EP 1 675 506 B1

(19)

(12)

(45)

Patent Office

Europdisches
Patentamt
0’ European

et (11) EP 1 675 506 B1
EUROPEAN PATENT SPECIFICATION
Date of publication and mention (51) IntCl.:
of the grant of the patent: A61B 5/00 (2006.01)

16.09.2015 Bulletin 2015/38
(86) International application number:

(21) Application number: 04796177.6 PCT/US2004/035135
(22) Date of filing: 25.10.2004 (87) International publication number:

WO 2005/043100 (12.05.2005 Gazette 2005/19)
(54) SYSTEM FOR DETECTING FLUID CHANGES

SYSTEM ZUM NACHWEIS VON FLUSSIGKEITSVERANDERUNGEN
SYSTEME POUR DETECTER DES VARIATIONS FLUIDIQUES

(84)

(30)

(43)

(60)

(73)

(72)

Designated Contracting States: * RUGGERI, Felicia
ATBEBG CHCY CZDE DKEE ES FIFRGB GR Columbus, OH 43212 (US)
HU IE IT LI LU MC NL PL PT RO SE SI SKTR « HARPHAM, Raymond

Columbus, OH 43214 (US)
Priority: 24.10.2003 US 514355 P » HELD, Jeffrey

Columbus, OH 43214 (US)
Date of publication of application:

05.07.2006 Bulletin 2006/27 (74) Representative: Thoma, Michael

Lorenz - Seidler - Gossel
Divisional application: Rechtsanwilte Patentanwalte PartnerschaftmbB
12005361.6 / 2 526 857 Widenmayerstrae 23

80538 Miinchen (DE)
Proprietor: Bayer Medical Care Inc.

Indianola, PA 15051 (US) (56) References cited:

WO-A2-03/063680 US-A- 4 647 281
Inventors: US-A- 6 047 215 US-A1- 2003 004 433
BOUTON, Chad US-A1- 2003 036 674 US-B1-6 263 226
Delaware, OH 43015 (US) US-B1- 6 300 906 US-B1- 6 415170

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 675 506 B1 2

Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims benefit of U. S. Provi-
sional Patent Application Serial No. 60/514,355, filed Oc-
tober, 24,2003.

BACKGROUND OF THE INVENTION

[0002] The present invention relates generally to the
detection of fluid and/or other material in tissue, and es-
pecially, to a system for detecting changes in the level
of fluid in tissue. In certain embodiments, the system of
the present invention detects if fluid level has increased
or has otherwise become abnormal.

[0003] The following information is provided to assist
the reader to understand the invention disclosed below
and the environment in which it will typically be used. The
terms used herein are not intended to be limited to any
particular narrow interpretation unless clearly stated oth-
erwise in this document. References set forth herein may
facilitate understanding of the present invention or the
background of the present invention. Inclusion of a ref-
erence herein, however, is not intended to and does not
constitute an admission that the reference is available
as prior art with respect to the present invention

[0004] Changed, elevated or abnormal fluid levels in
living tissue can result from a number of physiological
conditions. For example, edema is an abnormal accu-
mulation of watery fluid in the intercellular spaces of con-
nective tissue. Edematous tissues are swollen and, when
punctured, secrete a thin incoagulable fluid. Edema is
most frequently a symptom of disease rather than a dis-
ease in itself, and it may have a number of causes, most
of which can be traced back to gross variations in the
physiological mechanisms that normally maintain a con-
stant water balance in the cells, tissues, and blood.
Among the causes may be diseases of the kidneys, heart,
veins, or lymphatic system; malnutrition; or allergic reac-
tions.

[0005] Moreover, bleeding (hemorrhage) can cause
blood to collect and clot (hematoma). Hematomas can,
for example,) occur beneath the outermost of three mem-
branes that cover the brain (meninges) as a result of a
head injury. There are two types of cranial subdural he-
matomas. An acute subdural hematoma occurs soon af-
ter a severe head injury. A chronic subdural hematoma
is a complication that may develop weeks after a head
injury. Such a head injury may have been so minor that
the patient does not remember it. An epidural hematoma
is a traumatic accumulation of blood between the inner
table of the skull and the stripped-off dural membrane.
The inciting event often is a focused blow to the head. It
is often difficult to detect hematomas, particularly when
the hematoma occurs well after the time of an injury.
[0006] In addition to accumulation of body fluids, ele-
vated fluid levels in tissue can arise as a result of intro-
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duction of a fluid into the body, for example, during an
injection procedure. In that regard, in many medical di-
agnostic and therapeutic procedures, a physician or oth-
erpersoninjectsfluid into a patient’s blood vessels. More-
over, in recent years, a number of injector-actuated sy-
ringes and powered injectors for pressurized injection of
contrast medium in procedures such as angiography,
computed tomography, ultrasound and NMR/MRI have
been developed.

[0007] Extravasation or infiltration is the accidental in-
fusion or leakage of an injection fluid such as a contrast
medium or a therapeutic agent into tissue surrounding a
blood vessel rather than into the blood vessel itself. Ex-
travasation can be caused, for example, by rupture or
dissection of fragile vasculature, valve disease, inappro-
priate needle placement, or patient movement resulting
in the infusing needle being pulled from the intended ves-
sel or causing the needle to be pushed through the wall
of the vessel. High injection pressures and/or rates of
some modern procedures can increase the risk of ex-
travasation. In computed tomography, for example, con-
trast injection flow rates can be in the range of 0.1 to 10
ml/s.

[0008] Extravasation can cause serious injury to pa-
tients. In that regard, certain injection fluids such as con-
trast media or chemotherapy drugs can be toxic to tissue.
It is, therefore, very important when performing fluid in-
jections to detect extravasation as soon as possible and
discontinue the injection upon detection.

[0009] Several extravasation detection techniques are
known in the art. Two simple and very useful techniques
for detecting extravasation are palpation of the patient in
the vicinity of the injection site and simple visual obser-
vation of the vicinity of the injection site by a trained health
care provider. In the palpation technique, the health care
provider manually senses swelling of tissue near the in-
jection site resulting from extravasation. By visual obser-
vation, it is also sometimes possible to observe directly
any swelling of the skin in the vicinity of an injection site
resulting from extravasation.

[0010] In addition to palpation and observation, there
are anumber of automated methods of detecting extrava-
sation that may include automatic triggering of an alarm
condition upon detection. Unfortunately, each of these
automated methods of detecting extravasation is limited
by significant drawbacks.

[0011] Inthatregard, several plethysmographic detec-
tion techniques are available. For example, mercury
strain gauge plethysmographs measure the volume
change resulting from venous blood flow in a cross sec-
tional area of a limb of a patient. Air cuff or pulse volume
recorder plethysmographs measure the changes in pres-
sure within a recording cuff. Such plethysmographs can
be cumbersome to operate and/or insensitive to small
changes in volume.

[0012] Impedance plethysmographs use low-frequen-
cy electromagnetic energy transmitted via galvanic con-
tact with the skin to measure changes in the electrical
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impedance in adefined tissue volume of alimb. Detection
of extravasation viaimpedance changes is disclosed, for
example, in U. S. PatentNos. 5,964, 703 and 5,947, 910.
In this method, an impedance change of a certain level
relative to a baseline measurement in the vicinity of the
injection site is interpreted as being an extravasation. A
change in impedance occurs during extravasation be-
cause injection fluid in the tissue of the patient changes
both the volume and the electrical impedance properties
of the tissue. Use of electrodes inimpedance plethysmo-
graphs can, however, result in instabilities. For example,
maintaining suitable electrical (ohmic or galvanic) con-
tact between the electrodes of impedance plethysmo-
graphs and the skin of the patient is often very difficult.

[0013] Photo-plethysmographs measure the optical
scattering properties of capillary blood to detect the pres-
ence of extravasated fluids in tissue. An example of a
photoplethysmograph is described in U. S. Patent 4, 877,
034. Because light is heavily absorbed in tissue, howev-
er, the sensitivity of photo-plethysmographs is generally
limited to the top 1/4 inch of tissue. Many extravasations,
however, occur deeper than 1/4 inch. Moreover, the in-
jection medium may flow into interstitial spaces remote
from the photoplethysmograph sensors and go undetec-
ted.

[0014] A number of extravasation detection devices at-
tempt to measure temperature differences to determine
if an extravasation has occurred. For example, U. S. Pat-
ent 4,647, 281 discloses subcutaneous temperature
sensing of extravasation to trigger an alarm. In this meth-
od of extravasation detection, an antenna and a micro-
wave radiometer instantaneously measure the temper-
ature of the subcutaneous tissue at the site where fluid
is injected by measuring microwave radiation emitted
naturally from the body. An algorithm periodically deter-
mines the temperature difference between tissue and in-
jected fluid, and compares the difference to a fixed
threshold. An alarm processor uses the comparison to
determine an alarm condition.

[0015] In addition, U. S. Patent 5,334, 141 discloses a
microwave extravasation detection system employing a
reusable microwave antenna and a disposable attach-
ment element for releasably securing the microwave an-
tenna to a patient’s skin over an injection site. The at-
tachment element holds the antenna in intimate contact
with the patient’s skin to optimize microwave transfer
therebetween, while shielding the antenna from environ-
mental noise signals. U. S. Patent 5,954, 668 also dis-
closes use of a microwave antennato sense temperature
of tissue to detect extravasation. Although measurement
of temperature changes and emissivity using microwave
energy can result in instantaneous detection, tempera-
ture differences are often too small for practical meas-
urement.

[0016] In addition to microwave radiometry for the de-
tection of extravasation as described above, radiometry
has also been proposed for the detection of pulmonary
edema as described in U. S. Patent 4, 488, 559. U. S.
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Patent 4,240, 445 discloses detection of pulmonary ede-
ma via transmitting electromagnetic energy through a
transmission line coupled to tissue. U. S. Patent 4,690,
149 discloses detection of brain edema via impedance
changes detected by a sensor. A proposed method of
detection of brain edema is also disclosed in U. S. Patent
6,233, 479, in which a measured signal from a microwave
antenna is compared to a stored characteristic edema
signal.

[0017] Microwave energy has also been used for the
detection of tumors in living tissue as described in U. S.
Patent 6,061, 589. Unlike the passive measurements in
microwave radiometry, U. S. Patent 6,061, 589 disclosed
transmission of electromagnetic energy into the body
(breast tissue) using a microwave antenna in and a re-
sultant signal is measured. In that regard, U. S. Patent
6,061, 589 describes a microwave antenna to detect in-
cipient tumors in accordance with differences in relative
dielectric characteristics. Electromagnetic energy in the
microwave frequency range is applied to a discrete vol-
ume in the tissue and scattered signal returns are col-
lected. The irradiated location is shifted or changed in a
predetermined scanning pattern. The returned signals
are processed to detect anomalies indicative of the
present of a tumor.

[0018] Microwave energy has also been used as in
non-invasive tomographic spectroscopy imaging. See U.
S. Patent Nos. 6,332, 087 and 6,026, 173. Microwave
energy has further been used to measure the fat content
in nonliving organic tissue. For example, M. Kent, "Hand
Held Fat/Water Determination”, (1993), available at
www.distell.conz/products/papers/paper2.htm, disclos-
es a microstrip sensor for such a determination. In gen-
eral, the fat content of pelagic and other fatty species of
fish is proportion to water content. The dielectric proper-
ties of the fish depend on the water content. In the device
of Kent, changes in transmission properties of the fish
were calibrated against water content.

[0019] Itis desirable to developimproved devices, sys-
tems and methods for detecting changes in fluid levels
in tissue, and particularly, for detecting elevated or oth-
erwise abnormal levels of fluids in living tissue (for ex-
ample, as a result of edema, hematoma or extravasa-
tion). The objectives and advantages of the invention
herein presented will become fully apparent to persons
skilled in the relevant art from a reading of the detailed
description section of this document, and will become
particularly apparent when the detailed description is
considered along with the drawings and claims presented
herein.

[0020] A sensor device having a u-shaped housing in-
cluding arrays of transmitting and receiving antennas for
detection of fluid changes within tissue is disclosed by
US 2003/0036674 A1. The area of highest detection sen-
sitivity is located within in an opening formed by the u-
shaped housing.
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SUMMARY OF THE INVENTION

[0021] The objectives and advantages of the invention
are attained by a system according to the features of
claim 1. Preferable embodiments of the system are sub-
ject-matter of the dependent claims.

[0022] In one embodiment, the sensor device further
includes an RF cable assembly for each of the antenna
elements. Each of the RF cable assembilies includes at
one end thereof a connector. At the other end thereof,
the RF cable assembly is electrically connected to the
antenna element corresponding thereto. The sensor de-
vice can additionally or alternatively include at least one
flexible circuit board assembly for transmission of energy
to and from the antenna elements. The flexible circuit
board can include at least one splitter such that electro-
magnetic energy can be transmitted to at least two of the
plurality of antenna elements using a single transmission
trace within the flexible circuit board. The flexible circuit
board can include at least one combiner such that elec-
tromagnetic energy can be received from at least two of
the plurality of antenna elements and carried by a single
transmission trace within the flexible circuit board.
[0023] The sensor device can further include an at-
tachment mechanism to operably attach the sensor de-
vice tothe tissue of the body. The attachment mechanism
can include an adhesive portion defining a cutout region
generally coextensive with the opening of the housing.
The adhesive portion has one side thereof coated with a
first adhesive adapted to removably attach to the tissue
and an opposite side thereof coated with a second ad-
hesive adapted to attach to a bottom surface of the hous-
ing. The attachment mechanism can further include a
release band affixed to a perimeter of the adhesive por-
tion. In one embodiment, the first adhesive is adapted to
facilitate removal of the attachment mechanism from the
patient. For example, the first adhesive can provide less
adhesion than the second adhesive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Theinvention, and particularly its presently pre-
ferred and alternative embodiments and related aspects,
will be better understood by reference to the detailed dis-
closure below and to the accompanying drawings, in
which:

Figure 1A illustrates a perspective view of an ex-
travasation sensor according to a one embodiment
of the presentinvention, showing antennae on a bot-
tom surface thereof designed for contact with the
skin of a patientand RF cable assemblies associated
therewith.

Figure 1B is a bottom view of the extravasation sen-
sor shown in Figure 1A.

Figure 1C is a side view of the extravasation sensor
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shown in Figure 1A, with the bottom surface thereof
facing towards the bottom of the page.

Figure 1 D is a top view of the extravasation sensor
shown in Figure 1A.

Figure 1 E is an end view of the extravasation sensor
shown in Figure 1A, with the bottom surface thereof
facing towards the bottom of the page.

Figure 2 illustrates a generalized and idealized struc-
tural layout of the sensor of Figure 1A, showing high
sensitivity zones and an intermediate, reduced sen-
sitivity zone.

Figure 3 depicts a layout for a flexible circuit board,
showing flexible striplines for use in conveying sig-
nals to and from the antennae of an extravasation
sensor such as the one shown in Figure 1A.

Figure 4 illustrates a step-by-step procedure for us-
ing an attachment mechanism to attach an extrava-
sation sensor of the present invention to the skin of
a patient.

Figure 5illustrates an extravasation sensor attached
to the patient via the attachment mechanism of Fig-
ure 4 and its use within a control room of an imaging
suite.

Figure 6Aillustrates an extravasation sensor accord-
ing to the present invention including one or more
indicators to provide a visual indication of extrava-
sation.

Figure 6B illustrates an extravasation sensor accord-
ing to the present invention into which an arm button
has beenincorporated and which doubles as a visual
indicator of extravasation.

Figure 6C illustrates an extravasation sensor ac-
cording to the present invention into which an indi-
cator has been incorporated into each antenna ele-
ment as a visual indicator of extravasation.

Figure 7 illustrates a system for wirelessly transmit-
ting a signal indicative of extravasation from an ex-
travasation sensor (such as the one shown in Figure
1A) to a remote receiver.

DETAILED DESCRIPTION OF THE INVENTION

[0025] While the system of the present invention is
generally applicable to the sensing any fluid within body
tissue (whether a body fluid or an introduced fluid), the
present invention is primarily described herein with ref-
erence to the representative example of extravasation of
a fluid intended to be injected into a vascular structure.
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One skilled in the art will appreciate, however, that ele-
vated, abnormal or changing levels of generally any fluid
can be detected using the sensors, systems and methods
of the present invention. Detection of body fluids in the
present invention includes, but is not limited to, the de-
tection of fluid changes as a result of edema, hematoma,
ruptured bowel and colostomy tubing leakage into the
peritoneal cavity. Introduced or foreign fluid detectible in
the present invention include fluid introduced via gener-
ally any technique known in the medical arts including,
but not limited to, injection, infusion and IV drip. As de-
scribed above, changes in complex permittivity and per-
meability as a result of changing fluid levels in tissue are
detected by application of electromagnetic energy to the
tissue and detection of a resultant signal.

[0026] Complex permittivity and permeability govern
how an-electromagnetic wave will propagate through a
substance. Complex permittivity typically has the great-
est effect sinceit varies significantly between tissue types
andfluids ofinterest. The complex permeability of various
tissues and many fluids of interest is approximately that
of a vacuum, reducing the effect of this parameter. Some
fluids, however, such as MRI contrast agents may have
an appreciable complex permeability difference from tis-
sue. Although blood contains small amounts of iron, the
permeability value for any significant volume of blood is
typically insignificant. Complex permittivity is generally
expressed as:

£*= 8l_jE"

wherein ¢’ is the real component of the complex value
and is known as the dielectric constant or sometimes
simply referred to as the "permittivity." The term &" is the
imaginary component of the complex value and is often
referred to as the "loss factor." Theratio of (¢"/¢’) is known
as the "loss tangent." The complex permittivity (and
sometimes permeability) of certain substances differ
from the body tissue at certain frequencies. In the present
invention, such differences in permittivity and/or perme-
ability are used for the detection and level monitoring of
certain fluids and substances in biological tissue.

[0027] Published U. S. Patent Application Publication
Nos. 2003/0036674 and 2003/0036713, assigned to the
assignee of the present invention disclose transmitting
and receive antenna elements, sensing methods and
processing algorithms suitable for use in the present in-
vention. The studies of sensors incorporating such an-
tenna elements have shown that electromagnetic energy
having, for example, a frequency in the range of approx-
imately 300 MHz to approximately 30 GHz (and, more
preferably, in the range of approximately 1 GHz to ap-
proximately 10 GHz, and, even more preferably, in the
range of approximately 3 GHz to approximately 5 GHz)
provides good penetration into tissue. In general, such
electromagnetic energy is launched into the subcutane-
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ous tissue and a resultant signal is measured. Electro-
magnetic energy in the frequency range set forth above
has been found to transmit through the skin and to trans-
mit or propagate well within, for example, fat. Good trans-
mission through the fat layer is beneficial for detection of
extravasation as many extravasations occur in the fat
layer. The sensitivity to extravasation of the systems, de-
vices and methods of the present invention is thus in-
creased as compared, for example, to impedance
plethysmography.

[0028] Figure 1A-1 E illustrate multiple views of one
embodiment of an extravasation sensor 10 of the present
invention. Extravasation sensor 10 includes a housing
20, a plurality of antenna or sensor elements 60a, 60b
60c and 60d, and the RF cable assemblies 100 associ-
ated therewith. Each of coaxial cables 100 includes a
subminiature coaxial connector (SMA connector) 110.
[0029] The housing 20 can, for example, be fabricated
from a base material, such as urethane and/or silicone
material. A ferromagnetic and/or other material suitable
to absorb leakage of electromagnetic energy can be
mixed into the base material. A carbonyl iron powder,
such as the EW grade carbonyl iron powder produced
by the BASF Corporation, of Mount Olive, New Jersey,
is suitable for this purpose. The ferromagnetic powder is
mixed into the housing base material at least around the
antenna elements and cables. A ferromagnetic material
with appreciable permeability (e. g., > 1), such as the EW
grade carbonyl iron powder, provides a mixture that cre-
ates a flexible housing capable of absorbing stray leak-
age of electromagnetic energy. If not effectively ad-
dressed, such leakage could potentially cause artifacts
to be induced within the signals conveyed from the an-
tenna elements 30 as a result of, for example, palpation
of the skin in the area of the extravasation sensor 10 or
as aresult of other movement of the sensor 10. In addition
to motion and palpation artifacts, such leakage could also
decrease the sensitivity of the sensor 10 to the presence
of subcutaneous fluid. It is apparent that one can also
mix the ferromagnetic material into a different base ma-
terial (for example, a base material that will form a more
rigid housing).

[0030] Asillustrated, forexample, in Figures1A-1E and
2, housing 20 of the extravasation sensor 10 defines an
opening 24 between the antenna elements 60a-d. Open-
ing 24 provides both visual and tactile (palpation) access
to the site of interest where subcutaneous fluid will likely
accumulate should extravasation occur. Opening 24 thus
provides the operator with the option of checking for or
confirming the presence of fluid merely by looking at or
palpating the skin through opening 24 in housing 20.
[0031] Housing 20 also includes segments 30 and 30a
that bridge the gap between seatings 40 (positioned at
intersections 50 between connected segments 30 and
30a) inwhich antenna elements 60a-d are seated. Bridge
segments 30 and 30a are, for example, low in profile to
provide an operator access through opening 24 to the
site of interest for the purpose of palpation. Nurses or
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technologists often position their hand in such a manner
that low-profile bridge segments 30 and 30a (particularly
those bridge segments 30a on the sides of sensor 10)
allow improved ability to palpate the site of interest to
check for extravasation. As best shown in Figures 1A
and 1C, side bridge segments 30a can be curved out-
wardly away from the center of the palpation area to allow
increased accessibility.

[0032] Similar to the antenna element described in
Published U. S. Patent Application Nos. 2003/0036674
and 2003/0036713, antenna elements 60a-d (each of
which is generally identical in structure), in several em-
bodiments of the present invention, include an active an-
tenna orresonant structure 62 surrounded by a substrate
64 such as a ceramic material (for example, MgCaTiO,).
Resonant structures 62 are, for example, adapted to
transmit and receive electromagnetic energy in the fre-
quency ranges set forth above. The substrate material
can, for example, have a moderate to high dielectric con-
stant (for example, in the range of approximately 5 to
approximately 100 or in the range of approximately 50
to approximately 80) or high permittivity and low loss. To
reduce the size of the antenna structure, several embod-
iments used in the studies of the present invention used
a ceramic material in the range of 5-15, thereby reducing
manufacturing costs. The impedance of substrate 64 is
preferably similar to that of the surface of the tissue to
be studied.

[0033] Unlike several of the embodiments of the an-
tenna elements of U. S. Patent Application Nos.
2003/0036674 and 2003/0036713, antenna elements
60a-d of the present invention did not include a super-
strate material. In U. S. Patent Application Publication
Nos. 2003/0036674 and 2003/0036713, the antenna el-
ements such as shown in Figure 7D of each of those
published U. S. patent applications were positioned atop
or otherwise formed within a substrate and shielded from
direct contact with the skin by use of a superstrate. By
forming antenna elements 60a-d without a superstrate,
antenna element 60a-d becomes electromagnetically
loaded when adjacent to human tissue on which extrava-
sation sensor 10 is positioned. This electromagnetic
loading increases the bandwidth of extravasation sensor
10, which increases its ability to detect subcutaneous
pools of various shapes and sizes.

[0034] Microstrip antennae 60a through 60d used in
several studies of the present invention were fabricated
from a ceramic laminate material coated with thin layers
of copper on the front and back thereof. Such a material
is, for example, available from Rogers Corporation of
Chandler, Arizona under the product name RT/duroid®
6010LM. Such microwave laminates are ceramic-PTFE
composites designed for electronic and microwave cir-
cuit applications requiring a relatively high dielectric con-
stant. RT/duroid 6010LM laminate has a dielectric con-
stant of approximately 10.2. The laminate was approxi-
mately 2.5 mm thick and was supplied with both sides
thereof clad with 1/4 to 2 0z./ft.2 (8 to 70 wm) electrode-
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posited copper foil. In fabricating antennae (or microstrip
antennae) 60a-d of the present invention, some of the
copper material was etched from the top of the laminate
to form generally planar antenna active element or res-
onant structure 62, thereby forming a margin between
the outer edge of resonant structure 62 and the outer
edge of substrate 64. The copper on the bottom side of
the laminate formed ground plane 66 of antenna 62a-d.
Side shielding 68 of a conductive material can be provid-
ed to, for example, improve tissue coupling and prevent
stray energy.

[0035] Side shielding 68 and rearward, ground plane
66 form an electrically conductive cavity. Resonant struc-
ture 62 and the cavity can resonate together in the fre-
quency range of interest. Such resonance matching can
improve efficiency by, forexample, increasing power out-
put relative to power input for transmission, and increas-
ing power received relative to power available for recep-
tion. Each antenna element 60a through 60d can also
include a conductive front lip 67 on the surface of the
ceramic material to provide additional shielding. Coupled
with the protection provided by the side shielding 68, for-
ward conductive lip 67 for each antenna elements 60a-
d serves to further decrease the leakage of stray elec-
tromagnetic energy. In one embodiment, conductive lip
67 was fabricated from a conductive material such as
copperhaving athickness of approximately 0.010inches.
[0036] Although square antennae or resonant struc-
tures 62 were used in the studies of the present invention,
it is clear to one skilled in the art that many alternative
antenna element or resonant structure geometrie (for ex-
ample, circular or rectangular) can be used in the anten-
nae of the present invention.

[0037] Inthe embodimentofFigures 1Athrough2, sen-
sor 10 includes two antenna sets or pairs 70a and 70b.
First antenna pair 70a includes first transmitting antenna
element 60a and first receiving antenna element 60b.
Second antenna pair 70b includes second transmitting
antenna element 60c and second receiving antenna el-
ement 60d. The transmitting and receiving antenna ele-
ments of each of first antenna pair 70a and second an-
tenna pair 70b are held in spaced connection by bridging
segments 30. The length of bridging segments 30, and
thus the space between the transmitting and receiving
antenna elements, can be used to adjust the sensitivity
of the antenna pair to fluid changes in the high sensitivity
zone of the sensor (see, for example, Figure 2 and the
discussion thereof below) located between the transmit-
ting antenna and the receiving antenna of the antenna
pair. In that regard, increasing the distance between the
transmitting antenna and the receiving antenna increas-
es the volume of tissue encompassed by the high sen-
sitivity zone, but also increases the minimum volume of
fluid change that can be detected.

[0038] Figure 2illustrates a schematic structural layout
for extravasation sensor 10 of the present invention, in
which four antenna elements 60a through 60d are sep-
arated to form a first high sensitivity zone 80a between
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antenna elements 60a and 60b and a second high sen-
sitivity zone between antenna elements 60c and 60d.
Between high sensitivity zones 80a and 80b is a region
or zone 84 of lower or reduce sensitivity.

[0039] Thessize of the reduced sensitivity zone 84 (and
the sensitivity therein) is determined by the length of side
bridging segments 30a which operatively connect and
space first antenna pair 70a and second antenna pair
70b. In this embodiment of the present invention, the
spacing between antenna pairs 70a and 70b effectively
increases the sensing range of extravasation sensor 10.
However, lower sensitivity to small volumes of subcuta-
neous fluid in reduced sensitivity zone 84 between an-
tenna pairs 70a and 70b is achieved by spacing antenna
pairs 70a and 70b. High sensitivity zones 80a and 80b
are "primary" areas in which fluid build up can be detected
with highest sensitivity. The formation of intermediate,
reduced sensitivity zone 84, however, allows a small,
clinically insignificantamount of fluid (e. g., blood contrast
agent, or saline) to collect before extravasation sensor
10 indicates a positive response. This configuration can
be particularly desirable in, for example, the computer-
ized tomography (CT) setting wherein extravasation of a
small amount of fluid happens in a percentage of proce-
dures and does not require the termination of the CT
examination. In that regard, a study by Birnbaum et al.
(Birnbaum et al., "Extravasation Detection Accessory:
Clinical Evaluation in 500 Patients, "Radiolog (1999))
noted an occurrence rate of 2.6% for small leaks of con-
trast agent at the tip of the catheter with a volume range
of such leaks of approximately 0.5 to 3cc. During an in-
jection procedure, sensor 10 can be positioned so that
the tip of the injection catheter is placed within reduced
sensitivity zone 84 (for example, positioned generally
centrally within reduced sensitivity zone 84 or within open
area 24).

[0040] Usingsensing algorithms and thresholds as dis-
closed in Published U. S. Patent Application Nos.
2003/0036674 and 2003/0036713, small volumes of fluid
(for example, volumes no greater than 5cc or no greater
than 3cc) can accumulate within the overall sensing re-
gionwhile notcrossing the alarm threshold. Further, high-
er threshold values can be set and remain effective at
desired levels (that is, clinically significant levels). More-
over, by creation of reduced sensitivity zone 84 the vol-
ume at which the overall sensing region begins to be-
come saturated (i.e., at which fluid has filled the overall
sensing region and the sensor’s the signal stops chang-
ing) is increased to a larger volume by creation of reduced
sensitivity zone 84.

[0041] As described above, reduced sensitivity zone
84 allows small, clinically insignificant, extravasation
(blood and/or contrast agent) volumes to accumulate
while significantly reducing the probability of a false pos-
itive alarm. Indeed, in several clinical studies of the
present invention, false positive alarms were maintained
below 0.1 % while a positive extravasation detection rate
in excess of 95% was achieved.
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[0042] As illustrated for example in Figure 2, reduced
sensitivity zone 84 is located between high sensitivity
zones or sensing areas 80a and 80b. Increased fluid lev-
elsin low sensitivity region 84 can cause tissue distortion
in one or both of high sensitivity zones 80a and 80b, and
indirectly cause some level of sensor response. Because
of such effective overlap of high sensitivity zones 80a
and 80b and intermediate, reduced sensitivity zone 84,
the overall fluid volume sensing range of sensor 10 is
increased significantly.

[0043] In addition to maintaining a predetermined, de-
sired spacing between the antenna elements of each an-
tenna element pairand a predetermined, desired spacing
between the antenna element pairs, housing 20 also
maintains a desired relative orientation between the an-
tenna elements of each antenna element pair and be-
tween the antenna element pairs. Also, housing 20 as-
sists in assuring that each of antenna elements 60a-d is
generally coplanar when sensor device 10 is in operative
connection with a patient’s skin.

[0044] Figure 3illustrates an embodiment, which is not
part of the invention, and which uses a flexible circuit
board (also referred to as a "RF flex circuit board") to
create a unique thin, "flexible strip" or flexible circuit trans-
mission system 200 that can be used to carry and dis-
tribute the electromagnetic (for example, microwave) sig-
nals being transmitted from and received by extravasa-
tion sensor 300. Sensor 300 includes antenna elements
360a-d which operate in a manner as described above
in connection with antenna elements 60a-d. Flexible strip
transmission system 200 includes transmission lines or
traces 210. The flexible strip transmission system 200 is
provided with "side vias" 220 which (in connection with
conductive layers laminated on the major surfaces of the
flexible strip) complete a shielded, full coaxial structure
foruse in carrying microwave signals to and from antenna
elements 360a-d of sensor 300. In that regard, top and
bottom conductive layers of flexible strip transmission
system 200 serve as ground planes, while vias between
those layers are used to provide side shielding. As shown
in Figure 3, traces 210 can, for example, include splitting
and combining geometries 212 to split the energy be-
tween multiple transmitting antenna elements such as
antenna elements 260a and 260c and to combine energy
from multiple receiving antenna elements such as anten-
na elements 260b and 260d if desired. This splitting and
combining allows the use of fewer cables when connect-
ing sensor 300 to processing circuitry. Flex circuit boards
and other materials suitable for use at microwave fre-
quencies are commercially available from, for example,
DuPont and the Advanced Circuit Materials Division of
Rogers Corporation, of Chandler, Arizona.

[0045] A further advantage of the use of flex circuit
board in connection with an energy transmission system
of the sensors of the presentinvention is that a low-profile
connection to the antennas elements can be achieved.
Use of coaxial cables which are soldered to the antennas
elements of the present invention can require a sizeable
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bending radius, creating a higher profile connection. RF
flex circuit includes an RF vertical transition including a
center signal via surrounded by ground/reference vias
completing a coaxial structure to transmit/receive micro-
wave energy to and from the antennas elements. The
antenna elements can, for example, be wave soldered
in an automated process directly to the thin RF flex circuit
without use of additional connectors or cables, achieving
a low-profile connection.

[0046] By using thin dielectric layers in the flex circuit
boards of the present invention and designing appropri-
ate signal traces in the signal plane, small changes in
the gain and phase characteristics during, for example,
bending and twisting of the RF flex circuit were achieved.
These results can reduce effects, if any, of motion artifact
during sensor use.

[0047] Figure 4 illustrates a step-by-step procedure for
using an attachment mechanism 400 of the present in-
vention to attach an extravasation sensor 450 of the
present invention to the skin of a patient. Designed to be
disposable, attachment mechanism 400 includes a dou-
ble-sided adhesive portion 410 and a release band 420
(which preferably includes no adhesive) around the pe-
rimeter of adhesive portion 410. In addition, adhesive
portion 410 defines a cutout region 430. Cutout region
430 can be shaped in the shape of an arrow (pointing,
for example, in the direction of contrast medium flow) or
other shape to indicate a preferred orientation for attach-
ment. One side of double-sided adhesive portion 410 is
designed to attach to the skin of the patient over the site
orregion of interest (typically centralized on the tip of the
catheter), and the opposite side is designed to permit
extravasation sensor 450 to be affixed thereto. When
properly applied, cutout region 430 of adhesive portion
420 and an opening 470 of extravasation sensor 450 are
generally coextensive, thereby allowing the operator vis-
ual and tactile (palpation) access to the site of interest.

[0048] As illustrated in Figure 4, in a first step an op-
erator removes a first cover film or layer 412 from the
side of double-sided adhesive portion 410 including the
adhesive adapted to attach to the patient’s skin. In step
2, attachment mechanism 400 is attached to the patient
skin with the arrow of cutout portion 430 pointing in the
direction of the contrast medium flow. In step 3, a second
coverfilm or layer 414 is removed from the side of double-
sided adhesive portion 410 including the adhesive adapt-
ed to attach sensor 450 to attachment mechanism 400.
In step 4, sensor 450 is attached to the attachment mech-
anism 400 so that open area 470 of sensor 450 is in
general alignment with cutout region 430. In step 5, the
sensing module is armed.

[0049] As illustrated, for example, in Figure 5, release
band 420 of attachment mechanism 400 enables the op-
erator to pull attachment mechanism 400 off the skin after
use of extravasation sensor 450 is complete. For ease
of use, the color, material or texture of adhesive portion
410 and release band 420 can be different. This differ-
ence facilitates the positioning and secure attachment of
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extravasation sensor 450. Each side of attachment
mechanism 400 can have a different level of adhesion
(i.e., aggressiveness of adhesive) which facilitates the
tailoring of the adhesion to the skin side which may be
less than that of the sensor side.

[0050] In several studies of the attachment mecha-
nisms of the presentinvention, 3M Medical Double Coat-
ed Tape #1512 available from 3M of Saint Paul, Minne-
sota was used.

[0051] This tape is fabricated from a hypoallergenic
polyethylene material. Whatever double-sided adhesive
tape orfilm is used, the double-sided adhesive tape pref-
erably maintains sufficient contact with the skin and (up-
on proper use) provides resistance to wrinkling and for-
mation of air pockets upon placement. The double-sided
adhesive tape material preferably has a low electromag-
netic loss factor (that is, in the sensor’s operating fre-
quency range). Such properties allow the electromagnet-
ic energy (for example, microwaves) to penetrate the ad-
hesive tape effectively. Most adhesive tapes possess
these characteristics. Tapes that contain metallic parti-
cles or other conductive materials, however, may not be
suitable for use in the attachment mechanisms of the
present invention. The tape can, however, contain, for
example, a material such as a ceramic material thatyields
a thin structure with low electromagnetic loss and an im-
pedance that matches the surface tissue. This embodi-
ment can provide better coupling of the microwave en-
ergy between the antennas and the tissue to increase
detection sensitivity while decreasing leaked energy and
thereby decreasing any palpation/motion artifact.
[0052] As an alternative to the steps described in con-
nection with Figure 4, one can first adhere the double-
sided tape to the sensor face while applying pressure
with fingers across the entire sensor contact/antenna fac-
es (ensuring good adhesion and prevention of air pock-
ets). The inner or patient side cover film 412 is the re-
moved and the attachment mechanism/sensor assembly
is placed against the skin, briefly applying pressure.
[0053] As shown in Figures 4, 5 and 6A, and as de-
scribed above, opening 470 for palpation in the housing
of extravasation sensor 400 as well as the cutout region
of the attachment mechanism can be formed to indicate
the direction to which the sensor should be placed (e.g.,
arrow shaped). This shape of opening 470 also helps the
operator to align extravasation sensor 450 and attach-
ment mechanism 400 for optimal attachment to a pa-
tient’s skin, which is important for integrity of the signals
detected and conveyed by extravasation sensor 400.
[0054] Extravasation sensor 450 and other extravasa-
tion sensors of the present invention can also be
equipped with one or more user interfaces or indicator.
Figures 6A and 6B, respectively, illustrate thata light pipe
480 or other visual indicators, such as light- emitting di-
odes 580 (LEDs) on sensor 500, can be incorporated
into the extravasation sensors of the present invention
to provide, for example, a visual indication of extravasa-
tion. Additional or alternatively, other types of indicators
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such as audible indicators or tactile indicators can be
provided. In Figure 6A, a light pipe 480 is incorporated
into the RF cable assembly that interconnects the ex-
travasation sensor and its associated base/control unit
so that the entire cable or a portion thereof lights to indi-
cate a positive extravasation state. A light pipe can also
pass through the cabling to light an indicator on the hous-
ing of the sensor. In Figure 6C, a plurality of indicator
lights 580 are provided. Furthermore, a user input button
for functions such as "arming" or" baselining" the overall
system can be implemented at the extravasation sensor
of the present invention. In Figure 6B, indicator 580 is
also a user input button. An audible, tactile and/or visual
alarm can also be integrated within the housing of the
sensor. These features are advantageous because the
user often focuses on the injection site (in CT application,
for example) and therefore will not only more readily ob-
serve the light indicators situated there but also be more
readily disposed to provide input from there.

[0055] An indicator device such as indicator light
480’can alternatively or additionally be mounted to or oth-
erwise integrated into a remote display or controller unit
for the injector system, as, for example, illustrated in Fig-
ure 5 in the context of a CT imaging suite. Such a remote
display or control unit is typically located in the control
room of a CT suite rather than in the scanner room where
the injector and extravasation sensor will be sited.
[0056] Figure 7 illustrates a system 700 for wirelessly
transmitting a signal indicative of extravasation from an
extravasation sensor 800 ouffitted with a transmitter 710
(for example, an RF transmitter) to a remote receiver
720. Such a wireless system 700 can be implemented
with any extravasation sensor of the present invention.
In one embodiment, wireless system 700 includes a short
RF cable 730 connecting sensor 800 to transmitter 710.
In use, extravasation sensor 800 can be attached to, for
example, the upper arm about the site of the injection
and transmitter 710 can be strapped or otherwise at-
tached near or directly to the wrist. If extravasation sensor
800 is attached to the back of the hand or wrist, RF trans-
mitter 710 can then be strapped to the upper arm much
like a sports radio. Short RF cable 730 interconnects the
two components as described above, and can be either
a distinct component or emanate from the housing of
sensor 800. Short RF cable 730 in this configuration can
improve performance and decrease the potential of mo-
tion artifacts and other complications that may be asso-
ciated with certain longer cables. In the embodiment of
Figure 7, sensor 800 includes a palpation opening 840
and indicator lights 880 which operate as described
above.

[0057] Although the various embodiments and related
aspects of the invention herein described and illustrated
are presented primarily in the context of CT imaging pro-
cedures, one skilled in the art understands that the in-
vention may also be applied or adapted to other types of
applications such as positron emission tomography
(PET), magnetic resonance imaging (MRI), magnetic
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resonance angiography (MRA) and ultrasound proce-
dures as well as a wide variety of therapeutic and other
procedures.

Claims

1. A system comprising a sensor device for detecting
a change in the level of fluid within tissue of a body
and an associated control unit connected to the sen-
sor device, the sensor device comprising:

a housing (20) having a plurality of bridge seg-
ments (30, 30a), the bridge segments (30, 30a)
comprising bridging segments (30) and spacing
segments (30a), the bridge segments connect-
ing at intersections (50) and being arranged to
circumscribe an opening (24) defined by the
housing; and

four and only four antenna elements (60 a - d)
at least partially seated within the housing at the
intersections of the bridge segments (30a, 30b),
wherein the antenna elements (60 a - d) are ar-
ranged in a rectangular shape and the corners
of the rectangular shape are formed by the an-
tenna elements (60 a - d), each antenna element
comprising a generally planar antenna mounted
to a substrate material (64) at a base of the pla-
nar antenna, an outer surface of the planar an-
tenna facing away from the substrate, each an-
tenna element further comprising an electrical
shield surrounding the substrate,

wherein the antenna elements (60 a - d) com-
prise a first antenna element pair (70a) and a
second antenna element pair (70b), the first an-
tenna element pair (70a) comprising afirst trans-
mitting antenna element (60a) and a first receiv-
ing antenna element (60b), the first transmitting
antenna element (60a) being spaced from and
connected to the first receiving antenna element
(60b) by a first bridging segment (30),

the second antenna element pair comprising a
second transmitting antenna element (60c) and
a second receiving antenna element (60d), the
second transmitting antenna element (60c) be-
ing spaced from and connected to the second
receiving antenna element (60d) by a second
bridging segment (30);

wherein the control unit is adapted to transmit a
signal to the first and second transmitting anten-
na (60a, 60c) and adapted to receive a signal
from the first and second receiving antenna
(60b, 60d);

wherein a first area of higher sensitivity (80a) is
defined by the area between the firsttransmitting
antenna element (60a) and the first receiving
antenna element (60b), and a second area of
higher sensitivity (80b) is defined by the area
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between the second transmitting antenna ele-
ment (60c) and the second receiving antenna
element (60d);

wherein the first antenna element pair (70a) and
the second antenna element pair (70b) being
placed in spaced connection by a first spacing
segment (30a) and a second spacing segment
(30a) so that an open area (24) is defined by the
first antenna element pair (70a), the second an-
tenna element pair (70b), the first spacing seg-
ment (30a) and the second spacing segment
(30a) and wherein the first spacing segment
(30a) and the second spacing segment (30a)
space the first antenna element pair (70a) and
the second antenna element pair (70b) to create
an area of reduced sensitivity (84) between the
first antenna element pair (70a) and the second
antenna element pair (70b).

and wherein the distance between the first and
second antenna pairs (70a, 70b) is greater than
the distance between the first transmitting an-
tenna element (60a) and the first receiving an-
tenna element (60b) and greater than the dis-
tance-between the second transmitting antenna
element (60c) and the secondreceiving antenna
element (60d).

The system of claim 1 wherein the sensor device
further comprises an RF cable assembly (100) for
each of the antenna elements (60 a - d), each of the
RF cable assemblies at one end thereof comprising
a connector (110) and at the other end thereof being
electrically connected to the antenna element corre-
sponding thereto.

The system of claim 1 or 2 wherein the sensor device
further comprises at least one flexible circuit board
(200) assembly for transmission of energy to and
from the antenna elements (60 a - d).

The system of claim 3 wherein the flexible circuit
board (200) comprises at least one splitter (212)
such that electromagnetic energy can be transmitted
to at least two of the plurality of antenna elements
using a single transmission trace (210) within the
flexible circuit board.

The system of claim 3 or 4 wherein the flexible circuit
board comprises at least one combiner (212) such
that electromagnetic energy can be received from at
least two of the plurality of antenna elements and
carried by a single transmission trace (210) within
the flexible circuit board.

The system of any of claims 1 to 5 wherein the sensor
device further comprises an attachment mechanism
(400) to operably attach the sensor device (450) to
the tissue of the body, the attachment mechanism
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comprising: an adhesive portion (410) defining a cut-
outregion (430) generally coextensive with the open-
ing of the housing, the adhesive portion having one
side thereof coated with a first adhesive adapted to
removably attach to the tissue and an opposite side
thereof coated with a second adhesive adapted to
attach to a bottom surface of the housing.

The system of claim 6 wherein the attachment mech-
anism (400) further comprises a release band (420)
affixed to a perimeter of the adhesive portion (410).

The system of claim 6 or 7 wherein the first adhesive
provides less adhesion than the second adhesive.

The system of anyone of claims 1 - 8 wherein the
electrical shield comprises a rearward section (66)
adjacent a rearward side of the substrate, side
shields (68) encompassing sides of the substrate
and a forward section (67) adjacent a forward side
of the substrate and extending inward from the side
shields, a margin being maintained between the pla-
nar antenna and the forward section.

Patentanspriiche

1.

System, das eine Sensorvorrichtung, um eine Ver-
anderung in dem Niveau eines Fluids innerhalb ei-
nes Kbérpergewebes zu detektieren, und eine damit
verbundene Steuereinheit, die mit der Sensorvor-
richtung verbunden ist, umfasst, wobei die Sensor-
vorrichtung umfasst:

ein Gehause (20) mit mehreren Briickenseg-
menten (30, 30a), wobei die Briickensegmente
(30, 30a) Briickensegmente (30) und Abstands-
segmente (30a) umfassen, wobei die Briicken-
segmente an den Schnittstellen (50) verbinden
und angeordnet sind, um eine Offnung (24) ab-
zugrenzen, die durch das Gehause definiert ist;
und

vier und nur vier Antennenelemente (60 a-d),
die mindestens teilweise innerhalb des Gehau-
ses an den Schnittstellen der Briickensegmente
(30, 30a) sitzen, wobei die Antennenelemente
(60 a-d) in einer rechteckigen Form angeordnet
sind und die Ecken derrechteckigen Form durch
die Antennenelemente (60 a-d) gebildet wer-
den, wobei jedes Antennenelement eine im All-
gemeinen ebene Antenne umfasst, die an ei-
nem Substratmaterial (64) an einem Boden der
ebenen Antenne befestigtist, wobei eine duRere
Oberflache der ebenen Antenne von dem Sub-
strat weggerichtet ist, wobei jedes Antennene-
lement ferner eine elektrische Abschirmung, die
das Substrat umgibt, umfasst,

wobei die Antennenelemente (60 a-d) ein erstes
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Antennenelementepaar (70a) und ein zweites
Antennenelementepaar (70b) umfassen, wobei
das erste Antennenelementepaar (70a) ein ers-
tes Ubertragungsantennenelement (60a) und
ein erstes Empfangsantennenelement (60b)
umfasst, wobei das erste Ubertragungsanten-
nenelement (60a) von dem ersten Empfangs-
antennenelement (60b) beabstandet ist und mit
diesem durch ein erstes Briickensegment (30)
verbunden ist,

wobei das zweite Antennenelementepaar ein
zweites Ubertragungsantennenelement (60c)
und ein zweites Empfangsantennenelement
(60d) umfasst, wobei das zweite Ubertragungs-
antennenelement (60c) von dem zweiten Emp-
fangsantennenelement (60d) beabstandet ist
und mit diesem durch ein zweites Briickenseg-
ment (30) verbunden ist;

wobei die Steuereinheizt dafiir ausgelegt ist, ein
Signal an die erste und zweite Ubertragungsan-
tenne (60a, 60c) zu ubertragen und dafiir aus-
gelegt ist, ein Signal von der ersten und zweiten
Empfangsantenne (60b, 60d) zu empfangen;
wobei ein erster Bereich einer héheren Sensiti-
vitat (80a) durch den Bereich zwischen dem ers-
ten Ubertragungsantennenelement (60a) und
dem ersten Empfangsantennenelement (60b)
definiert ist, und wobei ein zweier Bereich einer
héheren Sensitivitat (80b) durch den Bereich
zwischen dem zweiten Ubertragungsantennen-
element (60c) und dem zweiten Empfangsan-
tennenelement (60d) definiert ist;

wobei das erste Antennenelementepaar (70a)
und das zweite Antennenelementepaar (70b) in
einer beabstandeten Verbindung durch ein ers-
tes Abstandssegment (30a) und durch ein zwei-
tes Abstandssegment (30a) so angeordnet sind,
dass ein offener Bereich (24) durch das erste
Antennenelementepaar (70a), das zweite An-
tennenelementepaar (70b), das erste Ab-
standssegment (30a) und durch das zweite Ab-
standssegment (30a) definiert ist, und wobei
das erste Abstandssegment(30a) und das zwei-
te Abstandssegment (30a) das erste Antennen-
elementepaar (70a) und das zweite Antennen-
elementepaar (70b) beabstandet zueinander
halten, um einen Bereich von reduzierter Sen-
sitivitét (84) zwischen dem ersten Antennenele-
mentepaar (70a) und dem zweiten Antennene-
lementepaar (70b) zu erzeugen,

und wobei der Abstand zwischen dem ersten
und dem zweiten Antennenelementepaar (70a,
70b) gréRer als der Abstand zwischen dem ers-
ten Ubertragungsantennenelement (60a) und
dem ersten Empfangsantennenelement (60b)
und gréRer als der Abstand zwischen dem zwei-
ten Ubertragungsantennenelement (60c) und
dem zweiten Empfangsantennenelement (60d)

10

15

20

25

30

35

40

45

50

55

1"

ist.

System nach Anspruch 1, wobei die Sensorvorrich-
tung ferner eine HF-Kabelanordnung (Hochfre-
quenz-) fur jedes Antennenelement (60 a-d) um-
fasst, wobei jede der HF-Kabelanordnungen an ei-
nem Ende davon einen Verbinder (110) umfasst und
an dem anderen Ende davon mit dem dazu entspre-
chenden Antennenelement verbunden ist.

System nach Anspruch 1 oder 2, wobei die Sensor-
vorrichtung ferner mindestens eine flexible Schalt-
plattenanordnung (200) fiir eine Ubertragung von
Energie an die und von den Antennenelementen (60
a-d).

System nach Anspruch 3, wobei die flexible Schalt-
platte (200) mindestens einen Verteiler (Splitter)
(212) derart umfasst, dass elektromagnetische En-
ergie an mindestens zwei der mehreren Antennen-
elemente unter Verwendung eines einzelnen Uber-
tragungsverlaufs (210) innerhalb der flexiblen
Schaltplatte tGbertragen werden kann.

System nach Anspruch 3 oder 4, wobei die flexible
Schaltplatte mindestens einen Kombinator (212)
derart umfasst, dass elektromagnetische Energie
von mindestens zwei der mehreren Antennenele-
mente empfangen werden kann und durch einen ein-
zelnen Ubertragungsverlauf (210) innerhalb der fle-
xiblen Schaltplatte transportiert werden kann.

System nach einem der Anspriiche 1 bis 5, wobei
die Sensorvorrichtung ferner einen Befestigungs-
mechanismus (400) umfasst, umim Betrieb die Sen-
sorvorrichtung (450) an dem Gewebe des Kérpers
zu befestigen, wobei der Befestigungsmechanismus
umfasst: einen Klebeabschnitt (410), der einen Aus-
sparungsbereich (430) definiert, der im Allgemeinen
flachengleich mit der Offnung des Gehauses ist, wo-
bei der Klebeabschnitt eine Seite davon aufweist,
die mit einem ersten Klebemittel beschichtet ist, das
dafiir ausgelegt ist, sich entfernbar an dem Gewebe
zu befestigen, und eine gegeniberliegende Seite
davon aufweist, die mit einem zweiten Klebemittel
beschichtet ist, das daflir ausgelegt ist, sich an einer
Bodenoberflache des Gehduses zu befestigen.

System nach Anspruch 6, wobei der Befestigungs-
mechanismus (400) ferner ein Abléseband (420)
umfasst, das an der Umfangslange des Klebeab-
schnitts (410) befestigt ist.

System nach Anspruch 6 oder 7, wobei das erste
Klebemittel weniger Klebkraft als das zweite Klebe-

mittel bereitstellt.

System nach einem der Anspriiche 1 bis 8, wobei
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die elektrische Abschirmung einen hinteren Ab-
schnitt (66), der zu einer Rickseite des Substrats
benachbart ist, Seitenabschirmungen (68), die Sei-
ten des Substrats umfassen, und einen Vorderab-
schnitt (67), der zu einer Vorderseite des Substrats
benachbart ist und der sich von den Seitenabschir-
mungen aus nach innen erstreckt, umfasst, wobei
ein Rand zwischen der ebenen Antenne und dem
Vorderabschnitt aufrechterhalten wird.

Revendications

Systeme comprenant un capteur destiné a détecter
une modification dans le niveau d’un fluide a l'inté-
rieur du tissu d’un corps, ainsi qu’une unité de com-
mande associée reliée au capteur, le capteur
comprenant :

un logement (20) comportant une pluralité de
segments (30, 30a) formant pont, les segments
formant pont (30, 30a) comprenant des seg-
ments de pontage (30) et des segments d’es-
pacement (30a), les segments formant pont se
raccordant au niveau d’intersections (50) et
étant agencés pour circonscrire une ouverture
(24) définie par le logement, et

quatre et seulement quatre éléments d’antenne
(60a a d), au moins partiellement appuyés dans
le logement au niveau des intersections des
segments formant pont (30a, 30b), les éléments
antenne (60a a d) étant agencés en une forme
rectangulaire et les coins de la forme rectangu-
laire étant formés par les éléments d’antenne
(60a a d), chaque élément d’antenne compre-
nant une antenne globalement plane montée
sur un matériau formant substrat (64) au niveau
delabase de l'antenne plane, la surface externe
de l'antenne plane étant opposée au substrat,
chaque élément d’antenne comprenant de plus
un écran électrique entourant le substrat,

dans lequel les éléments d’antenne (60a a d)
comprennent une premiére paire d’éléments
d’antenne (70a) et une seconde paire d’élé-
ments d’antenne (70b), la premiere paire d’élé-
ments d’antenne (70a) comprenant un premier
élément d’antenne d’émission (60a) et un pre-
mier élément d’antenne de réception (60b), le
premier élément d’antenne d’émission (60a)
étant espacé du premier élément d’antenne de
réception (60b) et relié a celui-ci par l'intermé-
diaire d’un premier segment de pontage (30),
la seconde paire d’éléments d’antenne compre-
nant un second élément d’antenne d’émission
(60c) et un second élément d’antenne de récep-
tion (60d), le second élément d’antenne d’émis-
sion (60c) étantespacé du second élémentd’an-
tenne de réception (60d) et relié a celui-ci par
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I'intermédiaire d’'un second segment de pontage
(30),

dans lequel l'unité de commande est congue
pour émettre un signal vers la premiere et la
seconde antenne d’émission (60a, 60c), et elle
est congue pour recevoir un signal provenant de
la premiére et de la seconde antenne de récep-
tion (60b, 60d),

dans lequel une premiére zone de plus grande
sensibilité (80a) est définie par la surface com-
prise entre le premier élémentd’antenne d’émis-
sion (60a) et le premier élément d’antenne de
réception (60b), et une seconde zone de plus
grande sensibilité (80b) est définie parla surface
comprise entre le second élément d’antenne
d’émission (60c) et le second élémentd’antenne
de réception (60d),

dans lequel la premiére paire d’éléments d’an-
tenne (70a) etla seconde paire d’éléments d’an-
tenne (70b) sont placées pour étre éloignées
d’'un premier segment d’espacement (30a) et
d’'un second segment d’espacement (30a) de
telle sorte que soit définie une zone ouverte (24)
par la premiére paire d’éléments d’antenne
(70a), la seconde paire d’éléments d’antenne
(70b), le premier segment d’espacement (30a)
et le second segment d’espacement (30a), le
premier segment d’espacement (30a) et le se-
cond segment d’espacement (30a) créant un
espace entre la premiére paire d’éléments d’an-
tenne (70a) etla seconde paire d’éléments d’an-
tenne (70b) afin de créer une zone de sensibilité
réduite (84) entre la premiére paire d’éléments
d’antenne (70a) et la seconde paire d’éléments
d’antenne (70b),

et dans lequel la distance entre les premiére et
seconde paires d’antennes (70a, 70b) est supé-
rieure a la distance entre le premier élément
d’antenne d’émission (60a) et le premier élé-
ment d’antenne de réception (60b), et supérieu-
re a la distance entre le second élément d’an-
tenne d’émission (60c) et le second élément
d’antenne de réception (60d).

Systéme selonlarevendication 1, danslequel le cap-
teur comprend en outre un assemblage de cables
HF (100) pour chacun des éléments d’antenne (60a
a d), chacun des ensembles de cables HF compre-
nant a I'une de ses extrémités un connecteur (110)
et étant relié électriquement a I'élément d’antenne
qui lui correspond a son autre extrémité.

Systéme selon la revendication 1 ou 2, dans lequel
le capteur comprend en outre au moins une carte a
circuit imprimé souple (200) pour permettre la trans-
mission d’énergie depuis et vers les éléments d’an-
tenne (60a a d).
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Systeme selon la revendication 3, dans lequella car-
te a circuit imprimé souple (200) comprend au moins
un séparateur (212) de telle sorte que I'énergie élec-
tromagnétique puisse étre transmise vers au moins
deux de la pluralité d’éléments d’antenne en utilisant
une unique piste de transmission (210) dans la carte
a circuit imprimé souple.

Systeme selon la revendication 3 ou 4, dans lequel
la carte a circuit imprimé souple comprend au moins
un circuit de combinaison (212) de telle sorte que
I'énergie électromagnétique puisse étre regue de-
puis au moins deux de la pluralité d’éléments d’an-
tenne et soit transportée par une unique piste de
transmission (210) dans la carte a circuit imprimé
souple.

Systeme selon I'une quelconque des revendications
1 a5, dans lequel le capteur comprend en outre un
mécanisme de fixation (400) destiné a fixer fonction-
nellement le capteur (450) au tissu du corps, le mé-
canisme de fixation comprenant : une partie adhé-
sive (410) définissant une région de découpe (430)
globalement coextensive avec I'ouverture du loge-
ment, la partie adhésive présentant un co6té revétu
d’'un premier adhésif congu pour se fixer au tissu tout
en étantamovible, et le c6té opposé de celle-ci com-
portant un second adhésif congu pour se fixer a la
surface inférieure du logement.

Systeme selon la revendication 6, dans lequelle mé-
canisme de fixation (400) comprend en outre une
bande de libération (420) fixée au périmetre de la
partie adhésive (410).

Systeme selon la revendication 6 ou 7, dans lequel
le premier adhésif procure moins d’adhérence que
le second adhésif.

Systeme selon I'une quelconque des revendications
1 a 8, dans lequel I'écran électrique comprend une
section arriére (66) contigué au coté arriere du subs-
trat, des écrans latéraux (68) entourant les flancs du
substrat et une section avant (67) contigué au cété
avantdu substrat et s’étendant versl'intérieur depuis
les écrans latéraux, une marge étant maintenue con-
tre 'antenne plane et la section avant.
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