
US 20070112344A1 

(12) Patent Application Publication (10) Pub. No.: US 2007/0112344 A1 
(19) United States 

Keilman (43) Pub. Date: May 17, 2007 

(54) ENDOLUMINAL IMPLANT WITH 
THERAPEUTIC AND DIAGNOSTIC 
CAPABILITY 

(75) Inventor: George W. Keilman, Woodinville, WA 
(Us) 

Correspondence Address: 
DAVIS WRIGHT TREMAINE, LLP 
2600 CENTURY SQUARE 
1501 FOURTH AVENUE 
SEATTLE, WA 98101-1688 (US) 

(73) Assignee: Cardiometrix, Inc., Bothell, WA (US) 

(21) Appl. No.: 11/551,673 

(22) Filed: Oct. 20, 2006 

Related US. Application Data 

(60) Division of application No. 09/695,748, ?led on Oct. 
24, 2000, Which is a division of application No. 
09/028,154, ?led on Feb. 23, 1998, noW Pat. No. 

6,231,516, Which is a continuation-in-part of appli 
cation No. 08/978,038, ?led on Nov. 25, 1997, noW 
Pat. No. 5,967,986, Which is a continuation-in-part of 
application No. 08/949,413, ?led on Oct. 14, 1997, 
noW Pat. No. 5,807,258. 

Publication Classi?cation 

(51) Int. Cl. 
A61B 18/18 (2006.01) 

(52) US. Cl. .............................................................. .. 606/41 

(57) ABSTRACT 

An apparatus includes an endoluminal implant, a RF cou 
pling coil coupled to the endoluminal implant and a thera 
peutic transducer electrically coupled to the RF coupling 
coil and physically coupled to the endoluminal implant. The 
RF coupling coil supplies electrical poWer to the therapeutic 
transducer. The therapeutic transducer has a capability for 
delivering therapeutic energy to a lumen disposed Within the 
endoluminal implant in response to signals coupled via the 
RF coupling coil. 
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ENDOLUMINAL IMPLANT WITH THERAPEUTIC 
AND DIAGNOSTIC CAPABILITY 

TECHNICAL FIELD 

[0001] This invention relates generally to implantable 
devices, and, more particularly, to implantable medical 
devices having therapeutic or diagnostic functions Within a 
lumen of an endoluminal implant such as a stent or other 
type of endovascular conduit, and methods related to such 
implantable medical devices. 

BACKGROUND OF THE INVENTION 

[0002] In the 1970s, the technique of percutaneous trans 
luminal coronary angioplasty (PTCA) Was developed for the 
treatment of atherosclerosis. Atherosclerosis is the build-up 
of fatty deposits or plaque on the inner Walls of a patient’s 
arteries; these lesions decrease the effective siZe of the artery 
lumen and limit blood ?oW through the artery, prospectively 
causing a myocardial infarction or heart attack if the lesions 
occur in coronary arteries that supply oxygenated blood to 
the heart muscles. In the angioplasty procedure, a guide Wire 
is inserted into the femoral artery and is passed through the 
aorta into the diseased coronary artery. A catheter having a 
balloon attached to its distal end is advanced along the guide 
Wire to a point Where the sclerotic lesions limit blood ?oW 
through the coronary artery. The balloon is then in?ated, 
compressing the lesions radially outWard against the Wall of 
the artery and substantially increasing the size of its internal 
lumen, to improve blood circulation through the artery. 

[0003] Increasingly, stents are being used in place of or in 
addition to PTCA for treatment of atherosclerosis, With the 
intent of minimizing the need to repeatedly open an athero 
sclerotic artery. Although a number of different designs for 
stents exist in the prior art, all are generally con?gured as 
elongate cylindrical structures that are provided in a ?rst 
state and can assume a second, different state, With the 
second state having a substantially greater diameter than the 
?rst state. A stent is implanted in a patient using an appro 
priate delivery system for the type of stent being implaced 
Within the patient’s arterial system. There are tWo basic 
types of stentsithose that are expanded radially outWard 
due to the force from an in?ated angioplasty type balloon, 
such as the PalmaZ-SchatZ stent, the Gianturco-Roubin stent 
and the Strecker stent, and those that are self expanding, 
such as the Maass double helix spiral stent, the Nitinol stent 
(made of nickel titanium memory alloy), the Gianturco stent 
and the Wallstent. Problems With the Maass double helix 
spiral stent and the Nitinol stent have limited their use. 

[0004] Stents are sometimes used folloWing a PTCA pro 
cedure if the artery is totally occluded or if the lesions have 
occluded a previously placed surgical graft. Typically, a 
stent constrained Within an introducer sheath is advanced to 
a site Within the patient’ s artery through a guide catheter. For 
the balloon expanded type, after the introducer sheath is 
retracted, a balloon disposed inside the stent is in?ated to a 
pressure ranging from about six to ten atmospheres. The 
force produced by the in?ated balloon expands the stent 
radially outWard beyond its elastic limit, stretching the 
vessel and compressing the lesion to the inner Wall of the 
vessel. A self expanding stent expands due to spring force 
folloWing its implacement in the artery, after a restraining 
sheath is retracted from the compressed stent, or in the case 
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of the Nitinol version, the stent assumes its expanded 
memory state after being Warmed above the transition 
temperature of the Nitinol alloy (e.g., above 30° C.). Fol 
loWing the expansion process, When the balloon catheter is 
used, the balloon is removed from inside the stent and the 
catheter and other delivery apparatus is WithdraWn. The 
lumen through the vessel is then substantially increased, 
improving blood ?oW. 

[0005] After a stent or other endoluminal device is 
implanted, a clinical examination and either an angiography 
or an ultrasonic morphological procedure is performed to 
evaluate the success of the stent emplacement procedure in 
opening the diseased artery or vessel. These tests are typi 
cally repeated periodically, e.g., at six-month intervals, since 
restenosis of the artery may occur. Due to the nature of the 
tests, the results of the procedure can only be determined 
qualitatively, but not quantitatively, With any degree of 
accuracy or precision. It Would clearly be preferable to 
monitor the ?oW of blood through the stent after its implace 
ment in a vessel, both immediately folloWing the treatment 
for the stenosis and thereafter, either periodically or on a 
continuous basis. Measurements of volumetric rate and/or 
?oW velocity of the blood through the stent Would enable a 
medical practitioner to much more accurately assess the 
condition of the stent and of the artery in Which the stent is 
implanted. Currently, no prior art mechanism is available 
that is implantable inside a blood vessel for monitoring 
blood ?oW conditions through a stent. 

[0006] Following stent implantation, it is di?icult to moni 
tor the condition of the affected area. Stents often fail after 
a period of time and for a variety of reasons. Several of the 
causal mechanisms are amenable to drug treatment. It is 
highly desirable in at least some of these cases to localiZe the 
drug treatment to the site of the graft or surgery. For 
example, When thrombus forms in a given area, throm 
bolytic drugs are capable of providing signi?cant assistance 
in resolving the thrombosis, but may present problems such 
as hemorrhaging, if they also act in other portions of the 
patient’s body. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides a capability for 
including a therapeutic transducer together With an endolu 
minal implant such as a stent or stent graft. Therapeutic 
transducers may include ultrasonic, magnetic, iontophoretic, 
heating or optical devices, Which may permit localiZed drug 
delivery or localiZed drug activation. Provision is made for 
delivering energy to the implanted transducers and for 
coupling signals to or from the implanted transducers. The 
present invention also permits inclusion of diagnostic trans 
ducers together With the endoluminal implant and alloWs 
signals to be transmitted from the diagnostic transducers to 
an area outside of the patient’s body. 

[0008] The present invention can alloW steps that may be 
taken to restore full ?uid ?oW through, e.g., a stent that is 
becoming restricted. In these cases, it is desirable to initiate 
treatment before the problem proceeds too far to be cor 
rected Without stent replacement or further PTCA treatment. 
Clearly, it Would be preferable to be able to monitor the 
condition of a stent Without resorting to invasive surgical 
procedures and Without prescribing medication that may not 
be necessary, so that the useful life of the stent may be 
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extended, problems associated stent failure avoided and so 
that medications are only prescribed When required by the 
knoWn condition of the stent and associated vasculature. 

[0009] Other advantages that may be realized via embodi 
ments of the present invention including monitoring of other 
parameters measurable Within a stent or other type of 
endoluminal implant using one or more appropriate sensors 
or transducers according to embodiments of the present 
invention. For example, monitoring pres sure at the distal and 
proximal ends of the lumen in the implant and determining 
the differential pressure can provide an indication of ?uid 
velocity through the lumen. Temperature can also be used to 
monitor ?uid ?oW by applying heat to the ?uid Within the 
lumen and monitoring the rate at Which the temperature of 
the ?uid decreases as the ?uid ?oWs through the lumen of 
the implant. Integrated circuit (IC) transducers are currently 
knoWn and available for sensing the levels of many different 
types of biochemical substances, such as glucose, potas 
sium, sodium, chloride ions and insulin. Any of these IC 
sensors could be provided in an endoluminal implant to 
monitor these parameters. 

[0010] Since it is impractical to pass a conductor through 
the Wall of an artery or vessel for long periods of time, use 
of a conventional sensor that produces signals indicative of 
?oW through a stent, Which must be conveyed through a 
conductor that extends through the Wall of the vessel and 
outside the patient’s body, is not a practical solution to this 
problem. Also, any active ?oW indicative sensor must be 
energiZed With electrical poWer. Again, it is not practical to 
supply poWer to such a sensor through any conductor that 
perforates the vessel Wall or that passes outside the patient’s 
body. 
[0011] In addition to stents, the generic term endoluminal 
implant encompasses stent grafts, Which are also sometimes 
referred to as “spring grafts.” A stent graft is a combination 
of a stent and a synthetic graft is endoluminally implanted at 
a desired point in a vessel. Helically coiled Wires comprising 
the stent are attached to the ends of the synthetic graft and 
are used to hold the graft in position. Sometimes, hooks are 
provided on the stent to ensure that the graft remains in the 
desired position Within the vessel. Clearly, it is advantageous 
to monitor the status of ?oW and other parameters through 
a stent graft, just as noted above in regard to a stent. 

[0012] Endoluminal implants are used in other body pas 
sages in addition to blood vessels. For example, they are 
sometimes used to maintain an open lumen through the 
urethra, or through the cervix. A stent placed adjacent to an 
enlarged prostate gland can prevent the prostate from block 
ing the ?oW of urine through the urethra. Tracheal and 
esophageal implants are further examples of endoluminal 
implants. In these and other uses of endoluminal implants, 
provision for monitoring parameters related to the status of 
?oW and other conditions in the patient’s body is desirable. 
Information provided by monitoring such parameters, and 
localiZed drug delivery or drug activation, can enable more 
effective medical treatment of a patient through use of 
embodiments of the present invention. 

[0013] Another advantage that may be realiZed through 
practice of embodiments of the present invention is to be 
able to activate a therapeutic device on the stent or stent graft 
that Would alloW the physician to activate drugs knoWn to be 
effective in preventing further tissue groWth Within the stent 
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or stent graft in situations Where it is determined that tissue 
ingroWth is threatening the viability of a stent or stent graft. 
Again, the therapeutic device should be able to be supplied 
With electrical poWer from time to time from a location 
outside the patient’s body. 

[0014] Yet another advantage that may be realiZed through 
practice of the present invention is the treatment of tumors 
or organs that are doWnstream of the blood vessel that 
includes a stent that is coupled to a transducer. The trans 
ducer may be remotely activated to facilitate localiZed drug 
delivery or to provide other therapeutic bene?ts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The foregoing aspects and many of the attendant 
advantages of this invention Will become more readily 
appreciated as the same becomes better understood by 
reference to the folloWing detailed description, When taken 
in conjunction With the accompanying draWings, Wherein: 

[0016] FIG. 1 is a block diagram according to the inven 
tion shoWing a ?rst embodiment of an implantable electronic 
circuit for coupling electrical signals to or from a selected 
transducer of a plurality of transducers. 

[0017] FIG. 2 is a block diagram of a second embodiment 
of an implantable electronic circuit for coupling electrical 
signals to or from a transducer using separate multiplexers 
for transmit and receive functions. 

[0018] FIG. 3 is a block diagram ofa third embodiment of 
an implantable electronic circuit for coupling electrical 
signals to or from a transducer using separate multiplexers 
and ampli?ers for transmit and receive functions. 

[0019] FIG. 4 is a block diagram of a fourth embodiment 
of an implantable electronic circuit for coupling electrical 
signals to or from a transducer that employs a local trans 
mitter to excite a selected transducer, and a modulator/ 
transmitter for transmitting signals from the transducers. 

[0020] FIG. 5 is a block diagram ofa ?fth embodiment of 
an implantable electronic circuit for coupling electrical 
signals to or from a transducer, Where one transducer is 
selected for transmitting and receiving, and a modulator/ 
transmitter is used for transmitting the signal produced by 
the receiving transducer. 

[0021] FIG. 6 is a block diagram of a sixth embodiment of 
an implantable electronic circuit for monitoring the status of 
a stent or stent graft, Wherein one of a plurality of trans 
ducers is selectively coupled to a modulator/transmitter or a 
receiver. 

[0022] FIG. 7 is a cross-sectional vieW of a radio fre 
quency (RF) coupling coil in a stent that is implanted in a 
blood vessel, and an external coil that is electromagnetically 
coupled to the RF coupling coil. 

[0023] FIG. 8 is a cross-sectional vieW of a RF coupling 
coil in a stent implanted in a blood vessel, and includes a 
block that represents an implanted coil, Which is electro 
magnetically coupled to the RF coupling coil. 

[0024] FIG. 9 is a side elevational vieW of a Woven mesh 
RF coupling coil that comprises a Wall of a stent. 

[0025] FIG. 10 is a cut-aWay side elevational vieW of a 
further embodiment of an external coil and a side elevational 
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vieW of a blood vessel in Which a stent is implanted that 
includes a saddle-shaped RF coupling coil integrated Within 
the Wall of the stent. 

[0026] FIG. 11A is a side elevational vieW (showing only 
the foreground) of a portion of a metal tube-type stent With 
nonconductive Weld joints, illustrating a RF coupling coil 
Wrapped around the stent in a pre-expansion con?guration. 

[0027] FIG. 11B is a side elevational vieW (shoWing only 
the foreground) of a portion of a ZigZag Wire stent With 
non-conductive joints, illustrating a RF coupling coil 
Wrapped around the stent in a pre-expansion con?guration. 

[0028] FIG. 12 is a cut-aWay vieW of a portion of a limb 
shoWing a stent implanted at a substantial depth Within a 
blood vessel, and an external coupling coil that encompasses 
the stent. 

[0029] FIG. 13 is a side elevational schematic vieW of a 
dual beam conformal array transducer on an expandable 
carrier band for use in a stent. 

[0030] FIG. 14 is an end elevational vieW of the conformal 
array transducer of FIG. 13, Within a stent. 

[0031] FIG. 15 is a plan vieW of the conformal array 
transducer shoWn in FIGS. 13 and 14, cut along a cut line to 
display the dual conformal arrays in a ?at disposition. 

[0032] FIG. 16Ais a cross-sectional side vieW ofa portion 
of a stent in Which are disposed transversely oriented 
transducers for monitoring ?oW using correlation measure 
ments. 

[0033] FIG. 16B is a transverse cross-sectional vieW of the 
stent and transversely oriented transducers shoWn in FIG. 
16A. 

[0034] FIG. 17 is an enlarged partial transverse cross 
sectional vieW of the layers comprising the conformal array 
transducer disposed on a stent Within a blood vessel. 

[0035] FIG. 18 is an enlarged partial cross-sectional side 
vieW of a tilted-element transducer array disposed Within a 
stent. 

[0036] FIG. 19A is an isometric vieW of an integrated 
circuit (IC) transducer mounted on a tubular stent. 

[0037] FIG. 19B is an enlarged partial cross-sectional side 
vieW of the implantable IC transducer mounted on the 
tubular stent. 

[0038] FIG. 19C is an isometric vieW of the implantable 
IC transducer mounted on a Woven mesh stent. 

[0039] FIG. 19D is an enlarged partial cross-sectional side 
vieW of the implantable IC transducer mounted on the 
Woven mesh stent. 

[0040] FIG. 20 is a side elevational schematic vieW shoW 
ing an IC strain sensor and sensing ?laments disposed on a 
stent. 

[0041] FIG. 21A is side elevational schematic vieW of a 
stent outline shoWing a deposit and ingroWth IC sensor and 
sensing ?lament. 

[0042] FIG. 21B is a cross-sectional vieW of a lumen of 
the stent in FIG. 21A, illustrating fatty tissue ingroWth. 
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[0043] FIG. 22 is side elevational vieW of a portion of a 
branching artery in Which a stent graft that is used for 
providing therapeutic functions is implanted. 

[0044] FIG. 23 illustrates an ultrasonic transducer con 
?guration integrated With a stent or stent graft. 

[0045] FIG. 24 illustrates an embodiment of a dual fre 
quency ultrasonic transducer. 

[0046] FIG. 25 illustrates one embodiment of a coil inte 
grated into a stent. 

[0047] FIG. 26 illustrates another embodiment of a coil 
integrated into a stent. 

[0048] FIG. 27 illustrates an embodiment of an ionto 
phoretic system for local drug delivery. 

[0049] FIG. 28 illustrates an embodiment Wherein light 
emitting transducers are coupled to a stent. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0050] The present invention is employed for providing 
therapeutic functions proximate to an endoluminal implant. 
As used herein and in the claims that folloW, the term 
endoluminal implant broadly encompasses stents, stent 
grafts (sometimes referred to as “spring grafts”) and other 
types of devices that are inserted into a lumen or body 
passage and moved to a desired site to provide a structural 
bene?t to the lumen. To simplify the disclosure of the 
present invention, most of the folloWing discussion is 
directed to embodiments comprising a stent. 

[0051] In one embodiment, parameters are monitored via 
implanted diagnostic transducers, Where the monitored 
parameters are directed to determining the status of the ?uid 
?oW through the endoluminal implant, and therapeutic trans 
ducers may be activated in response to the data collected 
from the implanted diagnostic transducers. For example, the 
rate or velocity of ?uid ?oW through a body passage in 
Which the stent has been positioned can be monitored to 
determine the extent of tissue groWth or fatty deposits in a 
blood vessel in Which the stent has been implanted to treat 
atherosclerosis. By monitoring these parameters, Which are 
indicative of blood ?oW through the lumen of the stent and 
the blood vessel in Which it is implanted, a medical practi 
tioner can evaluate the need for further treatment or deter 
mine Whether restenosis has occurred, and can locally acti 
vate drugs to control restenosis When it is determined to have 
occurred. This may be possible Without additional surgery 
and Without some of the complications associated With 
systemic administration of drugs. Moreover, other physical 
and biological parameters can be monitored using one or 
more appropriate sensors attached to a stent. 

[0052] When implanted therapeutic transducers are to be 
activated for an extended period of time or folloWing an 
extended delay, the stent Will likely need to receive electrical 
poWer from an external source to energiZe the implantable 
electronic circuitry used to activate the implanted therapeu 
tic transducers. Similarly, When the status of ?uid ?oW 
through a stent that has been implanted in a patient’s 
vascular system (or some other parameter that is sensed 
proximate the stent) is to be monitored for an extended 
period or folloWing an extended delay, the implanted cir 
cuitry associated With the stent Will likely need to receive 
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electrical power from an external source. This power may 
also be needed to convey data indicating the status of ?uid 
?oW (or other parameter) from the implanted stent to a 
monitoring device that is disposed outside the patient’s 
body. In many cases, it may be desirable to monitor one or 
more parameters at multiple stents or at multiple locations 
on a single stent, or to provide therapeutic functions at more 
than one stent or to multiple locations Within or associated 
With one stent. Thus, the speci?c transducer employed to 
provide a therapeutic function or transducer or sensor 
employed to monitor a desired parameter must be selectable 
so that the data signal indicating the parameter can be 
transmitted outside the patient’s body. HoWever, in some 
cases, only a single transducer (Which may be operable 
Without any implanted control electronics) may be required 
to provide a therapeutic function or to monitor a parameter 
such as ?uid volumetric ?oW or velocity, Which is indicative 
of the internal condition of the stent and of the blood vessel 
in Which it is implanted. 

[0053] FIG. 1 illustrates a ?rst embodiment of an implant 
able electronic circuit for providing one or more therapeutic 
functions or for monitoring one or more parameters, appli 
cable to the situation in Which n transducers 44-46 are 
included on one or more stents implanted in the patient’s 
body. Variations of the implantable electronic circuit shoWn 
in FIG. 1 are discussed beloW to accommodate speci?c 
conditions. In addition, other embodiments of implantable 
electronic circuits are illustrated in FIGS. 2 through 6. These 
embodiments, like that of FIG. 1, are useful for providing 
poWer to transducers that provide therapeutic functions, e.g., 
that activate drugs or that assist in localized drug delivery, 
or that monitor ?uid ?oW or velocity through a stent and also 
for transmitting data signals from the transducers to loca 
tions outside a patient’s body, e.g., to an external remote 
monitoring console. Some of these implantable electronic 
circuits are better suited for certain types of therapy or 
measurements than others, and again, variations in the 
implantable electronic circuits are discussed beloW, Where 
appropriate, to explain these distinctions. Examples of 
implantable telemetry systems are discussed in A Telemetry 
Instrumentation System For Monitoring Multiple Subcuta 
neously Implanted Glucose Sensors by M. C. Shults et al., 
IEEE Trans. Biomed. Eng., Vol. 41, No. 10, October 1994, 
pp. 937-942 and in Integrated Circuit Implantable Telemetry 
Systems by J. W. Knutti et al., Eng. in Med. and Bio. 
Magazine, March 1983, pp. 47-50. 

[0054] Each of the implantable electronic circuits shoWn 
in FIGS. 1 through 6 are intended to be implanted Within the 
patient’s body and left in place at least during the period in 
Which a therapeutic function may be needed or the ?oW 
conditions through one or more stents or other parameters 
are monitored. Although separate functional blocks are 
illustrated for different components of the implantable elec 
tronic circuits in these Figures, any of the implantable 
electronic circuits can be implemented in one or more 
application speci?c integrated circuits (ASICs) to minimize 
size, Which is particularly important When the implantable 
electronic circuits are integral With a stent. The implantable 
electronic circuits can be either included Within the Wall of 
a stent, or may be simply implanted adjacent to blood 
vessel(s) in Which the stent(s) is/are disposed. HoWever, if 
not integral With the stent, the implantable electronic circuits 
must be electromagnetically coupled to the transducers, 
since it is impractical to extend any conductor through a Wall 

May 17, 2007 

of the blood vessel in Which a stent is implanted, to couple 
to circuitry disposed outside the blood vessel. Therefore, in 
some embodiments, the implantable electronic circuits are 
integral With the stent so that they are implanted, together 
With the stent, inside the blood vessel. 

[0055] Each of the implantable electronic circuits shoWn 
in FIGS. 1 through 6 includes a RF coupling coil 30, Which 
is coupled via lines 34 and 36 to a RF-to-DC poWer supply 
32. In one embodiment, the RF coupling coil 30 is part of the 
expandable structure of the stent body or may instead be 
added to a stent, for example, by threading an insulated Wire 
through the expandable Wall of a stent. In some embodi 
ments, the RF coupling coil 30 comprises a helical coil or 
saddle-shaped coil, as explained in greater detail beloW. The 
RF-to-DC poWer supply 32 recti?es and ?lters a RF exci 
tation signal supplied from an external source to the RF 
coupling coil 30, providing an appropriate voltage DC 
poWer signal for the other components of the implantable 
electronic circuits illustrated in these Figures. In the simplest 
case, the RF-to-DC poWer supply 32 Would only require 
recti?ers and ?lters as appropriate to provide any needed 
positive and negative supply voltages, +VS and —VS. 

[0056] HoWever, it is also contemplated that the RF-to-DC 
poWer supply 32 may provide for a DC-to-DC conversion 
capability in the event that the electromagnetic signal 
coupled into the RF coupling coil 30 is too Weak to provide 
the required level of DC voltage for any component. This 
conversion capability Would increase the loWer voltage 
produced by the direct coupling of the external RF excitation 
signal received by the RF coupling coil 30, to a higher DC 
voltage. Details of the RF-to-DC poWer supply 32 are not 
shoWn, since such devices are conventional. It is also 
contemplated that it may be necessary to limit the maximum 
amplitude of the RF input signal to the RF-to-DC poWer 
supply 32 to protect it or so that excessive DC supply 
voltages are not provided to the other components. 

[0057] Alternatively, each component that must be pro 
vided With a limited DC voltage supply may include a 
voltage limiting component, such as a zener diode or voltage 
regulator (neither shoWn). In another embodiment, the RF 
coupling coil 30 and the RF-to-DC poWer supply 32 of 
FIGS. 1 through 6 may be replaced by a hard-Wired con 
nection to supply DC or AC poWer in applications Where the 
implant is needed for a relatively short duration, Where the 
inconvenience of the cables supplying the poWer is tolerable 
and the risk of infection is manageable. An example of a 
hard-Wired transcutaneous connection for chronic implants 
is described in Silicon Ribbon Cables For Chronically 
Implantable Microelectrode Arrays by J. F. Hetke et al., 
IEEE Trans. Biomed. Eng., Vol. 41, No. 4, April 1994, pp. 
314-321. 

[0058] The RF-to-DC poWer supply 32 may include a 
battery or a capacitor for storing energy so that it need not 
be energized When providing a therapeutic function or 
monitoring the ?oW status, or at least, should include 
su?icient storage capability for at least one cycle of receiv 
ing energy and transmitting data relating to the parameter 
being monitored. Neither a battery nor poWer storage capaci 
tor are illustrated in the Figures, since they are conventional 
also. 

[0059] Implantable electronic systems using battery poWer 
may only require the ability to receive data and control 
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signals and may include the ability to transmit signals. As a 
result, they do not necessarily require access to the skin, 
Which access facilitates e?icient coupling of power signals. 
A battery-powered system may result in a very compact 
implantable system. Alternatively, a battery-powered system 
that also is capable of recharging the battery via poWer 
signals coupled through an implanted coil can permit con 
tinuing treatment Without requiring that a physician be 
present throughout the treatment or requiring the patient to 
be in the medical facility. 

[0060] An element that is common to each of the implant 
able electronic circuits shoWn in FIGS. 1 through 3 is a RF 
decode section 40, Which is used for generating control 
signals that are responsive to information encoded in the 
external RF excitation signal received by the RF coupling 
coil 30. This information can be superimposed on the RF 
excitation signal, e.g., by amplitude or frequency modulat 
ing the signal. 

[0061] In regard to the implantable electronic circuits 
shoWn in FIGS. 1 through 3, When used for monitoring ?uid 
velocity or ?oW, the RF excitation frequency is the same as 
the frequency used to provide energy for therapeutic func 
tions (e.g., localiZed drug activation) or to excite a selected 
ultrasonic transducer to produce an ultrasonic Wave that 
propagates through a lumen of the stent being monitored and 
for conveying data from the transducer 44-46 that receives 
the ultrasonic Waves. This approach generally simpli?es the 
implantable electronic circuitry but may not provide optimal 
performance. 
[0062] Therefore, FIGS. 4 and 5 disclose implantable 
electronic circuitry in Which the RF excitation frequency 
used to provide poWer to the RF-to-DC poWer supply 32 and 
to provide control signals to the RF decode section 40 is 
decoupled from the frequency that is used for exciting the 
transducers 44 -46 and modulating any data that they provide 
for transmission to a point outside the patient’s body. 
Although other types of transducers 44-46 may be employed 
that are energiZed With a RF excitation frequency, such as 
surface acoustic Wave transducers that are used for sensing 
chemical substances, many transducers 44-46 only require a 
DC voltage to sense a desired parameter such as pressure or 
temperature or to provide a static magnetic ?eld, heat or 
light for therapeutic purposes. 

[0063] 
[0064] Referring noW to FIG. 1, a line 36 from the RF 
coupling coil 30 is coupled to a multiplexer (MUX) 38 to 
convey signals from a selected one of a plurality of n 
transducers 44-46 (Which are disposed at different points on 
a stent) that are coupled to the MUX 38. To select the 
transducer 44-46 that Will provide a therapeutic function or 
a data signal related to a parameter at a speci?c location on 
a stent, the RF decode section 40 provides a control signal 
to the MUX 38 through MUX control lines 42. The control 
signal causes the MUX 38 to select a speci?c transducer 
44-46 that is to be excited by the RF signal received by the 
RF coupling coil 30 and further, causes the MUX 38 to 
select the transducer 44-46 that Will provide the data signal 
for transmission outside the patient’s body (or at least 
outside the blood vessel in Which the stent is disposed) via 
the RF coupling coil 30. 

[0065] In addition to ultrasonic transducers 44-46, the 
implantable electronic circuit shoWn in FIG. 1 can also be 
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used in connection With pressure transducers 44-46. For 
ultrasonic transducers 44-46, the circuit is perhaps more 
applicable to the Doppler type for use in monitoring ?uid 
velocity through a stent. If a single-vessel pulse Doppler 
transducer 44-46 is used, the same transducer 44-46 can be 
used for both transmission and reception of the ultrasonic 
Wave, thereby eliminating the need for the MUX 38. In the 
event that the transducers 44-46 shoWn in FIG. 1 are used for 
transit time ?oW measurements, it Will normally be neces 
sary to use the MUX 38 to sWitch betWeen the transducer 
44-46 used for transmitting the ultrasonic Wave and that 
used to receive the ultrasonic Wave. 

[0066] For a single-vessel transit time measurement, a pair 
of opposed transducers 44-46 that are disposed on opposite 
sides of the stent are typically used. In order to acquire 
bi-directional ?uid ?oW data, the direction of the ultrasound 
Wave propagation must be knoWn, i.e., the direction in 
Which the ultrasound Wave propagates relative to the direc 
tion of ?uid ?oW through the vessel. In this case, the MUX 
38 is required. HoWever, for single-vessel applications in 
Which the ?uid ?oW is in a single knoWn direction, the 
transducers 44-46 that are disposed on opposite sides of the 
stent can be electrically coupled in parallel or in series, 
eliminating any requirement for the MUX 38. The RF-to-DC 
poWer supply 32 and the RF decode section 40 could also 
then be eliminated, since the retarded and advanced transit 
time signals are superimposed on the same RF Waveform 
transmitted by the RF coupling coil 30 to a location outside 
the patient’s body (or outside the blood vessel in Which the 
stent is disposed, if an internal coil is implanted adjacent the 
blood vessel near Where the stent is implanted). Although 
this modi?cation to the implantable electronic circuit shoWn 
in FIG. 1 Would not permit the direction of ?uid ?oW 
through a stent to be determined, the retarded and advanced 
transit time signals interfere over time, and their interference 
can be used to estimate the magnitude of ?uid ?oW through 
the stent. 

[0067] In some applications, a single transducer 44-46 or 
group of transducers 44-46 may be employed, in Which case 
the implantable electronic circuit of FIG. 1 may be simpli 
?ed by coupling the transducer(s) 44-46 directly to the RF 
coupling coil 30 and eliminating the MUX 38. In this 
embodiment, the RF decode section 40 and the RF-to-DC 
poWer supply 32 are optional; When the transducer, for 
example, requires DC excitation or other excitation different 
than that Which may be provided directly via the RF cou 
pling coil 30, the RF-to-DC poWer supply 32 may be 
desirable. Similarly, some sensors may have more than one 
function and then the RF decode section 40 may also be 
desirable. Similarly, the implantable electronic circuits of 
FIGS. 2 through 6 may be modi?ed to provide the desired 
or required functionality. 

[0068] In FIG. 2, an implantable electronic circuit is 
shoWn that uses a transmit multiplexer (TX MUX) 50 and a 
receive multiplexer (RX MUX) 54. In addition, a transmit 
(TX) sWitch 48 and a receive (RX) sWitch 52 couple line 36 
to the TX MUX 50 and the RX MUX 54, respectively. The 
RF decode section 40 responds to instructions on the signal 
received from outside the patient’s body by producing a 
corresponding MUX control signal that is conveyed to the 
TX MUX 50 and the RX MUX 54 over MUX control lines 
56 to select the desired transducers 44-46. 












































