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[57] ABSTRACT

An improved system for uniformly implanting a stent in
a body lumen comprising an intravascular catheter hav-
ing an elongated catheter bodyandat least one inflation
lumen contained therein, the catheter body including
proximal and distal ends, a balloon near the distal end of
the catheter for expanding the stent, an elastic sleeve
surrounding andin contact with the balloon for control-
ling the radial expansion of the balloon and either re-
straining bands or a pair of control balloons to control
the expansion of the balloon so that controllable expan-
sion characteristics of the stent are achieved.

_ 15 Claims, 3 Drawing Sheets
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APPARATUS FOR UNIFORMLY IMPLANTING A
STENT

BACKGROUNDOF THE INVENTION

1. Field of the Invention _
This invention relates generally to improvements in

methods and apparatus for uniformly implanting a stent
and, more particularly, to improved uniform stent im-
plantation systems wherein radial expansion is con-
trolled.

2. Description of Related Art
In typical percutaneous transluminal coronary angio-

plasty (PTCA)procedures, a guiding catheter is percu-
taneously introduced into the cardiovascular system of
a patient through the brachial or femoral arteries and
advanced through the patient’s vasculature until the
distal end of the guiding catheteris in the ostium of the
desired coronary artery. A guidewire and a dilatation
catheter having a balloon on the distal end ofthe dilata-
tion catheter are introduced through the guiding cathe-
ter with the guidewire sliding within the dilatation cath-
eter. First, the guidewire is passed through the guiding
catheter and into the patient’s coronary vasculature.
Second, the dilatation catheter is’ advanced over the
previously passed guidewire until the dilatation balloon
is properly positioned across a lesion. Once in position
across the lesion, a preformed balloon carried by the
catheteris inflated to a predetermined size with a liquid
at relatively high pressures (e.g., greater than about 4
atmospheres) to radially compress the atherosclerotic
plaque ofthe lesion against the inside of the artery wall
and thereby dilate the lumen of the artery. The balloon
is then deflated to a small profile, so that the dilatation
catheter can be withdrawn from the patient’s vascula-
ture and blood flow resumed through the dilated artery.
The PTCA procedureis also typically performed with
the use of a guiding catheter, wherein a conventional
over-the-wire system is employed.

In such angioplasty procedures, there may be reste-
nosis of the artery, which necessitates either another
angioplasty procedure, a surgical bypass operation, or
some other method of repairing or strengthening the
dilated area. Toassist in the prevention of restenosis and
to strengthen the dilated area, a physician can implant
an intravascular prothesis, generally called a stent, to
maintain vascular patencyinside the artery at the site of
the lesion. Stents are also used to repair vessels having
a flap or dissection or to generally strengthen a weak-
ened section of a vessel. The stent is expanded to a
larger diameter, often by the balloon portion of the
dilatation catheter. Stents delivered to a restricted coro-

nary artery, expanded to a larger diameter by a balloon
catheter, and left in place within the artery at the site of
the dilated lesion are shown, for example, in U.S. Pat.
No. 4,740,207 (Kreamer) and U.S. Pat. No. 5,007,926
Derbyshire). "

Although stents have been used effectively for some
time, the effectiveness of a stent can be diminished ifit
is not uniformly implanted within the artery. For exam-
ple, balloons having a stent placed upon them tend to
have non-uniform radial expansion dueto the increased
restriction the stent imposes on the working length of
the balloon. Consequently, the balloon expandsfirst at
the proximal and distal balloon ends along the path of
least resistance, i.e., towards the distal and proximal
ends of the balloon, which expands the balloon in a
“dog bone” fashion lacking uniform radial expansion.
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Thus, when the balloon expands in this “dog bone”
fashion, the proximal and distal regions of the balloon
over expand to form a characteristic “dog bone” shape,
the stent is not expanded uniformly and the stent may be
improperly implanted.

Accordingly, those concerned with the design, devel-
opment, and use of stent implantation systems have long
recognized the desirability and need for further im-
provements in systems for uniformly implanting a stent
in order to maximize stent performance. In this regard,
what has been needed and, heretofore unavailable, is a
stent delivery system which controls the radial expan-
sion ofthe stent alongits entire length to ensure uniform
expansion.

SUMMARYOF THE INVENTION

Briefly, and in general terms, the present invention
provides an improved method and apparatus for con-
trolling the radial expansion of a catheter balloon used
to deliver a stent, in order to enhance uniform implanta-
tion of the stent.

Moreparticularly, the present invention comprises a
catheter having first means on the catheter for expand-
ing a stent, second means cooperating with the first
means to control the radial expansion characteristics of
the first means, and third means for controlling the
radial expansion of the proximal and distal ends of the
first means. In this way, the stent is more uniformly
expanded to its implantation diameter and properly
placed within the vasculature ofa patient.

In one embodiment, by way of example and not nec-
essarily by way oflimitation, a balloon catheter includes
an elongated catheter body and a balloon member on
the distal end of the catheter. The balloon member has

a proximal end and a distal end with each end having
tapered balloon segments. Elastic restraining bands
surround each of these distal and proximal tapered seg-
ments of the balloon. These restraining bands exert a
resistive force in response to theresistive force created
by the addition of the stent on the balloon. An uneven
expansion is created in the balloon by the existence of
the stent, thus the restraining bands help to offset this
force. In orderto further control the radial expansion of
the balloon, a coaxial elastic sheath or sleeve surrounds
and is in contact with the balloon member and the re-
straining bands. This results in only radial displacement
along the entire length of the balloon. A stent, whichis
placed over the working length of the balloon,is there-
fore, uniformly expandedas the balloonis inflated, since
radial expansion of the balloon is more precisely con-
trolled.

Duringinflation of the balloon,the elastic restraining
bandsexert a force at the proximal and distal endsofthe
balloon equal and opposite to that generated by the
combinedresistance of the sleeve and the stent tending
to deform the balloon. In this way, the uneven expan-
sion (end effects) are limited when the balloon is ex-
panded which,in turn, inhibits a “dog boning” deforma-
tion at the proximal and distal regions of the balloon.
Further, as the balloon inflates, the sleeve surrounding
the balloon distributes the radial forces evenly over an
extended area, which then controls the radial expansion
ofboth the balloon and the surrounding stent carried on
the balloon.

In an another embodiment, a catheter includes an
elongated catheter body and three balloonsat the distal
end of the catheter. The three balloons comprise a pair
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