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within the graft or stent graft.  The consequence is that the pressure on the wall of the blood vessel 

that surrounds the aneurysm sac is reduced.  This reduced pressure, in turn, reduces the likelihood 

that the wall surrounding the aneurysm sac will burst. 

[0005]         Unfortunately, there is no easy way for a treating physician to completely monitor a 

conventional graft or conventional stent graft after it has been implanted into the patient, nor to 

completely monitor the region around the implanted device, e.g., monitor the integrity of the 

aneurysm sac.  The present disclosure addresses this need. 

 

SUMMARY 

[0006]         In brief, the present disclosure provides sensing devices that may be combined with a 

medical device, such as a medical implant.  The sensing device is designed to be conveniently combined 

with a medical device in such a way that the sensing device does not interfere with the operation of the 

medical device.  The sensing device does not function as a medical device but rather supplements the 

benefits that the patient receives from receipt of the medical device.  For example, if the medical device 

is a stent, in one example the sensing device is useful to monitor the operation of the stent.  In another 

example, the sensing device is useful to monitor the physical condition of the patient into which the stent 

has been inserted.  Thus, the sensing device does not provide any therapeutic value in and of itself, 

however when combined with a medical device, the combination of sensing device and medical device 

may provide both the physiological function of the medical device and temporal information about one 

or both of the patient and the medical device. 

[0007]         In one example, the present disclosure provides a sensing attachment for a medical 

device.  In one example, the medical device is an implantable medical device and the sensing attachment 

is also implantable in a human patient.  For example, it may have a size that is deliverable to a patient by 

a percutaneous procedure such as used for delivery of a stent graft.  In one example, the sensing 

attachment is intended to be physically associated with, i.e., in contact with, a medical device, such as an 

implantable stent graft or implantable graft (where the term implantable graft refers to a graft that does 

not include a stent), rather than being a medical device itself that provides the benefits of a stent or a 

stent graft or a graft.  Thus, the sensing attachment may be said to not be a stent, or a stent graft, or a 

graft.  In one example, the sensing attachment may not provide any therapeutic benefit to the patient 

other than to obtain information about an associated medical device that is intended to provide 

therapeutic benefit to the patient, and to communicate to a third party information derived from a 

sensor present as part of the sensing attachment.  The sensing attachment is intended to be associated 

with a medical device, where the medical device may or may not have a sensor itself, but in one example 

the present disclosure provides a sensing attachment associated with a medical device where the medical 

device does not include a sensor.   

[0008]          The sensing attachment has a sensor which allows it to obtain information, and the 
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sensing attachment also has a body, where in one example the body is adapted to reversibly attach to 

and detach from the medical device.  For example, when the medical device is as stent graft or a graft, 

the body may be adapted to fit around the outside of a graft or stent graft in a reversible manner, or the 

body may be adapted to fit around the inside of a graft or stent graft in a reversible manner, i.e., the 

sensing attachment can be attached to and detached from the graft or stent graft.  In one example, the 

sensor is directly attached to the body.  In one example the sensor is not directly attached to the body, 

but is connected to the body indirectly, e.g., by a wire that runs between the body and the sensor or a 

housing that contains the sensor. 

[0009]          In one example, the sensing attachment has an elastic or super-elastic body.  For 

example, the body may be made from an elastic polymer, or a super-elastic metal alloy such as nitinol.  

By being elastic or super-elastic, the body may be expanded to fit around the outside of a medical device, 

and then released from its expanded size to then fit snugly against an outside surface of the medical 

device.  By being elastic or super-elastic, the body may be compressed to fit inside a medical device, and 

then released from its compressed size to then fit snugly against an inside surface of the medical device.  

In this way, the body may adopt a shape that fits around a tubular medical device such as a graft or a 

stent graft. 

[0010]          In one example, the sensing attachment has a body in the shape of a spring.  A body in 

the shape of a spring can fit around the inside or outside of a graft or a stent graft, and be held in place 

against a surface of the medical device by way of hoop stress.   

[0011]          In one example, the body is a size-adjustable body that can conform to a size and shape 

of the medical device to which it is associated.  In order to be shape-adjustable, the body may be formed 

from an elastic material, such as an elastic polymer, or a super-elastic metal alloy such as nitinol.  In 

addition, or alternatively, in order to be size-adjustable, the body may have a form and shape that is 

amenable to adjusting in size, such as a spring or a clip.   

[0012]          In one aspect, the present disclosure refers to a sensing attachment for a medical 

device, the attachment comprising: a) a sensor, wherein the sensor comprises a pressure sensor; b) a 

communication interface configured to provide intra-body communication to another device; and c) a 

body in the shape of a spring formed from nitinol wherein the body is in a form of a hollow 

monofilament; and wherein the sensing attachment further comprises a power supply and wherein the 

medical device is a graft or stent graft and wherein the sensing attachment is to be placed wholly or 

partially inside the graft or stent graft. Thus, in one example, the present disclosure provides a sensing 

attachment for a medical device, where the attachment comprises a sensor and a body, as well as a 

communication interface configured to provide intra-body communication to another device.  The body 

may be further described as providing one or more of:  the body being adapted to reversible attach to 

and detach from the medical device; the body being an elastic or super-elastic body having a shape that 

fits around either an inside surface or an outside surface of a tubular medical device such as a graft or 

stent graft; the body being made from 
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nitinol and being in the shape of a spring; the body being size-adjustable, so that it can  conform to a size 

and shape of the medical device to which it is associated.  The body might also be referred to as a 

scaffold, as it provides a support or structure to which the sensor may be attached or fixed, and also 

provides a structure that can hold the sensing attachment in association with a medical device. 

[0013]         The present disclosure provides a sensing attachment that includes a sensor, a 

communication interface and a body.  For example, the present disclosure provides the following 

numbered exemplary examples of a sensing attachment:   

1. A sensing attachment for a medical device, the attachment comprising: 

a) a sensor; 

b) a communication interface configured to provide intra-body communication to another 

device; and at least one of: 

1. a body adapted to reversibly attach to and detach from the medical device; 

2. an elastic or super-elastic body having a shape that fits around a tubular medical device 

such as a graft or stent graft; 

3. a body in the shape of a spring formed from nitinol; and/or 

4. a size-adjustable body that can conform to a size and shape of the medical device. 

2. A sensing attachment for a medical device, the attachment comprising: 

a) a sensor; 

b) a body adapted to reversibly attach to and detach from the medical device; and 

c) a communication interface configured to provide intra-body communication to another 

device. 

3. A sensing attachment for a medical device, the attachment comprising: 

a) a sensor; 

b) an elastic or super-elastic body having a shape that fits around a tubular medical device such 

as a graft or stent graft; and 

c) a communication interface configured to provide intra-body communication to another 

device. 

4. A sensing attachment for a medical device, the attachment comprising: 

a) a body in the shape of a spring formed from nitinol; 

b) a sensor attached to the body; and 

c) a communication interface configured to provide intra-body communication to another 

device. 

5. A sensing attachment for a medical device, the attachment comprising: 

a) a sensor; 

b) a size-adjustable body that can conform to a size and shape of the medical device; and 
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c) a communication interface configured to provide intra-body communication to another 

device. 

[0014]         In one example, the present disclosure provides a sensing attachment for a medical 

device that is associated with the medical device, where the medical device in association with the 

sensing attachment may be referred to as a system.  In another example, the present disclosure provides 

a sensing attachment for a medical device that is not associated with the medical device, where the 

medical device in combination with but not in association with the sensing attachment may be referred 

to as a kit.  Upon receiving a kit, a person may associate the included sensing attachment with the 

included medical device to provide a system of the present disclosure.  The medical device may be a stent 

graft or a graft, where a graft is a medical device that does not include a stent as part of its structure, as 

opposed to a stent graft which has both a stent and a graft as part of its structure.  The sensing 

attachment may not provide any therapeutic benefit to the patient other than to obtain information 

about an associated medical device that is intended to provide therapeutic benefit to the patient, and to 

communicate to a third party information derived from a sensor present as part of the sensing 

attachment.  The kit and system includes a sensing attachment and a medical device, where the medical 

device may or may not have a sensor itself, but in one example the present disclosure provides a kit or 

system comprising a sensing attachment and a medical device to which the sensing attachment is or may 

be associated, where the medical device does not include a sensor. 

[0015]         For example, the present disclosure provides the following numbered exemplary 

examples of a kit and a system including a sensing attachment and a medical device: 

6. A system comprising a sensing attachment for a medical device, and a medical device associated 

with the sensing attachment, the system comprising: 

a) a sensing attachment comprising: 

1. a sensor; 

2. a communication interface configured to provide intra-body communication to 

another device; and at least one of: 

i. a body adapted to reversibly attach to and detach from the medical 

device; 

ii. an elastic or super-elastic body having a shape that fits around a tubular 

medical device such as a graft or stent graft; 

iii. a body in the shape of a spring formed from nitinol; and/or 

iv. a size-adjustable body that can conform to a size and shape of the 

medical device; and 

b) a medical device selected from a graft and a stent graft. 

7. A system comprising a sensing attachment for a medical device, and a medical device associated 

with the sensing attachment, the system comprising: 
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a) a sensing attachment comprising: 

1. a sensor; 

2. a body adapted to reversibly attach to and detach from the medical device; and 

3. a communication interface configured to provide intra-body communication to 

another device; and 

b) a medical device selected from a graft and a stent graft. 

8. A system comprising a sensing attachment for a medical device, and a medical device associated 

with the sensing attachment, the system comprising: 

a) a sensing attachment comprising: 

1. a sensor; 

2. an elastic or super-elastic body having a shape that fits around a tubular medical 

device such as a graft or stent graft; and 

3. a communication interface configured to provide intra-body communication to 

another device; and 

b) a medical device selected from a graft and a stent graft. 

9. A system comprising a sensing attachment for a medical device, and a medical device associated 

with the sensing attachment, the system comprising: 

a) a sensing attachment comprising: 

1. a body in the shape of a spring formed from nitinol; 

2. a sensor attached to the body; and 

3. a communication interface configured to provide intra-body communication to 

another device; and 

b) a medical device selected from a graft and a stent graft. 

10. A system comprising a sensing attachment for a medical device, and a medical device associated 

with the sensing attachment, the system comprising: 

a) a sensing attachment comprising: 

1. a sensor; 

2. a size-adjustable body that can conform to a size and shape of the medical device; 

and 

3. a communication interface configured to provide intra-body communication to 

another device; and 

b) a medical device selected from a graft and a stent graft.   

11. A kit comprising a sensing attachment configured for a medical device, and a medical device that 

may be associated with the sensing attachment, the kit comprising: 

a) a sensing attachment comprising: 

1. a sensor; 
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2. a communication interface configured to provide intra-body communication to 

another device; and at least one of: 

i. a body adapted to reversibly attach to and detach from the medical 

device; 

ii. an elastic or super-elastic body having a shape that fits around a tubular 

medical device such as a graft or stent graft; 

iii. a body in the shape of a spring formed from nitinol; and/or 

iv. a size-adjustable body that can conform to a size and shape of the 

medical device; and 

b) a medical device selected from a graft and a stent graft. 

12. A kit comprising a sensing attachment for a medical device, and a medical device that may be 

associated with the sensing attachment, the kit comprising: 

a) a sensing attachment comprising: 

1. a sensor; 

2. a body adapted to reversibly attach to and detach from the medical device; and 

3. a communication interface configured to provide intra-body communication to 

another device; and 

b) a medical device selected from a graft and a stent graft. 

13. A kit comprising a sensing attachment for a medical device, and a medical device that may be 

associated with the sensing attachment, the kit comprising: 

a) a sensing attachment comprising: 

1. a sensor; 

2. an elastic or super-elastic body having a shape that fits around a tubular medical 

device such as a graft or stent graft; and 

3. a communication interface configured to provide intra-body communication to 

another device; and 

b) a medical device selected from a graft and a stent graft. 

14. A kit comprising a sensing attachment for a medical device, and a medical device that may be 

associated with the sensing attachment, the kit comprising: 

a) a sensing attachment comprising: 

1. a body in the shape of a spring formed from nitinol; 

2. a sensor attached to the body; and 

3. a communication interface configured to provide intra-body communication to 

another device; and 

b) a medical device selected from a graft and a stent graft. 
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15. A kit comprising a sensing attachment for a medical device, and a medical device that may be 

associated with the sensing attachment, the kit comprising: 

a) a sensing attachment comprising: 

1. a sensor; 

2. a size-adjustable body that can conform to a size and shape of the medical device; 

and 

3. a communication interface configured to provide intra-body communication to 

another device; and 

b) a medical device selected from a graft and a stent graft. 

[0016]         In another aspect, the present disclosure refers to a kit comprising the sensing attachment 

as disclosed herein and a stent graft, or a graft. In another aspect, the present disclosure refers to a 

system comprising the sensing attachment as disclosed herein associated with a stent graft, or a graft. In 

another aspect, the present disclosure refers to an apparatus comprising the sensing attachment as 

disclosed herein associated with a graft, the system located within the delivery catheter; or the system 

comprising the sensing attachment as disclosed herein  associated with a stent graft, the system located 

within a delivery catheter. In another aspect, the present disclosure refers to an apparatus comprising: a)  

a delivery catheter having proximal and distal ends and having a lumen extending there through, the 

lumen having a length and a cross-sectional area; b) a sensing attachment as disclosed herein in a 

compressed state, the compressed sensing attachment located entirely within the lumen of the delivery 

catheter; c) a push rod slidably disposed within the lumen of the delivery catheter, the push rod adjacent 

to and not within the compressed sensing attachment; and d) a distal movable sheath that covers a first 

portion of the length of lumen of the delivery catheter, where the first portion of the lumen contains a 

first portion of the push rod and a first portion of the sensing attachment in a compressed state; where 

the slidably disposed push rod is engaged with the distal movable sheath such that sliding of the push rod 

causes movement of the movable sheath, where the movement exposes the first portion of the 

compressed sensing attachment and thereby allows the compressed sensing attachment to achieve a less 

compressed form. In one example, the present disclosure provides an apparatus comprising a sensing 

attachment that is located within a delivery catheter.  In one example, the present disclosure 
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provides an apparatus comprising a system and a delivery catheter, where the system comprises a 

sensing attachment that is associated with a graft, and where the system is located within the delivery 

catheter.  In one example, the present disclosure provides an apparatus comprising a system and a 

delivery catheter, where the system comprises a sensing attachment that is associated with a stent graft, 

where the system located within the delivery catheter.  For example, in one example, the present 

disclosure provides an apparatus comprising:  a) a delivery catheter having proximal and distal ends and 

having a lumen extending therethrough, the lumen having a length and a cross-sectional area; b) a 

sensing attachment in a compressed state, the compressed sensing attachment located entirely within 

the lumen of the delivery catheter; c) a push rod slidably disposed within the lumen of the delivery 

catheter, the push rod adjacent to and not within the compressed sensing attachment; and d) a distal 

movable sheath that covers a first portion of the length of lumen of the delivery catheter, where the first 

portion of the lumen contains a first portion of the push rod and a first portion of the sensing attachment 

in a compressed state; where the slidably disposed push rod is engaged with the distal movable sheath 

such that sliding of the push rod causes movement of the movable sheath, where the movement exposes 

the first portion of the compressed sensing attachment and thereby allows the compressed sensing 

attachment to achieve a less compressed form. 

[0017]         In one aspect, the present disclosure refers to a method of manufacture of a sensing 

attachment as disclosed herein, comprising: a) forming a body of a sensing attachment , where the body 

is a body in the shape of a spring  formed from nitinol wherein the body is in a form of a hollow 

monofilament; b) forming an electronics assembly including a sensor and a communication interface; c) 

forming a power supply ; d) electrically coupling and fixedly attaching the power supply to the electronics 

assembly ; and e) fixedly attaching the electronics assembly and the power supply to the body of the 

sensing attachment, wherein: the body is formed by shape setting a nitinol filament; or wherein the body 

is in a form of a spring that has a size and shape to fit around a stent graft and be held against an outer 

surface of the stent graft by hoop stress; or wherein the body is in a form of a spring that has a size and 

shape to fit inside a stent graft and be held against an inner surface of the stent graft by hoop stress. 



 

In one example, the present disclosure provides a method of manufacture of a sensing attachment, 

where the method comprises:  a) forming a body of a sensing attachment, where the body is at least one 

of: i) a body adapted to reversibly attach to and detach from the medical device; ii) an elastic or super-

elastic body having a shape that fits around a tubular medical device such as a graft or stent graft; iii) a 

body in the shape of a spring formed from nitinol; and/or iv) a size-adjustable body that can conform to a 

size and shape of the medical device; b) forming an electronics assembly including a sensor and a 

communication interface; c) forming a power supply; d) electrically coupling and fixedly attaching the 

power supply to the electronics assembly; and e) fixedly attaching the electronics assembly and the 

power supply to the body of the sensing attachment.  Optionally, the body is formed by shape setting a 

nitinol filament.  Optionally, the body is in a form of a spring that has a size and shape to fit around a 

stent graft and be held against an outer surface of the stent graft by hoop stress.  Optionally, the body is 

in a form of a spring that has a size and shape to fit inside a stent graft and be held against an inner 

surface of the stent graft by hoop stress. 

[0018]         In another aspect, the present disclosure refers to a method for associating a sensing 

attachment to a medical device in a secure manner in vitro, the method comprising: a) selecting a 

medical device from the group consisting of a graft and a stent graft, where the medical device has an 

inner diameter and an outer diameter; b) selecting a sensing attachment as disclosed herein having an 

inner diameter and an outer diameter, where at least one of (i) the inner diameter of the sensing 

attachment is essentially the same as the outer diameter of the medical device; and (ii) the outer 

diameter of the sensing attachment is essentially the same as the inner diameter of the medical device; c) 

placing the sensing attachment either within or outside of the medical device in vitro, where hoop stress 

secures the sensing attachment to the medical device. In another aspect, the present disclosure refers to 

a method for making a system comprising a medical device having a sensing attachment located within 

9a 
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the medical device, the method comprising: a) providing a medical device selected from the group 
consisting of a graft and a stent graft, the medical device having an inside and an outside; b) determining 
an inner diameter of the medical device; c) selecting a sensing attachment as disclosed herein having an 
inside and an outside, the outside having an outer diameter, where the outer diameter of the sensing 
attachment is essentially the same as the inner diameter of the medical device; d) compressing the 
sensing attachment from a non-compressed state to a compressed state to thereby decrease the inner 
diameter of the sensing attachment and provide a compressed state of the sensing attachment; e) 
placing the sensing attachment in the compressed state inside the medical device at a location having the 
inner diameter; f) returning the sensing attachment to a non-compressed state, so that the outside of the 
sensing attachment contacts the inside of the medical device, to provide a system comprising a medical 
device having a sensing attachment located within the medical device. In one example, the present 
disclosure provides a method for associating a sensing attachment with a medical device, for example by 
a method according to any of the following numbered examples:   

1. A method for associating a sensing attachment to a medical device in a secure manner in vitro, the 
method comprising: 

a) selecting a medical device from the group consisting of a graft and a stent graft, where 
the medical device has an inner diameter and an outer diameter; 

b) selecting a sensing attachment having an inner diameter and an outer diameter, where at 
least one of (i) the inner diameter of the sensing attachment is essentially the same as the 
outer diameter of the medical device; and (ii) the outer diameter of the sensing 
attachment is essentially the same as the inner diameter of the medical device; 

c) placing the sensing attachment either within or outside of the medical device in vitro, 
where hoop stress secures the sensing attachment to the medical device. 

2. A method for making a system comprising a medical device having a sensing attachment located 
within the medical device, the method comprising: 

a)  
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a) providing a medical device selected from the group consisting of a graft and a stent graft, 

the medical device having an inside and an outside; 

b) determining an inner diameter of the medical device; 

c) selecting a sensing attachment having an inside and an outside, the outside having an 

outer diameter, where the outer diameter of the sensing attachment is essentially the 

same as the inner diameter of the medical device; 

d) compressing the sensing attachment from a non-compressed state to a compressed state 

to thereby decrease the inner diameter of the sensing attachment and provide a 

compressed state of the sensing attachment; 

e) placing the sensing attachment in the compressed state inside the medical device at a 

location having the inner diameter; 

f) returning the sensing attachment to a non-compressed state, so that the outside of the 

sensing attachment contacts the inside of the medical device, to provide a system 

comprising a medical device having a sensing attachment located within the medical 

device. 

3. A method for making a system comprising a medical device and a sensing attachment located 

external to the medical device, the method comprising: 

a) providing a medical device selected from the group consisting of a graft and a stent graft, 

the medical device having an inner surface and an outer surface; 

b) selecting a sensing attachment having an inside and an outside, the inside having an inner 

diameter, where the inner diameter of the sensing attachment is larger than the outer 

diameter of the medical device; and 

c) placing the sensing attachment around the medical device. 

[0019]         In one example, the present disclosure provides methods for implanting a sensing 

attachment in a patient, while at the same time associating the sensing attachment with a medical 

device.  For example, the present disclosure provides the following methods: 

1. A method comprising: 

a) providing a first apparatus comprising a stent graft contained within a first delivery 

catheter; 

b) providing a second apparatus comprising a sensing attachment contained within a second 

delivery catheter; 

c) inserting the first apparatus into a patient during a medical procedure, and implanting the 

stent graft into the patient; 

d) inserting the second apparatus into the patient during the medical procedure, and 

implanting the sensing attachment into the patient, the sensing attachment being 

implanted at a location adjacent to the stent graft; 
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e) removing the first delivery catheter from the patient; and 

f) removing the second delivery catheter from the patient. 

2. A method comprising: 

a) implanting a stent graft into a patient during a medical procedure to provide an implanted 

stent graft; and 

b) implanting a sensing attachment into the patient during the medical procedure to provide 

an implanted sensing attachment;  

c) where the implanted sensing attachment is adjacent to the implanted stent graft, and 

where the implanting the stent graft into the patient does not also achieve the implanting 

the sensing attachment into the patient. 

3. A method for associating a sensing attachment to a stent graft in a secure manner in vivo, the 

method comprising: 

a) implanting a stent graft into a blood vessel of a patient during a medical procedure, the 

stent graft having an outer diameter; 

b) providing a sensing attachment having an inner diameter, where the inner diameter of 

the sensing attachment is essentially the same as the outer diameter of the stent graft; 

and 

c) placing the sensing attachment around the stent graft in vivo during the medical 

procedure, where hoop stress secures the sensing attachment to the stent graft. 

4. A method for associating a sensing attachment to a stent graft in a secure manner in vivo, the 

method comprising: 

a) selecting a stent graft having an outer diameter; 

b) implanting the stent graft into a blood vessel of a patient during a medical procedure; 

c) selecting a sensing attachment having an inner diameter, where the inner diameter of the 

sensing attachment is essentially the same as the outer diameter of the stent graft; and 

d) placing the sensing attachment around the stent graft in vivo during the medical 

procedure, where hoop stress secures the sensing attachment to the stent graft. 

[0020]         In one example, the present disclosure provides methods for monitoring a patient within 

whom a sensing attachment has been implanted.  For example, the present disclosure provides a method 

comprising: 

a) obtaining information using a sensor secured to a sensing attachment, the sensing 

attachment physically associated with, but not a component of, a medical device that is 

implanted in the patient, the medical device selected from a stent graft and a graft; and 

b) transmitting the information or a modified form thereof to a device located outside of the 

patient. 
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Optionally, in a method for monitoring a patient with a sensing attachment of the present disclosure, one 

or more of the following may be used in describing the method:  the sensing attachment is associated with 

an abdominal aortic aneurysm stent graft; the sensor obtains information characteristic of a pressure 

within an aneurysm sac; the sensor obtains information characteristic of a pressure within a stent graft 

located within an abdominal aortic aneurysm of the patient; the sensor is a plurality of sensors; the sensor 

is a plurality of sensors located within an abdominal aortic aneurysm stent graft, where the plurality of 

sensors obtain information characteristic of a first blood pressure at an entrance to the stent graft and 

information characteristic of a second blood pressure at an exit to the stent graft; transmitting the 

information is by way of radiofrequency transmission from the sensing attachment; the information is 

informative about the presence or absence of an endoleak associated with the implanted stent graft; the 

information is informative about the presence or absence of a partial blockage of blood flowing through 

the stent graft; the information is informative about the presence of absence of a rupture in the stent graft; 

the information is informative about a cardiovascular disorder of the patient; the information is informative 

about a cardiovascular disorder of the patient, the cardiovascular disorder selected from myocardial 

infarction, congestive heart failure, arrhythmia and renal failure. 

[0021]         In describing the sensing attachment, or a system or kit containing a sensing attachment, or 

a delivery system for a sensing attachment, or a method of making or using a sensing attachment, any 

one or more of the following may optionally be used:  the body is in a form of a solid or hollow filament; 

the body is in a form of a monofilament or multifilament; the body is in a form of a hollow filament; the 

body is in a form of a hollow filament comprising nitinol, where the hollow filament has a lumen; the 

body is in a form of a hollow filament comprising nitinol, where the hollow filament has a lumen 

surrounded by a wall of the hollow filament, where the wall has an inner surface facing the lumen and an 

outer surface facing away from the lumen, and where the hollow filament has a plurality of cuts along its 

length, each cut extending from the outer surface of the hollow filament into the lumen of the hollow 

filament; the body is in a form of a hollow filament comprising nitinol, where the hollow filament has a 

lumen surrounded by a wall of the hollow filament, where the wall has an inner surface facing the lumen 

and an outer surface facing away from the lumen, and where the hollow filament has a plurality of cuts 

along its length, each cut extending from the outer surface of the hollow filament into the lumen of the 

hollow filament, wherein the plurality of cuts are separated from one another by 1 to 20 mm; the body is 

in a form of a plurality of rings; the body is in a shape of a spring; the body is in a shape of a spring 

running in a clockwise direction; the body is in a shape of a spring running in a counter-clockwise 

direction; the body is in a shape of a clip; the body is in a shape of a ring; the body is in a shape of a 

spring; the body is in a shape of a clamp or a cuff bracelet; the sensing attachment is biocompatible; the 

body is elastic or super-elastic; the body comprises a shape-memory material; the body comprises nitinol; 

the body comprises an elastomeric plastic; the body has a size and shape that allows it to fit around and 

against an outer surface of a stent graft; the body has a size and shape that allows it to fit around and 
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against an inner surface of a stent graft; the body has a size and shape that allows it to fit around and 

against an inner surface of a graft; the sensing attachment is in a compressed form that fits inside of a 

delivery catheter for percutaneous delivery to a patient; the body comprises a polymeric coating on a 

surface of the body; the body comprise a lubricious coating on a surface of the body; a sleeve is 

positioned around at least a portion of the surface of the body; the sensor of the sensing attachment is 

selected from a fluid pressure sensor, fluid volume sensor, contact sensor, position sensor, pulse pressure 

sensor, blood volume sensor, blood flow sensor, chemistry sensor (e.g., for blood and/or other fluids), 

metabolic sensor (e.g., for blood and/or other fluids), accelerometer, mechanical stress sensor and 

temperature sensor; the sensor is a pressure sensor; the sensor is a plurality of pressure sensors; the 

sensor is a MEMS sensor; the sensor is hermetically sealed; the sensing attachment further comprises a 

power supply; the sensing attachment further comprises a power supply and an electronics assembly 

having various circuitry powered by the power supply, the electronics assembly comprising one or more 

of components selected from a fuse, a switch, a clock generator and power management unit, a memory 

and a controller; the communication interface of the sensing attachment comprises a radio frequency 

(RF) transceiver and a filter, that couple with an antenna; the communication interface of the sensing 

attachment comprises tissue conductive communication circuitry that couples with a pair of electrodes; 

and/or the communication interface of the sensing attachment comprises data-over-sound circuitry that 

couples with an acoustic transducer. 

[0022]         In one example, the sensing device of the present disclosure is designed to be added to a 

medical device prior to that device being provided to a patient.  The medical device does not need to be 

physically modified in any way in order to accommodate the presence of the sensing device.   

[0023]         In exemplary examples, and briefly stated, the present disclosure provides:  a sensor 

comprising a housing, where the housing surrounds a detector, the housing comprising an extension that 

allows the sensor to be fixedly attached to a support; a construct comprising a sensor fixedly attached to 

a support, where the support can securely engage with a medical device; and an assembly comprising a 

sensor, a support for the sensor, and a medical device, wherein the sensor is in direct contact with and is 

fixedly attached to the support, and wherein the support is in direct contact with and is securely engaged 

with the medical device, where optionally the sensor is not in direct contact with the medical device. 

[0024]         In addition, the present disclosure provides a method of forming a construct, where the 

construct comprises a sensor fixedly attached to a support, and where the support can securely engage 

with a medical device; the method comprising a) providing a sensor comprising a housing, where the 

housing surrounds a detector, the housing comprising an extension that allows the sensor to be fixedly 

attached to a support; b) forming a support that can securely engage with a medical device; c) fixedly 

attaching the sensor to the support during the process of forming the support.  

[0025]         Further, the present disclosure provides a method of forming a construct, where the 

construct comprises a sensor fixedly attached to a support, and where the support can securely engage 
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with a medical device; the method comprising a) providing a sensor comprising a housing, where the 

housing surrounds a detector, the housing comprising an extension that allows the sensor to be fixedly 

attached to a support; b) providing a support that can securely engage with a medical device; c) fixedly 

attaching the sensor to the support prior to securely engaging the support with a medical device. 

[0026]         Within various examples of the disclosure, one or more sensors may be positioned anywhere 

in, on or within, including entirely within, the sensing attachment, including for example on the outer 

(adluminal) wall, the inner (luminal) wall, between the inner and outer walls of the sensing attachment, 

or, any combinations of these.  Within related examples the sensor comprises a multiplicity or plurality of 

sensors (optionally, different types of sensors) which can be positioned on and/or within multiple 

surfaces of the sensing attachment.  Various sensors may be utilized herein, including for example fluid 

pressure sensors, contact sensors, position sensors, pulse pressure sensors, blood volume sensors, blood 

flow sensors, chemistry sensors (e.g., for blood and/or other fluids), metabolic sensors (e.g., for blood 

and/or other fluids), accelerometers, mechanical stress sensors, temperature sensors, and the like.  

Within certain examples, the sensor is a wireless sensor.  Within yet other examples the sensor is 

connected to a wireless microprocessor.  Within a further example the sensor is passive and thus does 

not require its own power supply.  

[0027]         Within various examples a plurality of the aforementioned sensors are positioned on the 

sensing attachment, and within preferred examples, the sensing attachment can contain more than one 

type of sensor (e.g., one or more of, or any combination of the following: fluid pressure sensors, contact 

sensors, position sensors, pulse pressure sensors, blood volume sensors, blood flow sensors, chemistry 

sensors (e.g., for blood and/or other fluids), metabolic sensors (e.g., for blood and/or other fluids), 

accelerometers, mechanical stress sensors, temperature sensors, and the like).  

[0028]         Within other examples of the disclosure, the stent graft comprises two or more segments.  

Within preferred examples, the sensing attachment contains sensors which sense joining of the two or 

more segments. 

[0029]         Within further examples, the sensing attachment can contain sensors at specified densities 

in specific locations.  For example, the sensing attachment can have a density of sensors is greater than 1 

sensor per square centimeter, 2, 3, 4, 5, 6, 7, 8, 9, or 10 or greater sensors per square centimeter, or if 

calculated on a volume basis, greater than 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 sensors per cubic centimeter of the 

stent graft. (e.g., fluid pressure sensors, contact sensors, position sensors , pulse pressure sensors, blood 

volume sensors, blood flow sensors, chemistry sensors (e.g., for blood and/or other fluids), metabolic 

sensors (e.g., for blood and/or other fluids), accelerometers, mechanical stress sensors, temperature 

sensors, or any combination of these).  Within related examples, the sensors (e.g., fluid pressure sensors, 

contact sensors, position sensors, pulse pressure sensors, blood volume sensors, blood flow sensors, 

chemistry sensors (e.g., for blood and/or other fluids), metabolic sensors (e.g., for blood and/or other 

fluids), accelerometers, mechanical stress sensors and temperature sensors) can be positioned at 
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particular locations on or within the sensing attachment. 

[0030]         Within certain examples of the disclosure, the sensing attachment is provided with a specific 

unique device identifying number (“UDI”), and within further examples, each of the sensors on the 

sensing attachment each have either a specific unique sensor identification number (“USI”), or a unique 

group identification number (“UGI”, e.g., an identification number that identifies the sensor as one of a 

group of sensors such as a fluid pressure sensor, contact sensor, position sensor, pulse pressure sensor, 

blood volume sensor, blood flow sensor, blood chemistry sensor, blood metabolic sensor, and/or 

mechanical stress sensor).  Within yet further examples, the USI is specifically associated with a position 

on the sensing attachment. 

[0031]         Within various examples, the sensing attachment provided herein may be utilized to provide 

data which identifies a number of different conditions or diseases, including development of a type I, II, 

III, IV and/or V endoleak.  Moreover, the sensing attachment may additionally provide specific cardiac 

measurements, including for example, the cardiac output, stroke volume, ejection fraction, systolic 

and/or diastolic blood pressure, mean arterial pressure, systemic vascular resistance, and total peripheral 

resistance.  The sensing attachment may also be utilized to measure and record temperature changes 

within the blood and/or vascular walls of a subject. 

[0032]         Within other examples of the disclosure methods are provided for monitoring a graft or 

stent graft comprising the steps of transmitting a wireless electrical signal from a location outside the 

body to a location inside the body; receiving the signal at a sensor positioned on a sensor attachment 

located inside the body; powering the sensor using the received signal; sensing data at the sensor; and 

outputting the sensed data from the sensor to a receiving unit located outside of the body.  Optionally, 

the power is provided to the sensor by an internal power supply, e.g., a battery, rather than wirelessly.  

The integrity of the graft or stent graft can be wirelessly interrogated and the results reported on a 

regular basis.  This permits the health of the patient to be checked on a regular basis or at any time as 

desired by the patient and/or physician.  

[0033]         Within further examples, each of the sensors contains a signal-receiving circuit and a signal 

output circuit.  The signal-receiving circuit receives an interrogation signal that includes one or both of 

power and data collection request components.  Using the power from the interrogation signal or from 

an internal battery, the sensor powers up the parts of the circuitry needed to conduct the sensing, carries 

out the sensing, and then outputs the data to the interrogation module.  The interrogation module acts 

under control of a control unit which contains the appropriate I/O circuitry, memory, a controller in the 

form of a microprocessor, and other circuitry in order to drive the interrogation module.  Within yet 

other examples the sensor (e.g., fluid pressure sensor, contact sensor, position sensors, pulse pressure 

sensor, blood volume sensor, blood flow sensor, blood chemistry sensor, blood metabolic sensor, and/or 

mechanical stress sensor) are constructed such that they may readily be mechanically attached to the 

sensing attachment (e.g., by way of a an opening or other appendage on the housing of the sensor that 



17 

provides permanent attachment of the sensor to the sensing attachment).   

[0034]         Within yet other examples of the disclosure methods devices are provided suitable for 

transmitting a wireless electrical signal from a location outside the body to a location inside the body; 

receiving the signal at one of the aforementioned sensors positioned on a sensing attachment located 

inside the body; sensing data at the sensor; and outputting the sensed data from the sensor to a 

receiving unit located outside of the body.  Within certain examples the receiving unit can provide an 

analysis of the signal provided by the sensor. 

[0035]         The following are some exemplary examples of the present disclosure, presented in 

numbered form for convenience.   

1. A sensing attachment for a medical device, the attachment comprising: 

a) a sensor; 

b) a communication interface configured to provide intra-body communication to another 

device; and at least one of: 

i) a body adapted to reversibly attach to and detach from the medical device; 

ii) an elastic or super-elastic body having a shape that fits around a tubular medical 

device such as a graft or stent graft; 

iii) a body in the shape of a spring formed from nitinol; and/or 

iv) a size-adjustable body that can conform to a size and shape of the medical device. 

2. The sensing attachment of example 1 wherein the body is in a form of a solid or hollow 

filament. 

3. The sensing attachment of example 1 wherein the body is in a form of a monofilament or 

multifilament. 

4. The sensing attachment of example 1 wherein the body is in a form of a hollow filament. 

5. The sensing attachment of example 1 wherein the body is in a form of a hollow filament 

comprising nitinol, where the hollow filament has a lumen. 

6. The sensing attachment of example 1 wherein the body is in a form of a hollow filament 

comprising nitinol, where the hollow filament has a lumen surrounded by a wall of the hollow filament, 

where the wall has an inner surface facing the lumen and an outer surface facing away from the lumen, 

and where the hollow filament has a plurality of cuts along its length, each cut extending from the outer 

surface of the hollow filament into the lumen of the hollow filament. 

7. The sensing attachment of example 1 wherein the body is in a form of a hollow filament 

comprising nitinol, where the hollow filament has a lumen surrounded by a wall of the hollow filament, 

where the wall has an inner surface facing the lumen and an outer surface facing away from the lumen, 

and where the hollow filament has a plurality of cuts along its length, each cut extending from the outer 

surface of the hollow filament into the lumen of the hollow filament, wherein the plurality of cuts are 

separated from one another by 1 to 20 mm. 
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8. The sensing attachment of example 1 wherein the body is in a form of a plurality of rings. 

9. The sensing attachment of any of examples 1-7 wherein the body is in a shape of a spring. 

10. The sensing attachment of any of examples 1-7 wherein the body is in a shape of a spring 

running in a clockwise direction. 

11. The sensing attachment of any of examples 1-7 wherein the body is in a shape of a spring 

running in a counter-clockwise direction. 

12. The sensing attachment of any of examples 1-7 wherein the body is in a shape of a clip. 

13. The sensing attachment of any of examples 1-7 wherein the body is in a shape of a ring. 

14. The sensing attachment of any of examples 1-7 wherein the body comprises a hollow 

filament in a shape of a spring. 

15. The sensing attachment of any of examples 1-7 wherein the body is in a shape of a clamp 

or a cuff bracelet. 

16. The sensing attachment of any of examples 1-15 wherein the sensing attachment is 

biocompatible. 

17. The sensing attachment of any of examples 1-16 wherein the body is elastic or super-

elastic. 

18. The sensing attachment of any of examples 1-17 wherein the body comprises a shape-

memory material. 

19. The sensing attachment of any of examples 1-18 wherein the body comprises nitinol. 

20. The sensing attachment of any of examples 1-4 and 8-18 wherein the body comprises an 

elastomeric plastic. 

21. The sensing attachment of any of examples 1-20 wherein the body has a size and shape 

that allows it to fit around and against an outer surface of a stent graft. 

22. The sensing attachment of any of examples 1-20 wherein the body has a size and shape 

that allows it to fit around and against an inner surface of a stent graft. 

23. The sensing attachment of any of examples 1-20 wherein the body has a size and shape 

that allows it to fit around and against an inner surface of a graft. 

24. The sensing attachment of any of examples 1-23 in a compressed form that fits inside of 

a delivery catheter for percutaneous delivery to a patient. 

25. The sensing attachment of any of examples 1-24 wherein the body comprises a polymeric 

coating on a surface of the body. 

26. The sensing attachment of any of examples 1-24 wherein the body comprise a lubricious 

coating on a surface of the body. 

27. The sensing attachment of any of examples 1-24 wherein a sleeve is positioned around at 

least a portion of the surface of the body. 
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28. The sensing attachment of any of examples 1-27 wherein the sensor is selected from a 

fluid pressure sensor, fluid volume sensor, contact sensor, position sensor, pulse pressure sensor, blood 

volume sensor, blood flow sensor, chemistry sensor (e.g., for blood and/or other fluids), metabolic sensor 

(e.g., for blood and/or other fluids), accelerometer, mechanical stress sensor and temperature sensor. 

29. The sensing attachment of any of examples 1-27 wherein the sensor is a pressure sensor. 

30. The sensing attachment of any of examples 1-29 wherein the sensor is a plurality of 

pressure sensors. 

31. The sensing attachment of any of examples 1-30 wherein the sensor is a MEMS sensor.  

32. The sensing attachment of any of examples 1-31 wherein the sensor is hermetically 

sealed. 

33. The sensing attachment of any of examples 1-32 further comprising a power supply. 

34. The sensing attachment of any of examples 1-32 further comprising a power supply and 

an electronics assembly having various circuitry powered by the power supply, the electronics assembly 

comprising one or more of components selected from a fuse, a switch, a clock generator and power 

management unit, a memory and a controller. 

35. The sensing attachment of any of examples 1-34 wherein the communication interface 

comprises a radio frequency (RF) transceiver and a filter, that couple with an antenna. 

36. The sensing attachment of any of examples 1-34 wherein the communication interface 

comprises tissue conductive communication circuitry that couples with a pair of electrodes. 

37. The sensing attachment of any of examples 1-34 wherein the communication interface 

comprises data-over-sound circuitry that couples with an acoustic transducer. 

38. A kit comprising the sensing attachment of any of examples 1-37 and a stent graft. 

39. A kit comprising the sensing attachment of any of examples 1-37 and a graft. 

40. A system comprising the sensing attachment of any of examples 1-37 associated with a 

stent graft. 

41. A system comprising the sensing attachment of any of examples 1-37 associated with a 

graft. 

42. An apparatus comprising the sensing attachment of any of examples 1-37 located within 

a delivery catheter. 

43. An apparatus comprising a system and a delivery catheter, the system comprising the 

sensing attachment of any of examples 1-37 associated with a graft, the system located within the delivery 

catheter. 

44. An apparatus comprising a system and a delivery catheter, the system comprising the 

sensing attachment of any of examples 1-37 associated with a stent graft, the system located within the 

delivery catheter. 

45. An apparatus comprising: 
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a) a delivery catheter having proximal and distal ends and having a lumen extending 

therethrough, the lumen having a length and a cross-sectional area; 

b) a sensing attachment of any of examples 1-37 in a compressed state, the compressed 

sensing attachment located entirely within the lumen of the delivery catheter; 

c) a push rod slidably disposed within the lumen of the delivery catheter, the push rod 

adjacent to and not within the compressed sensing attachment; and 

d) a distal movable sheath that covers a first portion of the length of lumen of the delivery 

catheter, where the first portion of the lumen contains a first portion of the push rod and 

a first portion of the sensing attachment in a compressed state; 

where the slidably disposed push rod is engaged with the distal movable sheath such that sliding of the 

push rod causes movement of the movable sheath, where the movement exposes the first portion of the 

compressed sensing attachment and thereby allows the compressed sensing attachment to achieve a less 

compressed form. 

46. A method of manufacture of a sensing attachment of any of examples 1-37, comprising: 

a) forming a body of a sensing attachment, where the body is at least one of: 

i) a body adapted to reversibly attach to and detach from the medical device; 

ii) an elastic or super-elastic body having a shape that fits around a tubular medical 

device such as a graft or stent graft; 

iii) a body in the shape of a spring formed from nitinol; and/or 

iv) a size-adjustable body that can conform to a size and shape of the medical device; 

b) forming an electronics assembly including a sensor and a communication interface; 

c) forming a power supply; 

d) electrically coupling and fixedly attaching the power supply to the electronics assembly; 

and 

e) fixedly attaching the electronics assembly and the power supply to the body of the sensing 

attachment. 

47. The method of example 46 wherein the body is formed by shape setting a nitinol filament. 

48. The method of example 46 wherein the body is in a form of a spring that has a size and shape to 

fit around a stent graft and be held against an outer surface of the stent graft by hoop stress. 

49. The method of example 46 wherein the body is in a form of a spring that has a size and shape to 

fit inside a stent graft and be held against an inner surface of the stent graft by hoop stress. 

50. A method comprising: 

a) providing a first apparatus comprising a stent graft contained within a first delivery 

catheter; 

b) providing a second apparatus comprising a sensing attachment of any of examples 1-37 

contained within a second delivery catheter; 
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c) inserting the first apparatus into a patient during a medical procedure, and implanting the 

stent graft into the patient; 

d) inserting the second apparatus into the patient during the medical procedure, and 

implanting the sensing attachment into the patient, the sensing attachment being 

implanted at a location adjacent to the stent graft; 

e) removing the first delivery catheter from the patient; and 

f) removing the second delivery catheter from the patient. 

51. A method comprising: 

a) implanting a stent graft into a patient during a medical procedure to provide an implanted 

stent graft; and 

b) implanting a sensing attachment of any of examples 1-37 into the patient during the 

medical procedure to provide an implanted sensing attachment;  

c) where the implanted sensing attachment is adjacent to the implanted stent graft, and 

where the implanting the stent graft into the patient does not also achieve the implanting 

the sensing attachment into the patient. 

52. A method for associating a sensing attachment to a stent graft in a secure manner in vivo, the 

method comprising: 

a) implanting a stent graft into a blood vessel of a patient during a medical procedure, the 

stent graft having an outer diameter; 

b) providing a sensing attachment of any of examples 1-37 having an inner diameter, where 

the inner diameter of the sensing attachment is essentially the same as the outer diameter 

of the stent graft; and 

c) placing the sensing attachment around the stent graft in vivo during the medical 

procedure, where hoop stress secures the sensing attachment to the stent graft. 

53. A method for associating a sensing attachment to a stent graft in a secure manner in vivo, the 

method comprising: 

a) selecting a stent graft having an outer diameter; 

b) implanting the stent graft into a blood vessel of a patient during a medical procedure; 

c) selecting a sensing attachment of any of examples 1-37 having an inner diameter, where 

the inner diameter of the sensing attachment is essentially the same as the outer diameter 

of the stent graft; and 

d) placing the sensing attachment around the stent graft in vivo during the medical 

procedure, where hoop stress secures the sensing attachment to the stent graft. 

54. A method for associating a sensing attachment to a medical device in a secure manner in vitro, the 

method comprising: 
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a) selecting a medical device from the group consisting of a graft and a stent graft, where 

the medical device has an inner diameter and an outer diameter; 

b) selecting a sensing attachment of any of examples 1-37 having an inner diameter and an 

outer diameter, where at least one of (i) the inner diameter of the sensing attachment is 

essentially the same as the outer diameter of the medical device; and (ii) the outer 

diameter of the sensing attachment is essentially the same as the inner diameter of the 

medical device; 

c) placing the sensing attachment either within or outside of the medical device in vitro, 

where hoop stress secures the sensing attachment to the medical device. 

55. A method for making a system comprising a medical device having a sensing attachment located 

within the medical device, the method comprising: 

a) providing a medical device selected from the group consisting of a graft and a stent graft, 

the medical device having an inside and an outside; 

b) determining an inner diameter of the medical device; 

c) selecting a sensing attachment of any of examples 1-37 having an inside and an outside, 

the outside having an outer diameter, where the outer diameter of the sensing 

attachment is essentially the same as the inner diameter of the medical device; 

d) compressing the sensing attachment from a non-compressed state to a compressed state 

to thereby decrease the inner diameter of the sensing attachment and provide a 

compressed state of the sensing attachment; 

e) placing the sensing attachment in the compressed state inside the medical device at a 

location having the inner diameter; 

f) returning the sensing attachment to a non-compressed state, so that the outside of the 

sensing attachment contacts the inside of the medical device, to provide a system 

comprising a medical device having a sensing attachment located within the medical 

device. 

56. A method for making a system comprising a medical device and a sensing attachment located 

external to the medical device, the method comprising: 

a) providing a medical device selected from the group consisting of a graft and a stent graft, 

the medical device having an inner surface and an outer surface; 

b) selecting a sensing attachment of any of examples 1-37 having an inside and an outside, 

the inside having an inner diameter, where the inner diameter of the sensing attachment 

is larger than the outer diameter of the medical device; and 

c) placing the sensing attachment around the medical device. 

57. A method for monitoring of a patient, the method comprising: 
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a) obtaining information using a sensor secured to a sensing attachment of any of examples 

1-37, the sensing attachment physically associated with, but not a component of, a 

medical device that is implanted in the patient, the medical device selected from a stent 

graft and a graft; and 

b) transmitting the information or a modified form thereof to a device located outside of the 

patient. 

58. The method of example 57 wherein the sensing attachment is associated with an abdominal aortic 

aneurysm stent graft. 

59. The method of example 57 wherein the sensor obtains information characteristic of a pressure 

within an aneurysm sac. 

60. The method of example 57 wherein the sensor obtains information characteristic of a pressure 

within a stent graft located within an abdominal aortic aneurysm of the patient. 

61. The method of example 57 wherein the sensor is a plurality of sensors. 

62. The method of example 57 wherein the sensor is a plurality of sensors located within an abdominal 

aortic aneurysm stent graft, where the plurality of sensors obtain information characteristic of a 

first blood pressure at an entrance to the stent graft and information characteristic of a second 

blood pressure at an exit to the stent graft. 

63. The method of example 57 wherein transmitting the information is by way of radiofrequency 

transmission from the sensing attachment. 

64. The method of example 57 wherein the information is informative about the presence or absence 

of an endoleak associated with the implanted stent graft. 

65. The method of example 57 wherein the information is informative about the presence or absence 

of a partial blockage of blood flowing through the stent graft. 

66. The method of example 57 wherein the information is informative about the presence of absence 

of a rupture in the stent graft. 

67. The method of example 57 wherein the information is informative about a cardiovascular disorder 

of the patient. 

68. The method of example 57 wherein the information is informative about a cardiovascular disorder 

of the patient, the cardiovascular disorder selected from myocardial infarction, congestive heart 

failure, arrhythmia and renal failure. 

[0036]         For example, in examples, the present disclosure provides a sensing attachment for a 

medical device, and a system that comprises the sensing attachment associated with the medical device, 

where the sensing attachment comprises a sensor; a communication interface configured to provide 

intra-body communication to another device; and a body comprising a monofilament in a shape of a 

spring that fits around and against either an inner surface or an outer surface of a tubular medical device 

selected from a graft or stent graft, where the body is adapted to reversibly attach to and detach from 



24 

the medical device; and where the sensor is directly or indirectly secured to the body of the sensing 

attachment.  In one example the spring runs in a clockwise direction.  Optionally, the body has a size and 

shape that allows it to fit around and against an outer surface of a stent graft.  Optionally, the body has a 

size and shape that allows it to fit around and against an inner surface of a stent graft.  Optionally, the 

sensing attachment is associated with an inner surface or an outer surface of a stent graft.  In either case, 

the body optionally comprises a coat on its surface, e.g., a polymeric coating, such as a polymeric coating 

that reduces wear between the sensing attachment and an associated medical device.  In one example 

the spring runs in a counterclockwise direction.  Optionally, the body is in a form of a hollow filament 

comprising nitinol, and has a lumen surrounded by a wall of the hollow filament, where the wall has an 

inner surface facing the lumen and an outer surface facing away from the lumen, and where the hollow 

filament has a plurality of cuts along its length, each cut extending from the outer surface of the hollow 

filament into the lumen of the hollow filament.  Optionally, the sensing attachment is biocompatible.  

Optionally, the sensor and any associated circuity are contained in a hermetically sealed housing.  

Optionally, the sensor may be a MEMS sensor, and the sensor may be selected from a fluid pressure 

sensor, fluid volume sensor, contact sensor, position sensor, pulse pressure sensor, blood volume sensor, 

blood flow sensor, chemistry sensor (e.g., for blood and/or other fluids), metabolic sensor (e.g., for blood 

and/or other fluids), accelerometer, mechanical stress sensor and temperature sensor, including any one 

or more of the listed sensors.  In one example the sensor is a pressure sensor.  In one example the sensor 

is a plurality of sensors, e.g., a plurality of pressure sensors.  The sensing attachment may further 

comprising other components, such as a power supply and an electronics assembly having various 

circuitry powered by the power supply, where the electronics assembly may include one or more 

components selected from a fuse, a switch, a clock generator and power management unit, a memory 

and a controller.  In one example, the communication interface comprises a radio frequency (RF) 

transceiver and a filter, that couple with an antenna.  This sensing attachment may be used in the 

methods disclosed herein, and the sensing attachment in association with or combination with a stent 

graft or graft may be prepared and used according to the methods described herein. 

[0037]         The above-mentioned and additional features of the present disclosure and the manner of 

obtaining them will become apparent, and the disclosure will be best understood by reference to the 

following more detailed description.  All references disclosed herein are hereby incorporated by 

reference in their entirety as if each was incorporated individually. 

[0038]         This Brief Summary has been provided to introduce certain concepts in a simplified form that 

are further described in detail below in the Detailed Description.  Except where otherwise expressly 

stated, this Brief Summary is not intended to identify key or essential features of the claimed subject 

matter, nor is it intended to limit the scope of the claimed subject matter. 

[0039]         The details of one or more examples are set forth in the description below.  The features 

illustrated or described in connection with one exemplary example may be combined with the features of 
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other examples.  Thus, any of the various examples described herein can be combined to provide further 

examples.  Aspects of the examples can be modified, if necessary to employ concepts of the various 

patents, applications and publications as identified herein to provide yet further examples.  Other 

features, objects and advantages will be apparent from the description, the drawings, and the claims. 
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CLAIMS 

What is claimed is: 

1. A sensing attachment for a medical device, the attachment comprising: 

a) a sensor, wherein the sensor comprises a pressure sensor; 

b) a communication interface configured to provide intra-body 

communication to another device; and 

c)  a body in the shape of a spring formed from nitinol wherein the body is 

in a form of a hollow monofilament; 

and wherein the sensing attachment further comprises a power supply and 

wherein the medical device is a graft or a stent graft and wherein the sensing 

attachment is to be placed wholly or partially inside the graft or stent graft. 

 

2. The sensing attachment of claim 1, wherein the body is adapted to reversibly 

attach to and detach from the medical device. 

 

3. The sensing attachment of claim 1 or 2, wherein the body is in a form of a hollow 

filament comprising nitinol, where the hollow filament has a lumen; or wherein 

the body is in a form of a hollow filament comprising nitinol, where the hollow 

filament has a lumen surrounded by a wall of the hollow filament , where the wall 

has an inner surface facing the lumen and an outer surface facing away from the 

lumen, and where the hollow filament has a plurality of cuts along its length, each 

cut extending from the outer surface of the hollow filament into the lumen of the 

hollow filament; or wherein the body is in a form of a hollow filament comprising 

nitinol, where the hollow filament has a lumen surrounded by a wall of the hollow 

filament , where the wall has an inner surface facing the lumen and an outer 

surface facing away from the lumen, and where the hollow filament has a plurality 

of cuts along its length, each cut extending from the outer surface of the hollow 

filament  
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into the lumen of the hollow filament , wherein the plurality of cuts are separated 

from one another by 1 to 20 mm;  or wherein the body is in a shape of a spring 

running in a clockwise direction; or wherein the body is in a shape of 

a spring running in a counterclockwise direction; or wherein the sensing 

attachment is biocompatible; or wherein the body is elastic or super-elastic; or 

wherein the body comprises a shape-memory material; or wherein the body has a 

size and shape that allows it to fit around and against an inner surface of a stent 

graft; or wherein the body has a size and shape that allows it to fit around and 

against an inner surface of a graft; or wherein the body comprises a polymeric 

coating on a surface of the body; or wherein the body comprise a lubricious 

coating on a surface of the body; or wherein a sleeve is positioned around at least 

a portion of the surface of the body; or wherein the sensor is selected from a fluid 

pressure sensor, pulse pressure sensor, or wherein the sensor is a plurality of 

pressure sensors; or further comprising a power supply and an electronics 

assembly having various circuitry powered by the power supply , the electronics 

assembly comprising one or more of components selected from a fuse , a switch , 

a clock generator and power management unit , a memory 

and a controller ; or wherein the communication interface comprises a radio 

frequency (RF) transceiver and a filter , that couple with an antenna ; or wherein 

the communication interface comprises tissue conductive communication circuitry 

that couples with a pair of electrodes ; or wherein the communication interface 

comprises data-over-sound circuitry  that couples with an acoustic transducer . 

 

4. A kit comprising the sensing attachment of any one of claims 1-3 and a 

stent graft; or a graft. 

 

5. A system comprising the sensing attachment of any one of claims 1-3 

associated with a stent graft; or a graft. 
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6. An apparatus comprising the sensing attachment of any one of claims 1-

3 located within a delivery catheter. 

 

7. An apparatus comprising a system and a delivery catheter, the system 

comprising the sensing attachment of any one of claims 1-3 associated with a graft, the 

system located within the delivery catheter; or the system comprising the sensing 

attachment of any one of claims 1- 3 associated with a stent graft, the system located 

within the delivery catheter. 

 

8. An apparatus comprising: 

a) a delivery catheter having proximal and distal ends and having a 

lumen extending there through, the lumen having a length and a 

cross-sectional area; 

b) a sensing attachment of any one of claims 1-3 in a compressed state, 

the compressed sensing attachment located entirely within the lumen of 

the delivery catheter; 

c) a push rod slidably disposed within the lumen of the delivery catheter, 

the push rod adjacent to and not within the compressed sensing 

attachment; and 

d) a distal movable sheath that covers a first portion of the length of lumen of 

the delivery catheter, where the first portion of the lumen contains a first 

portion of the push rod and a first portion of the sensing attachment in a 

compressed state; 

where the slidably disposed push rod is engaged with the distal movable sheath 

such that sliding of the push rod causes movement of the movable sheath, where 

the movement exposes the first portion of the compressed sensing attachment and 

thereby allows the compressed sensing attachment to achieve a less compressed 

form. 
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9. A method of manufacture of a sensing attachment of any one of 

claims 1-3, comprising: 

a) forming a body of a sensing attachment , where the body is a 

body in the shape of a spring formed from nitinol wherein the body is in a 

form of a hollow monofilament;  

b) forming an electronics assembly including a sensor and a communication 

interface; 

c) forming a power supply ; 

d) electrically coupling and fixedly attaching the power supply to the 

electronics assembly ; and 

e) fixedly attaching the electronics assembly and the power supply to the 

body of the sensing attachment , 

wherein: 

the body is formed by shape setting a nitinol filament; or wherein the body is in a 

form of a spring that has a size and shape to fit around a stent graft and be held 

against an outer surface of the stent graft by hoop stress; or wherein the body is in 

a form of a spring that has a size and shape to fit inside a stent graft and be held 

against an inner surface of the stent graft by hoop stress. 

 

10. A method for associating a sensing attachment to a medical device in a secure 

manner in vitro, the method comprising: 

a) selecting a medical device from the group consisting of a graft and a 

stent graft, where the medical device has an inner diameter and an 

outer diameter; 

b) selecting a sensing attachment of any one of claims 1-3 having an inner 

diameter and an outer diameter, where at least one of (i) the inner 

diameter of the sensing attachment is essentially the same as the outer 

diameter of the medical device; and (ii) the outer diameter of the sensing 
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attachment is essentially the same as the inner diameter of the medical 

device; 

c) placing the sensing attachment within the medical device in vitro, 

where hoop stress secures the sensing attachment to the medical 

device. 

 

11. A method for making a system comprising a medical device having a sensing 

attachment located within the medical device, the method comprising: 

a) providing a medical device selected from the group consisting of a graft 

and a stent graft, the medical device having an inside and an outside; 

b) determining an inner diameter of the medical device; 
c) selecting a sensing attachment of any one of claims 1-3 having an inside 

and an outside, the outside having an outer diameter, where the outer 

diameter of the sensing attachment is essentially the same as the inner 

diameter of the medical device; 

d) compressing the sensing attachment from a non-compressed state to a 

compressed state to thereby decrease the inner diameter of the sensing 

attachment and provide a compressed state of the sensing attachment; 

e) placing the sensing attachment in the compressed state inside the medical 

device at a location having the inner diameter; 

f) returning the sensing attachment to a non-compressed state, so that the 

outside of the sensing attachment contacts the inside of the medical 

device, to provide a system comprising a medical device having a sensing 

attachment located within the medical device. 

 


