?atable balloon disposed 
about the outer surface of the catheter proximate the blunt 
end member and the catheter includes at least one balloon 
in?ation lumen communicating With the interior of the 
balloon. 

14. The assembly as set forth in claim 10 Wherein the 
catheter includes a securing member for holding the catheter 
in place at the location of the occlusion; the securing 
member being selectively activatable. 

15. The assembly as set forth in claim 10, Wherein the 
catheter has multiple lumens, at least one lumen for actua 
tion shaft. 

16. The assembly as set forth in claim 10, Wherein the 
blunt end member includes a plurality of jaW sections 
disposed about the longitudinal axis of the catheter, the jaW 
sections having a ?rst position Wherein the jaW sections are 
closed for location adjacent the occlusion and a second 
position Wherein the jaWs are open for fracturing the occlu 
sion. 

17. The assembly as set forth in claim 16, Wherein the jaW 
sections are so shaped that, in at least one position, the jaW 
sections form a channel substantially con?ning the 
guideWire to the longitudinal axis of the assembly. 

18. The assembly as set forth in claim 16, Wherein the jaW 
sections are fabricated from an alloy comprising Nickel and 
Titanium. 

19. The assembly as set forth in claim 1, Wherein the 
actuating member includes a proximal end, a distal end, and 
a lumen therebetWeen for accommodating a guideWire. 

20. The assembly as set forth in claim 16, Wherein the 
ferrule includes a longitudinal center opening for accom 
modating a guideWire. 

21. The assembly as set forth in claim 19, Wherein at least 
a part of the lumen of the actuating member includes a 
friction reducing coating. 

22. The assembly as set forth in claim 10, Wherein the 
impingement of the actuation member upon the blunt end 
member de?nes at least one mating surface and at least one 
mating surface includes a friction reducing coating. 

23. The assembly as set forth in claim 16, Wherein the 
blunt end member is fabricated from a single piece of 
material. 

24. The assembly as set forth in claim 10, Wherein the 
blunt end member further comprises: 

a rigid tubular reinforcing member ?xed Within the distal 
end Zone of the catheter and slidably disposed about the 
actuation shaft: 
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a tubular support member including a proximal end 
?xedly disposed on the outer surface of he distal end of 
the catheter and further including a distal end: and 

a spring member including a proXimal end connected to 
the distal end of the support member and a distal end 
deformably supporting a plurality of jaW sections. 

25. The assembly as set forth in claim 24, Wherein the 
support member is crimped onto the distal end Zone of the 
catheter. 
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26. The assembly as set forth in claim 10, Wherein the 
catheter has multiple lumens, at least one lumen for the 
securing member. 

27. The assembly as set forth in claim 19, Wherein the 
actuating member includes an outer surface and at least a 
part of the outer surface of the actuating member includes a 
friction reducing coating. 


