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(57) A system for monitoring, directing and control-
ling the dose of radiation in a medical procedure for irra-
diating a specific region of a patient's body. In its generic
form, the system includes at least one sensor being
implantable within, or in proximity to, the specific region
of the patient's body, the at least one sensor being for
sensing at least one parameter associated with the radi-
ation. The system further includes a relaying device
which is in communication with the sensor(s). The relay-
ing device serves for relaying the information outside of
the patient's body.



EP 1 050 321 A2

2

Description

FIELD AND BACKGROUND OF THE INVENTION

[0001] The present invention relates to a system and method for intrabody directing and monitoring doses of ther-
apeutic radiation applied to a patient's body. More particularly, the system and method of the present invention employs
an implantable sensor coupled to a relaying device, with which, information pertaining to radiation sensed and option-
ally quantified by the sensors can be relayed outside the body. In addition, the system and method of the present inven-
tion can be utilized to assist in directing radiation to a treatment site within the patient's body.
[0002] Radiation therapy is used extensively in the medical field to treat a variety of medical conditions. Radiation
therapy typically utilizes electromagnetic radiation, typically ionizing radiation, such as, but not limited to, x-ray, gamma-
rays and particle beams, as well as ultrasonic radiation to treat many types of cancers, tumors and, cell proliferative dis-
orders as well as non-malignant medical conditions, including, but not limited to, the disintegration of stones.
[0003] It will be appreciated that radiation is typically detrimental to living cells. It is known that cancerous cells are
more prone to the effects of radiation as such cells are rapidly proliferating cells. However, the effect of radiation on nor-
mal cells cannot be overlooked. Thus, when treating with radiation, one desires to apply the maximal possible (optimal)
dose onto a specific location, trying, as much as possible to avoid radiating neighboring locations, so as to maximize
the treatment vs. injury ratio.
[0004] Thus, although with some tumors it is possible to take advantage of the higher sensitivity of the tumor cells
to the radiative energy, in most radiation therapy procedures localized treatment is effected by incorporating various
methods and devices to direct the radiative beams to the site of treatment, so as to enable radiating at optimal thera-
peutic doses.
[0005] It will be appreciated that the precise aiming and collimating of such radiating beam (several centimeters in
diameter) onto the treated site is of prime importance in optimizing the healing/injury ratio (see for example U.S. Pat.
No. 3,794,840 to Scott and U.S. Pat. No. 4,995,068 to Chou).
[0006] However, in spite of such optimization, in the course of treatment, normal cells which surround the tumorous
tissue are also effected by the radiation.
[0007] In order to minimize the damage to surrounding healthy tissues several dosage monitoring methods have
been utilized by oncologists in conjunction with radiation therapy procedures.
[0008] One such monitoring method relies on measuring the entrance and exit doses of radiation. Interpolation of
this data is used to determine dosage to tissues. However, measurement of entrance and exit doses combined with
interpolation can only predict the dosage of the actual entrance and exit locations which are directly measured. In addi-
tion, the dosage applied to the treated locations, where interpolation has been performed, cannot always be predicted
from the measured entrance and exit doses.
[0009] Another monitoring method involves the surgical implantation of thermoluminescent dosimeter (TLD)
devices typically inserted through the midplane of the tumor and in single planes above and below the midplane. Unfor-
tunately, such devices are not designed to relay data outside the patient's body. Thus, not only dosage monitoring is not
effected in real time, invasive surgical removal of such devices, under full anesthesia, is required.
[0010] Another monitoring method relies on a single skin dose measurement as a checkpoint for the treatment
plan. However, this procedure provides the treating physician with very little useful information on the actual dosage
delivered deep into the affected tissue and the surrounding body tissues.
[0011] Another monitoring method utilized in conjunction with a treatment procedure incorporates a radiation phan-
tom. An example of a radiation phantom is disclosed in U.S. Pat. No. 3,310,885 which describes a radiation phantom
for use in a breast irradiation procedure. Such a phantom is fabricated with breast adapters into which TLD devices are
inserted, thus, a prescribed radiation treatment is first carried out on the adapter which serves as a control. Although
such a system can incorporate many TLD devices and as such, achieve many measurements, the positioning of the
adapter, and the size and shape of the adapter is not necessarily repeatable and does not necessarily correspond to
the actual positioning, size and shape of the patient's breast and surrounding tissue. A plastic cup strapped to the
patient's breast has thus been used to shape the breast of the patient to conform somewhat with the phantom breast
adapter. In any case, radiation phantoms are localized outside the patient's body, and as such provide little information,
if any, relating to the actual doses applied to the treated site.
[0012] Since most of the above mentioned monitoring methods rely heavily on mathematical calculations and pro-
jections, such methods fail to accurately predict the doses absorbed by various body regions. Furthermore, since most
of these methods employ calculations effected on information retrieved from the dosimetric points, field distortions,
which can occur when a radiation beam or beams pass through an organ or tissue are not accounted for.
[0013] As such when monitoring is not effected directly in the tumor but rather on the skin, or on an extracorporeal
phantom such as with the methods described above, the accurate prediction of dosage to the tumor itself ad to sur-
rounding healthy tissues is not possible.
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[0014] To try and overcome the limitation inherent to these dosage monitoring methods and as such to try and min-
imize the damage caused to surrounding healthy tissues while maintaining effective radiation procedure, oncologist
often resort to the implantation of radio-opaque metal clips at the tumor boundaries, which can be viewed by a fluoro-
scope, and as such assist the oncologist to pinpoint the radiation beam.

[0015] This method has very poor resolution, does not yield the dose locally absorbed by any specified organ and
does not enable a closed loop control of the radiation conditions.
[0016] A more precise method for monitoring dosage at a specific treatment site is termed brachytherapy and
involves surgically locating a radioactive source in the specific treatment site. Examples of brachytherpy include the
implantation of radioactive capsules for a short time period into the cancerous prostate, breast, or brain. Such radioac-
tive capsules are removed following the radiation therapy procedure. There is no control over the local dose and zone
of radiation and only remote sensors and indirect calculations are used in order to provide information about the phys-
ical properties monitored, as such, the physician has to decide upon the success or damage of the treatment using
semi-accurate data. Also, to obtain satisfactory clinical results, such as necrosis of the tumor, a very precise adminis-
tration of the radioactive source should be kept.
[0017] To further increase the accuracy of the irradiation treatment and as such to minimize the damage inflicted
upon surrounding healthy tissues several and more advanced systems and methods are utilized.
[0018] In treating some cell proliferative disorders it is possible to utilize a microsurgical spot-like radiation beam.
This irradiation method allows the oncologist to precisely irradiate small and specific body sections formerly treated by
brachytherapy or surgery. One such procedure incorporates what is known in the art as a gamma knife which can be
operated on a tumor (in the brain for example), a blood vessel, (such as a coronary artery) where it helps in preventing
cell proliferation and restenosis following balloon, stern or graft angioplasty. In a gamma knife procedure, a plurality of
gamma radiation beams are directed so as to cross one another at the treatment site, so as to increase the radiative
dose thereat, while, at the same time, to reduce the damage to surrounding tissues.
[0019] Yet another irradiation procedure which is used for the extermination of malignant cells of a cancerous tumor
employs a highly focused microwave beam. An abnormally enlarged or cancerous prostate, breast tumors and some
types brain cancer qualify for this type of treatment. The desired destruction is achieved by thermalablation or hyper-
thermia of the relevant tissue (see, for example, U.S. Pat. No. 5,807,395 to Peter Mulier).
[0020] Both the gamma knife and the highly focused microwave beam procedures are advantageous in being non-
invasive, but control measurements must be employed against tissue overheating, overexposure or deviation of the
beam(s) which may result in damage to the surrounding healthy tissues. In addition, while using microwave radiation a
secondary effect caused by the tissue heating resultant from the procedure is a structural modification of the tissue
which can lead to a change of the path previously set for the therapeutic radiation.
[0021] Although x-ray fluoroscopy is used in combination with these procedures to direct the physician to the site
of treatment, this method is limited to stationary treatment sites and as such the application of a gamma knife or a highly
focused microwave beam to a treatment site of moving organs such as a pulsating heart cannot be easily effected with
accuracy.
[0022] In a limited number of medical procedures which incorporate stent or grafts a radioactive source can be
incorporated into the stent or graft to effect treatment. Such a radioactive stent or graft typically has a short radiation
half-life period which is comparable with the time period corresponding to the cell proliferation stage. Such a device is,
therefore, usable only for a very short time period and has a very short shelf life before use. In most cases, it is generally
necessary to supplement this procedure with an invasive guide wire catheter procedure which employs a radioactive
distal end and inserted within the body for several hours. Moreover, the implantation of a radioactive stent or graft
requires both an oncologist and a cardiologist to be present at the time of the procedure further complicating matters.
[0023] Thus, there exists no efficient system or method with which a physician can precisely direct a radiation dose
of any radiation type to a treatment site and/or monitor with accuracy the radiative dosages absorbed by both the treat-
ment site and the tissue which surrounds the treatment site.
[0024] There is thus a widely recognized need for, and it would be highly advantageous to have, a system and
method for directing and monitoring a therapeutic radiation dose within a patient's body devoid of the above limitations.

SUMMARY OF THE INVENTION

[0025] According to one aspect of the present invention there is provided a system for use in a medical procedure,
the medical procedure utilizes radiation for irradiating a specific region of a patient's body, the system comprising (a) at
least one sensor being implantable within, or in proximity to, the specific region of the patient's body, the at least one
sensor being for sensing at least one parameter associated with the radiation; and (b) a relaying device being in com-
munication with the at least one sensor, the relaying device being for relaying information pertaining to the at least one
parameter and therefore to the radiation outside of the patient's body.
[0026] According to further features in preferred embodiments of the invention described below, the system further
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comprising an extracorporeal monitoring unit communicating with the at least one sensor via the relaying device, the
relaying device including wires wirable between the at least one sensor and the extracorporeal monitoring unit.

[0027] According to still further features in the described preferred embodiments the relaying device further
includes a processor communicating with the at least one sensor.
[0028] According to still further features in the described preferred embodiments the processor is intrabody trans-
plantable.
[0029] According to still further features in the described preferred embodiments the processor is extracorporeal
[0030] According to still further features in the described preferred embodiments the relaying device is an implant-
able telemetry device.
[0031] According to still further features in the described preferred embodiments the implantable telemetry device
includes a processor communicating with the at least one sensor.
[0032] According to still further features in the described preferred embodiments the system further comprising an
extracorporeal monitoring unit telemetrically communicating with the at least one sensor via the implantable telemetry
device.
[0033] According to still further features in the described preferred embodiments the system further comprising an
extracorporeal monitoring unit telemetrically bidirectionally communicating with the transducer unit via the interrogating
signal and the signal receivable outside the body.
[0034] According to still further features in the described preferred embodiments the at least one sensor is battery
powered and further wherein the relaying device includes a transmitter for relaying information pertaining to the at least
one sensor outside the body.
[0035] According to still further features in the described preferred embodiments the extracorporeal monitoring unit
includes a radiation control feedback element, the radiation control feedback element communicating with a source of
the radiation for directing the radiation in a desired direction relative to the at least one sensor.
[0036] According to still further features in the described preferred embodiments the extracorporeal monitoring unit
includes a radiation dose control feedback element, the radiation dose control feedback element communicating with a
source of the radiation for controlling a radiation dose applied to the specific region of the patient's body
[0037] According to still further features in the described preferred embodiments and as further detailed herei-
nunder, the at least one sensor is integrated into a stent or graft.
[0038] According to another aspect of the present invention, in a medical procedure utilizing radiation for irradiating
a specific region of a patient's body, there is provided a method of monitoring the radiation comprising the steps of (a)
implanting at least one sensor within, or in proximity to, the specific region of the patient's body, the at least one sensor
being for sensing at least one parameter associated with the radiation; and (b) relaying outside the patient's body, dur-
ing the course of the procedure, information pertaining to the at least one parameter.
[0039] According to yet another aspect of the present invention, in a medical procedure utilizing radiation for irradi-
ating a specific region of a patient's body, there is provided a method of directing the radiation relative to the specific
region of the patient's body, the method comprising the steps of (a) implanting at least one sensor within, or in proximity
to, the specific region of the patient's body, the at least one sensor being for sensing at least one parameter associated
with the radiation; and (b) providing outside the body a radiation control feedback element communicating with a source
of the radiation and with the at least one sensor, the radiation control feedback element serves for directing the radiation
in a desired direction relative to the specific region of the patient's body; and (c) relaying, during the course of the pro-
cedure, information pertaining to the at least one parameter from the at least one sensor to the radiation control feed-
back element for effecting the step of directing the radiation in a desired direction relative to the specific region of the
patient's body.
[0040] According to still another aspect of the present invention, in a medical procedure utilizing radiation for irradi-
ating a specific region of a patient's body, there is provided, a method of controlling a dose of radiation applied to the
specific region of the patient's body, the method comprising the steps of (a) implanting at least one sensor within, or in
proximity to, the specific region of the patient's body, the at least one sensor being for sensing at least one parameter
associated with the radiation; (b) providing outside the body a radiation control feedback element communicating with
a source of the radiation and with the at least one sensor, the radiation control feedback element serves for controlling
the dose of radiation being applied to the specific region of the patient's body; and (c) relaying, during the course of the
procedure, information pertaining to the at least one parameter from the at least one sensor to the radiation control
feedback element for effecting the step of controlling the dose of radiation being applied to the specific region of the
patient's body.
[0041] According to further features in preferred embodiments of the invention described below, the radiation is pro-
vided via a radiation source from either the inside or the outside of the patient's body.
[0042] According to still further features in the described preferred embodiments the radiation is a light beam pro-
vided from inside the patient's body.
[0043] According to still further features in the described preferred embodiments the method further comprising the
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step of processing the information via a processor.

[0044] According to still further features in the described preferred embodiments each of the at least one sensor
has an identification code associated therewith for identifying each of the at least one sensor.
[0045] According to still further features in the described preferred embodiments the step of relaying outside the
patient's body, during the course of the procedure, the information pertaining to the at least one parameter is effected
by an implantable telemetry device.
[0046] According to still further features in the described preferred embodiments the implantable telemetry device
includes a processor communicating with the at least one sensor, the processor serves for processing the information.
[0047] According to still further features in the described preferred embodiments the step of relaying outside the
patient's body, during the course of the procedure, the information pertaining to the at least one parameter is further
effected by an extracorporeal monitoring unit communicating with the at least one sensor via the implantable telemetry
device.
[0048] According to still further features in the described preferred embodiments the implantable telemetry device
includes a transducer unit designed for transducing an interrogating signal receivable from outside the body into a first
electrical signal for powering the at least one sensor and for receiving a second electrical signal from the at least one
sensor, transducing the second signal into a signal receivable outside the body, such that the information pertaining to
the at least one parameter is relayable outside the patient's body following the generation of the interrogating signal.
[0049] According to still further features in the described preferred embodiments the transducer unit is an acoustic
transducer unit, the interrogating signal is an acoustic interrogating signal, and the signal receivable outside the body
is an acoustic signal.
[0050] According to still further features in the described preferred embodiments the acoustic transducer unit
includes (i) a cell member having a cavity; (ii) a substantially flexible piezoelectric layer attached to the cell member, the
piezoelectric layer having an external surface and an internal surface, the piezoelectric layer featuring such dimensions
so as to enable fluctuations thereof at its resonance frequency upon impinging of an external acoustic wave; and (iii) a
first electrode attached to the external surface and a second electrode attached to the internal surface.
[0051] According to still further features in the described preferred embodiments the transducer unit is a radio
transducer unit, the interrogating signal is a radio interrogating signal, and the signal receivable outside the body is a
radio signal.
[0052] According to still further features in the described preferred embodiments the at least one sensor and the
radio transducer unit are intrabodily wired so as to enable transplanting the radio transducer unit close to the skin, while
at the same time transplanting the at least one sensor deeper within the body of the patient.
[0053] According to still further features in the described preferred embodiments the interrogating signal is gener-
ated by, and the signal receivable outside the body is received by, an extracorporeal monitoring unit telemetrically bidi-
rectionally communicating with the transducer unit.
[0054] According to still further features in the described preferred embodiments the medical procedure is selected
from the group consisting of gamma knife microsurgery, thrombolysis, stones disintegration, thermalablation and exter-
mination of benign and malignant tumor masses.
[0055] According to still further features in the described preferred embodiments the radiation is selected from the
group consisting of an ultrasonic radiation and electromagnetic (both nuclear, i.e., ionizing, and wave, e.g., non-ionizing
and ionizing) radiation.
[0056] According to still further features in the described preferred embodiments the electromagnetic radiation is
selected from the group consisting of alpha radiation, beta radiation, gamma radiation, X-ray radiation and neutron radi-
ation.
[0057] According to still further features in the described preferred embodiments the electromagnetic radiation is
selected from the group consisting of microwave radiation and visible light radiation, ultraviolet radiation and infrared
radiation (e.g., near, medium and far infrared).
[0058] According to still further features in the described preferred embodiments the medical procedure is
employed for treating a medical disorder characterized by abnormal cell proliferation.
[0059] According to still further features in the described preferred embodiments the medical disorder is selected
from the group consisting of a tumor, a cancer, a thrombus and restenosis.
[0060] According to still further features in the described preferred embodiments the at least one sensor is selected
from the group consisting of a temperature sensor, such as a thermocouple or thermistor, an electromagnetic radiation
sensor, such as a solid-state diode or a scintillating crystal, an acoustic radiation sensor, such as a hydrophone, a light
sensor, such as a photodiode and an electromagnetic field sensor, such as a coil.
[0061] According to still further features in the described preferred embodiments the at least one parameter is
directly associated with the radiation, thereby the at least one sensor directly senses the radiation.
[0062] According to still further features in the described preferred embodiments the at least one parameter is indi-
rectly associated with the radiation, thereby the at least one sensor indirectly senses an interaction of the radiation with
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the body.

[0063] According to still further features in the described preferred embodiments the at least one sensor is selected
from the group consisting of a scintillation crystal sensor and a solid state semi-conductor sensor.
[0064] According to still further features in the described preferred embodiments the step of relaying outside the
patient's body, during the course of the procedure, the information pertaining to the at least one parameter is effected
by a transmitter.
[0065] According to an additional aspect of the present invention there is provided an implantable stent or graft sys-
tem for monitoring, directing and/or dosing radiation applied to a specific region of a patient's body, the stent or graft
system comprising (a) a stent or a graft element; (b) at least one sensor being attached to the stent or graft element,
the at least one sensor being for sensing at least one parameter associated with the radiation; and (c) a telemetry
device being attached to the stent or graft element and being in communication with the at least one sensor, the telem-
etry device being for relaying the information outside of the patient's body.
[0066] According to further features in preferred embodiments of the invention described below, the stent or graft is
a vascular stent or graft.
[0067] According to still further features in the described preferred embodiments the telemetry device is an acoustic
telemetry device.
[0068] According to still further features in the described preferred embodiments the telemetry device is a radio fre-
quency telemetry device.
[0069] According to still further features in the described preferred embodiments the radiation is selected from the
group consisting of an ultrasonic radiation and electromagnetic radiation.
[0070] According to still further features in the described preferred embodiments the electromagnetic radiation is
selected from the group consisting of alpha radiation, beta radiation, gamma radiation, X-ray radiation and neutron radi-
ation.
[0071] According to still further features in the described preferred embodiments the at least one sensor is within a
wall of the stent or graft element.
[0072] According to still further features in the described preferred embodiments the telemetry device is within a
wall of the stent or graft element.
[0073] According to still further features in the described preferred embodiments the at least one sensor is exter-
nally attached to a wall of the stent or graft element.
[0074] According to still further features in the described preferred embodiments the telemetry device is externally
attached to a wall of the stent or graft element.
[0075] According to still further features in the described preferred embodiments the at least one sensor is inter-
nally attached to a wall of the stent or graft element.
[0076] According to still further features in the described preferred embodiments the telemetry device is internally
attached to a wall of the stent or graft element.
[0077] The present invention successfully addresses the shortcomings of the presently known configurations by
providing a system and method which relays, during a radiation procedure, information related to the radiation from
within the body to the outside. Such information is used according to preferred embodiments of the invention to monitor
the radiation and to control its dose and/or direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0078] The invention herein described, by way of example only, with reference to the accompanying drawings,
wherein:

FIG. 1a-f are block diagrams depicting several configuration of the radiation monitoring system of the present inven-
tion;

FIG. 2 is a block diagram depicting the components of the extracorporeal monitoring unit employed by the radiation
monitoring system of the present invention;

FIG. 3 is a drawing depicting the harness configuration for providing the acoustic transceivers of the extracorporeal
monitoring unit in intimate contact with the patient's body;

FIG 4 is a perspective drawing depicting a stent which integrates the monitoring system of the present invention;

FIG. 5a is a longitudinal section of a transducer element according to the present invention taken along lines A-A
in Figures 6a-6e;
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FIG. 5b is a longitudinal section of a transducer element according to the present invention taken along lines B-B
in FIGs. 6a-6e;

FIG. 6a is a cross section of a transducer element according to the present invention taken along line C-C in FIG.
5a;

FIG. 6b is a cross section of a transducer element according to the present invention taken along line D-D in FIG.
5a;

FIG. 6c is a cross section of a transducer element according to the present invention taken along line E-E in FIG.
5a;

FIG. 6d is a cross section of a transducer element according to the present invention taken along line F-F in FIG.
5a;

FIG. 6e is a cross section of a transducer element according to the present invention taken along line G-G in FIG.
5a;

FIG. 7 shows the distribution of charge density across a piezoelectric layer of a transducer element resulting from
the application of a constant pressure over the entire surface of the layer;

FIG. 8a-d show the results of optimization performed for the power response of a transducer according to the
present invention;

FIG. 9 shows a preferred electrode shape for maximizing the power response of a transducer according to the
present invention;

FIG. 10 is a longitudinal section of another embodiment of a transducer element according to the present invention
capable of functioning as a transmitter;

FIG. 11a-11f are schematic views of possible configurations of transmitters according to the present invention
including parallel and anti-parallel electrical connections for controllably changing the mechanical impedance of the
piezoelectric layer;

FIG. 12 is a longitudinal section of a transmitter element according to the present invention including an anti-parallel
electrical connection; and

FIG. 13 is a longitudinal section of another embodiment of a transmitter element according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0079] The present invention is of a system and method which can be used to monitor, control the dose of, and
direct, radiation applied to a body of a patient. Specifically, the present invention can be used to relay, outside the body,
information pertaining to parameters associated with of radiation, such that the radiation can be precisely directed and
the dosage thereof optimized to maximize the healing vs. injury ratio.
[0080] The principles and operation of a system and method for intrabody directing and monitoring doses of thera-
peutic radiation according to the present invention may be better understood with reference to the drawings and accom-
panying descriptions.
[0081] Before explaining at least one embodiment of the invention in detail, it is to be understood that the invention
not limited in its application to the details of construction and the arrangement of the components set forth in the follow-
ing description or illustrated in the drawings. The invention is capable of other embodiments or of being practiced or car-
ried out in various ways. Also, it is to be understood that the phraseology and terminology employed herein is for the
purpose of description and should not be regarded as limiting.
[0082] Referring now to the drawings, Figure 1a-f illustrates a system for use in a medical procedure which utilizes
radiation for irradiating a specific region of a patient's body, which system is referred to herein as system 100. As further
detailed hereinunder, system 100 can be used to monitor, direct and/or control the dose of the radiation applied, to
thereby provide effective means to improve the healing to injury ratio.
[0083] As shown in Figure 1a, system 100 includes at least one sensor 102, two sensors 102 are shown. Sensor(s)
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102 are implantable within, or in proximity to, the specific region of the patient's body. Sensor(s) 102 serves for sensing
at least one parameter associated with the radiation applied to the specific region of the patient's body.

[0084] As further shown in Figure 1a, system 100 further includes a relaying device 104. Device 104 is in commu-
nication with sensor(s) 102 and serves for relaying information pertaining to the parameter(s) and therefore to the radi-
ation outside of the patient's body.
[0085] As such system 100 can be used to relay, in real time, i.e., in course of the procedure information relating to
the radiation applied. Such information can be used according to the present invention and as further detailed herei-
nunder to control the process of irradiation.
[0086] To this end system 100 further includes an extracorporeal monitoring unit 106 which communicates with
sensor(s) 102 via relaying device 104.
[0087] As shown in Figure 1b, according to one embodiment of the present invention, relaying device 104 (Figure
1a) is realized as a wires assembly 108, which connects sensor(s) 102 with unit 106. Assembly 108 according to this
embodiment serves to (i) power sensor(s) 102 and therefore includes a power source 110; (ii) command sensor(s) 102
and (iii) retrieve information pertaining to the radiation therefrom.
[0088] U.S. Pat. No. 4,677,985 which is incorporated herein by reference teaches a wiring assembly communicat-
ing with an intracranial pressure sensor and an extracorporeal powering and control unit, which wiring assembly can be
employed to implement the present invention.
[0089] It will be appreciated that intra-extra body wiring as described has numerous limitations. First, if designed for
prolonged implantation such wiring is prone to cause infections. Second, such wiring is complicated to implement espe-
cially in cases where sensing of radiation from deep within the body is required.
[0090] Thus, according to preferred embodiments of the present invention telemetry is employed to relay the infor-
mation from sensor(s) 102 outside of the patient's body.
[0091] One telemetry base embodiment of the present invention is shown in Figure 1c, wherein a transmitter 114
communicating with sensor(s) 102 and which is powered by an implantable power source 112., e.g., a battery, or a min-
iature charged capacitor, is used to transmit the information senses by sensor(s) 102 to a compatible receiver 113 in
unit 106. U.S. Pat. Nos. 5,769,877 and 5,807,397, which are incorporated herein by reference, describe implantable,
miniature capacitors used as power sources. Receiver 113 and transmitter 114 can be, for example, radio or acoustic
transmitter and receiver.
[0092] Several methods can be employed to save battery power according to this embodiment of the present inven-
tion. In one method, a second set of transmitter and receiver are used to transmit operational command signals from
unit 106 to power source 112 and/or sensor(s) 102, to thereby save battery power. In another and similar method, both
receiver 113 and transmitter 114 are in effect transceivers which are used both to relay information from sensor(s) 102
to unit 106 and to transmit operational command signals from unit 106 to power source 112 and/or sensor(s) 102, to
thereby save battery power. In yet another method, electronics is provided such that sensor(s) 102 are slightly powered
at all times (sleep mode), whereas when radiation is sensed thereby, an operational command signal is relayed to
power source 112 to provide operational power level (full awake mode), which at the cessation of radiation returns to
the sleep mode level, to thereby save power. One ordinarily skilled in the art would be able to devise the required elec-
tronics.
[0093] It will be appreciated that implantable power source dependent telemetry has limitations inherent to the use
of an exhaustible power source. In addition, power sources are space consuming which is less favorable when minia-
turization is advantageous, such as in the case of intrabody implanted sensors.
[0094] Thus, implantable power source independent telemetry systems are preferably used to implement the
present invention as further detailed hereinunder.
[0095] As such the intrabody implantable portion of system 100 preferably includes an implantable telemetry device
and sensor(s) 102 communicating therewith.
[0096] Thus, as shown in Figure 1d, an implantable telemetry device 116 which includes a transducer unit 118
which is designed for transducing an interrogating signal receivable from outside the body into a first electrical signal
which serves for powering sensor(s) 102 is employed. Unit 118 according to this embodiment of the present invention
further serves for receiving a second electrical signal from sensor(s) 102, transducing the second signal into a signal
receivable outside the body by unit 106, such that information pertaining to the radiation is relayable outside the
patient's body following generation of interrogating signal by unit 106.
[0097] Several designs can be realized to implement this presently most preferred embodiment of the present
invention.
[0098] As shown in Figure 1e, according to one configuration transducer unit 118 is a radio frequency transducer
unit 118, whereas unit 106 generates a radio frequency interrogating signal carrying sufficient energy to power sen-
sor(s) 102 and to allow unit 118 to relay information relayed thereto from sensor(s) 102 via a return signal receivable by
unit 106. It will be appreciated that (i) unit 106 according to this embodiment of the present invention includes a trans-
ducer unit with functions in a fashion similar to that of unit 118; and (ii) each of the radio frequency transducer units can
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include a receiver and a transmitter, or alternatively a transceiver.

[0099] According to a preferred embodiment of the present invention radio frequency transducer unit 118 employs
Lumped-Constant (L-C) circuits. Transducers incorporating L-C circuits are well known in the art and therefore require
no further description herein. For example, U.S. Pat. Nos. 3,943,915 and 4,593,703, which are incorporated herein by
reference, teach transducers incorporating L-C circuits which are employed to relay information from an intracranial
pressure sensor outside the body of the patient.
[0100] It is well known that the signal generatable by an implantable radio frequency transducer is rather weak,
necessitating the implantation thereof close to the skin. This however is limitative in case where radiation sensing is
required deep within the body because complicated (long) wiring, as shown in Figure 1e, is then required. In an attempt
to solve this problem a supplementary power source can be employed with unit 118, subjecting the system to the limi-
tations described above with respect to the use of an implantable power source.
[0101] In addition, when using radio frequency telemetry, antenna(s) for receiving/transmitting radio frequency sig-
nals should be employed which is cumbersome, space consuming and highly directional dependent.
[0102] Thus, as shown in Figure 1f, according to another and presently preferred configuration unit 118 is an acous-
tic transducer unit 118, whereas unit 106 generates an acoustic interrogating signal carrying sufficient energy to power
sensor(s) 102 and to allow unit 118 to relay information relayed thereto from sensor(s) 102 via a return signal receivable
by unit 106. It will be appreciated that (i) unit 106 according to this embodiment of the present invention includes a trans-
ducer unit with functions in a fashion similar to that of unit 118; and (ii) each of the acoustic transducer units can include
a receiver and a transmitter, or alternatively a transceiver. The operation of acoustic transducers is described in detail
in U.S. Pat. application No. 09/000,553, which is incorporated herein by reference and further in the Example section
that follows.
[0103] The use of acoustic energy to power sensor(s) 102 is specifically advantageous because acoustic energy is
readily transmittable with relatively small losses through water bodies such as bodies of living creatures. As a result, the
need for transplanting the transducer close to the skin and/or the use of supplementary power source is obviated.
[0104] According to another preferred embodiment of the present invention, relaying device 104 also includes a
processor. Such a processor can be used to control, modulate and condition the received and the transmitted signals.
In addition, the processor can be commanded to condition and route the electrical signal received from sensor(s) 102
so as to enable the retrieval of information from a plurality of sensors 102 utilized by system 100, via a single relaying
device 104. Furthermore, and in respect to the battery operated radio frequency transducer mentioned above, the proc-
essor can be programmed to minimize the energy expenditure from the battery when system 100 is not operated, and
as such to increase the battery life-span.
[0105] Thus, according to the present invention, monitoring radiation within, or in close proximity to, a region of a
patient's body undergoing a medical procedure utilizing radiation treatment is effected by first implanting sensor(s) 102
within, or in proximity to a treated region of a patient's body. Sensor(s) 102 communicate via physical wires or telemetry
with extracorporeal unit 106 through relaying device 104, and optionally with a processor which can be provided within
relaying device 104 or preferably within extracorporeal unit 106.
[0106] Following implantation, a test run of low dosage radiation, or alternatively a treatment procedure is initiated.
Concomitantly with either a test dose, or a treatment dose, sensor(s) 102 are powered by extracorporeal unit 106 to
sense parameters indicative of a radiation to which the tissue in which sensor(s) 102 are implanted is exposed to. This
information is relayed during the course of the test run, or treatment procedure, from relaying device 104 to extracor-
poreal unit 106. Relaying is achieved by a signal which can be, depending on relaying device 104, electrical, radio fre-
quency or acoustic. This signal, which carries information pertaining to the radiation to which one or various regions
within the patient's body is exposed, is then analyzed by extracorporeal unit 106, and the radiation treatment utilized by
the medical procedure is accordingly calibrated or adjusted.
[0107] System 100 as so far described can be utilized to monitor radiation so as to enable the physician to (i) man-
ually direct the radiation source to the target by using low dosage and monitoring maximization of the signal received
from system 100; (ii) make decisions relating to the duration of treatment; and (iii) manually adjust radiation dosage.
[0108] Referring again to figure 1a, and to figure 2, according to another aspect of the present invention system 100
can be effected to automatically adjust the radiation dosage applied to the body of the patient. To this effect, extracor-
poreal unit 106 of system 100 further includes, a radiation dose control feedback element which includes a feedback
control circuit 162 which outputs signals according to the information received from sensor(s) 102 so as to adjust the
dosage applied from a radiation source 164 by a dosage adjuster 168. Preferably, dosage adjustment is performed
automatically via dosage adjuster 168 according to information received by extracorporeal unit 106 from sensor(s) 102.
Optionally, override control can be effected via user interface 148 which displays the analyzed information received from
sensor(s) 102.
[0109] Thus, according to this aspect of the present invention, a method of controlling a dose of radiation applied
to a specific region of the patient's body is effected by first monitoring radiation as described above. The information
relayed during the course of the procedure, or a test run, by sensor(s) 102, is analyzed by extracorporeal unit 106 and
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used to control via the radiation control feedback element the dosage applied to specific regions within the patient's
body.

[0110] According to another aspect of the present invention system 100 can be effected to automatically direct the
radiation applied to the body of the patient. To this effect, extracorporeal unit 106 of system 100 includes a radiation
control feedback element which includes a feedback control circuit 162 which outputs signals according to the informa-
tion received from sensor(s) 102 so as to adjust the direction of the radiation applied from radiation source 164 by using
a radiation directing implement 166. To this end, radiation directing implement 166 is typically a device such as an artic-
ulating arm and the like, on which the radiation source is mounted, which controls the positioning of the radiation source
with respect to the patient's body. Optionally the position of the body of the patient can also be adjusted, with respect
to the radiation source, by manipulating the position of the patient's body. In this case, radiation directing implement 166
can include a mechanism which can be, for example, a spatially orientable bed or surface on which the patient is pro-
vided. Still alternatively, and presently preferably, radiation directing implement 166 can include controls for deviating
the direction in which the radiation beam is emitted.
[0111] One ordinarily skilled in the art would be able to devise and assemble both the radiation dose control feed-
back element and the radiation direction control feedback element described herein.
[0112] Preferably, directing of radiation is performed automatically by radiation directing implement 166 according
to information received by extracorporeal unit 106 from sensor(s) 102 and relayed to feedback control circuit 162.
Optionally, override control can be effected via user interface 148 which displays the analyzed information received from
sensor(s) 102.
[0113] Thus, according to this aspect of the present invention, a method of directing the radiation applied to a spe-
cific region of the patient's body is effected by first monitoring radiation as described above. The information relayed
during the course of the procedure, or during a test run, by sensor(s) 102, is analyzed by extracorporeal unit 106 and
used to control through the radiation control feedback element the direction of the radiation applied to the specific region
within the patient's body.
[0114] As further shown in Figures 2 and 3, and as already mentioned hereinabove, system 100 includes an extra-
corporeal monitoring unit 106 communicating with sensor(s) 102 via relaying device 104. To effect communication with
relaying device 104, extra corporeal monitoring unit 106 includes extracorporeal relaying devices 152 which are prefer-
ably similar to relaying device 104 and thus can be, for example, either electrical contacts or hardwires, or radio fre-
quency or acoustic transducers.
[0115] In a presently preferred configuration, and as described hereinabove, devices 152 are similar to telemetry
devices 116, and preferably include acoustic transducer units 153 which are similar in construction and operation to
acoustic transducer 118 described hereinabove, with the exception that they can transmit a signal of sufficient energy
to power sensor(s) 102. As such, couplers 202 which are preferably attached to a harness 204 are used to provide the
acoustic transducer of devices 152 in intimate and ordered contact with the patient's body, and as such to ensure opti-
mized energy and data transfer into and out of the patient's body.
[0116] According to preferred embodiments of the present invention, each of relaying devices 152 is connected via
a separator 154 to a coded power transmitting circuit 156 for relaying a power signal via relaying devices 152 to relaying
device 104 which communicate with sensor(s) 102. Relaying devices 152 are further connected to a decoding receiving
circuit 158 and a processor 160 with which a received signal is decoded and analyzed for content. In addition, extracor-
poreal unit 106 also includes a user interface 148 for controlling extracorporeal unit 106 and for communicating and/or
presenting analyzed signals to an operator.
[0117] As mentioned above, system 100 includes sensor(s) 102 for sensing parameters associated with radiation.
Theses parameters can either be directly or indirectly associated with radiation.
[0118] To measure direct parameters, sensor 102 can be, for example, an electromagnetic radiation sensor, which
can be, but is not limited to, a scintillation crystal sensor or a solid state semi-conductor sensor. An indirect parameter,
such as, for example, temperature, which is generated in the tissues upon absorption of some types of radiation, for
example, ultrasonic radiation, can be measured via a temperature sensor, such as, but not limited to, a thermocouple
or thermistor.
[0119] It will be appreciated that many other direct and indirect parameters can be measured and used as an indi-
cation of radiation or absorbed radiation. Such parameters can be sensed and measured, for example, by acoustic sen-
sors, electromagnetic sensors and the like.
[0120] When system 100 employs a plurality of sensors 102, two are shown in Figures 1a-f, each sensor is prefer-
ably individually coded so as to enable the identification thereof outside the body of the patient. In addition, if a plurality
of implantations of the intra body portion of system 100 are implanted within, and in proximity to, the treated region, with
each implant including a pair of sensors 102 and a dedicated relaying device 104, then each such implant is preferably
also coded, so as to allow the identification of a specific implant in correspondence to the intrabody location thereof.
[0121] According to another preferred embodiment of the present invention, the medical procedure which can be
monitored and directed by system 100 as herein described can include, but is not limited to, gamma knife microsurgery,
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thrombolysis, stones disintegration, thermalablation for example, of an enlarged prostate, extermination of benign or
malignant tumor masses or the reversal of restenosis. These procedures can employ, for example, electromagnetic,
both ionizing and non-ionizing radiation, both particle and wave radiation, such as, but not limited to, gamma radiation,
X-ray radiation, alpha radiation, beta radiation, microwave radiation and light radiation, or non-electromagnetic radiation
such as ultrasound radiation. Such radiation types are typically employed for destroying a tissue characterized by a cell
proliferative disorder, or alternatively, arresting the proliferation of such cells. When disintegrating stones, such as kid-
ney stones or gall bladder stones, radiation, which is typically ultrasound, is used to disintegrate these stones so as to
allow their passage out of the body. In this case, monitoring the ultrasonic radiation is only provided for the tissues sur-
rounding the stones such as tissues of the kidney or gall bladder since implantation of system 100 within such stones
is neither feasible nor is it necessary.

[0122] According to another preferred embodiment of the present invention, when utilizing system 100 with a pro-
cedure employing a gamma knife, the principles of which are explained in the background section, the gamma rays can
be collimated or directed to cross by information gathered by sensors 102. To effect such collimation, low energy
gamma beams or a very short burst of high energy gamma beams can be used test the directionality of radiation emit-
ted by each source. In this case, sensor(s) 102 can be, for example, temperature sensor or preferably radiation sensors.
The information retrieved by the extracorporeal unit 106 from sensor(s) 102 can then be used to calibrate the gamma
rays in both the directive sense and the dosage sense as further detailed hereinabove.
[0123] According to another aspect of the present invention, and as specifically shown in Figure 4, sensor(s) 102
and telemetry device 104 are integrated into a vascular stent or graft 170 which is, for example, inserted into an artery
following balloon angioplasty, so as to treat restenosis, should restenosis form thereat. Stent or graft 170 includes a plu-
rality of sensors 102 (five are shown) which are externally or internally attached to, or integrated into, a wall 172 thereof.
Sensor(s) 102 communicate with telemetry device 116 which is preferably also attached to, or integrated into, wall 172
of stent or graft 170. As such, if, for example, restenosis ensues, radiation therapy can be monitored, dosed and/or
directed via stent or graft 170 in a fashion similar to that described hereinabove. In this case, such radiation is utilized
to destroy the proliferation of the vascular tissue associated with restenosis.
[0124] For system 100 to function properly and efficiently, the implanted sensor(s) 102 and telemetry device 116
including transducer unit 118, which is preferably acoustic, must be miniature in size and convert the power necessary
for the various functions thereof from the interrogating signal. As such, the electronic circuitry can be built around exist-
ing ultra-low-power microprocessing cores. For example, the implanted portion of system 100 can be constructed
around a XE8851 microcontroller with integrated analog-to-digital converter (Xemics SA of Neuchatel, Switzerland).
This processor core uses RISC technology, contains integrated ROM and RAM memory, operates on 1.2 V and con-
sumes less than 200 µA at 1 MHz clock rate, down to less than 30 µA at 32 kHz clock rate. The surface area of such a
processor is just a few mm2.
[0125] Using acoustic transducers as transceivers in telemetry device 116 also dramatically reduces the energy
requirements of the implanted portion of system 100.
[0126] As further detailed in the example section that follows, a plurality of transducer element units, can be made
to yield 100-200 µW of electrical energy arranged on a surface area of 0.8 mm2. Since the requirement of relaying
device 104 is no more than a few µW of acoustic power, which translates into not more than 10-20 µW of electrical
power, the energy requirements can be easily provided by a plurality of transducer element units incorporated into
transducer unit 118.
[0127] Thus, according to the present invention, a possible device configuration can be for example, a cylindrical
structure 2-3 mm in diameter and 3-5 mm in length. Such a structure can easily include the electronic components and
at least 20 energy transducer cells, a few of which can double as data transceivers. Such a device is small enough to
be implantable in a minimally invasive manner via a standard biopsy needle.
[0128] It will be appreciated by one ordinarily skilled in the art that the advantages afforded by the system of the
present invention over prior art systems and methods are clearly evident from the above descriptions. By using the sys-
tem of the present invention a radiation therapy can be calibrated and designed in accordance with real-time and accu-
rate radiation dose monitoring information obtained from inside the body of the patient and from tissue regions which
are within, and/or in close proximity to, the treated region. As a result, the system of the present invention can employ
direct, real time, and continuous monitoring and as such does not necessitate the incorporation of calculations or pro-
jections in order to determine the radiation dose absorbed by the specific tissues of interest.
[0129] Furthermore, the present invention can incorporate the monitored information into a system for directing and
dosing the radiation, either automatically or manually. Such a feature is not available in the systems currently employed
in the art. In addition, since the present invention provides precise means with which radiation can be directed in real-
time within the body of a patient, directing of radiation can be effected on both pulsating or moving body organs, and in
compensation to the movements of a patient. It will be appreciated that such a feature greatly increases the healing effi-
cacy of the radiation treatment, while at the same time, greatly decreases the chance of inflicting damage to healthy
tissues.

5

10

15

20

25

30

35

40

45

50

55



EP 1 050 321 A2

12

[0130] Additional objects, advantages, and novel features of the present invention will become apparent to one ordi-
narily skilled in the art upon examination of the following example, which are not intended to be limiting. Additionally,
each of the various embodiments and aspects of the present invention as delineated hereinabove and as claimed in the
claims section below finds experimental support in the following examples.

EXAMPLE

[0131] Reference is now made to the following example, which together with the above descriptions, illustrate the
invention in a non limiting fashion.
[0132] For purposes of better understanding the construction and operation of an acoustic transducer utilizable by
the system of the present invention, reference is made to the construction and operation of an acoustic transducer as
described in U.S. Pat. application No. 09/000,553.
[0133] Referring again to the drawings, Figures 5a, 5b and 6a-6e illustrate a preferred embodiment of a transducer
element according to the present invention. As shown in the Figures, a transducer element 1 includes at least one cell
member 3 including a cavity 4 etched into a substrate and covered by a substantially flexible piezoelectric layer 2.
Attached to piezoelectric layer 2 are an upper electrode 8 and a lower electrode 6, the electrodes for connection to an
electronic circuit.
[0134] The substrate is preferably made of an electrical conducting layer 11 disposed on an electrically insulating
layer 12, such that cavity 4 is etched substantially through the thickness of electrically conducting layer 11.
[0135] Electrically conducting layer 11 is preferably made of copper and insulating layer 12 is preferably made of a
polymer such as polyimide. Conventional copper-plated polymer laminate such as KAPTON sheets may be used for
the production of transducer element 1. Commercially available laminates such as NOVACLAD may be used. Alter-
natively, the substrate may include a silicon layer, or any other suitable material. Alternatively, layer 11 is made of a non-
conductive material such as PYRALIN.
[0136] Preferably, cavity 4 is etched into the substrate by using conventional printed-circuit photolithography meth-
ods. Alternatively, cavity 4 may be etched into the substrate by using VLSI/micro-machining technology or any other
suitable technology.
[0137] Piezoelectric layer 2 may be made of PVDF or a copolymer thereof. Alternatively, piezoelectric layer 2 is
made of a substantially flexible piezoceramic. Preferably, piezoelectric layer 2 is a poled PVDF sheet having a thickness
of about 9-28 µm. Preferably, the thickness and radius of flexible layer 2, as well as the pressure within cavity 4, are spe-
cifically selected so as to provide a predetermined resonant frequency. When using the embodiment of Figures 5a and
5b, the radius of layer 2 is defined by the radius of cavity 4.
[0138] By using a substantially flexible piezoelectric layer 2, the invention described in U.S. Pat. application No.
09/000,553 allows to provide a miniature transducer element whose resonant frequency is such that the acoustic wave-
length is much larger than the extent of the transducer. This enables the transducer to be omnidirectional even at res-
onance, and further allows the use of relatively low frequency acoustic signals which do not suffer from significant
attenuation in the surrounding medium.
[0139] Prior art designs of miniature transducers, however, rely on rigid piezoceramic usually operating in thickness
mode. In such cases the resonant frequency relates to the size of the element and speed of sound in the piezoceramic,
and is higher by several orders of magnitude.
[0140] The invention described in U.S. Pat. application No. 09/000,553 provides a transducer which is omnidirec-
tional, i.e., insensitive to the direction of the impinging acoustic rays, thereby substantially simplifying the transducer's
operation relative to other resonant devices. Such a transducer element is thus suitable for application in confined or
hidden locations, where the orientation of the transducer element cannot be ascertained in advance.
[0141] According to a specific embodiment, cavity 4 features a circular or hexagonal shape with radius of about 200
µm. Electrically conducting layer 11 preferably has a thickness of about 15 µm. Cell member 3 is preferably etched com-
pletely through the thickness of electrically conducting layer 11. Electrically insulating layer 12 preferably features a
thickness of about 50 µm. The precise dimensions of the various elements of a transducer element according to the
invention described in U.S. Pat. application No. 09/000,553 may be specifically tailored according to the requirements
of the specific application.
[0142] Cavity 4 preferably includes a gas such as air. The pressure of gas within cavity 4 may be specifically
selected so as to predetermine the sensitivity and ruggedness of the transducer as well as the resonant frequency of
layer 2.
[0143] As shown in Figure 6b, an insulating chamber 18 is etched into the substrate, preferably through the thick-
ness of conducting layer 11, so as to insulate the transducer element from other portions of the substrate which may
include other electrical components such as other transducer elements etched into the substrate. According to a spe-
cific embodiment, the width of insulating chamber 18 is about 100 µm. As shown, insulating chamber 18 is etched into
the substrate so as to form a wall 10 of a predetermined thickness enclosing cavity 4, and a conducting line 17 integrally
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made with wall 10 for connecting the transducer element to another electronic component preferably etched into the
same substrate, or to an external electronic circuit.

[0144] As shown in Figures 5a and 5b, attached to piezoelectric layer 2 are upper electrode 8 and lower electrode
6. As shown in Figures 6c and 6e, upper electrode 8 and lower electrode 6 are preferably precisely shaped, so as to
cover a predetermined area of piezoelectric layer 2. Electrodes 6 and 8 may be deposited on the upper and lower sur-
faces of piezoelectric membrane 2, respectively, by using various methods such as vacuum deposition, mask etching,
painting, and the like.
[0145] As shown in Figure 5a, lower electrode 6 is preferably made as an integral part of a substantially thin elec-
trically conducting layer 14 disposed on electrically conducting layer 11. Preferably, electrically conducting layer 14 is
made of a Nickel-Copper alloy and is attached to electrically conducting layer 11 by means of a sealing connection 16.
Sealing connection 16 may be made of indium. According to a preferred configuration, sealing connection 16 may fea-
ture a thickness of about 10 µm, such that the overall height of wall 10 of cavity 4 is about 20-25 µ m.
[0146] As shown in Figure 6c, electrically conducting layer 14 covers the various portions of conducting layer 11,
including wall 10 and conducting line 17. The portion of conducting layer 14 covering conducting line 17 is for connec-
tion to an electronic component, as further detailed hereinunder.
[0147] According to a preferred embodiment, electrodes 6 and 8 are specifically shaped to include the most
energy-productive region of piezoelectric layer 2, so as to provide maximal response of the transducer while optimizing
the electrode area, and therefore the cell capacitance, thereby maximizing a selected parameter such as voltage sen-
sitivity, current sensitivity, or power sensitivity of the transducer element.
[0148] The vertical displacement of piezoelectric layer 2, Ψ, resulting from a monochromatic excitation at angular
frequency is modeled using the standard equation for thin plates:

wherein Q is the Young's modulus representing the elasticity of layer 2; h the half-thickness of layer 2; v is the Poisson
ratio for layer 2; γ is the effective wavenumber in the layer given by: , wherein ρ is the density
of layer 2 and ω is the angular frequency of the applied pressure (wherein the applied pressure may include the acoustic
pressure, the static pressure differential across layer 2 and any other pressure the transducer comes across); Z is the
mechanical impedance resulting from the coupling of layer 2 to both external and internal media of cavity 4, wherein the
internal medium is preferably air and the external medium is preferably fluid; P is the acoustic pressure applied to layer
2, and Ψ represents the average vertical displacement of layer 2.
[0149] When chamber 4 is circular, the solution (given for a single frequency component ω) representing the
dynamic displacement of a circular layer 2 having a predetermined radius a, expressed in polar coordinates, is:

wherein Ψ(r, ϕ) is time-dependent and represents the displacement of a selected point located on circular layer 2, the
specific location of which is given by radius r and angle ϕ; J and I are the normal and modified Bessel functions of the
first kind, respectively; PA, HA are the air pressure within cavity 4 and the height of chamber 4, respectively; and ρW is
the density of the fluid external to cavity 4.
[0150] The first term of the impedance Z relates to the stiffness resulting from compression of air within cavity 4,
and the second term of Z relates to the mass added by the fluid boundary layer. An additional term of the impedance
Z relating to the radiated acoustic energy is substantially negligible in this example.
[0151] The charge collected between electrodes 6 and 8 per unit area is obtained by evaluating the strains in layer
2 resulting from the displacements, and multiplying by the pertinent off-diagonal elements of the piezoelectric strain
coefficient tensor, e31, e32, as follows:

((
2 -γ 2)((

2 +γ 2)Ψ - 3(1-v 2)

2Qh 3
-------------------- P + 3iZω(1-v 2)

2Qh 3
------------------------------ Ψ = 0
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wherein Q(r,ϕ,t) represents the charge density at a selected point located on circular layer 2, the specific location of
which is given by radius r and angle ϕ; x is the stretch direction of piezoelectric layer 2; y is the transverse direction (the
direction perpendicular to the stretch direction) of layer 2; e31, e32 are off-diagonal elements of the piezoelectric strain
coefficient tensor representing the charge accumulated at a selected point on layer 2 due to a given strain along the x
and y directions, respectively, which coefficients being substantially dissimilar when using a PVDF layer. Ψ is the dis-
placement of layer 2, taken as the sum of the displacement for a given acoustic pressure P at frequency f, and the static
displacement resulting from the pressure differential between the interior and exterior of cavity 4, which displacements
being extractable from the equations given above.
[0152] The total charge accumulated between electrodes 6 and 8 is obtained by integrating Q(r,ϕ,t) over the entire
area S of the electrode:

[0153] The capacitance C of piezoelectric layer 2 is given by:

wherein ε is the dielectric constant of piezoelectric layer 2; and 2h is the thickness of piezoelectric layer 2.
[0154] Accordingly, the voltage, current and power responses of piezoelectric layer 2 are evaluated as follows:

[0155] The DC components of Q are usually removed prior to the evaluation, since the DC currents are usually fil-
tered out. The values of Q given above represent peak values of the AC components of Q, and should be modified
accordingly, so as to obtain other required values such as RMS values.
[0156] According to the above, the electrical output of the transducer expressed in terms of voltage, current and
power responses depend on the AC components of Q, and on the shape S of the electrodes. Further, as can be seen
from the above equations, the voltage response of the transducer may be substantially maximized by minimizing the
area of the electrode. The current response, however, may be substantially maximized by maximizing the area of the
electrode.
[0157] Figure 7 shows the distribution of charge density on a circular piezoelectric layer 2 obtained as a result of
pressure (acoustic and hydrostatic) applied uniformly over the entire area of layer 2, wherein specific locations on layer
2 are herein defined by using Cartesian coordinates including the stretch direction (x direction) and the transverse
direction (y direction) of layer 2. It can be seen that distinct locations on layer 2 contribute differently to the charge den-
sity. The charge density vanishes at the external periphery 70 and at the center 72 of layer 2 due to minimal deformation
of these portions. The charge density is maximal at two cores 74a and 74b located symmetrically on each side of center
72 due to maximal strains (in the stretch direction) of these portions.
[0158] A preferred strategy for optimizing the electrical responses of the transducer is to shape the electrode by
selecting the areas contributing at least a selected threshold percentage of the maximal charge density, wherein the
threshold value is the parameter to be optimized. A threshold value of 0 % relates to an electrode covering the entire
area of layer 2.

Q (r, ϕ, t ) = e 31
∂Ψ
∂x
-------- 

  2 + e 32
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-------- 

  2

Q = Q (r ,ϕ,t )dx
S
∫

C = ε
2h
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[0159] Figure 8 shows the results of an optimization performed for the power response of a transducer having a
layer 2 of a predetermined area. As shown in the Figure, the threshold value which provides an optimal power response
is about 30 % (graph b). Accordingly, an electrode which covers only the portions of layer 2 contributing at least 30 %
of the maximal charge density yields a maximal power response. The pertinent voltage response obtained by such an
electrode is higher by a factor of 2 relative to an electrode completely covering layer 2 (graph a). The current response
obtained by such electrode is slightly lower relative to an electrode completely covering layer 2 (graph c). Further, as
shown in the Figure, the deflection of layer 2 is maximal when applying an acoustic signal at the resonant frequency of
layer 2 (graph d).

[0160] A preferred electrode shape for maximizing the power response of the transducer is shown in Figure 9,
wherein the electrode includes two electrode portions 80a and 80b substantially covering the maximal charge density
portions of layer 2, the electrode portions being interconnected by means of a connecting member 82 having a minimal
area. Preferably, portions 80a and 80b cover the portions of layer 2 which yield at least a selected threshold (e.g. 30 %)
of the maximal charge density.
[0161] According to the present invention any other parameter may be optimized so as to determine the shape of
electrodes 6 and 8. According to further features of the invention described in U.S. Pat. application No. 09/000,553, only
one electrode (upper electrode 8 or lower electrode 6) may be shaped so as to provide maximal electrical response of
the transducer, with the other electrode covering the entire area of layer 2. Since the charge is collected only at the por-
tions of layer 2 received between upper electrode 8 and lower electrode 6, such configuration is operatively equivalent
to a configuration including two shaped electrodes having identical shapes.
[0162] Referring now to Figure 10, according to another embodiment chamber 4 of transducer element 1 may con-
tain gas of substantially low pressure, thereby conferring a substantially concave shape to piezoelectric membrane 2 at
equilibrium. Such configuration enables to further increase the electrical response of the transducer by increasing the
total charge obtained for a given displacement of layer 2. The total displacement in such an embodiment is given by:

, wherein P0 is the static pressure differential between the exterior and the interior of cavity
4; ΨDC is the displacement resulting from P0; P is the amplitude of the acoustic pressure; and ΨAC is the displacement
resulting from P.
[0163] Accordingly, the strain along the x direction includes three terms as follows:

wherein the DC component is usually filtered out.
[0164] Thus, by decreasing the pressure of the medium (preferably air) within cavity 4 relative to the pressure of the
external medium (preferably fluid), the value of P0 is increased, thereby increasing the value of the third term of the
above equation.
[0165] Such embodiment makes it possible to increase the charge output of layer 2 for a given displacement,
thereby increasing the voltage, current and power responses of the transducer without having to increase the acoustic
pressure P. Furthermore, such embodiment enables to further miniaturize the transducer since the same electrical
response may be obtained for smaller acoustic deflections. Such embodiment is substantially more robust mechanically
and therefore more durable than the embodiment shown in Figures 5a and 5b. Such further miniaturization of the trans-
ducer enables to use higher resonance frequencies relative to the embodiment shown in Figures 5a and 5b.
[0166] Preferably, a transducer element 1 according to the invention described in U.S. Pat. application No.
09/000,553 is fabricated by using technologies which are in wide use in the microelectronics industry, so as to allow
integration thereof with other conventional electronic components as further detailed hereinunder. When the transducer
element includes a substrate such as Copper-polymer laminate or silicon, a variety of conventional electronic compo-
nents may be fabricated onto the same substrate.
[0167] According to a preferred embodiment, a plurality of cavities 4 may be etched into a single substrate 12 and
covered by a single piezoelectric layer 2, so as to provide a transducer element including a matrix of transducing cell
members 3, thereby providing a larger energy collecting area of predetermined dimensions, while still retaining the
advantage of miniature individual transducing cell members 3. When using such configuration, the transducing cell
members 3 may be electrically interconnected in parallel or serial connections, or combinations thereof, so as to tailor
the voltage and current response of the transducer. Parallel connections are preferably used so as to increase the cur-
rent output while serial connections are preferably used so as to increase the voltage output of the transducer.
[0168] Furthermore, piezoelectric layer 2 may be completely depolarized and then repolarized at specific regions
thereof, so as to provide a predetermined polarity to each of the transducing cell members 3. Such configuration ena-
bles to reduce the complexity of interconnections between cell members 3.
[0169] A transducer element according to the invention described in U.S. Pat. application No. 09/000,553 may be

Ψ=P 0Ψ DC + PΨ AC cos ωt

S xx = ∂Ψ
∂x
-------- 

  2 = P 0
2 ∂Ψ DC

∂x
--------------- 

  2 + P 2 ∂Ψ AC

∂x
--------------- 

  2 cos 2 ωt + 2P 0P
∂Ψ DC

∂x
---------------

∂Ψ AC

∂x
--------------- cos ωt
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further used as a transmitter for transmitting information to a remote receiver by modulating the reflection of an external
impinging acoustic wave arrived from a remote transmitter.

[0170] Refening to Figure 10, the transducer element shown may function as a transmitter element due to the
asymmetric fluctuations of piezoelectric layer 2 with respect to positive and negative transient acoustic pressures
obtained as a result of the pressure differential between the interior and exterior of cavity 4.
[0171] A transmitter element according to the present invention preferably modulates the reflection of an external
impinging acoustic wave by means of a switching element connected thereto. The switching element encodes the infor-
mation that is to be transmitted, such as the output of a sensor, thereby frequency modulating a reflected acoustic wave.
[0172] Such configuration requires very little expenditure of energy from the transmitting module itself, since the
acoustic wave that is received is externally generated, such that the only energy required for transmission is the energy
of modulation.
[0173] Specifically, the reflected acoustic signal is modulated by switching the switching element according to the
frequency of a message electric signal arriving from another electronic component such as a sensor, so as to control-
lably change the mechanical impedance of layer 2 according to the frequency of the message signal.
[0174] Preferably, a specific array of electrodes connected to a single cell member or alternatively to a plurality of
cell members are used, so as to control the mechanical impedance of layer 2.
[0175] Figures 11a-11g illustrate possible configurations for controllably change the impedance of layer 2 of a
transmitter element. Referring to Figure 11a, a transmitter element according to the invention described in U.S. Pat.
application No. 09/000,553 may include a first and second pairs of electrodes, the first pair including an upper electrode
40a and a lower electrode 38a, and the second pair including an upper electrode 40b and a lower electrode 38b. Elec-
trodes 38a, 38b, 40a and 40b are electrically connected to an electrical circuit by means of conducting lines 36a, 36b,
34a and 34b, respectively, the electrical circuit including a switching element (not shown), so as to alternately change
the electrical connections of conducting lines 36a, 36b, 34a and 34b.
[0176] Preferably, the switching element switches between a parallel connection and an anti-parallel connection of
the electrodes. A parallel connection decreases the mechanical impedance of layer 2, wherein an anti-parallel connec-
tion increases the mechanical impedance of layer 2. An anti-parallel connection may be obtained by interconnecting
line 34a to 36b and line 34b to 36a. A parallel connection may be obtained by connecting line 34a to 34b and line 36a
to 36b. Preferably, the switching frequency equals the frequency of a message signal arriving from an electrical com-
ponent such as a sensor as further detailed hereinunder.
[0177] According to another embodiment shown in Figure 11b, upper electrode 40a is connected to lower electrode
38b by means of a conducting line 28, and electrodes 38a and 40b are connected to an electrical circuit by means of
connecting lines 27 and 29, respectively, wherein the electrical circuit further includes a switching element. Such con-
figuration provides an anti-parallel connection of the electrodes, wherein the switching element functions as an on/off
switch, thereby alternately increasing the mechanical impedance of layer 2.
[0178] In order to reduce the complexity of the electrical connections, layer 2 may be depolarized and then repolar-
ized at specific regions thereof As shown in Figure 11c, the polarity of the portion of layer 2 received between electrodes
40a and 38a is opposite to the polarity of the portion of layer 2 received between electrodes 40b and 38b. An anti-par-
allel connection is thus achieved by interconnecting electrodes 38a and 38b by means of a conducting line 28, and pro-
viding conducting lines 27 and 29 connected to electrodes 40a and 40b, respectively, the conducting lines for
connection to an electrical circuit including a switching element.
[0179] According to another embodiment, the transmitting element includes a plurality of transducing cell members,
such that the mechanical impedance of layer 2 controllably changed by appropriately interconnecting the cell members.
[0180] As shown in Figure 11d, a first transducing cell member 3a including a layer 2a and a cavity 4a, and a sec-
ond transducing cell member 3b including a layer 2b and a cavity 4b are preferably contained within the same sub-
strate; and layers 2a and 2b are preferably integrally made. A first pair of electrodes including electrodes 6a and 8a is
attached to layer 2, and a second pair of electrode including electrodes 6b and 8b is attached to layer 2b. Electrodes
6a, 8a, 6b and 8b are electrically connected to an electrical circuit by means of conducting lines 37a, 35a, 37b and 35b,
respectively, the electrical circuit including a switching element, so as to alternately switch the electrical connections of
conducting lines 37a, 35a, 37b and 35b, so as to alternately provide parallel and anti-parallel connections, substantially
as described for Figure 11a, thereby alternately decreasing and increasing the mechanical impedance of layers 2a and
2b.
[0181] Figure 11e illustrates another embodiment, wherein the first and second transducing cell members are inter-
connected by means of an anti-parallel connection. As shown in the Figure, the polarity of layer 2a is opposite to the
polarity of layer 2b, so as to reduce the complexity of the electrical connections between cell members 3a and 3b. Thus,
electrode 6a is connected to electrode 6b by means of a conducting line 21, and electrodes 8a and 8b are provided with
conducting lines 20 and 22, respectively, for connection to an electrical circuit which includes a switching element,
wherein the switching element preferably functions as an on/off switch, so as to alternately increase the mechanical
impedance of layers 2a and 2b.
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[0182] Figure 11f shows another embodiment, wherein the first and second transducing cell members are intercon-
nected by means of a parallel connection. As shown, electrodes 6a and 6b are interconnected by means of conducting
line 24, electrodes 8a and 8b are interconnected by means of conducting line 23, and electrodes 6b and 8b are pro-
vided with conducting lines 26 and 25, respectively, the conducting lines for connection to an electrical circuit including
a switching element. The switching element preferably functions as an on/off switch for alternately decreasing and
increasing the mechanical impedance of layers 2a and 2b.

[0183] Figure 12 shows a possible configuration of two transducing cell members etched onto the same substrate
and interconnected by means of an anti-parallel connection. As shown in the Figure, the transducing cell members are
covered by a common piezoelectric layer 2, wherein the polarity of the portion of layer 2 received between electrodes
6a and 8a is opposite to the polarity of the portion of layer 2 received between electrodes 6b and 8b. Electrodes 8a and
8b are bonded by means of a conducting line 9, and electrodes 6a and 6b are provided with conducting lines 16 for
connection to an electrical circuit.
[0184] Another embodiment of a transmitter element according to the present invention is shown in Figure 13. The
transmitter element includes a transducing cell member having a cavity 4 covered by a first and second piezoelectric
layers, 50a and 50b, preferably having opposite polarities. Preferably, layers 50a and 50b are interconnected by means
of an insulating layer 52. Attached to layer 50a are upper and lower electrodes 44a and 42a, and attached to layer 50b
are upper and lower electrodes 44b and 42b. Electrodes 44a, 42a, 44b and 42b are provided with conducting lines 54,
55, 56 and 57, respectively, for connection to an electrical circuit.
[0185] It will be appreciated that the above descriptions are intended only to serve as examples, and that many
other embodiments are possible within the spirit and the scope of invention described in U.S. Pat. application No.
09/000,553.
[0186] Although the invention has been described in conjunction with specific embodiments thereof, it is evident
that many alternatives, modifications and variations will be apparent to those skilled in the art. Accordingly, it is intended
to embrace all such alternatives, modifications and variations that fall within the spirit and broad scope of the appended
claims.

Claims

1. A system for use in a medical procedure, said medical procedure utilizes radiation for irradiating a specific region
of a patient's body, the system comprising:

(a) at least one sensor being implantable within, or in proximity to, the specific region of the patient's body, said
at least one sensor being for sensing at least one parameter associated with the radiation; and

(b) a relaying device being in communication with said at least one sensor, said relaying device being for relay-
ing information pertaining to said at least one parameter and therefore to said radiation outside of the patients
body.

2. The system of claim 1, further comprising an extracorporeal monitoring unit communicating with said at least one
sensor via said relaying device, said relaying device including wires wirable between said at least one sensor and
said extracorporeal monitoring unit.

3. The system of claim 2, wherein said relaying device further includes a processor communicating with said at least
one sensor.

4. The system of claim 1, wherein each of said at least one sensor has an identification code associated therewith.

5. The system of claim 3, wherein said processor is intrabody transplantable.

6. The system of claim 3, wherein said processor is extracorporeal

7. The system of claim 1, wherein said relaying device is an implantable telemetry device.

8. The system of claim 7, wherein said implantable telemetry device includes a processor communicating with said at
least one sensor.

9. The system of claim 7, further comprising an extracorporeal monitoring unit telemetrically communicating with said
at least one sensor via said implantable telemetry device.
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10. The system of claim 7, wherein said implantable telemetry device includes a transducer unit designed for transduc-
ing an interrogating signal receivable from outside the body into a first electrical signal for powering said at least
one sensor and for receiving a second electrical signal from said at least one sensor, transducing said second sig-
nal into a signal receivable outside the body, such that information pertaining to said at least one parameter and
therefore to said radiation is relayable outside the patient's body following said generation of said interrogating sig-
nal.

11. The system of claim 10, wherein said transducer unit is an acoustic transducer unit, said interrogating signal is an
acoustic interrogating signal, and said signal receivable outside the body is an acoustic signal.

12. The system of claim 11, wherein said acoustic transducer unit includes:

(i) a cell member having a cavity;

(ii) a substantially flexible piezoelectric layer attached to said cell member, said piezoelectric layer having an
external surface and an internal surface, said piezoelectric layer featuring such dimensions so as to enable
fluctuations thereof at its resonance frequency upon impinging of an external acoustic; and

(iii) a first electrode attached to said external surface and a second electrode attached to said internal surface.

13. The system of claim 10, wherein said transducer unit is a radio transducer unit, said interrogating signal is a radio
interrogating signal, and said signal receivable outside the body is a radio signal.

14. The system of claim 13, wherein said at least one sensor and said radio transducer unit are intrabodily wired so as
to enable transplanting said radio transducer unit close to the skin, while at the same time transplanting said at least
one sensor deeper within the body of the patient.

15. The system of claim 10, further comprising an extracorporeal monitoring unit telemetrically bidirectionally commu-
nicating with said transducer unit via said interrogating signal and said signal receivable outside the body.

16. The system of claim 1, wherein the medical procedure is selected from the group consisting of gamma knife micro-
surgery, thrombolysis, stones disintegration, thermalablation and extermination of benign and malignant tumor
masses.

17. The system of claim 1, wherein said radiation is selected from the group consisting of an ultrasonic radiation and
electromagnetic radiation.

18. The system of claim 17, wherein said electromagnetic radiation is selected from the group consisting of alpha radi-
ation, beta radiation, gamma radiation, X-ray radiation and neutron radiation.

19. The system of claim 17, wherein said electromagnetic radiation is selected from the group consisting of microwave
radiation, visible light radiation, ultraviolet radiation and infrared radiation.

20. The system of claim 1, wherein the medical procedure is employed for treating a medical disorder characterized by
abnormal cell proliferation.

21. The system of claim 20, wherein said medical disorder is selected from the group consisting of a tumor, a cancer,
a thrombus and restenosis.

22. The system of claim 1, wherein said at least one sensor is selected from the group consisting of a temperature sen-
sor, an electromagnetic radiation sensor, an acoustic radiation sensor, a light sensor, and an electromagnetic field
sensor.

23. The system of claim 1, wherein said at least one parameter is directly associated with said radiation, thereby said
at least one sensor directly senses said radiation.

24. The system of claim 1, wherein said at least one parameter is indirectly associated with said radiation, thereby said
at least one sensor indirectly senses an interaction of said radiation with the body.
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25. The system of claim 1, wherein said at least one sensor is selected from the group consisting of a scintillation crys-
tal sensor and a solid state semi-conductor sensor.

26. The system of claim 1, wherein said at least one sensor is battery powered and further wherein said relaying device
includes a transmitter for relaying information pertaining to said at least one sensor outside the body.

27. The system of claim 1, further comprising an extracorporeal monitoring unit communicating with said at least one
sensor, said extracorporeal monitoring unit serves for receiving information pertaining to said at least one param-
eter.

28. The system of claim 27, wherein said extracorporeal monitoring unit includes a radiation control feedback element,
said radiation control feedback element communicating with a source of said radiation for directing said radiation in
a desired direction relative to said at least one sensor.

29. The system of claim 27, wherein said extracorporeal monitoring unit includes a radiation dose control feedback ele-
ment, said radiation dose control feedback element communicating with a source of said radiation for controlling a
radiation dose applied to the specific region of the patient's body

30. The system of claim 1, wherein said at least one sensor is integrated into a stent or graft.

31. In a procedure utilizing radiation for irradiating a specific region of a patient's body, a method of monitoring the radi-
ation comprising the steps of:

(a) sensing at least one parameter associated with the radiation detected by a sensor implanted in or in prox-
imity to, a specific region of the patient's body;

(b) relaying outside the patient's body, during the course of the procedure, information pertaining to said at
least one parameter.

32. In a procedure utilizing radiation for irradiating a specific region of a patient's body, a method of directing the radi-
ation relative to the specific region of the patient's body, the method comprising the steps of:

(a) sensing at least one parameter associated with the radiation detected by a sensor implanted within, or in
proximity to, a specific region of the patient's body;

(b) providing outside the body a radiation control feedback element communicating with a source of said radi-
ation and with said at least one sensor, said radiation control feedback element serves for directing said radi-
ation in a desired direction relative to the specific region of the patient's body; and

(c) relaying, during the course of the procedure, information pertaining to said at least one parameter from said
at least one sensor to said radiation control feedback element for effecting said step of directing said radiation
in a desired direction relative to the specific region of the patient's body.

33. In a procedure utilizing radiation for irradiating a specific region of a patient's body, a method of controlling a dose
of radiation applied to the specific region of the patient's body, the method comprising the steps of:

(a) sensing at least one parameter associated with the radiation detected by a sensor implanted within, or in
proximity to, the specific region of the patient's body;

(b) providing outside the body a radiation control feedback element communicating with a source of said radi-
ation and with said at least one sensor, said radiation control feedback element serves for controlling the dose
of radiation being applied to the specific region of the patient's body; and

(c) relaying, during the course of the procedure, information pertaining to said at least one parameter from said
at least one sensor to said radiation control feedback element for effecting said step of controlling the dose of
radiation being applied to the specific region of the patient's body.

34. The method of one of claims 31 to 33, wherein the radiation is provided via a radiation source from either the inside
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or the outside of the patient's body.

35. The method of one of claims 31 - 33, wherein the radiation is a light beam provided from inside the patient's body.

36. The method of one of claims 31 - 33, further comprising the step of processing said information via a processor.

37. The method of one of claims 31 -33, wherein each of said at least one sensor has an identification code associated
therewith for identifying each of said at least one sensor.

38. The method of one of claims 31 - 33, wherein the step of relaying outside the patient's body, during the course of
the procedure, said information pertaining to said at least one parameter is effected by an implantable telemetry
device.

39. The method of claim 38, wherein said implantable telemetry device includes a processor communicating with said
at least one sensor, said processor serves for processing said information.

40. The method of claim 38, wherein the step of relaying outside the patient's body, during the course of the procedure,
said information pertaining to said at least one parameter is further effected by an extracorporeal monitoring unit
communicating with said at least one sensor via said implantable telemetry device.

41. The method of claim 32, wherein said step of relaying, during the course of the procedure, said information pertain-
ing to said at least one parameter from said at least one sensor to said radiation control feedback element is
effected by a relaying device which includes a processor communicating with said at least one sensor for process-
ing said information.

42. The method of claim 32, wherein said step of relaying, during the course of the procedure, said information pertain-
ing to said at least one parameter from said at least one sensor to said radiation control feedback element is
effected by an implantable telemetry device.

43. The method of claim 42, wherein said radiation control feedback element telemetrically communicates with said
implantable telemetry device.

44. The method of claim 32, wherein said at least one sensor is battery powered and further wherein said step of relay-
ing, during the course of the procedure, said information pertaining to said at least one parameter from said at least
one sensor to said radiation control feedback element is effected by a transmitter.

45. An implantable stent or graft system for monitoring, directing and/or dosing radiation applied to a specific region of
a patient's body, the stent or graft system comprising:

(a) a stent or a graft element;

(b) at least one sensor being attached to said stent or graft element, said at least one sensor being for sensing
at least one parameter associated with the radiation; and

(c) a telemetry device being attached to said stent or graft element and being in communication wit said at least
one sensor, said telemetry device being for relaying said information outside of the patient's body.

46. The stent or graft system of claim 45, wherein said stent or graft is a vascular stent or graft.

47. The stent or graft system of claim 45, wherein said telemetry device is an acoustic telemetry device.

48. The stent or graft system of claim 45, wherein said telemetry device is a radio frequency telemetry device.

49. The stent or graft system of claim 45, wherein said radiation is selected from the group consisting of an ultrasonic
radiation and electromagnetic radiation.

50. The stein or graft system of claim 45, wherein said electromagnetic radiation is selected from the group consisting
of alpha radiation, beta radiation, gamma radiation, X-ray radiation and neutron radiation.
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51. The stent or graft system of claim 45, wherein said at least one sensor is within a wall of said stent or graft element.

52. The stern or graft system of claim 45, wherein said telemetry device is within a wall of said stent or graft element.

53. The stent or graft system of claim 45, wherein said at least one sensor is externally attached to a wall of said stent
or graft element.

54. The stent or graft system of claim 45, wherein said telemetry device is externally attached to a wall of said stent or
graft element.

55. The stent or graft system of claim 45, wherein said at least one sensor is internally attached to a wall of said stent
or graft element.

56. The stent or graft system of claim 45, wherein said telemetry device is internally attached to a wall of said stent or
graft element.
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