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(57) ABSTRACT 

Aperfusion-occlusion catheter provides an occluded region 
in a vessel to facilitate, for example, an anastomosis in the 
region, While providing a path for perfusing ?uid (blood) 
through the path for delivery in the vessel downstream from 
the occluded region. According to one aspect of the inven 
tion, at least a portion of the catheter that effects vessel 
occlusion comprises a shield that When exposed to suture 
needles or like piercing instruments de?ects or resists per 
foration. 
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PERFUSION-OCCLUSION APPARATUS AND 
METHODS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application Serial No. 60/060,123, Which Was ?led 
Sept. 26, 1997, the disclosure of Which is incorporated 
herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to devices and meth 
ods for occluding a lumen(s) and perfusing ?uid there 
through to, for eXample, facilitate the performance of coro 
nary bypass procedures and other procedures on the heart 
and vessels. 

BACKGROUND OF THE INVENTION 

[0003] A manifestation of coronary artery disease is the 
build-up of plaque on the inner Walls of the coronary 
arteries, Which causes narroWing or complete closure of 
these arteries, resulting in insuf?cient blood How to the 
heart. A variety of techniques have been developed for 
treating coronary artery disease. Where surgical intervention 
is necessary, stenoses of the coronary arteries can often be 
treated using endovascular techniques such as balloon 
angioplasty, atherectomy, stent placement and the like. 

[0004] In cases Where endovascular approaches are 
unsuitable or unsuccessful, coronary artery bypass graft 
procedures typically have been performed using open sur 
gical techniques. Such procedures require an access tech 
nique knoWn as median sternotomy, in Which the patient’s 
sternum is divided longitudinally and the chest spread to 
provide access to the heart. The patient’s heart is arrested 
using cardioplegic agents and the patient is thereafter sup 
ported by a cardiopulmonary bypass system. A source of 
arterial blood is then connected to the coronary artery 
doWnstream from the target stenotic portion. The arterial 
blood source may be a venous or arterial graft vessel 
connected betWeen an arterial source such as the aorta and 
the coronary artery. Another common arterial blood source 
is the left or right internal mammary artery Which may be 
grafted to the coronary artery doWnstream of the stenosis or 
occlusion. 

[0005] For a mammary arterial graft to be used in a 
coronary artery bypass procedure, blood ?oW through the 
target mammary artery must be temporarily stopped. Thus, 
in conventional open chest procedures, a clamp is applied, 
typically by hand or With forceps, directly to the mammary 
artery at a position doWnstream from the patient’s aorta. 
After the mammary artery is clamped, it is ligated and 
divided at a location doWnstream from the clamp to create 
a free end Which may be connected to the coronary artery. 
After completion of the grafting procedure, the clamp is 
removed by the surgeon by hand or With open forceps to 
permit blood ?oW through the mammary artery and into the 
coronary artery doWnstream of the blockage. 

[0006] There are risks and dif?culties associated With 
undergoing a procedure as described above. For instance, 
stopping the heart beat using cardioplegic agents and placing 
the patient on a cardiopulmonary bypass system is highly 
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traumatic to the patient and often result in post-operative 
complications. As an alternative to the foregoing, there are 
approaches Whereby the heart remains beating throughout 
the entire procedure. In addition, advances have been made 
in minimally invasive techniques to perform this procedure 
Without opening the sternum, such as the thoracoscopic 
method described in US. Pat. No. 5,452,733 to Sterman, et 
al., the entirety of Which is hereby incorporated by reference. 

[0007] Another problem With conventional techniques is 
that blood ?oWing into the anastomosis site during the 
grafting portion of the procedure obstructs the surgeon’s 
vieW of the critical suture placement of the anastomosis. 
Several devices and methods have been developed to limit 
or prevent blood loss through and into this anastomosis site. 
One method is to occlude the diseased target coronary artery 
With a suture, clamp or other occluding device both distal 
and proXimal of the anastomosis site. The occlusion prevents 
blood ?oW into the anastomosis site both from retrograde 
and antegrade approaches. Dual balloon catheters, such as 
described in US. Pat. Nos. 4,520,823 and 4,404,971 to 
LeVeen, et al., are useful in obturating blood How on both 
sides of a Wound, or the site of a surgically detached 
aneurysm, While the Wound is repaired. 

[0008] Another approach is to direct a CO2 jet at the 
anastomosis site during the procedure. This technique bloWs 
the blood out of the surgical site; hoWever, it can result in 
injury to the targeted coronary artery, causing the endothelial 
layer of the vessel to be stripped aWay due to the force of the 
air jet. 

[0009] Other improvements provide blood ?oW distal, or 
doWnstream, of the anastomosis site during the procedure. 
Occluding the anastomosis site by distal (single balloon) or 
distal and proXimal (dual balloon) means Without such 
perfusion can lead to myocardial ischemia and potential 
damage to the very heart muscle that the surgeon is trying to 
re-perfuse. 
[0010] US. Pat. No. 4,230,119 to Blum discloses a micro 
hemostat consisting of a bar that is inserted into a blood 
vessel by incision and Whose ends are then in?ated to 
occlude blood ?oW immediately adjacent the Wound. The 
bar, hoWever, forms a tube through Which blood may ?oW 
during the procedure. 

[0011] US. Pat. No. 5,106,363 to Nobuyoshi, the entirety 
of Which is hereby incorporated by reference, discloses a 
conventional single balloon/dual lumen dilation catheter for 
use in dilating stenoses to improve blood through coronary 
arteries. This device utiliZes a pump that delivers the 
patient’s oWn blood from an intake in the catheter disposed 
in the patient’s bloodstream proXimal of the treatment site. 
The patient’s blood is pumped through the outer sheath, then 
conducted to and through the inner lumen of the catheter, 
?nally exiting into the patient’s bloodstream. This device 
obviates the need for making an additional incision for blood 
intake, and also perfuses blood distal to the treatment site. 

[0012] US. Pat. No. 4,581,017 to Sahota discloses a 
balloon perfusion dilation catheter Which consists of holes 
located proximal and distal of the balloon so that When 
placed in a blood vessel, blood may How to the vessel 
doWnstream of the occluded treatment site. 

[0013] LikeWise, US. Pat. No. 4,771,777 to HorZeWski et 
al. describes a similar dual balloon perfusion catheter that 
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can be used in conjunction With a pump to perfuse the 
patient’s oWn blood to a region distal of the site being treated 
by the second dilatation balloon. The ?rst balloon is used to 
form a blood seal betWeen the catheter and a guiding 
catheter. 

SUMMARY OF THE INVENTION 

[0014] The invention involves improvements to devices 
and methods to facilitate performing coronary artery bypass 
and other procedures on the heart and vessels. According to 
one aspect of the invention, a perfusion-occlusion apparatus 
is provided for use in occluding a portion of a blood vessel 
and perfusing ?uid through the blood vessel. The apparatus 
comprises a tube having at least one lumen, a proximal end 
and a distal end. First and second occlusion members are 
provided in the vicinity of the tube and spaced from one 
another to de?ne an occlusion section. At least a portion of 
the occlusion section comprises a shield that When the shield 
is contacted by suture needles or like piercing instruments 
during a surgical procedure, it de?ects the instrument or 
resists perforation. The invention may facilitate beating 
heart coronary bypass procedure. for example, by occluding 
the coronary artery distal and proximal to an anastomosis 
site and alloWing for perfusion of tissue distal to the anas 
tomosis site. The invention also eliminates or minimiZes the 
risk of the surgeon’s needle perforating the perfusion-oc 
clusion device and possibly catching the back Wall of the 
coronary artery being bypassed during the suturing of the 
graft. Further, the apparatus supports the vessel Wall region 
betWeen the occlusion members to facilitate a local surgical 
procedure such as an anastomosis. It also may facilitate 
shaping the opening at the anastomosis site. 

[0015] According to another aspect of the invention, a 
perfusion-occlusion catheter is provided With a portion that 
may illuminate a region for identifying vessels (such as 
mammary artery) or regions of a vessel such as an anasto 
mosis site. The illumination also may be used to prepare a 
mammary artery for use in an anastomosis (e.g., identify 
branches for removal). 

[0016] According to another aspect of the invention, a 
system for use in occluding a portion of a vessel lumen and 
actively perfusing ?uid through the vessel lumen is pro 
vided. The system comprises a catheter having a tube having 
at least one lumen and a proximal end and a distal end, and 
?rst and second occlusion members coupled to the tube and 
spaced from one another to provide an occlusion section; a 
catheter introducer sheath adapted to be inserted into a 
patient’s vasculature; and a pump adapted to be ?uidly 
coupled to the tube and the introducer sheath for pumping 
?uid from the introducer sheath to the distal end of the tube. 

[0017] According to another aspect of the invention a 
system for use in occluding a portion of a vessel lumen and 
actively perfusing ?uid through the vessel lumen is pro 
vided. The system comprises a catheter having a tube having 
?rst, second and third lumens, a proximal end and a distal 
end, and ?rst and second occlusion members coupled to the 
?rst lumen and spaced from one another to provide an 
occlusion section the second lumen having at least one 
opening proximal to the occlusion section and the third 
lumen having at least one discharge opening distal to the 
occlusion section; and a pump ?uidly coupled to the second 
and third lumens for driving ?uid from said opening in said 
second lumen to the discharge opening in the third lumen. 
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[0018] According to yet another aspect of the invention, a 
perfusion-occlusion catheter is provided With a distal tip 
con?guration to disperse ?uid ?oW from the distal end of the 
catheter to minimiZe or eliminate the risk of ?uid jetting 
from the catheter and possibly compromising vessel integ 
rity doWnstream from the catheter. 

[0019] According to another aspect of the invention, a 
method for identifying a vessel region prepared for an 
anastomosis is provided. The method comprises occluding a 
region of a vessel doWnstream from a blockage; and illu 
minating the region from a light source Within the vessel. 

[0020] The above is a brief description of some de?cien 
cies in the prior art and advantages of the present invention. 
Other features, advantages, and embodiments of the inven 
tion Will be apparent to those skilled in the art from the 
folloWing description, accompanying draWings and 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is an elevational vieW of an apparatus 
constructed according to the present invention. 

[0022] FIG. 2 is a cross-sectional vieW of the occlusion 
section of the apparatus shoWn in FIG. 1. 

[0023] FIG. 3A is an elevational vieW of another shielded 
con?guration according to the present invention. 

[0024] FIG. 3B is an elevational vieW of another shielded 
con?guration of the present invention. 

[0025] FIG. 4A is an elevational vieW of another shielded 
con?guration of the present invention. 

[0026] FIG. 4B is an elevational vieW of another shielded 
con?guration of the present invention. 

[0027] FIG. 5 is an elevational vieW of another shielded 
con?guration of the present invention. 

[0028] FIG. 6A is an elevational vieW of a shielded and 
illuminated con?guration of the present invention. 

[0029] FIG. 6B is an elevational vieW of another shielded 
and illuminated con?guration of the invention. 

[0030] FIG. 7A is an elevational vieW of the occlusion 
section of the apparatus of the present invention having 
overlapping leaves shielding the ?rst and second occlusion 
members and a separately shielded intermediate member. 

[0031] FIG. 7B is a perspective vieW of the device of FIG. 
7A, detailing the construction of the shielded occlusion 
section. 

[0032] FIG. 7C is a cross-sectional vieW of the device of 
FIG. 7A, detailing the construction of the shielded occlusion 
section. 

[0033] FIG. 8 is an elevational vieW of the distal region of 
the apparatus of the present invention having an occlusion 
section integrally shielded With overlapping leaves. 

[0034] FIG. 9 is an elevational vieW of the distal region of 
the apparatus of the present invention having an occlusion 
section integrally shielded With overlapping leaves that 
extend through the length of the occlusion members. 
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[0035] FIG. 10 is a detailed cross-sectional vieW of an 
occlusion member of the present invention having a ?uid 
interposed betWeen tWo expandable elements. 

[0036] FIG. 11A is an elevational vieW of an active 
perfusion-occlusion apparatus of the present invention. 

[0037] FIG. 11B is a cross-sectional vieW of the device of 
FIG. 11A detailing the ?uid inlet, outlet, and in?ation 
lumens. 

[0038] FIG. 11C is a cross-sectional vieW of the device of 
FIG. 11 A detailing the ?uid outlet and in?ation lumens in 
the more distal region of the device. 

[0039] FIG. 12A is a cross-sectional vieW of the distal 
region of the apparatus of the present invention detailing a 
one-Way valve for passage of a guideWire. 

[0040] FIG. 12B is a distal vieW of the distal tip of the 
apparatus of the present invention illustrating passage of a 
guideWire through the distal tip. 

[0041] FIG. 12C is a distal vieW of the distal tip of the 
apparatus of the present invention illustrating the distal tip in 
a relaxed condition With the guideWire removed. 

[0042] FIG. 13 is a cross-sectional vieW of another distal 
region con?guration according to the present invention. 

[0043] FIG. 14A illustrates the use of perfusion-occlusion 
apparatus of the present invention to occlude a section of a 
coronary artery distal to a blockage, While perfusing blood 
therethrough prior to suturing the internal mammary artery 
to the coronary artery, completing a coronary bypass graft. 

[0044] FIG. 14B illustrates perfusion-occlusion apparatus 
of the present invention partially extending through a section 
of the internal mammary artery and into a section of a 
coronary artery distal to a blockage so to occlude a desired 
portion of both arteries While perfusing blood therethrough 
prior to suturing the internal mammary artery to the coro 
nary artery, completing a coronary bypass graft. 

DESCRIPTION OF THE INVENTION 

[0045] Referring to the draWings Wherein like numerals 
indicate like elements, various embodiments of perfusion 
occlusion methods and apparatus are shoWn in accordance 
With the principles of the present invention. 

[0046] FIG. 1. depicts one embodiment of perfusion 
occlusion apparatus according to the present invention and 
generally designated With reference numeral 2. Apparatus 2 
is shoWn in a conventional catheter con?guration With hub 
8 at the proximal end of the apparatus. Perfusion-occlusion 
apparatus 2 has a proximal portion 4 and a distal portion 6. 
The catheter de?nes a tube 12 through Which a conventional 
guideWire 10 passes. 

[0047] Optionally attached to hub 8 is pop-off valve 70, 
Which is in ?uid communication With in?ation lumen 32 (not 
shoWn) of tube 12. Pop-off valve 70 may be used as a safety 
device to ensure that any occlusion members such as bal 
loons do not overin?ate. Pop-off valve 70 is designed to 
activate to relieve the ?uid pressure inside in?ation lumen 
32 if the pressure exceeds a predetermined limit Which is 
chosen, With an appropriate factor of safety, to be beloW that 
of the in?ation limit of the balloons. Preferably, this pop-off 
valve Will be designed to activate at about 1.5 atmospheres 
of pressure. 
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[0048] Disposed along tube 12 in the distal portion 6 of the 
perfusion-occlusion apparatus 2 is occlusion section 14, 
shoWn in greater detail in FIG. 2. At least a portion of 
occlusion section 14 comprises a shield that is resistant to 
perforation by a surgeon’s suture needles or other like 
instruments. 

[0049] Proximal of occlusion section 14 is a series of 
proximal apertures 28 in ?uid communication With a lumen 
formed by tube 12 (FIG. 2) for the passive infusion of blood 
or any other suitable ?uid into tube 12. LikeWise, distal of 
occlusion section 14 is a series of distal apertures 26, Which 
in the illustrative embodiment are in ?uid communication 
With the same lumen (e.g., lumen 34) for the perfusion of 
blood or any other suitable ?uid out of tube 12. Distal of 
distal apertures 26 is a distal tip 22 having distal tip opening 
24 through Which ?uid and guideWire 10 may pass. 

[0050] Referring to FIG. 2, occlusion section 14 as 
deployed in a diseased lumen 30, such as a cardiac artery, is 
shoWn. The lumen formed by vessel 30 contains a blockage 
or narroWing 38 proximal to occlusion section 14. Note that 
occlusion section 14 is disposed distal of blockage 38 and is 
centered beneath an anastomosis site 94, Which is depicted 
here by the intersection of diseased vessel 30 and grafting 
vessel 31. 

[0051] Longitudinally disposed Within tube 12 is in?ation 
lumen 32, Which is ?uidly connected to ?rst occlusion 
member 16 and second occlusion member 18, and is used for 
the introduction of a ?uid so to in?ate occlusion members 16 

and 18. When disposed distal (doWnstream, as blood ?oWs, 
or right as shoWn in FIG. 2) of blockage 38, occlusion 
members 16 and 18 in?ate to occlude diseased vessel 30 so 
that grafting vessel 31 may be joined at anastomosis site 94 
by sutures 92 in a portion of vessel 30 relatively free from 
blood. 

[0052] Preferably, and as depicted in FIG. 2, occlusion 
members 16 and 18 are conventional balloons made of any 
resilient biocompatible material such as polyethylene, PET, 
nylon, silicone and the like, as is Well-knoWn in the art, 
although occlusion members 16 and 18 may be any expand 
ing member responsive to the introduction of a ?uid, such as 
air, saline, blood, or any other appropriate ?uid. Each of 
occlusion members 16 and 18 ?uidly communicate With 
in?ation lumen 32, yet remain separate members that may 
expand, contract, and otherWise operate independent of one 
another. HoWever, and as depicted in FIG. 2, it is preferred 
that occlusion members 16 and 18 operate in tandem such 
that When a ?uid is introduced through in?ation lumen 32 
into occlusion members 16 and 18, both members expand 
(and likeWise contract upon the exiting of ?uid) at substan 
tially the same rate so to occupy approximately the same 
desired volume. 

[0053] As shoWn in FIG. 2, occlusion members 16 and 18 
are spaced along tube 12 and preferably de?ne or form 
boundaries for an intermediate member or portion 36. Mem 
ber 36 may be constructed to completely surround tube 12 
of perfusion-occlusion apparatus 2. Member 36 also may be 
symmetrically disposed around tube 12. When deployed in 
diseased vessel 30, intermediate member 36 is placed beloW 
an anastomosis site 94 for the grafting of grafting vessel 31 
onto diseased vessel 30 as Will be further described beloW. 

[0054] As noted, ?uid lumen 34 is also longitudinally 
disposed Within tube 12 as shoWn in FIG. 2. Fluid lumen 34 
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?uidly communicates With hub 8 on the proximal portion 4 
of the perfusion-occlusion apparatus 2 and the distal tip 22 
at the distal most end of perfusion-occlusion apparatus 2 to 
form distal tip opening 24. This ?uid lumen 34 is for the 
passage therethrough of ?uids such as blood, saline, or 
radiopaque dye, and is also con?gured for passage of 
guideWire 10 as is Well-knoWn in the art. Intermediate 
member 36 preferably is dimensioned to minimiZe the 
overall occlusion length (to prevent occluding the blood 
supply to collateral vessels in and around the occlusion 
section), While maximiZing the anastomosis area in Which 
the surgeon operates. In a preferred embodiment, the spac 
ing betWeen the outside edges of occlusion members 16 and 
18 should be betWeen about 10 to 20 mm, for example, about 
15 mm. The diameter of occlusion members 16 and 18 Will 
vary depending on the vessel anatomy into Which the device 
is inserted, and Will typically be betWeen about 2 to 5 mm, 
for example, about 3 mm. Further, radiopaque markers (M) 
may be provided adjacent to the occlusion section as shoWn 
in FIG. 2, for example. 

[0055] Proximal apertures 28 are located proximal of ?rst 
occlusion member 16 along tube 12. Distal apertures 26 are 
disposed distal second occlusion member 18. Both proximal 
apertures 28 and distal apertures 26 are in ?uid communi 
cation With ?uid lumen 34. When deployed in a diseased 
vessel 30 and after occlusion members 16 and 18 are in?ated 
to occlude vessel 30, arterial blood pressure forces blood 
through proximal apertures 28, through ?uid lumen 34, and 
out distal apertures 26 and distal tip opening 24 into the 
bloodstream. In this Way, blood is passively perfused doWn 
stream of the occlusion section 14 during the anastomosis 
procedure. It is preferred that proximal apertures 28 extend 
proximal of ?rst occlusion member 16 a minimum distance 
of about 4 cm. This facilitates having perfusion apertures 28 
extend upstream of the blockage being bypassed. 
[0056] At least a portion of occlusion section 14 prefer 
ably is shielded so that When contacted by suture needles or 
like piercing instruments during a surgical procedure, it 
de?ects such instruments or resists perforation. Referring to 
the embodiment illustrated in FIG. 2, such a shield is shoWn 
as being formed by intermediate member 36. Member 36, 
Which may be tubular, is constructed to provide protection 
against perforation of the perfusion-occlusion apparatus 2 
When sutures 92 are placed by the surgeon during the 
grafting procedure. It should be understood, hoWever, that 
the shield may be provided in other forms. For example, 
occlusion members 16 and 18 the portion of tube 12 ther 
ebetWeen or member 36 or any combination or subcombi 
nation thereof may form the shield. This may be accom 
plished by Way of the material properties or dimensions of 
the components of occlusion section 14, Which are selected 
to form the shield so to provide the stiffness, strength, 
density, hardness, torsional and lateral de?ection resistance, 
or any other property necessary to resist penetration or 
perforation by a surgeon’s suture needle or like piercing 
instrument, Which thus may differ from the remainder of 
apparatus 2 proximal and distal of occlusion section 14. For 
instance, the various members of occlusion section 14 may 
be made from various metals and their alloys, including 
stainless steel and radiopaque metals such as platinum, 
shape memory alloys such as nitinol, PVC, polycarbonate, 
HDPE, and other suitable biocompatible materials that Will 
adequately serve to perform the above-mentioned duties. 
Alternatively the shield may be a discrete member provided 
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With one or both of occlusion members 16 and 18 as Will be 
described in more detail beloW. 

[0057] Referring to FIG. 3A, intermediate member 36 is 
in the form of a coil 40. As shoWn in FIG. 3, coil 40 is made 
from a ribbon having a generally rectangular cross-section, 
although coil 40 may also be made of a Wire having a 
substantially circular or elliptical cross-section and be Within 
the scope of the invention. Coil 40 is disposed betWeen 
occlusion members 16 and 18 so to substantially cover tube 
12 therebetWeen and provide the desired protection. In the 
embodiment depicted in FIG. 3A, it is preferred that any gap 
(not shoWn) betWeen coil Windings be no greater than about 
0.020 inch, and more preferably that there be no gap 
betWeen coil Windings. Coil 40 may be made of any material 
that adequately provides the desired protection, such as 
stainless steel, platinum, nitinol, HDPE, polycarbonate, and 
like materials. It is preferred that coil 40 be radiopaque so to 
provide a visual indication to the surgeon When vieWed 
using standard ?uoroscopic techniques. 

[0058] Abuffer or layer of material such as ?lm 19 may be 
disposed around the exterior of coil 40 as shoWn in FIG. 3A, 
to for example, protect the structures (e.g., vessel Wall) 
Which interface With coil 40. Film 19 may additionally 
facilitate ease of movement of apparatus 2 through any 
guide catheter or the like. Although shoWn in FIG. 3A as a 
discrete layer bonded to tube 12 over coil 40 and under 
portions of occlusion members 16 and 18, ?lm 19 can take 
on a number of con?gurations, including that of being 
extensions of occlusion members 16 and 18, as Will be 
described in more detail beloW. It also should be understood 
that When disposed about tube 12, coil 40 alloWs for overall 
substantial ?exibility of perfusion-occlusion apparatus 2 to 
enable apparatus 2 to navigate the tortuous vasculature or 
other bodily lumen paths to reach the desired site. 

[0059] FIG. 3B depicts an alternative variation in Which 
intermediate member 36 comprises an overlapping, coun 
terWound coil 42 having the same general dimensions and 
properties as described for the coil 40 of FIG. 3A. Film 19 
is also shoWn covering coil 40 as previously described. The 
aforementioned ?exibility of apparatus 2 With counter 
Wound coil 42 and the preferred radiopacity is present in this 
embodiment as Well. 

[0060] Turning noW to FIG. 4A, intermediate member 36 
is shoWn as a series of adjacent rings 44 ?tted over tube 12 
and disposed betWeen occlusion members 16 and 18. Again, 
it is preferred that the gap betWeen rings be no greater than 
about 0.020 inch, and more preferably that there be no gap 
betWeen rings, to minimiZe or eliminate the possibility of a 
suture needle or like piercing instrument from reaching tube 
12. Rings 44 may be made of any material that adequately 
provides the desired protection, such as stainless steel, 
platinum, nitinol, and like materials. It is preferred that rings 
44 be radiopaque so to provide a visual indication to the 
surgeon When vieWed using standard ?uoroscopic tech 
niques. The aforementioned ?exibility of apparatus 2 With 
rings 44 and the preferred radiopacity is present in this 
embodiment as Well. 

[0061] FIG. 4B depicts a series of interlocking rings 46 
Which contain a reduced diameter section 48 over Which ?t 
the larger diameter portion of the immediately adjacent ring. 
This embodiment Will ensure a tighter ?t betWeen interlock 
ing rings 46, so that any gap betWeen interlocking rings 46 
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is no greater than about 0.020 inch, or more preferably that 
there be no gap betWeen interlocking rings 46, so that any 
suture needle or like piercing instrument cannot reach tube 
12. Interlocking rings 46 may be made of any material that 
adequately provides the desired protection, such as stainless 
steel, platinum, nitinol, and like materials. It is preferred that 
interlocking rings 46 be radiopaque so to provide a visual 
indication to the surgeon When vieWed using standard ?uo 
roscopic techniques. The aforementioned ?exibility of appa 
ratus 2 With interlocking rings 46 and the preferred radio 
pacity may be present in this embodiment as Well. 

[0062] Yet another embodiment of the invention is shoWn 
in FIG. 5, Where the intermediate section 36 comprise a 
braided ribbon 50. All of the preferred features regarding 
penetration resistance (e.g., ?lament spacing), radiopacity, 
and ?exibility as previously described may be included for 
braided ribbon 50 as Well. 

[0063] FIG. 6A depicts an embodiment of the present 
invention Wherein the shield comprises a ?ber optic member 
52 taking the form of a tightly Wound coil. Although shoWn 
in FIG. 6A as a coil, ?ber optic member 52 may take on any 
con?guration effectively disposed about tube 12 so to pro 
vide the perforation resistance and/or ?exibility as hereto 
fore described as Well as illumination of the anastomosis 
site, preferably adequate to aid the surgeon in performing the 
procedure. Fiber optic member 52 may be connected to light 
source 54 through tube 12 and illuminated by conventional 
means. Fiber optic member 52 may be con?gured, such as 
by making its outer surface rough, so that it provides 
circumferential illumination of substantially the entire anas 
tomosis region. Alternatively, the coil may be suf?ciently 
tightly Wound to facilitate light emission from the coil (e.g., 
Wound so that the ?ber optic is bent beyond the critical 
angle). 
[0064] FIG. 6B shoWs an embodiment of the present 
invention Wherein ?ber optic member 52 is a single member 
disposed Within tube 12 and con?gured so that ?rst and 
second occlusion members 16 and 18 are substantially 
illuminated, such as by making its entire outer surface Within 
the occlusion section 14 rough, or preferably selectively 
making portions of its outer surface rough so that only ?rst 
and second occlusion members 16 and 18, alone or in 
combination, are illuminated. 

[0065] According to another embodiment, ?rst and second 
occlusion members 16 and 18 may be ?lled With an 
intralipid solution and the in?ation lumen ?lled With saline 
or a solution of saline and contrast. One end of a ?ber optic 
may be placed in the saline solution in in?ation tube 32 and 
the other end of the ?ber optic coupled to a light source, such 
as a laser or a broad-band light source. In the latter case, a 
Wavelength of about 600 to about 700 mm is preferred since 
this range of Wavelengths Will facilitate the emitted light to 
pass through bodily tissue. 

[0066] According to another embodiment of the invention, 
a protective shield, or sleeve, may be directly embedded into 
in?ation lumen 32 or tube 12 in addition to or in lieu of the 
external protective shield provided about occlusion section 
14. The shield or sleeve may be co-extruded With and extend 
along the entire length of the in?ation lumen 32, or may 
extend along only a portion of its length in the vicinity of 
occlusion section 14, for example. The sleeve may comprise, 
for example, a solid, tubular thin-Walled piece of metal, such 
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as a shape memory alloy (i.e., nitinol), Which is embedded 
into the Wall thickness of the in?ation lumen. The sleeve 
may be constructed and arranged to provide both ?exibility 
and strength to the lumen to alloW the distal portion of the 
device to de?ect piercing instruments and to navigate 
through tortuous vessels. To enhance the ?exibility of the 
protective nitinol sleeve, similar to a stent, one or more small 
rectangular openings may be provided in the sleeve by any 
suitable means, such as by laser etching, for example. 

[0067] As described above, a portion or combination of 
portions of occlusion section 14 may be constructed to 
facilitate shielding. The occlusion section, for example, may 
be constructed such that (1) either one or both occlusion 
members may form shielding members as described above, 
(2) a substantial portion of one or both occlusion members 
in the proximity of the suturing section betWeen the occlu 
sion members forms shielding or (3) any combination of the 
above can be used alone or in combination With an inter 
mediate shielded section as Will be further apparent from the 
folloWing description. 

[0068] Referring to FIGS. 7A, B & C, another shielding 
embodiment is shoWn. FIG. 7A shoWs an elevational vieW 
of an embodiment of the invention Wherein both interme 
diate member 36 and occlusion members 16 and 18 are 
provided With shielding. A shield is shoWn in the form of 
substantially adjacent or overlapping leaves 58 that deploy 
as shoWn in FIG. 7B to occupy the interior of occlusion 
members 16 and 18. Overlapping leaves 58 may be made of 
a shape memory alloy, preferably nitinol, so that overlapping 
leaves 58 may deploy and retract properly. 

[0069] Although not shoWn in the perspective of FIG. 7B 
for purposes of clarity, FIGS. 7A and 7C depict an expan 
sion balloon 60 disposed betWeen overlapping leaves 58 and 
tube 12. Expansion balloon 60 is ?uidly coupled to in?ation 
lumen 32 through port 100 so that When ?uid enters expan 
sion balloon 60, overlapping leaves 58 are deployed in 
occlusion members 16 and 18 to act as a shield. 

[0070] FIG. 7C shoWs collar 56 disposed on the interior 
and exterior portions of overlapping leaves 58 adjacent 
intermediate member 36. Collar 56 serves to ?x one end of 
the overlapping leaves 58 in place. Aseparate shield forming 
intermediate member 36 is shoWn in FIGS. 7A and 7C as 
a coil in this particular embodiment, advantages and features 
of Which have been heretofore described. 

[0071] Occlusion members 16 and 18 extend in the 
embodiment of FIG. 7A over intermediate member 36 and 
the coil to meet each other and form ?lm 19. As previously 
described, ?lm 19 may eliminate or minimiZe the risk of 
serve the coil of occlusion section 14 from abrading or 
damaging the interior of the tube, Which may be a blood 
vessel, in Which apparatus 2 is disposed. Film 19 may 
additionally facilitate ease of movement of apparatus 2 
through any guide catheter or the like. 

[0072] Referring noW to FIGS. 8 and 9, variations of the 
embodiment shoWn in FIGS. 7A, B & C are shoWn. FIG. 8 
depicts an integrally formed shielding variation of the over 
lapping leaves 58 previously described. In this embodiment, 
the nitinol arms comprising overlapping leaves 58 do not 
terminate at intermediate member 36 as in FIGS. 7A, 7B, 
and 7C, but rather extend continuously from ?rst occlusion 
member 16 through intermediate member 36 to the second 












