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(57) ABSTRACT 

The present invention is directed to a device that permits a 
permanent aperture to be formed in a Wall, or other partition, 
of an implantable medical device. The present invention 
maintains the continuity and ?uid-retaining properties of the 
implantable medical device by providing a breachable bar 
rier material fully covering an opening delimited by a 
deformable framework. The invention is accessed With 
conventional interventional surgical instruments that disrupt 
and displace the barrier material. FolloWing disruption of the 
barrier material, the opening is enlarged With surgical instru 
ments to form a permanent framed aperture in the Wall of the 
implantable medical device. The permanent framed aperture 
provides ?uid communication across the Wall of the implant 
able medical device. 
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MEDICAL DEVICE AMENABLE TO 
FENESTRATION 

FIELD OF THE INVENTION 

[0001] The present invention relates to implantable medi 
cal devices. More particularly, the invention relates to means 
for forming a framed aperture in Wall portions, or other 
partitions, of implantable medical devices to establish and 
maintain ?uid communication across the Wall portion of the 
medical device. The present invention also relates to meth 
ods of making the invention. 

BACKGROUND OF THE INVENTION 

[0002] Abdominal aortic aneurysms and thoracic 
aortic aneurysms (TAAs) are diagnosed in approximately 
250,000 and 20,000 patients respectively each year. Left 
untreated, these aneurysms commonly progress to rupture 
resulting in death. Prior to the advent of interventional 
catheter-based techniques, conventional surgical treatment 
has been the method of treatment for these lesions. Due to 
the often emergent condition of these patients and the 
potential for signi?cant blood loss, high morbidity and 
mortality rates have been associated With this type of 
surgery. 

[0003] With the introduction of catheter-based interven 
tional techniques, neW non-surgical therapies Were made 
available to many patients. Since the initial animal Work 
performed by SchatZ et. al., small metallic tubes (i.e., stents) 
have been found to be of signi?cant bene?t for patients With 
coronary artery and peripheral artery disease. SchatZ, R. A., 
PalmaZ, J. C., Tio, F. O., Garcia, F., Garcia, 0., Reuter, S. R. 
“Balloon-expandable intracoronary stents in the adult 
dog.”Circulati0n 76:450-7 (1987). In an effort to treat 
abdominal aortic aneurysms, Parodi et. al. reported on their 
experience With combining the barrier properties of syn 
thetic vascular grafts With stent technology (i.e., stent-graft) 
to effectively inhibit blood ?oW into the aneurysm sac using 
catheter delivery systems. Parodi, J. C., PalmaZ, J. C., 
Barone, H. D. “Transfemoral intraluminal graft implantation 
for abdominal aortic aneurysms.”Ann. Vasc. Surg 5:491-9 
(1991). 
[0004] This technology has continued to progress With 
signi?cant improvements in successful device deployment 
and improved patient outcomes. Despite these improve 
ments, there are many patients for Which this technology is 
not applicable as a result of unique anatomical or disease 
conditions. Speci?cally, in the case of AAA disease, stent 
graft devices typically require some amount of healthy 
vessel both proximal and distal to the aneurysm sac into 
Which to place the stent-graft. In many patients, the proximal 
vessel is not long enough to achieve adequate ?xation. 
Placement of the stent-graft in a more proximal location in 
these patients in order to achieve adequate ?xation could 
partially or completely occlude the renal arteries providing 
blood to the kidneys. A number of different device designs 
have been proposed to alloW device ?xation to the aortic 
vessel proximal to the renal arteries (i.e., suprarenal ?xa 
tion). Widespread applicability of supra-renal ?xation 
devices has been limited by the ?exibility of these designs, 
morphological variation of aneurysmal neck geometry 
across patients, and the coverage of the renal ostia With 
metallic stents Which can act as a nidus for thromo-embo 
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lism of the renal circulation and/or hinder subsequent inter 
ventional access to this vasculature. 

[0005] A similar situation exists for TAA disease. These 
aneurysmal lesions are often located in close proximity to 
the subclavian and carotid arterial branches. When inad 
equate proximal vascular tissue is available for anchoring 
the endoprosthesis, a suitable proximal anchoring Zone can 
be created by performing a surgical transposition prior to the 
interventional procedure. This surgical approach is intended 
to assure continued How to all vessels. Alternative means for 
achieving side-branch perfusion through the Wall of a stent 
graft are therefore desirable. 

[0006] Other clinical conditions Where there Would be a 
bene?t for ?uid communication through the Wall of a 
prosthesis are those involving cardiac surgery. Arterial blood 
leaving the heart serves to carry oxygen to the body. In 
contrast, venous blood is returned to the heart via the 
superior and inferior vena cava after releasing oxygen to the 
body and absorbing carbon dioxide and other Waste prod 
ucts. Approximately 40,000 children are born each year With 
congenital heart defects. These abnormalities often involve 
a single functional ventricle and defects in the tissues (i.e., 
septum) separating the right (venous) and left (arterial) side 
of the heart. Mixing of arterial and venous blood in these 
patients results in reduced oxygen carrying capacity and 
often shortened life expectancies. 

[0007] Cardiac surgical interventions performed for the 
most complex congenital heart abnormalities often require 
multiple surgical procedures to effect the ?nal treatment for 
the patient. The Fontan procedure is an example of a staged 
surgical treatment that is designed to overcome these sig 
ni?cant structural heart abnormalities and isolate systemic 
and pulmonary circulation at the de?nitive treatment. “Cor 
rection de I’atresie tricuspidienne.” Fontan, F., Mounicot, F. 
B., Baudet, E., Simonneau, J, Gordo, J., Gouffrant, J. M. 
Rapport de deux cas “corriges” par I’utilisation d’une tech 
nique chirurgicale nouvelle. [“Correction” of tricuspid atre 
sia. 2 cases “corrected” using a neW surgical technic]Ann 
Chir-Thorac-Cara'iovasc 10:39-47 (1971). Annecchino, F. 
P., Fontan, F., Chauve, A., Quaegebeur, J. “Palliative recon 
struction of the right ventricular out?oW tract in tricuspid 
atresia: a report of 5 patients.”Ann-Th0rac-Surg291317-21 
(1980). Ottenkamp, J., Rohmer, J., Quaegebeur, J. M., 
Brom, A. G., Fontan, F. “Nine years’ experience of physi 
ological correction of tricuspid atresia: long-term results and 
current surgical approach.”Th0rax 37:718-26 (1982). The 
surgical procedures must be staged to minimiZe the pressure 
and volume loads on the remaining functional single ven 
tricle. In the ?rst stage procedure, a connection is created 
betWeen the Superior Vena Cava (SVC) and the Pulmonary 
Artery (PA). This is referred to as a Hemi-Fontan or Glenn 
Shunt procedure. Mathur, M., Glenn, W. W. “Rational 
approach to the surgical management of tricuspid atresi 
a.”Circulati0n 37:1162-7 (1968). This shunt reduces the 
degree of venous and arterial blood mixing, and improves 
oxygenation of the blood. 

[0008] Once the pulmonary circulation and functional 
ventricle are suf?ciently developed, a subsequent procedure 
is performed Wherein the blood going to the right ventricle 
is bypassed, by routing the blood in the Inferior Vena Cava 
(IVC) directly to the PA by Way of a baffle or tube connect 
ing the IVC to the PA. At the time of this procedure, a small 
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hole is typically created in the side of the connection tube to 
allow some How of blood into the right ventricle. This small 
hole is considered a temporary connection that reduces the 
Work for the remaining ventricle When pulmonary vascular 
resistance is elevated. Bridges, N. D., Mayer, J. E., Lock, J. 
E., Jonas, R. A., Hanley, F. L., Keane, J. F., Perry, S. B., 
Castaneda, A. R. “Effect of baffle fenestration on outcome of 
the modi?ed Fontan operation.”Circulati0n 86:1762-9 
(1992). 
[0009] The ?nal surgical procedure involves either surgi 
cal closure or transcatheter occlusion of the temporary hole 
in the IVC to PA connector tube. This multi-staged conven 
tional surgical approach for patients With complex congeni 
tal heart disease is not optimal as it puts patients at additional 
risk of morbidity and mortality With each subsequent sur 
gical intervention. This risk may be reduced if the ?rst 
surgical intervention can set the stage for a future minimally 
invasive procedure that eliminates the need for additional 
open-heart surgery. 

[0010] Various devices and design modi?cations have 
been proposed in an effort to provide access to anatomical 
structures surrounding the device or to internal spaces of the 
device. 

[0011] Us. Pat. No. 6,428,565, issued to Wisselink, and 
US. Pat. No. 6,395,018, issued to Castaneda, each relate to 
stent-graft systems With pre-formed apertures to alloW for 
side-branch access. Neither of these devices have apertures 
that are closed at the time of initial implant. 

[0012] US. Pat. No. 6,398,803, issued to Layne, et. al., 
relates to partially covered stents having various patterns of 
open apertures along the length of the device. As With the 
Wisselink and Castaneda devices, the apertures are fully 
formed prior to deployment of the device. 

[0013] Us. Pat. No. 6,432,127, issued to Kim, et. al., 
discloses formation of an aperture in the Wall of a vascular 
conduit through the use of a cutting tool. The conduit does 
not provide a deformable frameWork encompassing the 
aperture formation site. As a result, targeting the precise 
location of the region in Which to create the aperture is 
dif?cult to visualiZe using conventional imaging techniques. 
Moreover, the aperture is not reinforced along its peripheral 
regions once the aperture is formed. The absence of a 
frameWork delimiting the aperture formation site precludes 
precise siZing of the aperture during its formation. 

[0014] There remains a need for a device that initially 
maintains the continuity and ?uid-retaining properties of a 
Wall portion of an implantable medical device, While pro 
viding means for forming a permanent aperture in the 
medical device. Such a device Would permit custom siZing 
of the aperture in situ at the implant site during surgery. 

SUMMARY OF THE INVENTION 

[0015] The present invention is directed to a device that is 
amenable to transmural fenestration. In particular, the 
present invention permits a permanent framed aperture to be 
formed in a Wall, or similar partition, of implantable medical 
devices as a means for establishing and maintaining ?uid 
communication across the Wall of the medical device fol 
loWing implantation. The present invention provides a 
breachable barrier material that initially maintains the con 
tinuity and any ?uid-retaining properties of the Wall of the 
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medical device. The breachable barrier material fully covers 
an opening delimited by a frameWork. In use, the breachable 
barrier material is breached With a surgical instrument and 
the shape of the frameWork altered to enlarge, or otherWise 
alter, the area of the opening. In the process, the opening 
becomes uncovered and accessible to How of ?uid through 
the opening. The altered frameWork provides structural 
reinforcement to peripheral regions (e.g., circumferential) of 
the enlarged opening and forms a permanent aperture in the 
Wall of the medical device. The altered frameWork can also 
be used to provide a secure anchoring site for ancillary 
medical devices. The permanent aperture can be formed in 
the Wall of the implantable medical device at the time of 
surgical or catheter-based intervention or at a later date 
through the use of interventional or surgical techniques. 

[0016] The present invention is particularly suited for use 
With vascular prostheses, and other implantable medical 
devices providing ?uid containment or ?uid partitioning, 
that can bene?t from the formation of one or more perma 
nent apertures in the devices at the implantation site. With 
stent-grafts spanning an aneurysm, for example, the inven 
tion can provide a framed aperture in the Wall of the 
stent-graft for side-branches or drainage sites. Vascular 
grafts can be bypassed or bifurcated in-situ With the present 
invention. The invention can also be used With surgically 
implanted cardiovascular patches to provide perfusion or 
other access to the heart and vascular system. 

[0017] The present invention can be added to an implant 
able medical device folloWing its construction, or included 
in the manufacture of the device as an integral component. 
The breachable barrier material of the present invention is 
made of implantable polymers that are readily breached, 
perforated, or otherWise structurally disrupted With surgical 
instruments. The breachable barrier material can also be 
made of polymers that are structurally disrupted through 
degradation and absorption by the body of the implant 
recipient. The polymers of the breachable barrier material 
can be incorporated With ?ller materials to assist in breach 
ing the barrier material or to facilitate visualiZation of the 
aperture region in an implant recipient. 

[0018] The frameWork is made of implantable metallic or 
polymeric materials that can be altered in shape. These 
frameWork materials can be deformed or otherWise altered 
in shape With surgical instruments or have shape-memory 
properties that permit the frameWork to assume different 
shapes Without the use of an instrument. The frameWork 
materials are shaped in various Ways to assist in the com 
bined roles of structurally reinforcing the breachable barrier 
material and the opening, being capable of recon?guration, 
and providing a permanent framed aperture. 

[0019] In one surgical method, an implantable medical 
device utiliZing the present invention is placed at a surgical 
site With conventional or interventional surgical techniques. 
Once the correct position of the medical device is con?rmed, 
a catheter guide-Wire, or other surgical instrument, is used to 
breach the breachable barrier material and begin to uncover 
the covered opening. An expandable balloon catheter in a 
de?ated con?guration is then inserted into the partially 
uncovered opening and in?ated. As the balloon catheter is 
in?ated, it expands in diameter, altering the shape of the 
frameWork and displacing the remaining barrier material 
from the area of the opening. When the frameWork has been 
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recon?gured as desired, the balloon catheter is de?ated and 
removed from the opening. This leaves a permanent framed 
aperture in the wall of the medical device. The permanent 
aperture can provide immediate therapies and surgical rem 
edies, such as branch vessel perfusion, or co-operate with 
other medical devices. 

[0020] In one embodiment, the present invention is an 
implantable medical device comprising a framework delim 
iting an opening having a ?rst area and a breachable barrier 
material fully covering said opening, wherein a permanent 
aperture having a second area is formed following breach of 
said breachable material and said framework is adaptable to 
be altered in shape. 

[0021] In another embodiment, the present invention is an 
implantable medical device comprising a continuous wall, at 
least one framework in said wall delimiting an opening 
having a ?rst area, a breachable barrier material fully 
covering said opening, wherein a permanent aperture having 
a second area is formed following breach of said breachable 
material and said framework is adaptable to be altered in 
shape and have a reinforced peripheral region in said con 
tinuous wall. 

[0022] Further aspects and advantages of the present 
invention will be apparent to those skilled in the art after 
reading and understanding the detailed description of pre 
ferred embodiments set forth hereinbelow and after viewing 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The foregoing summary, as well as the following 
detailed description of a preferred embodiment of the inven 
tion, will be better understood when read in conjunction with 
the appended drawings. For purposes of illustrating the 
invention, there is shown in the drawings an embodiment 
that is presently preferred. It should be understood, however, 
that the invention is not limited to the precise arrangement 
and instrumentality shown. In the drawings: 

[0024] FIG. 1A illustrates a top view of the present 
invention. 

[0025] FIGS. 1B-1D illustrate a side view of the present 
invention. 

[0026] FIGS. 2A-2E illustrate the present invention in 
operation. 
[0027] FIG. 3A illustrates an embodiment of the present 
invention incorporated into a wall of a tubular medical 
device. 

[0028] FIG. 3B illustrates an embodiment of the present 
invention incorporated into a planar material that is attached 
to a wall of a tubular medical device. 

[0029] FIG. 4 illustrates an embodiment of the present 
invention incorporated into a medical device. 

[0030] FIG. 4A illustrates an embodiment of the present 
invention placed in a discrete location relative to scaffolding 
and wall elements of an implantable medical device. 

[0031] 
[0032] FIG. 6 illustrates a stent-graft incorporating an 
embodiment of the present invention placed in the region of 
an abdominal aortic aneurysm. 

FIG. 5 illustrates an abdominal aortic aneurysm. 
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[0033] FIGS. 7A-7D illustrate the present invention being 
utiliZed to provide perfusion to side branches of a blood 
vessel. 

[0034] FIG. 7E illustrates an embodiment of the present 
invention serving as attachment means for another medical 
device. 

[0035] FIGS. 8A-8C illustrate the framework component 
of the present invention in various non-limiting shapes. 

[0036] FIG. 9 illustrates the framework component of the 
present invention in the form of an array. 

[0037] FIG. 10 illustrates the framework component of 
the present invention in the form of an array. 

[0038] FIG. 11 illustrates a method of constructing the 
breachable barrier material in an embodiment of the present 
invention. 

[0039] FIG. 12 is an exploded view of an embodiment of 
the present invention under construction. 

[0040] FIG. 13 is a perspective view of an embodiment of 
the present invention. 

[0041] The accompanying diagrams include various ana 
tomical structures and associated clinical pathologies that 
are identi?ed as follows: 

[0042] AA=Abdominal Aorta 

[0043] RA=Renal Artery 

[0044] IA=Iliac Artery 

[0045] AAA=Abdominal Aortic Aneurysm 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0046] The present invention can be used in combination 
with a variety of implantable ?uid-containing medical 
devices to establish ?uid communication across a wall, or 
other partition, in the devices. In many situations, the present 
invention is employed at the time the medical device is 
implanted. In other instances, the present invention is 
accessed and utiliZed after the medical device has been 
implanted for a period of time. The present invention can 
also be used before the implant procedure begins. 

[0047] FIG. 1A is a top view of an embodiment of the 
present invention 10 incorporated into an implantable patch 
material 12. FIG. 1B is a side view of this embodiment 
generally illustrating the relationship of the components. In 
this embodiment, a framework 14 is surrounded by a layer 
of implantable polymeric material 18. The framework 14 
delimits an opening 16 that is fully covered with a breach 
able barrier material 17. The polymer layer 18 is sandwiched 
between two layers of implantable patch material 12, 13 so 
as to reveal the framework 14, opening 16, and breachable 
barrier material 17 of the present invention. In similar 
embodiments of the present invention, the implantable patch 
material or other wall components are considered part of the 
invention. In addition to implantable medical devices having 
planar con?gurations, implantable medical devices having 
tubular con?gurations are also suitable for use with the 
present invention. Tubular medical devices are generally 
cylindrical in shape and not con?ned to having parallel 
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walls. In addition, tubular medical devices have geometries 
with at least one inlet and at least one outlet. 

[0048] The shape of the framework 14 is chosen to pro 
vide structural support to the breachable barrier material 17 
while it fully covers opening 16. The shape and composition 
of the framework also allows the framework to be readily 
deformed and displaced to peripheral regions of the opening 
to form a permanent framed aperture. The particular shape 
of the framework illustrated in FIG. 1A, et. al., is preferred 
but not limiting. For example, FIGS. 8B and 8C illustrate 
frameworks having circular con?gurations 70 incorporating 
varying numbers of peaks 76 and valleys 78. It is also 
contemplated in the present invention that the distance 
between the peaks 76 and valleys 78 (i.e., amplitude) can be 
varied broadly, thereby enabling a wide range of framework 
geometries to be formed. In addition to enhancing support 
for the breachable barrier material with these framework 
designs, a wide range of aperture siZes can be achieved with 
these designs. Supporting leg struts 74 can also be incorpo 
rated into the framework design to enhance attachment to 
surrounding wall materials. Other non-circular con?gura 
tions 79 of the framework 14 are also contemplated. Fur 
thermore, FIGS. 9 and 10 illustrate that the framework can 
be in the form of an array of openings. These embodiments 
provide a choice of locations for the framed aperture as well 
as the number of framed apertures. 

[0049] FIGS. 2A-2E illustrate the construct of FIGS. 1A 
and 1B in use. FIG. 2A is a perspective view of the 
construct as it might appear at an implantation site. FIG. 2B 
shows a guide wire 20 from a catheter, or other device, 
having penetrated and breached the breachable barrier mate 
rial 17. FIG. 2C depicts an expandable balloon catheter 22 
in a de?ated state being introduced through the breached 
barrier material into opening 16 with guide wire 20. FIG. 2D 
illustrates in?ation of the expandable balloon catheter 22 
and deformation of framework 14. As the framework 14 is 
deformed, opening 16 is enlarged and expanded in area. 
Following de?ation and removal of the balloon catheter, 
FIG. 2E shows the resulting permanent aperture 24 framed 
with altered framework 14 in implantable patch material 12. 

[0050] FIG. 3A illustrates the present invention 15 as a 
component of a tubular vascular graft 30. In this embodi 
ment, framework 14 delimiting opening 16 is fully covered 
by breachable barrier material 17 and incorporated into wall 
portion 32 of vascular graft 30. When the invention is 
operated, ?uid communication across wall portion 32 to 
luminal space 34 is established. 

[0051] FIG. 3B illustrates an embodiment of the present 
invention 19 having an implantable patch material 11 com 
ponent. The implantable patch material is attached to an 
implantable vascular prosthesis 30 by sewing. Other suitable 
means of attaching the present invention to a wall of an 
implantable medical device include, but are not limited to, 
adhering, ultrasonic or radio frequency welding, lamination, 
stapling, and covering the medical device with a membrane 
or ?lm to include the present invention. 

[0052] FIG. 4 illustrates an embodiment of the present 
invention 44 incorporated into an implantable tubular endo 
vascular device 40. In this embodiment, the endovascular 
device 40 is a bifurcated design commonly used to treat 
aortic aneurysms and includes a main body, or trunk, portion 
50 and two leg portions 52, 54. The endovascular device has 
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a stent frame 42 and wall means 48. Several fully covered 
framework elements of the present invention are incorpo 
rated into the wall means 48 of the stent-graft 40. As seen in 
FIG. 4, there is a longitudinal displacement between the 
present invention and the support elements (i.e., scaffolding) 
of the stent-graft. This embodiment of the present invention 
provides multiple sites for forming side branches in stent 
grafts and other endovascular devices as means for provid 
ing selective perfusion and/or drainage of the implantation 
site. 

[0053] In embodiments of the present invention used in 
combination with stent-grafts, and other implantable medi 
cal devices utiliZing support elements (i.e., scaffolding), the 
framework component of the present invention is preferably 
incorporated into the device separately from the support 
elements. As shown in FIG. 4A, the framework of the 
present invention underlies and is discrete from the support 
elements of the implantable medical device. The location of 
the present invention is not limited to contact or close 
proximity to support elements or wall components of an 
implantable medical device. Indeed, the present invention 
can be positioned in any desired location in an implantable 
medical device. 

[0054] Aclinical application of the embodiment illustrated 
in FIG. 4 is depicted in FIGS. 5 and 6. Atypical abdominal 
aortic aneurysm is shown in FIG. 5 with the proxi 
mal aorta leading to renal artery (RA) branches and 
distal iliac arteries In cases where the disease condi 
tion or aortic anatomy does not provide suf?cient healthy 
vessel upon which to achieve device ?xation at implant, it is 
often necessary to utiliZe the AA segment proximal to the 
RAs. In this suprarenal implant position, an appropriate 
stent-graft 40 ?xation can be achieved and effective AAA 
exclusion as shown in FIG. 6. In this con?guration however, 
the barrier properties of the stent-graft wall 48 occlude blood 
?ow to the branching RA on both sides. In order to achieve 
RA perfusion, one or more units 44 of the present invention 
are selected and utiliZed. 

[0055] The interventional procedure required to access 
and operate the present invention is illustrated in FIGS. 
7A-7D. Following deployment of stent graft 40, a guide 
catheter 36 is positioned under ?uoroscopic guidance to 
direct a guide-wire 20 toward the center of one of the 
plurality of available inventions 44 that is in appropriate 
alignment with the RA. Following guide-wire 20 breach of 
the breachable barrier material 16, the framework 14 is 
altered in shape to the desired aperture siZe using a balloon 
catheter 22. Further in?ation of the balloon 22 achieves the 
desired deformation of the framework 14 and formation of 
a permanent framed aperture 64 having a siZe appropriate 
for the RA. Once formed, the permanent framed aperture 64 
provides for RA blood perfusion 62 in accordance with 
normal AA blood ?ow 60. 

[0056] The present invention can be constructed of a 
variety of implantable materials. The breachable barrier 
material has a composition, structure, and/or thickness suf 
?cient to at least partially bar liquids, including blood and 
other physiological ?uids, from crossing the material, yet 
have suf?cient structural weakness to be readily breached, 
perforated, or otherwise structurally disrupted with surgical 
instruments, or the like. The breachable barrier material can 
be made of non-biodegradable polymers, bio-degradable 








