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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to meth-
ods and systems for medical diagnostic measurement
and monitoring, and specifically to radio frequency
(RF)-based measurement and monitoring of physiologi-
cal conditions.

BACKGROUND OF THE INVENTION

[0002] Radio-frequency (RF) electromagnetic radia-
tion has been used for diagnosis and imaging of body
tissues. For example, PCT International Publication WO
2011/067623, which is assigned to the assignee of the
present patent application and which is prior art under
Art. 54(3) EPC describes diagnostic apparatus that in-
cludes an antenna, which directs RF electromagnetic
waves into a living body and generates signals respon-
sively to the waves that are scattered from within the
body. The signals are processed so as to locate a feature
in a blood vessel in the body.
[0003] As another example, U.S. Patent Application
Publication 2011/0130800, which is assigned to the as-
signee of the present patent application describes diag-
nostic apparatus, which includes a plurality of antennas,
which are configured to be disposed at different, respec-
tive locations on the thorax of a living body. The antennas
direct radio frequency (RF) electromagnetic waves from
different, respective directions toward the heart in the
body and output RF signals responsively to the waves
that are scattered from the heart. The RF signals are
processed over time so as to provide a multi-dimensional
measurement of a movement of the heart.
[0004] U.S. Patent Application Publication
2010/0256462 describes a method for monitoring tho-
racic tissue fluid content by intercepting reflections of
electromagnetic (EM) radiation reflected from thoracic
tissue of a patient in radiation sessions during a period
of at least 24 hours. A change of a dielectric coefficient
of the thoracic tissue is detected by analyzing the reflec-
tions. PCT International Publication WO 2009/031149
describes a wearable monitoring apparatus comprising
at least one transducer configured for delivering EM ra-
diation to internal tissue and intercepting at least one
reflection of the EM radiation therefrom. A housing for
containing the transducer, along with a reporting unit and
a processing unit, is configured to be disposed on the
body of an ambulatory user.
[0005] US-A-5, 404, 877 discloses a diagnostic appa-
ratus according to the first part of claim 1, comprising a
leadless implantable cardiac arrhythmia alarm which
continuously assesses a patient’s heart function to dis-
criminate between normal and abnormal heart function-
ing and, upon detecting an abnormal condition, gener-
ates a patient-warning signal.
[0006] US-A- 4,240,445 discloses a probe for coupling

electromagnetic energy into tissue, the probe being fab-
ricated from a printed circuit board.
[0007] The citation of certain references above is in-
tended to provide a general overview of the state of the
art.

SUMMARY

[0008] Embodiments of the present invention that are
described hereinbelow provide implantable devices for
measuring tissue characteristics using RF electromag-
netic radiation and methods of measurement and moni-
toring using such devices.
[0009] There is therefore provided, in accordance with
an embodiment of the present invention, diagnostic ap-
paratus as defined by claim 1.
[0010] In some embodiments, the at least one antenna
is configured to transmit the waves into the body and to
receive the transmitted waves following propagation of
the waves through the target tissue. In a disclosed em-
bodiment, the at least one antenna is configured to re-
ceive the waves after reflection of the waves from a tissue
in the body, and the processing circuitry is configured to
detect a modulation of the reflection due to at least one
of a heartbeat and a respiratory motion of the subject.
The modulation may include a cyclical variation due to
the heartbeat.
[0011] Additionally or alternatively, the apparatus may
include a reflector configured for implantation in the body
in a location across the target tissue from the case con-
taining the at least one antenna, wherein the reflector
serves as the structure for reflecting the waves toward
the at least one antenna. The reflector may be a part of
an implanted cardiac device (ICD) that is implanted in
the body.
[0012] In another embodiment, the apparatus includes
a transmitter, which is configured to be implanted in the
body in a location across the target tissue from the case
containing the at least one antenna and to transmit the
waves through the target tissue.
[0013] In some embodiments, the processing circuitry
is configured to process the signal so as to derive a meas-
ure of a fluid content of the target tissue. In a disclosed
embodiment, the case is configured for implantation in a
thorax, and the target tissue is lung tissue. In alternative
embodiments, the target tissue is spleen, liver, tongue
or palate tissue.
[0014] In one embodiment, the indication includes a
time trend of the characteristic of the target tissue.
[0015] The at least one antenna may include a plurality
of antennas. In one embodiment, the processing circuitry
is configured to drive the antennas in a multi-static mode
so as to spatially resolve the characteristic of the target
tissue.
[0016] In some embodiments, the at least one antenna
is contained inside the case. Typically, the at least one
antenna includes a trace printed on a substrate, and
wherein the case includes a window, and the antenna is
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configured to receive the waves through the window. The
substrate may be sealed to the case by brazing.
[0017] In another embodiment, the at least one anten-
na is located partially outside the case and is connected
to the processing circuitry via a sealed brazing to the
case.
[0018] The at least one antenna may be selected from
a group of antenna types consisting of a spiral antenna,
a bowtie antenna, an elliptic bowtie antenna, and a slotted
antenna.
[0019] In a disclosed embodiment, the processing cir-
cuitry is configured to convey the indication of the char-
acteristic via a wireless link to a monitoring station outside
the body. Additionally or alternatively, the processing cir-
cuitry may be configured to communicate with at least
one other implanted device.
[0020] The at least one antenna may also be config-
ured to receive electrical energy to power the processing
circuitry via an inductive link to a transmitter outside the
body. Alternatively, the apparatus includes a power an-
tenna, which is configured to receive electrical energy to
power the processing circuitry via an inductive link to a
transmitter outside the body.
[0021] In a disclosed embodiment, the apparatus in-
cludes one or more electrodes on the case for receiving
electrical signals within the body. Additionally or alterna-
tively, the apparatus may include a bio-impedance sen-
sor. Further additionally or alternatively, the apparatus
includes an implanted cardiac device, which is configured
to pace a heart of the subject responsively to the indica-
tion provided by the processing circuitry.
[0022] There is also provided, in accordance with an
embodiment of the present invention, diagnostic appa-
ratus including a radio frequency (RF) reflector, which is
configured to be implanted in a body of a human subject
in proximity to a target tissue. A diagnostic device is con-
figured to transmit RF electromagnetic waves toward the
RF reflector and to receive the waves reflected by the
RF reflector through the target tissue, and to process the
received waves so as to derive and output an indication
of a characteristic of the target tissue.
[0023] There is additionally disclosed a diagnostic
method, which includes implanting a diagnostic device
in proximity to a target tissue in a body of a human subject.
The device receives radio frequency (RF) electromag-
netic waves propagated through the target tissue and
processes the received waves so as to derive an indica-
tion of a characteristic of the target tissue.
[0024] In a disclosed embodiment, implanting the de-
vice includes using an external antenna outside the body
to identify an optimal location for implantation of the de-
vice.
[0025] The present invention will be more fully under-
stood from the following detailed description of the em-
bodiments thereof, taken together with the drawings in
which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Fig. 1 is a schematic pictorial illustration showing a
monitoring system including an implanted RF mon-
itoring device, in accordance with an embodiment of
the invention;
Fig. 2 is a schematic sectional view of a RF monitor-
ing device implanted in a human body, in accordance
with an embodiment of the invention;
Fig. 3 is a block diagram that schematically shows
functional components of an implantable RF moni-
toring device, in accordance with an embodiment of
the invention;
Fig. 4A is a schematic pictorial illustration of an im-
plantable RF monitoring device, in accordance with
an embodiment of the invention;
Fig. 4B is a schematic exploded view of the device
of Fig. 4A;
Fig. 5 is a schematic pictorial illustration showing a
RF monitoring device implanted in a human body, in
accordance with another embodiment of the inven-
tion;
Figs. 6A and 6B are schematic pictorial illustrations,
in side and front views respectively, showing a RF
monitoring device implanted in a human body, in ac-
cordance with a further embodiment of the invention;
Fig. 7 is a schematic pictorial illustration of a part of
a RF monitoring device, in accordance with another
embodiment of the present invention;
Fig. 8 is a schematic, partly-exploded view of a RF
monitoring device, in accordance with a comparative
example to the present invention;
Fig. 9 is a schematic exploded view of an antenna
used in the embodiment of Fig. 8; and
Fig. 10 is a schematic pictorial illustration of a RF
monitoring device, in accordance with an additional
comparative example to the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

OVERVIEW

[0027] A number of chronic medical conditions lead to
accumulation of fluid in and around body organs. For
example, pulmonary edema is associated with chronic
heart failure and other pathologies. As another example,
conditions such as kidney failure and certain inflamma-
tory disorders may lead to pericardial effusion. Monitoring
such fluid levels in the patient’s body over extended pe-
riods can be helpful in ongoing risk assessment and ad-
justment of treatment. Similarly, monitoring accumulation
of blood in the splanchnic system can be of medical ben-
efit in assessing fluid status.
[0028] Embodiments of the present invention that are
described hereinbelow provide implantable devices and
methods that can be used for long-term measurement
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and monitoring of tissue characteristics, such as fluid ac-
cumulation in and around body organs. In these embod-
iments, a diagnostic device comprises at least one an-
tenna and associated processing circuitry, which are con-
tained inside or connected to a sealed case made from
a biocompatible material. The device is implanted within
the body of a human subject in proximity to a target tissue,
such as the lung. The antenna receives radio frequency
(RF) electromagnetic waves transmitted through the tar-
get tissue. These waves may be transmitted by the an-
tenna itself and then reflected back through the target
tissue to the device, or they may be transmitted from
another source. The processing circuitry processes the
signals that are output by the antenna in order to derive
and output an indication of a characteristic of the target
tissue, such as the tissue fluid content.
[0029] In a disclosed embodiment, the device is im-
planted in the thorax, adjacent to the lung. The process-
ing circuitry drives the antenna (or antennas) to transmit
RF waves through the lung toward the heart, and to re-
ceive waves reflected from the heart and transmitted
back through the lung. Alternatively, the waves may be
reflected back from a dedicated reflector or another re-
flective object. Further alternatively, the waves may be
transmitted through the lung by a separate transmitter,
which is implanted in the body in a location across the
target tissue from the receiver. The processing circuitry
processes the output signals from the antenna in order
to derive a measure of the fluid content of the lung. The
processing circuitry periodically reports the fluid level by
telemetric link to a monitor outside the patient’s body, for
use by a physician in tracking the patient’s condition and
making treatment changes as appropriate.
[0030] Although the embodiments described herein
are directed specifically to monitoring of fluid levels in the
lungs, the principles of the present invention may simi-
larly be applied in other monitoring applications. For ex-
ample, implanted devices of the types described herein
may be used, mutatis mutandis, in monitoring pericardial
fluid levels. As another example, such a device may be
used to monitor bladder fill level and/or muscle properties
in patients suffering from urinary disorders, in order to
provide an alert when the bladder should be emptied. In
other embodiments, such devices may be used in long-
term monitoring of fluid levels in the brain, tongue, palate
or spleen, as well as in body extremities, such as the
thighs. More generally, the devices and methods de-
scribed herein may be adapted for use in substantially
any long-term diagnostic application in which tissue char-
acteristics are evaluated using RF electromagnetic
waves, including not only fluid monitoring but also imag-
ing applications, as well.

SYSTEM DESCRIPTION

[0031] Reference is now made to Figs. 1 and 2, which
schematically illustrate a RF-based monitoring system
20, in accordance with an embodiment of the invention.

Fig. 1 is a pictorial illustration, showing a RF monitoring
device 24 implanted in a thorax 26 of a patient 22, while
Fig. 2 is a sectional view taken through the body, showing
the relation of device 24 to organs in the thorax. Device
24, which is typically similar in shape and size to a con-
ventional implanted cardiac device (ICD), such as a
pacemaker, is implanted below the patient’s skin adja-
cent to ribs 34 and transmits and receives RF electro-
magnetic waves through target tissue, such as a lung 28,
as indicated by arrows in the figure.
[0032] In the pictured example, device 24 is implanted
in the axillary region using a minimally-invasive proce-
dure. The waves transmitted by device 24 pass through
lung 28 and mediastinum 30, reflect back from heart 32
through lung 28, and are then received and detected by
device 24. Alternatively, the device may be implanted in
other suitable locations, such as the infra-mammary or
dorsal regions of thorax 26. An external antenna may be
used during implantation to choose an optimal antenna
location, based upon which the surgeon implants device
24 and its implanted antenna at the location giving the
best signal. In some alternative embodiments, as shown
in Figs. 5, 6A and 6B, for example, the monitoring device
may be used in conjunction with an implanted reflector,
instead of or in addition to sensing reflections from the
heart.
[0033] RF monitoring device 24 processes the re-
ceived RF waves to derive an indication of tissue char-
acteristics, such as tissue fluid content. Device 24 col-
lects these indications over time and periodically trans-
mits the data to a telemetry station 34, typically via a
suitable short-range wireless link. Station 34 typically
comprises a general-purpose computer with suitable
communication circuits and software, and may be located
in a clinic or hospital or in the home or workplace of patient
22. Station 34 may also be configured to program device
24 over the wireless link, as well as to provide RF energy
to recharge the battery in device 24, as described below.
[0034] Fig. 3 is a block diagram that schematically
shows functional elements of RF monitoring device 24,
in accordance with an embodiment of the invention. The
elements of device 24 are contained in a sealed case 40,
comprising a suitable biocompatible material, such as
titanium or stainless steel. The case may be coated with
a tissue-growth inducing material, as is known in the art.
Case 40 contains, inter alia, processing circuitry including
a RF front end 44 and a digital processing circuit 46. Front
end 44 drives one or more antennas 42 to emit RF waves
through lung 28. The front end receives and processes
the signals that are output by antennas 42 in response
to the reflected waves and outputs a digitized indication
of the amplitude and phase of the signals to digital
processing circuit 46. Typically, for high resolution in the
presence of background noise, front end 44 and circuit
46 apply coherent methods of signal processing to cor-
relate the reflected signals with the transmitted signals,
but alternatively non-coherent processing methods may
be used.
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[0035] In one embodiment, front end 44 generates sig-
nals at multiple different frequencies for exciting the
transmitting antennas. Device 24 may operate in an ultra-
wide-band (UWB) mode, in which the signals are spread
over a wide range of frequencies, such as from about
500 MHz to about 2.5 GHz (although higher and lower
frequencies outside this range may also be used). UWB
transmission and detection techniques of this sort are
described, for example, in the above-mentioned PCT In-
ternational Publication WO 2011/067623 and U.S. Pat-
ent Application Publication 2011/0130800. The UWB sig-
nal provides the frequency-domain equivalent of a very
short pulse in the time domain and can thus be used for
measuring the range of a reflecting spot in the body with
high accuracy. The UWB signal can be transmitted as a
short pulse or as a train of narrowband signals that to-
gether constitute a wideband signal, or other waveforms
used in radar pulse compression (such as chirped,
stepped-frequency, or phase-coded pulses). Use of
these sorts of waveforms in making measurements in-
side the body is described in the above-mentioned pub-
lications and may similarly be applied, mutatis mutandis,
in system 20.
[0036] Digital processing circuit 46 measures the time
delay for RF waves to travel from antenna 42 to heart 32
via lung 28 and back to the antenna. The waves reflected
from the heart can be identified based on the modulation,
typically comprising a cyclical change, of the resulting
signal during a heartbeat. The short-term time cyclical
variation of the delay from antenna to heart and back can
also be used to measure heart movement, while long-
term variation is indicative of changes in the pulmonary
fluid level. Additionally or alternatively, electrodes 56,
which may be built into case 40 or mounted externally,
may measure an electrocardiogram (ECG) signal for cor-
relation with the actual heart movement. Further addi-
tionally or alternatively, circuit 46 may detect modulation
of the waves due to respiratory motion.
[0037] Further additionally or alternatively, device may
comprise other sensors 58, either in case 40 or connect-
ed to it externally. Sensors 58 may measure, for example,
bio-impedance, fluid content, temperature, salinity, or
motion (of the heart, lungs, or entire body) and may be
useful in filling out the picture of fluid status that is pro-
vided by RF measurement.
[0038] As the RF waves pass through body tissue,
such as lung 28, the group velocity of the waves will vary
as a function of the fluid content of the tissue. Generally
speaking, the higher the fluid content, the greater will be
the dielectric constant of the tissue, and hence the lower
the velocity. Equivalently, fluid in the lungs can be con-
sidered to increase the RF path length of the waves, de-
fined by the length of time required for the waves to pass
through the tissue and back to device 24. The result of
this decrease in velocity or increase in RF path length is
that the delay of the reflected waves will increase as the
fluid content of lungs 28 increases. Digital processing
circuit 46 measures this delay periodically and/or on com-

mand in order to compute an indication of the lung’s fluid
content. Typically, circuit 46 comprises a memory (not
shown), which stores the computed values.
[0039] In addition to or alternatively to measuring the
RF path length or delay, digital processing circuit may
measure other signal characteristics, such as the ampli-
tude of the reflected signals from the transition layer be-
tween ribs 34 and lung 28. The amplitude of this reflection
is typically stronger and differently shaped in patients suf-
fering from pulmonary edema in comparison to healthier
subjects. The signal amplitude and shape may also be
fitted parametrically to a stratified model of the various
tissues traversed by the RF waves, wherein the fit pa-
rameters include the fluid content.
[0040] Additionally or alternatively, circuit 46 may com-
pute other parameters relating to tissue characteristics,
such as the volume, shape, physical properties, locations
and/or movement of structures in the path of the RF
waves within the body. For example, the RF waves and
signal processing carried out in front end 44 and circuit
46 may be adjusted to measure pericardial fluid content
within mediastinum 30. As another example, antennas
42 can be driven in a multi-static configuration to measure
the electromagnetic properties of different sub-volumes
within thorax 26, and thus provide data that are spatially
resolved in two or three dimensions. Such multi-static
techniques (using extracorporeal antennas) are de-
scribed, for example, in the above-mentioned WO
2011/067623 and US 2011/0130800, which also de-
scribe digital signal processing methods that can be used
to compute the complex dielectric constants for the indi-
vidual sub-volumes.
[0041] A communication interface 48 transmits and re-
ceives data to and from telemetry station 34 (Fig. 1) via
a communication antenna 50. The transmitted data typ-
ically comprise the indications of tissue characteristics
that have been computed over time and stored by digital
processing circuit 46. These indications may include sta-
tistical parameters computed by circuit 46 over the tissue
measurement results, such as time trend parameters of
the measured fluid level. Alternatively or additionally, the
indications of tissue characteristics may include raw data
collected from front end 44, and communication interface
48 may transmit data either intermittently or continuously
as they are measured. Further alternatively or addition-
ally, interface 48 may communicate with other implanted
diagnostic and/or therapeutic devices, such as an intra-
vascular pressure sensor or an ICD, or with non-invasive
monitoring devices, such as a bio-impedance measure-
ment device.
[0042] A power source 52 supplies operating power to
the circuits of device 24. Power source 52 typically com-
prises an energy storage component, such as a single-
use or rechargeable battery. In the case of a recharge-
able storage component, power source 52 may be cou-
pled to a power antenna 54, which receives RF power
from a suitable power transmission antenna (not shown)
outside the body. Alternatively, one or more of antennas
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42 may additionally receive this RF power, instead of or
in addition to power antenna 54. The power transmission
antenna may comprise, for example, a coil, which is po-
sitioned outside thorax 26 in proximity to device 24 and
provides power to antenna 54 by magnetic induction. The
power transmission coil may be placed under a mattress
on which the patient lies, or it may be worn as a vest, a
bra or a necklace, for example. Power source 52 rectifies
the received power in order to charge its energy storage
component.
[0043] Fig. 4A is a schematic pictorial illustration of RF
monitoring device 24, in accordance with an embodiment
of the invention, while Fig. 4B shows a schematic explod-
ed view of the device of Fig. 4A. Case 40 comprises front
and rear covers 62, 64, typically comprising titanium. An-
tennas 42 are printed, using hard gold or another suitable
biocompatible conductor, on a main circuit board 66,
which typically comprises a biocompatible ceramic sub-
strate with brazing to enable it to be hermetically sealed
against covers 62 and 64. Board 66 also has pads and
conductors for mounting and connecting the components
(not shown) of front end 44, processing circuit 46, and
communication interface 48. These components are typ-
ically embodied in one or more integrated circuits, as are
known in the art. Front cover 62 comprises windows 60
containing antennas 42, which are sealed by bonding the
perimeters of the windows to brazing surrounding the
antennas on board 66.
[0044] Antennas 42 in this example each comprise a
pair of printed conductive loops with a center feed, in an
elliptic bowtie configuration. For enhanced efficiency and
directionality, antennas 42 are backed by conductive air-
filled cavities 68 on the side of board 66 opposite windows
60. Cavity antennas of this sort (in an extracorporeal con-
figuration) are described, for example, in the above-men-
tioned PCT International Publication WO 2011/067623.
Alternatively, device 24 may comprise any other suitable
type of antenna, such as a spiral, bowtie, or slotted an-
tenna, with a cavity, electromagnetic bandgap (EBG)
backing, or no backing.
[0045] Power antenna 54 comprises a coil 72 with a
magnetic or ferritic core 74, covered by a non-conductive
biocompatible cover 78. Coil 72 is connected via feed-
throughs between covers 62 and 64 to power source 52.
Cover 78 typically comprises a suitable biocompatible
plastic or other dielectric material, such as silicone mold-
ed over coil 72 and core 74. Coil 72 may also serve as
communication antenna 50. Alternatively, a separate
communication antenna 70 may be connected to board
66 and positioned to transmit and receive communication
signals through a window 72 in cover 64. As still another
alternative, one or both of antennas 42 may serve as the
communication antenna (although in this case it may be
preferable that the antenna not have a cavity or other
backing in order to strengthen the backlobe radiation
transmitted by the antenna out of the body).
[0046] As noted earlier, device 24 comprises elec-
trodes 56, which are shown in Figs. 4A and 4B as external

elements on cover 62. The ECG signals sensed by these
electrodes may be used not only in synchronizing the
measurements of RF reflections to the patient’s heart-
beat, but also as a diagnostic indicator in and of them-
selves, which is processed and stored by circuit 46. This
diagnostic indicator can then be used, for example, to
detect cardiac arrhythmias, in a manner similar to a Holter
monitor. Alternatively or additionally, device 24 can com-
prise sensors for other sorts of intra-body clinical meas-
urements, such as temperature, blood pressure, and/or
blood oxidation, thereby broadening the usefulness and
improving the diagnostic accuracy of system 20.

ALTERNATIVE EMBODIMENTS

[0047] Fig. 5 is a schematic pictorial illustration of a
monitoring system 80 comprising a RF monitoring device
82 implanted in a human body, in accordance with an-
other embodiment of the invention. Device 82 is similar
in structure and function to device 24, as described
above, but in this embodiment, device 82 operates in
conjunction with an internally-placed reflector 84 on the
opposite side of the patient’s lung, as shown in the figure,
rather than relying on reflections from the heart. The use
of a dedicated reflector strengthens the reflected waves
that are received by device 82 and provides a constant
physical path length to which the measured RF path
length can be compared. Alternative placements of the
monitoring device and reflector are shown in Figs. 6A
and 6B. As yet another alternative, the RF reflector may
be positioned outside the patient’s body.
[0048] Reflector 84 may be a passive structure made
of biocompatible conducting material, or it may comprise
one or more active components, which can be modulated
to enhance signal extraction by device 82. The modula-
tion of this reflector can be triggered and powered exter-
nally by means of a magnetic pulse source or a low-fre-
quency electromagnetic wave. As another alternative, an
internal active or passive reflector of this sort can be used
in conjunction with an external RF transmitter/receiver,
in place of device 82.
[0049] In an alternative embodiment, reflector 84 may
be replaced by a RF transmitter, which transmits RF
waves through the lung to device 82. In this case, device
82 may comprise only a RF receiver (together with the
processing circuitry and other components shown in Fig.
3). As still another alternative, transmit/receive devices
on opposite sides of the heart may each transmit RF
waves and receive the RF waves transmitted by the coun-
terpart device.
[0050] Figs. 6A and 6B are schematic pictorial illustra-
tions, in side and front views respectively, showing a sys-
tem 90 in which a RF monitoring device 92 is implanted
in a human body, in accordance with a further embodi-
ment of the invention. In this embodiment, device 92 is
similar in structure and function to device 24, but is im-
planted in an infra mammary location and operates in
conjunction with a reflector 94 in a dorsal location, be-
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tween the fourth and sixth ribs, for example. Alternatively,
the locations of device 92 and reflector 94 may be re-
versed.
[0051] Fig. 6B also shows an ICD 96, which may be
used in conjunction with device 92 or integrated with de-
vice 92. For example, device 92 and pacemaker 96 may
share a power source and/or communication circuits for
communicating with station 34 outside the body. Device
92 and ICD 96 may even be contained in the same case,
which may be implanted, for example, in the infra-mam-
mary region. The measurements provided by device 92,
particularly with regard to the level of pulmonary fluid
accumulation, may be used as an input in controlling the
pacing of the heart by ICD 96.
[0052] ICD 96 may alternatively serve as the reflector
for device 92, in place of reflector 94. In this case, the
ICD may simply be configured as a passive reflector, or
it may comprise a modulated reflector, as described
above.
[0053] Fig. 7 is a schematic pictorial illustration of a
part of a RF monitoring device 100, in accordance with
another embodiment of the present invention. This figure
shows the internal side of case 102 of device 100, to
which a cylindrical antenna support 104 is attached, by
laser welding along a seam 106, for example. A substrate
108 of the antenna is mounted on support 104. Substrate
108 typically comprises a ceramic material, such as a
low-temperature co-fired ceramic (LTCC), for example,
Dupont 951LTCC. Substrate 108 comprises a metal
coating around its perimeter, and is brazed to support
104 (as well as to the overlying front side of case 102,
which is not shown in this figure) using a titanium ring
110 and a suitable filler material. The brazing serves the
dual purposes of electromagnetically sealing the antenna
to its backing and mechanically sealing the substrate to
the case.
[0054] Fig. 8 is a schematic, partly-exploded view of a
RF_monitoring device 120, in accordance with a com-
parative example to the present invention.
antenna 124 is attached externally to a sealed case 122
of device 120. Antenna 124 in this example comprises a
conductive spiral 126, but this sort of external configura-
tion in equally applicable to other antenna types. Antenna
124 is inserted into a slot 128 in case 122, and an edge
130 of the antenna is then sealed to case 122 by brazing,
for example. The antenna is thus partially inside and par-
tially outside the case, with sealed RF connections from
the circuits inside the case to the outer antenna using
printed electrical traces.
[0055] Fig. 9 is a schematic exploded view of antenna
124,

Antenna 124 comprises a stack of three layers, each
on a respective ceramic substrate 132, 134, 138.
Spiral 126 is printed on the upper layer. An EBG
structure 136 is printed on the middle layer, serving
as a backing for spiral 126, with EBG elements of
different sizes corresponding to the different fre-

quencies radiated by different areas of the spiral.
The lower layer serves as a ground plane, with vias
140 passing through all the layers of antenna 124.
The vias are connected via leads (not shown) on
substrate 138 to the circuits inside case 122. The
two central vias provide the signals for exciting spiral
126.

[0056] Fig. 10 is a schematic pictorial illustration of a
RF monitoring device 150, in accordance with an addi-
tional comparative example to the present invention.
Here a bowtie antenna 154 is connected by a coaxial
cable 156 to circuits inside a case 152. The cable and
case are sealed by a feedthrough in a header 158, which
may comprise a suitable epoxy and/or polyurethane. De-
vice 150 in this embodiment also has a communication
antenna 160, as described above.
[0057] As noted earlier, although the embodiments
shown in the figures relate specifically to measurement
of the fluid content of the lungs, the principles of the
present invention may similarly be applied in monitoring
of other organs, such as the heart, bladder, tongue, pal-
ate, spleen, brain, or body extremities. It will thus be ap-
preciated that the embodiments described above are cit-
ed by way of example, and that the present invention is
not limited to what has been particularly shown and de-
scribed hereinabove. Rather, the scope of the present
invention includes both combinations and subcombina-
tions of the various features described hereinabove.

Claims

1. A diagnostic apparatus, comprising:

a sealed case (40), comprising a biocompatible
material and configured for implantation within
a body of a human subject;
at least one antenna (42) configured to be im-
planted in the body in proximity to a target tissue,
to receive radio frequency (RF) electromagnetic
waves propagated through the target tissue, and
to output a signal in response to the received
waves; and
processing circuitry (46) contained within the
case and configured to receive and process the
signal from the antenna so as to derive and out-
put an indication of a characteristic of the target
tissue,
characterised in that the at least one antenna
(42) comprises a trace printed on a substrate
and a backlobe suppression structure behind
the trace.

2. The apparatus according to claim 1, wherein the at
least one antenna is configured to transmit the waves
into the body and to receive the transmitted waves
following propagation of the waves through the target
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tissue.

3. The apparatus according to claim 2, wherein the at
least one antenna (42) is configured to receive the
waves after reflection of the waves from a tissue in
the body, and wherein the processing circuitry (46)
is further configured to detect a modulation of the
reflection due to at least one of a heartbeat and a
respiratory motion of the subject.

4. The apparatus according to claim 3, wherein the
modulation comprises a cyclical variation due to the
heartbeat.

5. The apparatus according to claim 2, further compris-
ing a reflector (84) configured for implantation in the
body in a location across the target tissue from the
case (40) containing the at least one antenna, where-
in the reflector serves as the structure for reflecting
the waves toward the at least one antenna.

6. The apparatus according to claim 5, wherein the re-
flector comprises part of an implanted cardiac device
(ICD) (96) that is implanted in the body.

7. The apparatus according to claim 1, further compris-
ing a transmitter (44) configured to be implanted in
the body in a location across the target tissue from
the case containing the at least one antenna, and to
transmit the waves through the target tissue.

8. The apparatus according to any of claims 1-7, where-
in the processing circuitry (46) is further configured
to process the signal so as to derive a measure of a
fluid content of the target tissue.

9. The apparatus according to claim 8, wherein the
case is configured for implantation in a thorax, and
wherein the target tissue is lung tissue.

10. The apparatus according to any of claims 1-7, where-
in the indication comprises a time trend of the char-
acteristic of the target tissue.

11. The apparatus according to any of claims 1-7, where-
in the at least one antenna (42) comprises a plurality
of antennas.

12. The apparatus according to claim 11, wherein the
processing circuitry (46) is configured to drive the
antennas in a multi-static mode so as to spatially
resolve the characteristic of the target tissue.

13. The apparatus according to any of claims 1-7, where-
in the at least one antenna is contained inside the
case, or is located partially outside the case and is
connected to the processing circuitry (46) via a
sealed brazing to the case.

14. The apparatus according to claim 13, wherein the at
least one antenna (42) comprises a trace printed on
a substrate, and wherein the case comprises a win-
dow (72), and the antenna is configured to receive
the waves through the window.

15. The apparatus according to any of claims 1-7, further
comprising a bio-impedance sensor (58).

16. The apparatus according to claim 1, wherein the
backlobe suppression structure is selected from a
group of structures consisting of an air cavity (68)
and an electromagnetic bandgap (EBG) backing
(136)

Patentansprüche

1. Diagnosevorrichtung, die umfasst:

ein abgedichtetes Gehäuse (40), das ein bio-
kompatibles Material umfasst und zur Implanta-
tion in einen Körper eines menschlichen Patien-
ten eingerichtet ist;
wenigstens eine Antenne (42), die so eingerich-
tet ist, dass sie in dem Körper in der Nähe eines
Ziel-Gewebes implantiert wird, um elektromag-
netische Funkfrequenz-Wellen zu empfangen,
die sich durch das Ziel-Gewebe hindurch aus-
breiten, und in Reaktion auf die empfangenen
Wellen ein Signal ausgibt; und
eine Verarbeitungs-Schaltung (46), die im Inne-
ren des Gehäuses aufgenommen und so einge-
richtet ist, dass sie das Signal von der Antenne
empfängt und verarbeitet, um eine Anzeige ei-
ner Eigenschaft des Ziel-Gewebes herzuleiten
und auszugeben,

dadurch gekennzeichnet, dass

die wenigstens eine Antenne (42) eine auf ein
Substrat aufgedruckte Leiterbahn und eine Hin-
terkeulenunterdrückungs-Struktur hinter der
Leiterbahn umfasst.

2. Vorrichtung nach Anspruch 1, wobei die wenigstens
eine Antenne so eingerichtet ist, dass sie die Wellen
in den Körper hinein sendet und die gesendeten Wel-
len nach Ausbreitung der Wellen durch das Ziel-Ge-
webe hindurch empfängt.

3. Vorrichtung nach Anspruch 2, wobei die wenigstens
eine Antenne (42) so eingerichtet ist, dass sie die
Wellen nach Reflexion der Wellen von einem Gewe-
be in dem Körper empfängt, und die Verarbeitungs-
Schaltung (46) des Weiteren so eingerichtet ist, dass
sie eine Modulation der Reflexion aufgrund eines
Herzschlags oder/und einer Atembewegung des Pa-
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tienten erfasst.

4. Vorrichtung nach Anspruch 3, wobei die Modulation
eine zyklische Änderung aufgrund des Herzschlags
umfasst.

5. Vorrichtung nach Anspruch 2, die des Weiteren ei-
nen Reflektor (84) umfasst, der zur Implantation in
den Körper an einer Position eingerichtet ist, die dem
Gehäuse (40), das die wenigstens eine Antenne ent-
hält, über das Ziel-Gewebe gegenüberliegt, wobei
der Reflektor als die Struktur dient, mit der die Wellen
auf die wenigstens eine Antenne zu reflektiert wer-
den.

6. Vorrichtung nach Anspruch 5, wobei der Reflektor
Teil einer implantierten Kardio-Vorrichtung (ICD)
(96) ist, die in den Körper implantiert ist.

7. Vorrichtung nach Anspruch 1, die des Weiteren ei-
nen Sender (44) umfasst, der so eingerichtet ist,
dass er in den Körper an einer Position implantiert
wird, die dem Gehäuse, das die wenigstens eine An-
tenne enthält, über das Ziel-Gewebe gegenüber-
liegt, und der die Wellen durch das Ziel-Gewebe sen-
det.

8. Vorrichtung nach einem der Ansprüche 1-7, wobei
die Verarbeitungs-Schaltung (46) des Weiteren so
eingerichtet ist, dass sie das Signal verarbeitet, um
ein Maß eines Fluidgehaltes des Ziel-Gewebes her-
zuleiten.

9. Vorrichtung nach Anspruch 8, wobei das Gehäuse
zur Implantation in einen Thorax eingerichtet ist und
das Ziel-Gewebe Lungengewebe ist.

10. Vorrichtung nach einem der Ansprüche 1-7, wobei
die Anzeige einen Zeittrend der Eigenschaft des Ziel-
Gewebes umfasst.

11. Vorrichtung nach einem der Ansprüche 1-7, wobei
die wenigstens eine Antenne (42) eine Vielzahl von
Antennen umfasst.

12. Vorrichtung nach Anspruch 11, wobei die Verarbei-
tungs-Schaltung (46) so eingerichtet ist, dass sie die
Antennen in einem Multi-Static-Modus ansteuert,
um so die Eigenschaft des Ziel-Gewebes räumlich
aufzulösen.

13. Vorrichtung nach einem der Ansprüche 1-7, wobei
die wenigstens eine Antenne im Inneren des Gehäu-
ses aufgenommen ist oder teilweise außerhalb des
Gehäuses angeordnet ist und über eine abgedich-
tete Verlötung an dem Gehäuse mit der Verarbei-
tungs-Schaltung (46) verbunden ist.

14. Vorrichtung nach Anspruch 13, wobei die wenigs-
tens eine Antenne (42) eine auf ein Substrat ge-
druckte Leiterbahn umfasst und das Gehäuse ein
Fenster (72) umfasst und die Antenne so eingerich-
tet ist, dass sie die Wellen über das Fenster emp-
fängt.

15. Vorrichtung nach einem der Ansprüche 1-7, die des
Weiteren einen Bioimpedanz-Sensor (58) umfasst.

16. Vorrichtung nach Anspruch 1, wobei die Hinterkeu-
lenunterdrückungs-Struktur aus einer Gruppe von
Strukturen ausgewählt wird, die aus einem Luftraum
(68) und einem EBG-Träger (electromagnetic band-
gap backing) (136) besteht.

Revendications

1. Appareil de diagnostic, comprenant :

un boîtier hermétique (40) comprenant un ma-
tériau biocompatible, et configuré en vue d’une
implantation dans le corps d’un sujet humain ;
au moins une antenne (42) configurée de ma-
nière à être implantée dans le corps à proximité
d’un tissu cible, en vue de recevoir des ondes
électromagnétiques (RF) radiofréquence pro-
pagées à travers le tissu cible, et de générer en
sortie un signal en réponse aux ondes reçues ;
et
un montage de circuits de traitement (46) inclus
dans le boîtier et configuré de manière à recevoir
et à traiter le signal en provenance de l’antenne,
de manière à dériver et à générer en sortie une
indication d’une caractéristique du tissu cible ;

caractérisé en ce que ladite au moins une antenne
(42) comprend une trace imprimée sur un substrat
et une structure de suppression de lobe arrière der-
rière la trace.

2. Appareil selon la revendication 1, dans lequel ladite
au moins une antenne est configurée de manière à
transmettre les ondes dans le corps et à recevoir les
ondes transmises suite à la propagation des ondes
à travers le tissu cible.

3. Appareil selon la revendication 2, dans lequel ladite
au moins une antenne (42) est configurée de ma-
nière à recevoir les ondes suite à une réflexion des
ondes à partir d’un tissu dans le corps, et dans lequel
le montage de circuits de traitement (46) est en outre
configuré de manière à détecter une modulation de
la réflexion sous l’effet d’au moins l’un parmi un bat-
tement de coeur et un mouvement respiratoire du
sujet.
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4. Appareil selon la revendication 3, dans lequel la mo-
dulation comprend une variation cyclique sous l’effet
du battement de coeur.

5. Appareil selon la revendication 2, comprenant en
outre un réflecteur (84) configuré en vue d’une im-
plantation dans le corps, dans un emplacement à
travers le tissu cible à partir du boîtier (40) contenant
ladite au moins une antenne, dans lequel le réflec-
teur sert de structure pour réfléchir les ondes vers
ladite au moins une antenne.

6. Appareil selon la revendication 5, dans lequel le ré-
flecteur comprend une partie d’un défibrillateur im-
plantable (ICD) (96) qui est implanté dans le corps.

7. Appareil selon la revendication 1, comprenant en
outre un émetteur (44) configuré de manière à être
implanté dans le corps, dans un emplacement à tra-
vers le tissu cible à partir du boîtier contenant ladite
au moins une antenne, et à transmettre les ondes à
travers le tissu cible.

8. Appareil selon l’une quelconque des revendications
1 à 7, dans lequel le montage de circuits de traite-
ment (46) est en outre configuré de manière à traiter
le signal de façon à dériver une mesure d’un contenu
fluide du tissu cible.

9. Appareil selon la revendication 8, dans lequel le boî-
tier est configuré en vue d’une implantation dans un
thorax, et dans lequel le tissu cible est un tissu pul-
monaire.

10. Appareil selon l’une quelconque des revendications
1 à 7, dans lequel l’indication comprend une tendan-
ce temporelle de la caractéristique du tissu cible.

11. Appareil selon l’une quelconque des revendications
1 à 7, dans lequel ladite au moins une antenne (42)
comprend une pluralité d’antennes.

12. Appareil selon la revendication 11, dans lequel le
montage de circuits de traitement (46) est configuré
de manière à commander l’antenne dans un mode
multistatique de façon à résoudre spatialement la
caractéristique du tissu cible.

13. Appareil selon l’une quelconque des revendications
1 à 7, dans lequel ladite au moins une antenne est
incluse à l’intérieur du boîtier, ou est située partiel-
lement en dehors du boîtier et est connectée au mon-
tage de circuits de traitement (46) par l’intermédiaire
d’un brasage étanche au boîtier.

14. Appareil selon la revendication 13, dans lequel ladite
au moins une antenne (42) comprend une trace im-
primée sur un substrat, et dans lequel le boîtier com-

prend une fenêtre (72), et l’antenne est configurée
de manière à recevoir les ondes à travers la fenêtre.

15. Appareil selon l’une quelconque des revendications
1 à 7, comprenant en outre un capteur d’impédance
biométrique (58).

16. Appareil selon la revendication 1, dans lequel la
structure de suppression de lobe arrière est sélec-
tionnée parmi un groupe de structures comportant
une cavité d’air (68) et un support à bande interdite
électromagnétique (EBG) (136).
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