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An intravascular catheter, comprising a catheter shaft having 
a proximal end and a distal end, and a guideWire lumen 
extending through the shaft for receiving a steerable 
guideWire, Wherein the guideWire lumen has a proximal 
opening at the proximal end of the shaft for insertion of a 
guideWire into the lumen, and a side port for insertion of a 
guideWire into the lumen through the side of the catheter 
shaft, the side port located distally of the proximal opening 
and inside the patient during use, the side port being adapted 
to direct a guideWire to extend through the side port distally 
into the guideWire lumen While preventing a guideWire from 
extending through the side port proximally into the 
guideWire lumen. Also disclosed are methods for using the 
catheter. 
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MULTI-MODE VASCULAR CATHETER SYSTEM 

RELATED APPLICATIONS 

[0001] This application is a continuation of application 
Ser. No. 07/705,295 ?led May 24, 1991, the disclosure of 
Which is hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to vascular catheters (such as 
angioplasty catheters) specially adapted for rapid-exchange 
of both the guideWire and the catheter during use. It also 
relates to the method of using those catheters. 

[0003] Percutaneous transluminal coronary angioplasty 
(PTCA) has emerged as the major viable present alternative 
to bypass surgery for revasculariZation of stenotic and 
occluded coronary arteries. Although transluminal angio 
plasty has application in peripheral artery disease, it is most 
Widely used in the treatment of coronary artery disease. 
Unlike bypass surgery, percutaneous angioplasty does not 
require general anesthesia, cutting of the chest Wall, extra 
corporeal perfusion, or transfusion of blood. Percutaneous 
coronary angioplasty is not only less invasive and less 
traumatic to the patient, it is also less expensive because the 
angioplasty patient Will have a shorter hospital stay and 
shorter post-procedure recovery time. 

[0004] Percutaneous transluminal angioplasty is per 
formed by making a skin puncture With a specially-designed 
needle in one of the groins, and then introducing a guiding 
catheter (typically 8 or 9 French siZe) into the aorta and 
coronary artery ori?ce. Asmaller caliber catheter Which has 
a built-in in?atable and de?atable balloon of predetermined 
siZe and diameter is passed through the guiding catheter 
Which is positioned in the opening of a target artery. This 
balloon catheter (With the balloon totally de?ated by nega 
tive pressure) is advanced inside the target artery toWard the 
point of obstruction that needs to be dilated. The guideWire 
plays an essential role in leading the balloon catheter to the 
target coronary artery in safety and non-traumatic fashion. 
With the balloon portion of the catheter properly positioned 
inside the obstructed segment of the artery, under X-ray 
?uoroscopic observation, the balloon is in?ated by injecting 
contrast media mixed With saline at a pressure suf?cient to 
overcome the resistance of the arteriosclerotic plaque of the 
obstructed segment. 

[0005] By in?ating the balloon in the stenosis multiple 
times over a period of betWeen 10-30 seconds and one or 
tWo minutes (alloWing blood ?oW betWeen in?ations), the 
desired dilation of the obstructed segment of the artery can 
be achieved. When the desired results have been obtained by 
balloon in?ations, the guiding catheter, the balloon catheter 
(With the balloon completely de?ated With negative pres 
sure) and the guideWire are WithdraWn from the artery and 
the patient and the procedure is successfully terminated. 

[0006] The siZe and diameter of the balloon to be used in 
a transluminal angioplasty should be approximately 
matched to the siZe and native diameter of the obstructed 
segment of the artery to be dilated. If the balloon siZe and 
diameter is smaller than the native artery, the results of 
balloon angioplasty are suboptimal, requiring a second 
dilation With a larger-siZed balloon, and if balloon siZe is too 
large for the native artery, complications may occur due to 
arterial Wall damage. 
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[0007] During the angioplasty procedure, a guideWire is 
?rst advanced into the desired location, after Which the 
angioplasty catheter is advanced over the guideWire. It is 
sometimes necessary to replace (or exchange) either the 
guideWire or the balloon catheter during the procedure. 

[0008] If the balloon is undersiZed, for example, the 
catheter must be WithdraWn and replaced With a larger 
balloon catheter in order to permit adequate dilatation of the 
lesion. With conventional over-the-Wire catheters, in Which 
the guideWire lumen extends the entire length of the catheter 
shaft, a guideWire extension (e.g., 145 cm long) must ?rst be 
attached to the regular guideWire (eg 175 cm long) being 
used outside the patient before the catheter is WithdraWn. 
This permits the distal end of guideWire to be held in 
position While the catheter is removed and a neW catheter is 
exchanged. Usually, tWo to three operators are needed to 
effect such a catheter exchange. 

[0009] The catheter disclosed in US. Pat. No. 4,762,129 
avoids the necessity for extending the guideWire or 
exchange guideWire (eg 300 cm in length) by having a 
short guideWire lumen that extends substantially only 
through the distal end of the catheter. This type of catheter 
is referred to herein as a rapid-exchange catheter. Thus, the 
guideWire is outside the catheter shaft for much of the 
catheter length, and is inside the catheter at only the distal 
end. The catheter can be exchanged Without extending the 
175 cm regular guideWire, and the exchange can be effected 
by one or tWo operators. HoWever, this catheter has a serious 
draWback of not being able to permit ready exchange of 
guideWires. In clinical practice, the need for guideWire 
exchange is more common. 

[0010] Conventional over-the-Wire angioplasty catheters, 
With a guideWire lumen extending their entire length, permit 
simple guideWire exchange. During angioplasty procedures, 
the guideWire tip may become damaged, may be needed of 
a different type of guideWire or may need to be reshaped to 
complement the patient’s vasculature. The guideWire 
exchange procedure is readily accomplished With such a 
conventional over-the-Wire catheter. HoWever, With the 
rapid-exchange type catheter of US. Pat. No. 4,762,129, 
guideWire exchange requires complete removal and reinser 
tion of both the guideWire and the angioplasty catheter; thus, 
defeating the original goal of expedient advantage of the 
rapid-exchange catheter. 

[0011] Another disadvantage of the rapid-exchange cath 
eter is backbleeding. While the guideWire is being manipu 
lated to select the target vessel or to cross the culprit lesion, 
the Tuehy-Borst adapter must be loosened. This, in turn, 
permits backbleeding to occur. 

[0012] Accordingly, there is a need for an angioplasty 
catheter that permits rapid-exchange of the catheter like a 
monorail system, and easy exchange of the guideWire like 
the conventional over-the-Wire system. There is also a need 
for a catheter that Will permit the user to select the mode of 
usage betWeen the rapid-exchange and the over-the-Wire 
systems. 

BRIEF SUMMARY OF THE INVENTION 

[0013] In accordance With one aspect of the present inven 
tion, there is provided an angioplasty catheter comprising a 
catheter shaft having a proximal end and a distal end, an 



US 2003/0100849 A1 

angioplasty balloon attached to the shaft at the distal end, a 
balloon in?ation lumen extending through the shaft and 
communicating With the interior of the balloon, and a 
guideWire lumen extending through the shaft and through 
the balloon for receiving a steerable guideWire, Wherein the 
guideWire lumen has a proximal opening at the proximal end 
of the shaft for insertion of a guideWire into the lumen, and 
a side port for insertion of a guideWire into the lumen 
through the side Wall of the catheter shaft, the side port 
located distally of the proximal opening, the side port 
comprising guideWire directing means for permitting a 
guideWire to extend through the side port distally into the 
guideWire lumen and exit through the distal opening at the 
balloon catheter tip; While preventing a guideWire from 
extending through the side port proximally in retrograde 
fashion into the guideWire lumen. In one embodiment, the 
side port is located adjacent to and proximally of the 
balloon. In another, the side port is located proximally of the 
balloon Within about 35 cm of the balloon. In another 
variation of this catheter, the side port has proximal and 
distal ends, and the distal end of the side port is de?ned by 
a cut into the guideWire lumen extending generally trans 
versely With respect to the length of the catheter shaft. 
Preferably, the proximal end of the side port is a cut tapering 
proximally and outWardly from the distal end of the side 
port. In another variation of the foregoing catheter, the 
proximal end of the side port is a cut extending through the 
guideWire lumen extending proximally from the distal end 
of the side port. In a preferred embodiment, the guideWire 
lumen has an outside Wall and the guideWire directing means 
comprises a guide ?ap having a proximal end and a distal 
end, the guide ?ap attached at its proximal end to the outside 
Wall, With the distal end of the guide ?ap tapering into the 
guideWire lumen, and Where the distal end of the guide ?ap 
is not attached to the outside Wall so that a guideWire 
inserted distally through the side port passes over the distal 
end of the guide ?ap and into the guideWire lumen. Prefer 
ably, the guide ?ap is relatively ?exible in comparison to the 
outside Wall of the guideWire lumen on the distal side of the 
side port. 

[0014] In still another variation of the catheter discussed 
above, the ?rst side port is Within 35 cm of the proximal end 
of the shaft, preferably Within 30 cm, and more preferably 
Within 20 cm. 

[0015] One embodiment of the invention further com 
prises a perfusion opening communicating With the interior 
of the guideWire lumen, the perfusion opening located 
betWeen the side port and the balloon. 

[0016] Another aspect of the present invention is a system 
for performing angioplasty, comprising an angioplasty cath 
eter having a catheter shaft, a proximal end, a distal end, an 
in?atable balloon at the distal end, and a guideWire lumen 
extending from the proximal end to the distal end, the 
guideWire lumen having a proximal opening and a distal 
opening and adapted to receive a guideWire extending the 
entire length of the guideWire lumen, a side port in the 
catheter shaft providing an opening into the guideWire 
lumen, the side port being located proximally of the balloon 
betWeen the proximal opening and the distal opening, and a 
guideWire extending from outside the catheter shaft, distally 
through the side port, and out of the distal opening. Prefer 
ably, the side port is located Within 40 cm of the balloon, 
more preferably Within 30 or 25 cm of the balloon. In one 
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embodiment, the side port is located inside a patient on 
Whom an angioplasty procedure is being performed. 

[0017] The present invention also includes a method for 
exchanging angioplasty catheters While performing angio 
plasty, comprising the folloWing steps. The guideWire may 
be pre-loaded in the balloon catheter, before both are intro 
duced into the guiding catheter, by inserting the distal tip of 
the guideWire through the side port from outside into the 
guideWire lumen, advancing it distally through the balloon, 
and coming out of the distal opening of the balloon catheter. 
Alternately, With the guiding catheter properly engaged in 
the coronary artery, the method comprises introducing a 
guideWire into the guiding catheter through the Tuehy-Borst 
adaptor (if necessary, the guideWire tip positioned inside the 
vascular system), deploying a balloon angioplasty catheter 
of the type discussed above over the proximal end of the 
guideWire, so that the proximal end of the guideWire extends 
inside the distal guideWire lumen in a retrograde fashion 
through the balloon, the proximal end of the guideWire 
coming out through the side port, thus exiting out of the 
guideWire lumen, While the position of the distal tip of the 
guideWire is maintained in a ?xed position in the patient. In 
both methods of deploying the balloon catheter of the type 
being discussed, the balloon catheter shaft and the guideWire 
are both inside the guiding catheter lumen, but the guideWire 
proximal to the location of the side port is outside the 
balloon catheter lumen, side by side With the balloon cath 
eter shaft, and the guideWire is inside the balloon catheter 
lumen on the distal side of the side port. The steps of 
exchanging balloon catheters consist of removing the ?rst 
balloon catheter from the proximal end of the guideWire 
While maintaining the tip of the guideWire in the location (in 
the vascular system if necessary) Where the operator 
intended, positioning a second balloon catheter according to 
the present invention over the proximal end of the guideWire 
extending proximally through the guideWire lumen, through 
the balloon segment and the proximal end of the guideWire, 
exiting through the side port of the balloon catheter, and then 
advancing the second balloon catheter over the pre-posi 
tioned guideWire into the vascular system. 

[0018] The present invention also includes a method of 
exchanging a guideWire during an angioplasty procedure 
using the catheter of the present invention, comprising the 
steps of positioning a guideWire in the vascular system of a 
patient, providing the catheter over the guideWire so that the 
proximal guideWire extends proximally from the distal tip of 
the catheter and through the side port, advancing the catheter 
along the guideWire into the vascular system, removing the 
guideWire While maintaining the catheter in the vascular 
system, and inserting a second guideWire into the catheter 
distally through the proximal opening, through the 
guideWire lumen past the side port, through the balloon, and 
out of the distal end of the catheter. 

[0019] A further method encompassed by the present 
invention is a method for performing balloon angioplasty, 
comprising the steps of providing a balloon angioplasty 
catheter having a catheter shaft having proximal and distal 
ends, a guideWire lumen through the shaft, an in?atable 
balloon on the catheter shaft at the distal end of the catheter, 
and a side-port located betWeen the proximal end of the 
catheter and the balloon communicating With the interior of 
the guideWire lumen, inserting the catheter into a patient and 
blood vessel over a guideWire in the guideWire lumen, so 
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that the guideWire extends out of the distal end of the balloon 
catheter While selecting a lesion, in?ating balloon With the 
guideWire in place partially WithdraWing the guideWire 
proximally so that the guideWire does not obstruct the side 
port, and in?ating the balloon in a stenosis While the 
guideWire is partially WithdraWn, so that blood can ?oW into 
the side port, distally through the guideWire lumen, and out 
of the distal end of the catheter While the balloon is in?ated. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

[0020] FIG. 1 is an axially shortened schematic longitu 
dinal section of the catheter of the present invention. 

[0021] FIG. 2 is a perspective vieW of a portion of the 
catheter of FIG. 1, illustrating one embodiment of the side 
port. 

[0022] FIG. 3 is a perspective vieW of a portion of the 
catheter as in FIG. 2, illustrating another embodiment of the 
side port. 

[0023] FIG. 4 is a shortened schematic longitudinal sec 
tion of the catheter, illustrating the guideWire inserted to 
provide an over-the-Wire catheter mode. 

[0024] FIG. 5 is a shortened schematic longitudinal sec 
tion of the catheter, illustrating the guideWire inserted to 
provide a rapid-exchange catheter mode. 

[0025] FIG. 6 is a detail of the side port section of the 
catheter of FIG. 4. 

[0026] FIG. 6A is a transverse cross section taken along 
the line 6A-6A in FIG. 6. 

[0027] FIG. 6B is a transverse cross section taken along 
the line 6B-6B in FIG. 6. 

[0028] FIG. 6C is a transverse cross section taken along 
the line 6C-6C in FIG. 6. 

[0029] FIG. 7 is a detail of the side port section of the 
catheter of FIG. 5. 

[0030] FIG. 8 is a composite detail of the side port section 
of another embodiment of the catheter of FIG. 4. 

[0031] FIG. 9 is a detail of the side port section of another 
embodiment of the catheter of the present invention, illus 
trating the guideWire extending through the length of the 
guideWire lumen. 

[0032] FIG. 10 corresponds to FIG. 9, except that the 
guideWire extends through the side port. 

[0033] FIG. 11 is a longitudinal section of the guide port 
portion of still another catheter according to the present 
invention. 

[0034] FIG. 12 is a longitudinal section of the side port 
portion of a different catheter according to the present 
invention. 

[0035] FIG. 13 is a longitudinal section of the side port 
portion of yet another catheter according to the present 
invention. 

[0036] FIG. 14 is a fragmentary longitudinal section of 
the side port portion of a catheter according to the present 
invention Which has a collapsible lumen. 
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[0037] FIG. 14A is a transverse cross-section taken along 
the line 14A-14A in FIG. 14. 

[0038] FIG. 14B is a transverse cross-section taken along 
the line 14B-14B in FIG. 14. 

[0039] FIG. 14C is a transverse cross section taken along 
the line 14C-14C in FIG. 14. 

[0040] FIG. 15 is a fragmentary longitudinal section of 
the catheter of FIG. 14, illustrating the guideWire passing 
through the side port. 

[0041] FIG. 15A is a transverse cross section taken along 
the line 15A-15A in FIG. 15. 

[0042] The foregoing summary, as Well as the folloWing 
detailed description of the preferred embodiments of the 
present invention, Will be better understood When read in 
conjunction With the appended draWings. For the purpose of 
illustrating the preferred embodiments of the present inven 
tion, there is shoWn in the draWings, embodiments Which are 
presently preferred. It should be understood, hoWever, that 
the present invention is not limited to the arrangements and 
instrumentality shoWn in the attached draWings. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0043] The catheter of the present invention may be used 
as either a conventional-over-the-Wire catheter or as a rapid 

exchange catheter, and the operator may sWitch from one 
mode of use to another. 

[0044] FIG. 1 illustrates a schematic vieW of the catheter 
10 of the present invention. This vieW is an axially-short 
ened longitudinal cross section of the catheter 10. The 
catheter 10 includes a catheter shaft 12 extending from the 
proximal end 14 of the catheter to the distal end 16. The 
catheter 10 has a guideWire lumen 20 extending the entire 
length of the catheter shaft 12. At the distal end 16 of the 
catheter shaft 12 is an angioplasty balloon 22 mounted on 
the catheter shaft 12. The guideWire lumen 20 extends 
through the angioplasty balloon 22 and terminates distally of 
the balloon 22 at the distal end 16 of the catheter shaft 12. 

[0045] A balloon in?ation lumen 24 extends the entire 
length of the catheter shaft 12 from the proximal end 30 into 
the interior of the balloon 22. The in?ation lumen 24 
terminates inside the angioplasty balloon 22, permitting 
in?ation and de?ation of the balloon 22. 

[0046] Conventional lumen connectors 27, 31 are pro 
vided, respectfully, at the proximal ends of the guideWire 
lumen 20 and the in?ation lumen 24 in a manner that is Well 
knoWn. A “Y” connector 32 is also provided at the proximal 
end 14 of the catheter 10, someWhat distally of the lumen 
connectors 27, 31 at a point Where the separate lumens 20, 
24 converge. 

[0047] The catheter 10 may be made of any conventional 
polymer material, such as polyethylene, polyvinylchloride, 
polyethylene terephthalate, or other suitable materials. Fur 
thermore, the balloon catheter shaft of the present invention 
could be constructed of stainless steel, double channel 
hypotube, especially the shaft segment including and/or 
proximal to the location of the side port. The proximal shaft 
could, alternately, be made of single lumen stainless steel 
hypotube in a form of coaxial polymer sheath outside for the 
balloon channel. 
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[0048] The balloon 22 is preferably made of a non 
elastomeric material so that, upon in?ation, it Will have a 
predetermined maximum in?ated diameter, Without substan 
tial stretching as pressure is increased. Polymers such as 
PVC (polyvinylchloride) and various derivatives of poly 
ethylene have proved to be suitable for making balloon 
catheters for coronary angioplasty. NeW polymer deriva 
tives, including PET (polyethylene teraphthalate) and varia 
tions of Mylar material, are gaining popularity because of 
their high tensile strength and their potential for making very 
thin-Walled dilation balloons. (Mylar is a trademark of 
Dupont, Wilmington, Del., for a polyester material.) Other 
suitable ?lm-forming materials capable of Withstanding 
pressures of 100 psi, preferably 150 psi or 200 psi, Without 
bursting or signi?cant stretching, may also be used to form 
the angioplasty balloons. 

[0049] The catheter 10 of the present invention differs 
from conventional over-the-Wire catheters by the inclusion 
of a speci?cally-shaped side port 40 extending through the 
outside Wall 42 of the guideWire lumen 20 and into the 
guideWire lumen 20. The side port 40 is located distally of 
the proximal end 14 of the catheter shaft and the guideWire 
lumen connector 27 (Which provides and de?nes a proximal 
opening 44 into the guideWire lumen 20). The side port 40 
is preferably located proximally of the balloon 22, but may 
also be located distally of the balloon 22 or may be provided 
in vascular catheters that do not employ balloons. 

[0050] In preferred embodiments the side port 40 is 
located Within 40 cm, preferably Within 30 cm or 25 cm, of 
the balloon 22 (on the proximal side of balloon 22). The side 
port 40 may advantageously be located Within 20 cm, 15 cm, 
or even Within 5 or 10 cm of the balloon 22. 

[0051] The side port 40 preferably includes means for 
directing a guideWire through the port 40 so that the 
guideWire may extend distally through the port 40 and out of 
the distal end 16 of the catheter shaft 12, passing through the 
balloon 22. Thus, a guideWire may extend from outside the 
catheter shaft 12, through the side port 40 and distally 
through the guideWire lumen 20 inside the balloon 22 and 
?nally out the distal end 16 of the catheter shaft 12. In 
practice, during a catheter exchange, a catheter 10 is 
removed from the guideWire by pulling it off of the proximal 
end of the guideWire. AneW catheter 10 is then placed on the 
guideWire by inserting the proximal end of the guideWire 
into the distal opening 46 of the guideWire lumen 20, 
extending the guideWire proximally through the balloon to 
the side port 40, and then out of the side port 40. 

[0052] If the catheter 10 is to be used as a conventional 
over-the-Wire catheter, then the guideWire is inserted 
through the proximal opening 44 of the guideWire lumen 20 
and is advanced distally through the guideWire lumen 20 
past the side port 40, through the balloon 22, and out of the 
distal opening 46 of the guideWire lumen 20. Other modes 
of usage are described in more detail beloW. 

[0053] In order to facilitate use of the catheter 10 in the 
manner described, the side port 40 is provided With means 
for permitting a guideWire to extend through the side port 40 
distally into the guideWire lumen 20, While preventing a 
guideWire from extending from outside the catheter shaft 12 
through the side port 40 and thence proximally into the 
guideWire lumen 20. Thus, When a guideWire is advanced 
through the proximal opening 44 of the guideWire lumen 20, 
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the side port 40 should be con?gured to avoid exiting of the 
guideWire out of the side port 40 as the guideWire advances 
distally. 
[0054] The means for directing the guideWire at side port 
40 may take one of several forms. One example is illustrated 
in FIG. 2. In FIG. 2, the catheter shaft 12 is cut at the side 
port 40 to provide an opening into the guideWire lumen 20. 
In the embodiment illustrated in FIG. 2, the side port 40 is 
de?ned by a distal cut 50 at the distal end of the port 40 and 
by a proximal cut 52 exiting proximally from the distal cut 
50. In the FIG. 2 embodiment, the distal cut 50 extends 
radially doWn into the guideWire lumen 20 through the 
outside Wall 42 of the guideWire lumen 20 in a direction 
generally transverse to the length of the catheter shaft 12. In 
other Words, the distal cut 50 extends radially inWard from 
outside the catheter shaft 12 through at least a portion of the 
outside Wall 42 of the guideWire lumen 20. Alternatively, 
this cut could be slanted. 

[0055] The proximal cut 52 may advantageously extend 
from the deepest part of the distal cut 50, tapering radially 
outWardly through the outside Wall 42 of the guideWire 
lumen as the proximal cut 52 extends proximally along the 
catheter shaft 12. Thus, the port 40 in FIG. 2 is de?ned by 
a proximal cut 52 tapering into the guideWire lumen 20 as it 
extends distally and a distal cut 50 extending radially into 
the guideWire lumen 20, so that the side port 40 is in the 
form of a notch. 

[0056] In one preferred embodiment, a slit 54 is provided 
extending longitudinally (axially) in a proximal direction 
from the proximal end of the proximal cut 52 through the 
outside Wall 42 of the guideWire lumen 20. 

[0057] The geometry of the side port 40 illustrated in FIG. 
2 permits easy distal insertion of the guideWire through the 
side port 40, and also permits a guideWire inserted into the 
distal end opening 46 of the guideWire lumen 20 to be 
readily directed out of the guideWire lumen 20 at the side 
port 40. The slit 54 avoids undesired junctional bending of 
the guideWire as it traverses side port 40. 

[0058] The side port 40 of the present invention may be 
distinguished from perfusion holes provided in prior art 
catheter by its siZe. The side port 40 (unlike perfusion holes 
in prior art catheters) is large enough as a guideWire gate to 
permit the guideWire to easily be inserted through the side 
port 40. This is in sharp distinction to prior art perfusion 
holes, Which Were siZed to prevent passage of the guideWire 
and Were typically provided as multiple small holes in the 
catheter shaft 12. It should be understood that the guideWire 
directing elements of the side port 40 are preferred, but not 
essential elements of the invention. 

[0059] It should also be understood that the catheter shaft 
12 may be made of a single material or may be made of 
different materials bonded or otherWise joined together. 
Distal portions of the catheter 10 may be made of different 
materials than proximal portions; alternatively, one lumen of 
the catheter may be made of different material than another 
lumen. The balloon lumen, for example, could be made of 
relatively stiff material to provide improved pushability, 
While the guideWire lumen may be de?ned by relatively 
?exible material, or vice versa. 

[0060] An alternative embodiment of the side port 40 is 
illustrated in FIG. 3. In this embodiment, the port 40 is 
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de?ned at its distal end by a distal cut 50 extending generally 
radially inWard into the guideWire lumen 20. A ?exible 
aprons 56 is attached to the outside Wall 42 of the guideWire 
lumen 20 at the proximal end of the side port 40. This apron 
is a ?ap attached at its proximal end to the catheter shaft 12 
and extending distally into the opening of the port 40. The 
apron 56 is unattached at its distal end. The apron 56 is 
preferably made of material at least as ?exible as the outer 
Wall 42 of the guideWire lumen 20; hoWever, it is preferably 
more ?exible than the outer Wall 42 of the guideWire lumen 
20 or the catheter shaft 12. 

[0061] The side port 40 in FIG. 3 functions in the same 
manner as described in connection With FIG. 2 to permit a 
guideWire to extend distally from outside the catheter shaft 
12 into the side port 40, While preventing a guideWire 
extending the entire length of the guideWire lumen 20 from 
exiting through side port 40 as it progresses distally through 
the guideWire lumen 20. The con?guration of the side port 
40 in FIG. 3 also permits a guideWire to be introduced into 
the distal opening 46 of the guideWire lumen 20, the 
guideWire to be advanced proximally through the guideWire 
lumen traversing the balloon 22, and to exit out of the side 
port 40 after it has traversed the section of the guideWire 
lumen 20 inside the balloon 22. 

[0062] In another embodiment, the shape and feature of 
the side port 40 could be molded in contrast to cutting out 
the opening. With the basic opening provided, the re?ne 
ments of the side port 40 could be shaped and trimmed by 
the molding technique of polymer. 

[0063] The use of the catheter 10 of the present invention 
as a conventional over-the-Wire catheter is further illustrated 
in FIG. 4. 

[0064] FIG. 4 illustrates the catheter of FIG. 1 With a 
guideWire 60 extending the entire length of the guideWire 
lumen 20 from the proximal opening 44 through the balloon 
22 and out of the distal opening 46 of the guideWire lumen 
20. The guideWire 60 extends past the side port 40 but does 
not exit through the port 40 as it is being advanced distally 
through the guideWire lumen 20, because of the con?gura 
tion of the side port 40 and partly due to guideWire manipu 
lation under ?uoroscopy. Some care and attention on the part 
of the physician Will also be necessary to avoid inadvertent 
exit of the guideWire out of the side port 40 in this situation, 
by careful ?uoroscopic observation made during the passage 
of the guideWire tip in the vicinity of the side port 40. 

[0065] FIG. 5 illustrates the catheter 10 of FIG. 1 With the 
guideWire 60 extending distally from outside of the catheter 
10 through the side port 40, thence distally through the 
guideWire lumen 20 through the balloon 22 and out of the 
distal opening 46 of the guideWire lumen 20. 

[0066] FIG. 6 is a detail of the catheter 10 in the vicinity 
of the side port 40. FIG. 6 shoWs the guideWire 60 extending 
through the guideWire lumen 20 from the proximal end 14 
of the catheter 10, past the side port 40 (While remaining 
inside the guideWire lumen 20), and through the balloon 22. 

[0067] FIG. 6a shoWs the guideWire 60 inside the 
guideWire lumen 20 at a point proximally of the side port 40. 

[0068] FIG. 6b shoWs the guideWire 60 at the side port 40 
and illustrates the opening through the outer Wall 42 of the 
guideWire lumen 20 and the guideWire inside the lumen 20. 
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[0069] FIG. 6c illustrates the guideWire 60 inside the 
guideWire lumen 20 as it traverses the length of the balloon 
22. 

[0070] FIG. 7 illustrates the catheter 10 of FIG. 5 in the 
vicinity of the side port 40 With the guideWire 60 in place. 
Note that on the proximal side of the side port 40, the 
guideWire 60 is outside of the catheter shaft 12, paralleling 
With the empty guideWire lumen that is proximal to the 
junctional side port 40. The guideWire enters into the cath 
eter shaft 12 and into the guideWire lumen 20 at the side port 
40 as the Wire extends distally. Distally from the side port 
40, the guideWire traverses the distal portion of the catheter 
shaft, 12 inside of the guideWire lumen 20 extending through 
the balloon 22. 

[0071] Note that the apron 56 illustrated in FIG. 7 permits 
ready insertion of the guideWire 60 through the side port 40 
When the Wire is extending from outside and into the side 
port 40 distally through the balloon 22, and similarly the 
apron 56 permits the guideWire 60 to readily come out 
through the side port 40, When the guideWire 60 is inserted 
into the distal opening 46 of the guideWire lumen 20 and is 
advanced proximally inside the guideWire lumen 20 through 
the balloon 22. 

[0072] Another embodiment of the invention is illustrated 
in FIG. 8. FIG. 8 is a closeup detail of the catheter shaft 12 
in the vicinity of the side port 40, shoWing a guideWire 60a 
extending the entire length of the guideWire lumen 20, and 
also illustrating in phantom (60b) the alternative insertion of 
the guideWire 60 through the side port 40. 

[0073] In the embodiment illustrated in FIG. 8, the cath 
eter shaft 12 on the proximal side of the port 40 is made of 
a different material than the remaining distal portion of the 
catheter shaft 12. Speci?cally, the proximal portion 62 of the 
catheter shaft 12 is made of a relatively stiff material. The 
proximal portion 62 of the catheter shaft 12 may, for 
example, comprise a hypotube. A hypotube is a thin Walled 
tube of metal, preferably stainless steel. Alternatively, the 
proximal portion 62 of the catheter shaft 12 may comprise 
a plastic-coated spiral Wound Wire or ribbon of metal. This 
later structure has superior ?exibility (in comparison to 
hypotube) While maintaining pushability. 

[0074] Although much of the disclosure has emphasiZed 
the location of the side port 40 proximally of the balloon 22, 
the side port 40 may also be located distally of the balloon 
22. FIG. 9 illustrates location of the side port 40 distally of 
the balloon 22 but proximal to the distal end 16 of the 
catheter 10. In the illustrated embodiment, the guideWire 60 
is inside the guideWire lumen 20 extending from the proxi 
mal opening 44 to the distal opening 46, passing through the 
balloon 22 and passing by the side port 40 (and not exiting 
through the side port 40). This distal side port 40 may be in 
place of the previously-described side port 40 located proxi 
mally of the balloon 22, or in addition to the proximal side 
port 40. This distal side port 40 design may be especially 
useful in catheters other than balloon catheters, such as 
catheters used in laser procedures, atherectomy catheters, 
stent deployment catheters, or intravascular imaging cath 
eters. 

[0075] FIG. 10 corresponds to the embodiment of FIG. 9, 
except that the guideWire 60 is extending through the side 
port 40 in an antegrade fashion by entering the guideWire 














