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7) ABSTRACT

A method for monitoring thoracic tissue. The method com-
prises intercepting reflections of electromagnetic (EM) radia-
tion reflected from thoracic tissue of a patient in radiation
sessions during a period of at least 24 hours, detecting a
change of a dielectric coefficient of the thoracic tissue by
analyzing respective the reflections, and outputting a notifi-
cation indicating the change. The reflections are changed as
an outcome of thoracic movements which occur during the
period.
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METHOD AND SYSTEM FOR MONITORING
THORACIC TISSUE FLUID

RELATED APPLICATION

[0001] This application is co filed with a patent application
by Amir SAROKA, Shlomi BERGIDA, Nadav MIZRAH],
Dan RAPPAPORT, Benyamin ALMOG, and Amir RONEN,
entitled method, system and apparatus for using electromag-
netic radiation for monitoring a tissue of a user, which the
content thereof is incorporated by reference as if fully set
forth herein.

FIELD AND BACKGROUND OF THE
INVENTION

[0002] The present invention, in some embodiments
thereof, relates to a system and a method for monitoring
pathological condition of'a patient and, more particularly, but
not exclusively, to a system and a method for monitoring
pathological and physiological condition of a user using EM
radiation.

[0003] Commonly known, pulmonary edema, the build-up
of interstitial fluids and alveolar fluids in the spaces outside
the blood vessels of the lungs, is a common complication of
heart disorders, for example heart failure that raises the intra-
vascular blood pressure followed by the removal of fluids
from the lungs vascular circulation or a direct injury to the
lungs parenchyma. The build-up of interstitial fluid and
alveolar fluids is usually quantified as extra vascular lung
water (EVLW), a volume parameter that identifies fluid over-
load. In a healthy lung, the fluid content is approximately 80%
of the lung weight and includes intravascular and extravascu-
lar fluids. The normal values of the intravascular fluid volume
of a healthy lung are approximately 500 cubic centimeters
(cc). The normal values of the extra-cellular fluid volume of a
healthy lung are approximately between 200 cc and 470 cc of
loose interlobular fluid and alveolar interstitial fluids. Typi-
cally, symptoms of lung edema appear when the lung of the
patient contains between 500 cc and 700 cc more than the
normal values. Pulmonary edema can be a chronic condition,
or it can develop suddenly and quickly become life threaten-
ing. The life-threatening type of pulmonary edema occurs
when a large amount of fluid suddenly shifts from the pulmo-
nary blood vessels into the extravascular area of the lungs.
[0004] Known etiologies of pulmonary edema include the
following:

[0005] 1. Pulmonary edema secondary to altered capil-
lary permeability-includes acute respiratory deficiency
syndrome (ARDS), trauma, infectious causes, inhaled
toxins, circulating exogenous toxins, vasoactive sub-
stances, disseminated intravascular coagulopathy
(DIC), immunologic processes reactions, uremia, near
drowning, and other aspirations.

[0006] 2. Pulmonary edema secondary to increased pul-
monary capillary pressure-comprises cardiac causes and
noncardiac causes, including pulmonary venous throm-
bosis, stenosis or veno-occlusive disease, and volume
overload.

[0007] 3. Pulmonary edema secondary to decreased
oncotic pressure found with hypoalbuminemia.

[0008] 4. Pulmonary edema secondary to lymphatic
insufficiency.

[0009] 5. Pulmonary edema secondary to large negative
pleural pressure with increased end expiratory volume.
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[0010] 6. Pulmonary edema secondary to mixed or
unknown mechanisms including high altitude pulmo-
nary edema (HAPE), neurogenic pulmonary edema,
heroin or other overdoses, pulmonary embolism,
eclampsia, postcardioversion, postanesthetic, postextu-
bation, and post-cardiopulmonary bypass.

[0011] Pulmonary edema may be the first sign of heart
failure exacerbation. When the heart’s main chamber, the left
ventricle, is weakened and does not function properly, the
ventricle does not completely eject its contents, causing blood
to back up and rise of left atrial pressure (LAP). The rise of
LAP affects the pulmonary blood vessels that transport the
blood to the left atrium by increasing the intravascular blood
pressure, leading to fluid leaks into the extravascular space at
first, and into the alveolar space as the phenomenon
progresses.

[0012] Today, pulmonary edemais usually diagnosed when
dyspnea is present and by a physical examination which
confirms the presence of rales and further confirmed roughly
through chest radiography. Clinical examination of chest
radiography and blood gases, either alone or together, has
proven to be relatively poor indicators of the amount of lungs
edema or in changes in edema with treatment, of various
etiologies, see Halperin B D, F. T., Mihm F G, Chiles C,
Guthaner D F, Blank N E, Evaluation of the portable chest
roetgenogram for quantifying extravascular lungs water in
critically ill adults. Chest, 1985. 88: p. 649-652, which is
incorporated herein by reference. Direct measurements of
EVLWI have shown better results, see Baudendistel L, S. I.,
Kaminski D L, Comparison of double indicator thermodilu-
tion measurements of extravascular lungs water (EVLW)
with radiographic estimation of lungs water in trauma
patients. J Trauma, 1982. 22: p. 983-988, which is incorpo-
rated herein by reference.

[0013] During the years, systems and methods for monitor-
ing pulmonary edema have been developed. For example
U.S. Pat. No. 6,931,272, filed on Apr. 29, 2003 describes a
medical device for monitoring fluid retention that may
accompany congestive heart failure and pulmonary edema.
The medical device, which may be an implanted pacemaker
or an external defibrillator, senses electrical signals associ-
ated with the periodic depolarization and re-polarization of a
heart. The device processes the electrical signals to obtain one
or more “cardiac parameters,” which reflect pulmonary
edema. By monitoring the cardiac parameters, the device
monitors pulmonary edema. Cardiac parameters comprise
the amplitude of the QRS complex, the integral of the QRS
complex, or the integral of the QRST segment and the like.
When the device detects fluid buildup, the device may
respond by taking remedial action and/or generating an alert.
[0014] Similarly, trans-pulmonary bio-impedance meth-
ods, measure the impedance of specific lung segments which
is correlative with the congestion level of the lungs, see Zlo-
chiver, M et. al. A portable bio-impedance system for moni-
toring lung resistivity, Medical Engineering & Physics, Vol-
ume 29, Issue 1, Pages 93-100 S and Laura M Yamokoskiat et
al, OptiVol® fluid status monitoring with an implantable
cardiac device: a heart failure management system, Novem-
ber 2007, Vol. 4, No. 6, Pages 775-780 (doi:10.1586/
17434440.4.6.775), which are incorporated herein by refer-
ence.

[0015] Alternative means to assess the congestion level is
achieved by estimating the rise of the LAP which was found
to correlate with the leak of fluids to the extra-vascular space,
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see Anthony S. Fauci et. al. Harrison’s, principles of internal
medicine. 17th ed., McGraw-Hill Professional.

SUMMARY OF THE INVENTION

[0016] According to an aspect of some embodiments of the
present invention there is provided a method for detecting a
change in at least one thoracic tissue. The method comprises
intercepting at least one reflection of electromagnetic (EM)
radiation reflected from the at least one thoracic tissue of a
patient in at least one radiation session during a period of at
least 24 hours, detecting a change of a dielectric coefficient of
the at least one thoracic tissue by analyzing respective the at
least one reflection, and outputting a notification indicating
the change. The at least one reflection is changed as an out-
come of at least one thoracic movement during the period.
[0017] Optionally, thoracic tissue is a pulmonary tissue.
[0018] Optionally, at least some of the intercepting is per-
formed while the patient being ambulatory.

[0019] Optionally, the change is indicative of thoracic tis-
sue fluid content change in the at least one thoracic tissue.
[0020] Optionally, the analyzing comprises identifying, in
a signal based on the at least one reflection, a segment repre-
senting the at least one thoracic tissue, and detecting the
change according to the segment.

[0021] More optionally, the identifving comprises using a
predefined chest wall model for identifying the segment.
[0022] More optionally, the method further comprises
adjusting the predefined chest wall model according to medi-
cal information related to the patient before the identifying.
[0023] More optionally, the identifying comprises identi-
fying at least one tissue transition in the signal and using the
at least one tissue transition for identifying the segment.
[0024] More optionally, the detecting comprises identify-
ing a breathing cycle of the patient, wherein the segment is
identified according to the breathing cycle.

[0025] More optionally, the thoracic tissue fluid content
comprises a combination of extravascular lung water
(EVLW) level, intravascular lung water, and intracellular
water.

[0026] Optionally, the analyzing comprises identifying a
current posture of the patient and performing the detecting
with respect to the effect of the current posture on the change.
[0027] Optionally, the method comprises identifying an
activity level, the detecting being performed with respect to
the effect of the activity level on the change.

[0028] Optionally, the at least one thoracic tissue is
between the pulmonary tissue and the chest wall of the
patient.

[0029] Optionally, the at least one thoracic tissue is
between the pericardium and the heart of the patient.

[0030] Optionally, the method comprises identifying a
match between the change and at least one value indicative of
at least one of a pathologic pattern, wherein the notification is
configured for indicating the at least one pathologic pattern.
[0031] More optionally, the at least one pathologic pattern
is of a member selected from a group consisting of: a degen-
erative process, acute respiratory distress syndrome (ARDS),
congestive heart failure (CHF), trauma, an atelectasis, a post-
operative atelectasis, a postoperative process, an osculated
bronchus, a pulmonary inflammation progress, a pulmonary
blood accumulation, an infectious causes, an inhaled toxins, a
circulating exogenous toxins, a vasoactive substances, a dis-
seminated intravascular coagulopathy (DIC), a immunologic
processes reactions, a uremia, a post drowning lung water
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level, a pulmonary venous thrombosis, a stenosis, a veno-
occlusive disease, a hypoalbuminemia, a lymphatic insuffi-
ciency, a high altitude pulmonary edema (HAPE), a neuro-
genic pulmonary edema, a drug overdose, a pulmonary
embolism, an eclampsia, a postcardioversion, a postanes-
thetic, a postextubation, and post-cardiopulmonary bypass.
[0032] Optionally, the method comprises monitoring a bio-
logical parameter of the patient using a medical sensor, the
detecting being performed according to a combination of data
based on the at least one reflection and the biological param-
eter.

[0033] More optionally, the medical sensor is selected from
a group consisting of an electrocardiogram (ECG), an elec-
tromyogram (EMG), an ultrasound transducer, a pulse
oximeter, a blood pressure sensor, coagulometer, and optical
blood saturation detector.

[0034] More optionally, the intercepting is performed in a
plurality of intermittent radiation sessions.

[0035] According to an aspect of some embodiments of the
present invention there is provided a monitoring apparatus
configured for detecting a change in a thoracic tissue fluid.
The monitoring apparatus comprises a probe configured for
intercepting at least one reflection of an electromagnetic
(EM) radiation from at least one thoracic tissue of a patient, a
processing unit configured for detecting a change in thoracic
tissue fluid content of at least one thoracic tissue by analyzing
the at least one reflection, and an output unit configured for
outputting a notification indicating the change. The probe and
the processing unit are configured for respectively perform-
ing the intercepting and the analyzing in at least one radiation
session during a period of at least 24 hours, the at least one
reflection being changed as an outcome of at least one tho-
racic movement during the period.

[0036] Optionally, the patient is ambulatory; further com-
prising an attachment unit configured for attaching the moni-
toring apparatus to a thorax the patient.

[0037] Optionally, the monitoring apparatus is substan-
tially stationary, the at least one radiation session being per-
formed while the patient is in a monitoring position.

[0038] Optionally, the monitoring apparatus is a home
medical device configured for performing the at least one
radiation session outside a healthcare institution center.
[0039] Optionally, the at least one thoracic tissue comprises
at least one pulmonary tissue and the detecting is based on a
member of a group consisting of: an accumulation of the
thoracic tissue fluid content, a dispersion of the thoracic tissue
fluid content, a concentration of the thoracic tissue fluid, and
a composition of the thoracic tissue fluid content.

[0040] Optionally, the monitoring apparatus comprises
comprising a dosage interface configured for instructing a
dosage unit to dispense at least one medicament to the patient
according to the notification.

[0041] Optionally, the monitoring apparatus comprises
comprising a mechanical interface configured for controlling
the actuation of a medical valve according to the notification.
[0042] Optionally, the output unit configured for commu-
nicating with a medical device for examining the breathing
volumes of the patient, the processing unit being configured
for performing the detecting according to the breathing vol-
umes.

[0043] Optionally, the processing unit is configured for
detecting a pathological indicator according to the change,
the output unit being configured for generating the notifica-
tion in response to the pathological indicator.
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[0044] Optionally, the monitoring apparatus comprises
comprising an adjustment unit for receiving adjustment infor-
mation related to the patient, the processing unit configured
for performing the detecting according to the adjustment
information.

[0045] Optionally, the processing unit is configured for
evaluating at least one dielectric related property of the at
least one thoracic tissue of the patient, the analyzing being
performed according to the at least one dielectric related
property.

[0046] Optionally, the monitoring apparatus comprises
comprising a posture detection unit configured for detecting
at least one posture of the patient, the processing unit config-
ured for detecting the change according to the at least one
posture.

[0047] Optionally, the processing unit is configured for
identifying a difference between a first portion of the reflec-
tion and a second portion thereof, the first and second portions
being captured respectively from first and second areas of the
at least one thoracic tissue, allowing the processing unitto use
the difference for performing the detecting.

[0048] More optionally, the processing unit reduces an
affect ofa member of a group consisting of: a posture change,
a change in placement, a change in the power of the EM
radiation, and a change in the frequency of the EM radiation
according to the difference.

[0049] Unless otherwise defined, all technical and/or sci-
entific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to which
the invention pertains. Although methods and materials simi-
lar or equivalent to those described herein can be used in the
practice or testing of embodiments of the invention, exem-
plary methods and/or materials are described below. In case
of conflict, the patent specification, including definitions, will
control. In addition, the materials, methods, and examples are
illustrative only and are not intended to be necessarily limit-
ing.

[0050] Implementation of the method and/or system of
embodiments of the invention can involve performing or
completing selected tasks manually, automatically, or a com-
bination thereof. Moreover, according to actual instrumenta-
tion and equipment of embodiments of the method and/or
system of the invention, several selected tasks could be imple-
mented by hardware, by software or by firmware or by a
combination thereof using an operating system.

[0051] For example, hardware for performing selected
tasks according to embodiments of the invention could be
implemented as a chip or a circuit. As software, selected tasks
according to embodiments of the invention could be imple-
mented as a plurality of software instructions being executed
by a computer using any suitable operating system. In an
exemplary embodiment of the invention, one or more tasks
according to exemplary embodiments of method and/or sys-
tem as described herein are performed by a data processor,
such as a computing platform for executing a plurality of
instructions. Optionally, the data processorincludes a volatile
memory for storing instructions and/or data and/or a non-
volatile storage, for example, a magnetic hard-disk and/or
removable media, for storing instructions and/or data.
Optionally, a network connection is provided as well. A dis-
play and/or a user input device such as a keyboard or mouse
are optionally provided as well.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052] Some embodiments of the invention are herein
described, by way of example only, with reference to the
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accompanying drawings. With specific reference now to the
drawings in detail, itis stressed that the particulars shown are
by way of example and for purposes of illustrative discussion
of embodiments of the invention. In this regard, the descrip-
tion taken with the drawings makes apparent to those skilled
in the arthow embodiments of the invention may be practiced.
[0053] In the drawings:

[0054] FIG. 1 is a method for monitoring pulmonary inter-
stitial fluid in the lungs of a patient, according to some
embodiments of the present invention;

[0055] FIG. 2 is a graph of sectional waveforms of a
reflected signal that is based on the electromagnetic waves
which are reflected from the pulmonary tissues;

[0056] FIG. 3 is a schematic illustration of a method for
monitoring the pulmonary fluid level during the daily and/or
hospitalization routine of a monitored patient, according to
some embodiments of the present invention;

[0057] FIG. 4 is a schematic illustration of a chest wall
model comprised of the tissue layers, according to some
embodiments of the present invention;

[0058] FIG. 5 is a graph that depicts the signal reflected
from the chest wall as a result of an emission of an electro-
magnetic pulse, according to some embodiments of the
present invention;

[0059] FIG. 6A is a flowchart of a method for monitoring a
thoracic tissue, for example using the monitoring device
which is depicted in FIGS. 1 and 3, according to some
embodiments of the present invention.

[0060] FIG. 6B is a flowchart of a method for monitoring a
thoracic tissue with respect to a posture of a user, according to
some embodiments of the present invention;

[0061] FIG. 6C is a flowchart of a method for monitoring a
thoracic tissue with respect to the placement, misplacement
and/or disengagement of a biological probe, according to
some embodiments of the present invention;

[0062] FIGS. 7A-7C are graphs of an impulse response of
exemplary reflected electromagnetic waves;

[0063] FIG. 8 is a graph of a the estimated lung dielectric
coefficient extracted analyzed from the reflected electromag-
netic waves that depicts a number of changes of postures in an
exemplary measurement;

[0064] FIG. 9 is a schematic illustration of a system for
monitoring changes of fluid content in the thoracic tissue of a
patient, according to some embodiments of the present inven-
tion;

[0065] FIG. 10 is a schematic illustration of a right mid
axillary line in which the wearable monitoring apparatus may
be positioned, according to some embodiments of the present
invention;

[0066] FIGS. 11 and 12 are schematic illustrations of a
wearable monitoring apparatus with a plurality of transducers
designed for beaming and/or capturing EM radation, accord-
ing to some embodiments of the present invention; and
[0067] FIG. 13, which is a flowchart of a method for moni-
toring a pulmonary fluid level using a plurality of transducers,
according to some embodiments of the present invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS
OF THE INVENTION

[0068] The present invention, in some embodiments
thereof, relates to a system and a method for monitoring
pathological condition ofa patient and, more particularly, but
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not exclusively, to a system and a method for monitoring
pathological and/or physiological condition of a user using
EM radiation.

[0069] According to an aspect of some embodiments of the
present invention there is provided a method and a system for
monitoring a pulmonary fluid level of hospitalized and non
hospitalized patients during a monitoring period which is
longer than 1, 2, 4, 8, 12, 16, 20 and 24 hours, or longer than
few days, weeks, months, years. Such monitoring includes
capturing a reflection of electromagnetic radiation from a
thoracic tissue while the patient is ambulatory. For example,
ambulatory patients may be monitored for periods which are
longer than one hour, without being restricted to a certain area
or to a certain activity, and immobilized patients may be
monitored for long periods, for example for periods of 24
hours or more, without having to lay in a designated hospi-
talization room that is equipped with a stationary monitoring
device. In such a manner, a hospital or a medical center may
use wearable monitoring apparatuses for monitoring patients
which are hospitalized in rooms which are not designated for
monitoring body fluid levels.

[0070] The method comprises emitting a plurality of EM
radiation and capturing their reflections from the thorax of a
patient during the monitoring period. Such monitoring allows
detecting a change in the dielectric related properties of at
least one thoracic tissue segment, such as a pulmonary tissue,
of the patient. Optionally, the monitoring allows detecting a
pattern of a change in the fluid content that is indicative of a
physiological, optionally pathological, condition, such as
exacerbation of a congestive heart failure (CHF) patient,
change of inflammatory state of an ARDS patient, dehydra-
tion, and the like.

[0071] The method further comprises outputting a time
stamped measurement of the fluid content and/or a notifica-
tion and/or an alarm based on historical recorded signals and
computations and their analysis as will be described below. In
such a manner, pulmonary edema may be treated in early
stages, before the pulmonary fluid level is built up to an
exacerbated pathological level and/or lethal levels.

[0072] According to an aspect of some embodiments of the
present invention there is provided a wearable monitoring
apparatus for monitoring pulmonary fluidlevel. The wearable
monitoring apparatus comprises an attachment unit for
attaching the wearable monitoring apparatus to the thorax of
apatient during at least 24 hours, a probe, such as one or more
transducers, for emitting and capturing a plurality of electro-
magnetic waves which are transmitted and reflected back
from the thorax while the patient is ambulatory, a processing
unit for calculating the pulmonary fluid level of the patient
according to the reflected EM radiation and an output unit
configured for outputting a time stamped measurement and/
or a notification and/or an alarm according to the pulmonary
fluid level to the patient directly and/or to a medical caretaker
via a patient management system.

[0073] Before explaining at least one embodiment of the
invention in detail, it is to be understood that the invention is
not necessarily limited in its application to the details of
construction and the arrangement of the components and/or
methods set forth in the following description and/or illus-
trated in the drawings and/or the Examples. The invention is
capable of other embodiments or of being practiced or carried
out in various ways.

[0074] Reference is now made to FIG. 1, which is a method
100 for monitoring thoracic tissue fluids of a patient, accord-
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ing to some embodiments of the present invention. The
method is optionally designed for long monitoring periods of
24 hours or more, for example as further described below. As
such, the monitoring may be adjusted to take into account
changes in the dielectric related properties of the monitored
thoracic tissue, such as changes which occur as an outcome of
thoracic movements.

[0075] In some embodiments of the present invention,
extravascular and/or vascular lung fluids of a monitored
patient are detected and/or measured by analyzing the EM
properties of one or more of her thoracic tissue. A change of
pulmonary fluid level, such as EVLW and/or lung’s vascular
fluids, which is herein measured as absolute values in milli-
liter (ml) and\or as a relative change, may be a result of a
decompensation of a congestive heart failure (CHF) condi-
tion, and may accumulate to impair gas exchange. Such an
accumulation may cause respiratory failure and referred to
herein as a pulmonary edema. The change, which may be
understood as accumulation and/or dispersion and/or change
of distribution may be detected by analyzing changes in the
reflected EM caused by changes of the regional dielectric
related properties of the thoracic tissues, such as pulmonary
tissues.

Dielectric coefficient of a material describes its interaction
with EM fields; it is represented by a frequency dependent
complex number and describes the electrical permittivity and
magnetic permeability of the material. Different human tis-
sues are characterized by different dielectric coefficients. A
dielectric coefficient of a thoracic tissue is affected by the
dielectric coefficients of each of its components. For
example, a pulmonary tissue comprises blood, lung paren-
chyma and air, and its dielectric coefficient is affected by their
dielectric coefficients and relative concentrations. The dielec-
tric coeflicient of a tissue is determined predominantly by its
fluid content. For example, a healthy fat tissue, which is of
low fluid content, is characterized by a relatively low dielec-
tric coefficient, and a healthy muscle tissue, which is of rela-
tively high fluid content, is characterized by a relatively high
dielectric coefficient. Such a dielectric coefficient may be
affected by a presence of fluid, a concentration of substances,
such as salts and glucose, the ratio of fibrotic tissue, and/or a
concentration of inflammatory substance.

[0076] As used herein a dielectric related property of a
tissue means a property that is related to the dielectric coef-
ficient thereof. Such a dielectric related property effects the
reflection of electro-magnetic radiation which is transmitted
on therelated tissue, such example changes the attenuation of
the reflection, changes the delay which is caused by the tissue,
changes the phase modulation of reflection, changes the dis-
persion of the radiation in the tissue.

[0077] A dielectric related property may be referred to as a
region of a body and affect the dielectric related properties of
it’s the tissues in that region. Normal and/or abnormal pro-
cesses may change the regional dielectric related property,
due to a change of the composition of the volume, for
example, change of fluid content as part of a degenerative
process when a tissue is becoming fibrotic. A specific region
may change its dielectric related property due to tissue move-
ment and a consequent change in the configuration of tissues
within that volume. The dielectric related property ofa certain
biological tissue may change in repetitive and/or predictable
patterns according to various biological processes. For
example, periodic changes may be measured along with
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breathing and heart cycles. Pathological processes may cause
a relatively monotonous change, as occurs during the build-
up of pulmonary edema.

[0078] The thoracic tissue fluid level may build up during a
period of hours or days. For example, a cardiogenic pulmo-
nary congestion is typically developed within a period of
between a few hours and 30 days. Thus, in order to detect such
a build up, the thoracic tissue fluid level of the patient has to
be probed at least every few hours. The method that is
depicted in FIG. 1 allows monitoring patients from a risk
group for developing edema. The patient may be initially
monitored within the hospital and sequentially be monitored
outside the hospital.

[0079] The detection of thoracic tissue fluid level build up
in early stages and/or the detection of critical medical condi-
tion may encourage the monitored patient to be hospitalized
and/or to take a preventive treatment prior to developing a
severe pulmonary edema and/or other severe medical state.
Such a preventive treatment may prevent or shorten the hos-
pitalization period of the patient. In certain medical situa-
tions, such a preventive treatment may reduce morbidity and
mortality rates.

[0080] The monitoring and assessment of thoracic tissue
fluid levels in a patient that is hospitalized and being treated to
lower her thoracic tissue fluid levels and stabilize her condi-
tion, may help in giving more effective and safe treatment by
allowing better titration of drug treatment, for example by
avoiding administering of excess diuretic drugs, avoiding
other more risky monitoring procedures, and/or by generating
an indication that assists in a hospital discharge timing deci-
sion.

[0081] Themethod, whichisdepicted in FIG. 1, is designed
to monitor the thoracic tissue fluid level of a certain patient
during the daily routine or during a hospitalization period.
Such a method is based on monitoring the thoracic tissue fluid
level of the patient at bedside, while she changes postures,
and when ambulatory Optionally, the method is implemented
by a wearable monitoring apparatus, which is attached to the
thorax of the patient, for example in the area marked in FIG.
10. The wearable monitoring apparatus, which may be
referred to herein as a monitoring apparatus is designed to
monitor the thoracic tissue fluid level and optionally to alarm
the patient, to tune a dosage control unit, and/or to notify a
medical center when the thoracic tissue fluid level is changed
above and‘or below a certain threshold and/or when the tho-
racic tissue fluid level is changed in an irregular and/or a
pathological pace. Optionally, the monitored thoracic tissue
fluid level is recorded and‘or displayed to allow the presen-
tation to the patient or the medical care giver. Optionally, the
monitored thoracic tissue fluid level is recorded and may be
forwarded to one or more medical centers.

[0082] First, as shown at 101 of FIG. 1, the thorax is
beamed with a plurality of EM radiation. Optionally, the EM
radiation is beamed from a wearable monitoring apparatus,
for example as depicted in co-filed application by Amir
SAROKA, Shlomi BERGIDA, Nadav MIZRAHI, Dan RAP-
PAPORT, Amir RONEN, and Benyamin ALMOG, entitled
method, system and apparatus for using electromagnetic
radiation for monitoring a tissue of a user, which the content
thereof is incorporated herein by reference and referred to
herein as a co filed application. Then, shown at 102, a reflec-
tion of the beamed EM radiation is captured.

[0083] Insome embodiments of the present invention, the
beamed EM radiation is in the range of 0.3 GHz to 20 GHz. In
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such a mode, time gating may be used for focusing on a
specific reflection, as further described below. The shape of
the pulse may be generated using different shaping tech-
niques.

[0084] In some embodiments of the present invention, as
further described below, the beamed EM radiation is narrow-
band waves, optionally modulated, optionally in a predefined
range of frequency bands, as described in this patent and the
co-filed patent.

[0085] Now, as shown at 102, a reflection of the beamed
EM radiation is captured. As described above, a change of
thoracic tissue fluid in a thoracic tissue, such as a pulmonary
tissueis detected by detecting changes in the dielectric related
properties of a thoracic tissue.

[0086] After the reflected EM radiation has been captured,
analysis of the signals to extract the pulmonary fluid indica-
tive signals, for example as shown at 103 is performed. The
analysis may take into account the posture of the user and/or
the placement of the monitoring apparatus which is designed
for receiving the reflection from the monitored tissue, for
example as described below and in the co filed patent appli-
cation.

[0087] As shown at 104, the analysis allows a detection of
a pathological thoracic tissue fluid content in the monitored
thoracic tissue. This pathological thoracic tissue fluid content
may indicates a pulmonary edema and/or a build up of tho-
racic tissue fluid level in a pathological pace. In addition, the
analysis allows a detection of a normal thoracic tissue fluid
content and/or fluid content lowering trend that indicates on
an improvement in the status of a pulmonary edema condi-
tion. As shown at 105, such an analysis may be used for
notifying the patient and/or medical care giver, and/or con-
trolling a dosage unit for dispensing a medicament that is
associated with the wearable monitoring apparatus, and/or
controlling a medical therapeutic device such as a valve (con-
trol stage) of a ventilation machine, for example as described
in the co filed application, about the thoracic tissue fluid level
and/or the build up and/or build down and/or dispersion
thereof. Such a notification may be used for alarming the
patient and/or her medical caretaker with regard to an
improvement and/or a decline in her status. Such alarming
may reduce the time between the development of pulmonary
edema and a treatment thereafter.

[0088] Insome embodiments of the present invention, the
analysis allows calculating a clinical state of a patient based
on an integrative index. The clinical state is determined on a
combination between the thoracic tissue fluid level and/or the
thoracic tissue fluid level build up pace and vital signs and/or
detected trends of vital signs which are acquired using from
analysis of the reflected EM radiation and/or other medical
sensors, such as electrocardiogram (ECG), myogram (EMG),
an ultrasound transducer, a pulse oximeter, a blood pressure
sensor, a tiltmeter, an accelerometer, and coagulometer. The
integrative index is optionally scaled and/or color coded to
provide intuitive follow-up of the clinical status of the patient.
Optionally, the monitoring device includes an adjustment unit
for receiving adjustment information related to the monitored
patient from the medical sensors. In such an embodiment the
processing unit is configured for calculating the fluid content
according to the adjustment information.

[0089] The fluid content change pace and/or the vital signs
trends are calculated from a recorded memory of previous
measurements and calculated parameters of the patient. For
example, as described below the pathological thoracic tissue



US 2010/0256462 Al

fluid levels, which are calculated by the wearable monitoring
apparatus, are recorded and used for detecting a change pace.
[0090] The clinical state of the patient is optionally calcu-
lated based on an integrative index such as described above,
and other available information, for example medical history
information, patient clinical condition entered by medical
personnel etc., the clinical state may also be calculated based
onsstatistical analysis of recorded information so as to adapt to
the specific physiological and path-physiological character-
istics of the specific patient.

[0091] In some embodiments of the present invention the
wearable monitoring apparatus is associated with a dosage
control unit. When the analysis allows the detection of the
current fluid level and the consequent trend of fluid level, as
described above, the apparatus may tune the dosage control
unit to a dosage which will optimize the patient’s condition.
The adjustment of the dosage may be defined by the appara-
tus, or by the dosage control unit. The adjustment may be
based on historical measurements, acquired by the apparatus,
or collected in the patient management system. The dosage
unit may be attached to the wearable monitoring apparatus
and/or communicate therewith via wired and/or wireless con-
nection. The medication may be taken manually or automati-
cally using medication delivery devices. The dosage may be
provided manually or automatically. Presets of dosage adjust-
ments with respect to the measurements of the mobile appa-
ratus may be inserted by the treating physician as well as
range of allowed variations.

[0092] Reference is now also made to FIG. 2, which is a
graph of waveforms of sections of a signal that is calculated
from the EM radiation which is reflected from the thoracic
tissues, such as pulmonary tissues. For brevity, a signal that is
based on EM radiation may be referred to herein, in relation
to analysis, filtering, segmenting, gating and the like as the
EM radiation on which it is based. FIG. 2 depicts signals
which are calculated from EM radiation which is reflected
from healthy lungs with low thoracic tissue fluid level 231,
EM radiation which is reflected from lungs with thoracic
tissue fluid level of 65 mL 232, and EM radiation which is
reflected from lungs with thoracic tissue fluid level of 260 mL
233. Optionally, if the EM radiation create one or more sig-
nals with a an impulse response, as depicted in range 233, the
wearable monitoring apparatus generates an alarm and/or
transmit a notification, for example as depicted at 105. Addi-
tionally or alternately, if the rise time of the signal section that
is reflected from the thoracic tissues, such as pulmonary
tissues, rise in a pathological pace, the wearable monitoring
apparatus generates such an alarm. As used herein, a patho-
logical pace is defined as any predefined pace that is indica-
tive of relatively fast accumulation of thoracic tissue fluid
level.

[0093] Reference is now made to FIG. 3, which is a sche-
matic illustration of a method for monitoring the thoracic
tissue fluid level during the daily and/or hospitalization rou-
tine of a monitored patient, according to some embodiments
of the present invention. Blocks 101-105 are as depicted in
FIG. 1. However, FIG. 3 depicts an iterative process 300 that
lasts while the patient is monitored and a recording of the
reflections from the thorax and/or calculations, which are
based thereupon for example as further described below.
Optionally, the monitoring is performed using the aforemen-
tioned wearable monitoring apparatus, which is attached to a
thorax of the patient, for example as shown at FIGS. 11 and 12
below. The wearable monitoring apparatus is optionally used
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intermittently, for example in a number of transmission ses-
sions during the aforementioned monitoring period. Option-
ally, each session lasts few consecutive breathing cycles or
less. The wearable monitoring apparatus is further used for
analyzing these reflections, as shown at 103, and for extract-
ing the thoracic tissue fluid level at the thorax according to the
captured reflected EM radiation, for example as shown at 104.
[0094] Optionally, the wearable monitoring apparatus is
designed for monitoring the thoracic tissue fluid level of the
patient by tracking changes in the electromagnetic signals
reflected from the thoracic tissue or related organs. The afore-
mentioned analysis allows the wearable monitoring appara-
tus to identify reflections which are originated from the lung
tissue, for example according to the expected waveform pat-
tern thereof. After these reflections have been identified, the
wearable monitoring apparatus may track changes in the elec-
tromagnetic parameters by tracking changes in the respective
waveform pattern. For example, relative-differential mea-
surements may be used for measuring one or more electro-
magnetic coefficients of the thoracic tissue, such as a pulmo-
nary tissue, in relation to one or more electromagnetic
coefficients of references tissues which are not effected by the
build up of thoracic tissue fluid level, such as the muscle,
bones, and/or fat tissues. The reference tissues have electro-
magnetic coefficients which are relatively constant over time.
[0095] In some embodiments of the present invention, a
relative differential measurement of the EM radiation, which
is reflected from a transitional area between the thoracic
tissue and the one or more references tissues, is calculated.
These backward propagating electromagnetic waves, which
may be referred to herein as transition reflections, are pro-
duced when the electromagnetic waves experiencing a
change when propagated through a material or a transition of
material. Significant discontinuities are expected in transi-
tions between chest tissues like fat-to-muscle transition. The
amplitude, phase and other characteristics of the transition
reflections are used for estimating the parameters of a chest
wall model, and calculating the electromagnetic parameters
of the thoracic tissue, such as a pulmonary tissue. Optionally,
the reflection of the reflected EM radiation is used as refer-
ences for detecting changes in the electromagnetic param-
eters of the thoracic tissue.

[0096] The wearable monitoring apparatus and the method
that is depicted in FIG. 3 provide a tool for continuous moni-
toring of the thoracic tissue fluid level of the patient. The
monitoring allows early detection of exacerbation in CHF
patients. The early detection allows inducing an alarm and/or
triggering of a tailored titration that is part of a medical
treatment. By monitoring of the thoracic tissue fluid level of
a CHF patient, an early detection of a decompensation state
that allows providing a treatment that alleviate the symptoms
and addressing the heart functionality becomes possible. The
alarming and/or the titration may allow stopping a progres-
sive deterioration of a CHF patient before the damage to the
organs of the monitored patient is irreversible.

[0097] The monitoring of the thoracic tissue fluid level of
the patient may be used for monitoring various pathological
processes including but not limited to degenerative processes,
atelectasis, post-operative atelectasis, congestion due to acute
respiratory deficiency syndrome (ARDS), trauma an infec-
tion, inhaled toxins, circulating exogenous toxins, vasoactive
substances, a disseminated intravascular coagulopathy
(DIC), immunologic processes reactions, a uremia, a post
drowning lung fluids level, a pulmonary venous thrombosis, a
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stenosis, a veno-occlusive disease, a hypoalbuminemia, a
lymphatic insufficiency, high altitude pulmonary edema
(HAPE), a neurogenic pulmonary edema, a drug overdose, a
pulmonary embolism, an eclampsia, a postcardioversion, a
postanesthetic, a postextubation, and post-cardiopulmonary
bypass. For example, changes in the thoracic tissue fluid level
may indicate an inflammation progress of ARDS patients. In
another example, postoperative atelectasis, which is charac-
terized by the occlusion of one of the bronchial divisions
followed by a collapse of a respective lung segment, is iden-
tified by the monitoring of the thoracic tissue fluid level.
[0098] Alternately or additionally, the monitoring of the
thoracic tissue fluid level of the patient may be used for the
early detection of CHF decompensation.

[0099] Additionally or alternatively to monitoring fluid
content in patients, such as (CHF) patients, ARDS patients,
dehydrated patients, and the like, the method which is
depicted in FIG. 1 may be used for monitoring a dry-up
process in the hospital setting, while, before and/or after the
patient is going through a medical treatment. Additionally or
alternatively the method may be used for guiding a medical
treatment which is affected by the fluid content in a thoracic
tissue, such as treatment with diuretics. Additionally or alter-
natively, the method may be used for managing a patient care,
for example by determining the acuity of the change of the
fluid content in the monitored tissue. Optionally, this acuity is
used for determining the timing of medical treatments and/or
the hospital discharge of patient. Optionally, this acuity is
used for determining the order in which patients receive a
medical treatment and/or be diagnosed.

[0100] The method which is depicted in FIG. 1, may be is
employed, using wearable, stationary and/or semi stationary
devices, for monitoring patient for along term of between a
day and few years. In some exemplary embodiments of the
present invention, the method is employed, using wearable,
stationary and/or semi stationary devices, for monitoring
ADHF patients. In such an embodiment, the monitoring
period last at least 3 months after recurrent ADHF episodes,
which optionally have been diagnosed as necessitating hos-
pitalization. In such patients rapid decompensation is sus-
pected within a period of 6 hours and therefore transmission
sessions are performed in relatively high frequency of at least
one session every hour. Optionally, each transmission session
lasts approximately one minute.

[0101] Similarly, patients suffering from heart rhythm dis-
turbances, such as tachyarrhythmia or bradyarrhythmia or
heart failure patients undergoing medication modification
and/or dose escalation of treatment drugs, are presumed at
high risk for developing rapid pulmonary edema, and thus,
monitored with similar measurement parameters along the
monitoring periods.

[0102] In some exemplary embodiments of the present
invention, the method is employed, using wearable, station-
ary and/or semi stationary devices, for monitoring patients at
stress activities, such work, physical exercise and the like. In
such an embodiment, longer periods of measurements and
higher frequency of measurements are required. In such an
embodiment, the monitoring period lasts for 3 months after an
operation, a seizure, and/or hospitalization. Optionally, the
transmission sessions are performed every hour. Optionally,
each transmission session lasts approximately 10 minutes.
Optionally, the transmission sessions are performed when
medical sensors, such as accelerometer and tiltmeter and/or
electrocardiogram (ECG), oximetry, and/or blood pressure
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sensors detect stress activities, optionally for a predefined
period. The length of the measurement interval could be
decreased during rest. Optionally, the frequency of the trans-
mission sessions and/or their length is adaptive to the client
clinic state and/or changed over time, for example according
to a pattern of a treatment and/or expected change in the
physical condition of the patient. For example, after 3 months
from last hospitalization, in a stable clinical status, the fre-
quency of the transmission sessions may be reduced to twice
a day.

[0103] Optionally, the wearable monitoring apparatus is
used for monitoring the thoracic tissue fluid level during
and/or after a medical operation. Such monitoring allows a
detection of occluded bronchus and/or other pulmonary mal-
functions. The bronchus is partially or completely occluded
as an outcome of different types of emboli which may be a
result ofa deep anesthesia depressing the coughs reflexes. For
example, the wearable monitoring apparatus may be attached
to patient after an operation and alert the patient and/or a
medical center, for example as described below, with regard
to an atelectasis process. Optionally, such an alarm allows
providing the patient with treatments, such as physiotherapy,
before the damage to the organs of the monitored patient is
irreversible. Similarly, a wearable monitoring apparatus
offering a treatment, such as sound based methods for creat-
ing a mechanical reaction, may be activated automatically.
Optionally, the wearable monitoring apparatus is used for
monitoring the accumulation and/or dispersion of fluids
within the visceral and parietal pleura. Bleeding may be accu-
mulated within the pleura due to a tumor, and consequently
blood drainage may be conducted as part of a treatment.
Monitoring such bleeding into the pleura is desired for
example for proper timing of the blood drainage procedure.
Similarly, heart failure patient, tend to develop pleural effu-
sion. Thus, pleural effusion could be monitored for directing
diuretics and/or drainage treatment, and for providing better
assessment of the clinical condition of the monitored heart
failure patient. Monitoring the accumulation of fluids in the
lungs of a patient during and/or after an operation, such as
cardiac operation, in which pericardial effusion may occur.
The wearable monitoring apparatus may be used for an early
detection of the accumulation of blood between the pericar-
dium and the heart. Such a wearable monitoring apparatus
may produce an alert to the patient and/or to the treating
physician and/or center to encourage fast intervention that
may prevent a risky blood accumulation.

[0104] In some embodiments of the present invention, the
monitoring allows detecting pathological patterns and/or
diagnosing clinical events. As depicted in FIG. 3 and
described above, the patient is monitored during her daily or
hospitalization routine. The monitoring optionally includes
logging and time tagging the thoracic tissue fluid level, either
continually or intermittently. Such logging allows using pat-
tern recognition methods, such as multi-layered neural net-
work and Bayesian parameter estimation for detecting patho-
logical patterns and/or diagnosing clinical events. Optionally,
the pattern detection is based on data that is received from
other medical sensors and/or from an analysis of the captured
EM radiation.

[0105] As shown at 106, the analyzed reflected EM radia-
tion is documented and/or forwarded for recording by the
wearable monitoring apparatus 400. Optionally, the thoracic
tissue fluid levels, which are calculated as shown at 104, are
recorded. Such a recording allows examination of changes in
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the pathological thoracic tissue fluid level along a period that
lasts between few hours and few days, months, and years, for
example as outlined above. The recording allows calculating
one or more baselines and/or the identification of a normal
range which are adjusted according to the specific patient.
[0106] Reference is also made to FIG. 6 A, which is a flow-
chart of a method for monitoring a thoracic tissue, for
example using the monitoring device which is depicted in
FIGS. 1 and 3, according to some embodiments of the present
invention. First, as shownat 131, at least one reflection of EM
radiation is intercepted from the monitored thoracic tissue of
a patient in one or more radiation sessions during a monitor-
ing period of 24 hours or more. The intercepting is optionally
performed using the aforementioned one or more EM trans-
ducers. As shown at 132, the reflections are analyzed, for
example using the processing unit which is described above.
As shown at 133, the analysis allows detecting a change in the
monitored thoracic tissue, for example as defined and
explained above. Now, as shown at 134 a notification indicat-
ing the change is outputted, for example using a communica-
tion to a central patient management unit, as described below.
It should be noted that the reflection may be changed as an
outcome of one or more thoracic movements of the monitored
patient, during the monitoring period. The affect of the one or
more thoracic movements may be compensated according to
outputs of a posture detection process, for example as
described below.

[0107] Reference is also made to F1G. 6B, which is a flow-
chart 450 of a method for using EM radiation for monitoring
thoracic tissue with respect to a posture of a user, according to
some embodiments of the present invention. This method
may be integrated with the method for monitoring a thoracic
tissue which 1s depicted in FIG. 6A, for example as further
described herein.

[0108] Optionally, the monitoring apparatus is designed for
identifying postures based on dielectric related properties of
internal organs and/or tissues as extracted from the analysis of
the EM reflected signals and/or other outputs of other sensors.
In the EM-based posture detector case, posture may be
defined as the relative position of the radiating element and
monitored internal or external organ. As shown at 452, data
from the one or more EM transducers is received at the
wearable monitoring apparatus 400. Optionally, this data is
acquired from the reflection which is intercepted in block 131
EM radiation. Optionally, additional data 441 from the bio-
logical probe of the monitoring apparatus and/or from exter-
nal data sources 443, such medical data about the user from
medical databases is gathered. As shown at 454 the medical
data may be stored and/or received from the memory of the
monitoring apparatus. The data 441-443 may be received
simultaneously, sequentially and/or interpedently.

[0109] Optionally, the EM radiation 442, such as the afore-
mentioned reflected signals, and the additional data 441, 443
is processed, as shown at 455 to allow the extraction of
features therefrom, for example as shown at 456. A feature
may be based on the morphology and/or timing of the
received EM signals. For the posture detection functionality
features indicative to the posture are extracted, such features
may include for example the reflected signal gated to the
near-antenna layers reflections, assumed to have strong pos-
ture indication. Other features are extracted for the purpose of
measuring the dielectric related properties of the desired
organ and used in 459. These features are indicative to the
measured tissue and/or organ dielectric related properties.
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Some of them are sensitive to posture changes and some are
more resilient. Examples of features that may be used for
posture classification and acquired by analyzing reflections of
EM radiations are morphologies reflections, amplitudes,
positions of peak of signals from reflections of selected tissue
boundaries, such as fat-muscle, lung-heart, and muscle-lung,
differences of amplitudes in signals which are based on
reflections and/or peak positions, either among different seg-
ments of the signal or between signals measured at different
time instances, for example amplitude difference of the
reflection received from lung-heart boundary in a signal mea-
sured in the time instance of contraction, compared to a signal
measured in the following relaxation; or similarly for the
muscle-lung boundary during end-expiratory and end-in-
spiratory time instances. Optionally, frequency domain fea-
tures may be extracted from the EM reflection, like amplitude
and phase response of a gated signal, where the gating may
localize a reflection from a specific interface between tissues.
In some embodiments one or more features may represent
EM reflections of narrow band signals, described earlier, like
phase and amplitude. Optionally, one or more features may
represent information extracted from the external sensors.
[0110] Asshown at 457, the extracted features may be used
for classifying the posture of the monitored user. In use, the
current posture of the monitored user may be found by a
match between signals received from the one or more EM
transducers and/or an analysis thereof and a value, a feature,
a pattern, and/or a range from a posture bank 458.

[0111] Optionally, the posture bank 458 includes a scale of
values, or a range of values, of exemplary features, and/or a
combination of features. Optionally, the each value or range
in the scale is associated with a tag of a selected posture.
Optionally, during the classification the identified features are
matched with the class values in the scale. The matching may
be performed using known matching methods. Optionally,
each class value is generated using known supervised and
unsupervised learning algorithms. These matching, cluster-
ing and/or classification algorithms are known in the art and
therefore not elaborated herein in greater detail.

[0112] Optionally, the posture classifier and grouping, 457,
may output soft decisions like the probability of each known
posture to be the current posture. Its output may be regarded
as a feature for any following classifier or estimator, such as
the measuring dielectric related properties block 459.
Features which are posture resilient can be used to relax the
demands from the posture detector and achieve improved
dielectric related properties and measurement sensitivity.
Such features are required to be highly sensitive to measured
tissue and/or organ dielectric related property, while being
less affected by other changes like posture changes. For
example, features extracted from differential signals, where
differential signals are referred to as the differences between
two or more signals measured during a short period of time as
elaborated above.

[0113] Different postures may be identified according to
their effect on the pattern of signals which are reflected from
different areas in the body. In one exemplary embodiment the
monitoring apparatus is used for measuring dielectric related
properties of the pulmonary tissues and the extracted feature
is the position of the highest peak in a differential signal based
on EM radiation reflected from the thorax. In this exemplary
embodiment, the position ofthe peak is indicative of a relative
position of the muscle-lung boundary and therefore may be
used for classifying the posture of the user. Optionally, the
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amplitude of the same peak may be used as a feature for
measuring the dielectric related properties of the lung, due to
its sensitivity to the dielectric coefficient of the lung.

[0114] Optionally, the posture detection based on the EM
reflection from an exit boundary between tissues. This may
promote the sensitivity and robustness for the measurement
of the dielectric coefficient of the measured tissue due to the
propagation of the EM radiation in and out the measured
organ as well being reflected from a reference tissue and/or
organ. For example, measuring a differential signal between
the systolic and diastolic phases, and analyzing the reflection
from the lung-heart interface.

[0115] The posture detector is used for reducing changes to
the EM reflections due to dielectric related properties changes
as a consequence of postures changes. In some aspect of the
invention this functionality of the posture detection may be
referred to as posture compensation. In some embodiments of
the present invention the posture detection is based on a tissue
model which has been adapted according to the reflection
signals. Optionally, the expected reflection signal is used as a
baseline and a difference between the baseline and a signal
which is based on the actual measured reflections is analyzed
to extract changes and/or values which are related to the
dielectric related properties of the monitored tissue and/or
organ. Optionally, the estimated model is calculated accord-
ing to data acquired by EM sensor a non EM sensor, such as
an ultrasound imager, computerized tomography (CT) and/or
magnetic resonance imager (MRI). The model is a simplified
one-dimensional, a two dimensional (2D), three dimensional
(3D) model and/or four dimensional model and so on and so
forth. The estimated model may be used for compensating for
the posture effect prior to the processing of the signals 455,
and/or prior to the feature extraction 456, and/or prior to the
posture classification and clustering block 457 and/or the
measuring of dielectric related properties 459. The model
based posture compensation can reduce posture effect on
some or whole of the measured reflection signals, therefore,
improving posture detection statistics and reduces posture
variance.

[0116] In some embodiments of the present invention, as
shown at 459 and described above, the monitoring apparatus
measures and/or monitor dielectric related properties of inter-
nal tissues and/or organs according to segments of a signal
that is based on reflections from tissue boundaries of the
monitored tissue and/or organ and/or other reference internal
tissues and/or organs. These signals may be monitored over a
period and/or in multiple discrete instances or in a single
instance. As described above, the posture classification 457
may be used for reducing and/or removing the effect of the
posture on the calculations which are based on the dielectric
related properties of internal tissues and/or organs. In such a
manner, alerts and/or the reports which are based on the
dielectric related properties, for example as shown at 460, 461
and in block 134 of FIG. 6A, may take into account the effect
of the posture of the user. In such a manner, the number of
false alerts may be reduced and the reports may provide a
more accurate and complete presentation of the medical con-
dition of the user. Optionally, user specific alert are also
generated according to the posture detection, for example
with respect to a treatment which is adjusted for the user. In
such an embodiment, the device may be used for monitoring
the movement of the user and to reduce harm that the user may
cause to her, to the progress of a given treatment, and/or for a
monitoring process by the biological probe.
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[0117] The detection of the posture of the monitored user
allows taking into account the effect of the posture on the
dielectric related properties of the monitored pulmonary tis-
sue, for example by normalizing the values. For example, the
analysis which is performed in block 132 may be based,
normalized and/or adjusted according to the detected posture.
In such an embodiment, the aforementioned biological
parameters, such as clinical states, reports and/or alerts do not
ignore the effect of the posture of the user on the measured
clinical parameters.

[0118] Insome embodiments of the present invention, the
posture detection is used for guiding the monitored user to get
into at an optimal, or substantially optimal, posture before
and/or during a monitoring session. Optionally, the guiding
may be used for instructing the user to change posture in an
automatic diagnosis and/or treatment that is performed by the
monitoring apparatus and/or another monitoring apparatus.
Optionally, the presentation unit of the monitoring apparatus
implements an interactive process during which the user
tunes her posture until reaching the optimal, or substantially
optimal, posture and/or moves through several postures.
[0119] Optionally, the presentation unit of the monitoring
apparatus includes a minimal monitored user interface, such
as a single push button and/or minimal number of audible
and/or visual signals.

[0120] For brevity, all the features and embodiments which
are described herein with regard to the monitoring apparatus
may be used by the posture detection unit when used for
detecting postures of users that wear other wearable elements
and/or probed by various biological probes.

[0121] Reference is now made to FIG. 6C, which is a flow-
chart 470 of a method for monitoring a thoracic tissue with
respect to the placement, misplacement and/or disengage-
ment of a biological probe, such as the wearable monitoring
apparatus which is depicted in the co filed application,
according to some embodiments of the present invention.
This method may be integrated with the method for monitor-
ing a thoracic tissue which is depicted in FIG. 6A, for
example as further described herein.

[0122] Optionally, the monitoring apparatus comprises a
placement unit for monitoring the positioning of the moni-
toring apparatus on the body of the user. Such a monitoring
allows detecting a displacement of the monitoring apparatus
and/or alerting the user and/or a remote caretaker when the
monitoring apparatus is displaced and/or intentionally and/or
unintentionally changes a position.

[0123] Itshouldbenoted that such a placement unit may be
used for monitoring placement and/or displacement of vari-
ous monitoring and therapeutic devices, such as imaging
modalities, for example ultrasound imaging modalities, sta-
tionary and/or mobile biological probes, and/or any other
monitoring device which the positioning thereof on the body
of the patient has an effect on the receptions and/or outputs
thereof. In such an embodiment, the placement unit com-
prises a memory element, such as the memory element which
is depicted in FIG. 3 and described above, for storing one or
more reference values each indicative of exemplary reflection
of EM radiations delivered to the monitored internal tissue of
the user and/or one or more exemplary dielectric related prop-
erties. Optionally, the reference values are stored in a posi-
tioning bank, for example as shown at 472. Such reference
values, which are optionally ranges of values, represent the
values which are supposed to be reflected from the monitored
tissue. The placement unit comprises and/or connected to one
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or more EM which deliver, from the monitored wearable
element, EM radiation and intercept the actual reflection
thereof. The placement unit comprises processing unit and/or
configured to use the processing unit of the monitored wear-
able device. The processing unit is used for identifying and/or
classifying the misplacement, placement, and/or disengage-
ment, as shown at 471, optionally by comparing between the
reference value and the actual reflection. For brevity, all the
features and embodiments which are described herein with
regard to the monitoring apparatus may be used by the place-
ment unit when used for monitoring the placement and/or
displacement of other wearable elements and/or biological
probes.

[0124] Optionally, the placement unit is used for monitor-
ing the initial placement of the monitoring apparatus. Option-
ally, the placement unit is used for monitoring the positioning
in a periodic or continuous manner. In such a manner, alerts
and/or the reports which are based on the dielectric related
properties, for example as shown at 460, 461 and in block 134
of FIG. 6 A, may takeinto account the effect of the positioning
of the monitoring apparatus and/or the EM transducers in
relation to the monitored thoracic tissues. For example, if
disengagement is detected, the presentation unit of the moni-
toring apparatus is instructed, optionally automatically, to
alert to the user and/or a medical center. This functionality
enables avoiding undesired EM emissions to air and a situa-
tion in which the device is not properly coupled to the body.
Ifthe placer identifies a suspicious change in reflection it may
terminate transmission sessions or reduce power to the mini-
mum required for detecting reflections from layers which are
positioned in proximity to the antenna. When the reflection
from these layers matches to an expected reflection, the trans-
mission power may be raised gradually.

[0125] The placement, misplacement and/or disengage-
ment detection, which may be referred to herein, for brevity,
as placement detection, is based on the detection of an unex-
pected change and/or an irregular pattern. Optionally, one or
more control patterns and/or values are defined as features in
456, in order to allow the monitoring of the disengagement
detection.

[0126] Optionally, the disengagement is detected when the
pattern of features extracted from the received reflections
from the monitoring apparatus substantially differ from the
pattern of features which is expected to be received at the
position of the monitoring apparatus. As described above, the
monitoring apparatus is designed to be positioned in one or
more areas. The configuration of the monitoring apparatus
allows the user and/or a caretaker to enter the position of the
monitoring apparatus. This position may be used for selecting
a model, such as the aforementioned wall chest model is
adapted thereto.

[0127] In such an embodiment, the disengagement is
detected if the data which is received from the probe of the
monitoring apparatus does not match the adjusted model.
[0128] Optionally, the disengagement and/or misplace-
ment is detected when the data which is received from the
probe of the monitoring apparatus does not express an
expected physiological process, such as a breathing cycle, the
pace of the heart beats, and/or any other process that have
detectable effect on the backscatter of EM waves which are
emitted toward the probe of the monitoring apparatus. For
example, when the probe of the monitoring apparatus is
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attached to the chest, it is expected that the acquired signal is
modulated by the breathing cycle which affects the dielectric
coefficients of the lung.

[0129] Optionally, the disengagement and/or misplace-
ment are detected when the data which is received does not
match a set of reference records. In such an embodiment a set
of reference records is recorded, automatically and/or manu-
ally, after a proper positioning of the monitoring apparatus.
The recorded set of reference records is used for generating a
reference pattern that a deviation therefrom may be used for
detecting disengagement.

[0130] Optionally, the disengagement and/or misplace-
ment are detected when the data which is received does not
match a predefined range of values defined for each feature.
[0131] Optionally, the placement unit is designed to report
the positioning of the monitoring apparatus and/or the accu-
racy of the positioning of the monitoring apparatus to a
remote client and/or server, for example using the technical
communication channels which are described in the co filed
application.

[0132] Optionally, the placement unit estimates the quality
of the positioning in reference to prior measurements
recorded in memory or expected reflections. It may measure
specific features and compare them to the references or the
actual measurement. It then notifies the user and the algo-
rithm of its findings.

[0133] A manual search for the correct position may
include sliding the device in different directions on the body
until a fixed visual and/or audible is heard. Optionally, the
placement unit is connected to a mechanical adjustment unit
for automatically changing the position of the monitoring
apparatus, the one or more transducers thereof and/or any
other biological probe, in relation to the body of the user. The
mechanical adjustment unit may include an actuation unit
that comprises one or more motors, gearwheels, and ratchets
for automatically adjusting the extended strips, and/or any
other attachment elements which are connected to the moni-
toring apparatus.

[0134] Insome embodiments of the present invention, the
monitoring is performed by placing the apparatus for short
period repetitive monitoring sessions, for example a monitor-
ing session of 5 minute measurement a once, twice, and or
three times a day.

[0135] It should be noted that the posture and/or the
engagement, placement, and/or misplacement processes may
be used during the calculation of values which are related to
intervening tissues, for example for normalizing their values.
[0136] As further described below, the pulse allows mea-
suring the reflection from the different layers of body the
monitored user. The EM radiation, which is transmitted
toward the thorax of a user, penetrates tissues of a chest wall
and experiences dispersion and/or attenuation. The capturing
of the reflection of such EM radiation allows generating a
pulse that may provide a limited spatial separation between
different tissues, especially between internal tissues, such as
between the pulmonary tissues and the muscle tissues.
Optionally, the pulse is shaped to emphasize the boundaries
of different layers which are spatially close to one another.
[0137] Optionally, the EM radiation and/or the received
pulse are manipulated to improve the spatial resolution of the
internal layers, thereby to improve the separation in time and
space between the layers. Optionally, the transmission spec-
trum provides more power for higher frequencies in order to
compensate for a high absorption of transmitted EM radiation
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with these frequencies in the internal tissues, The shaping of
a pulse may be done either on an analog signal form or a
digital signal form thereof, either before the transmission
and/or after the receiving of the EM radiation.

The pulse may be shaped according to a model of the body in
the region of placement, such as the chest wall module shown
at FIG. 4. Optionally, the pulse is shaped according to one or
more characteristics of the anatomy of a specific patient.
Optionally, the shaping is based on data, such as an image,
which is acquired from an external imaging modality and/or
according to an adjustment of measurements which are
acquired from EM radiation which is beamed toward the body
of the user, intercepted and analyzed to determine a set of
reference values. Alternatively or additionally, an anatomical
model is reconstructed as described below and used for adapt-
ing the pulse shaping accordingly.

[0138] Thecharacteristics optionally include data related to
layer factors, such as general thickness, thickness of a fat
and/or a muscle, in the path of the region of interest (ROI) of
the EM radiation. For example, the pulse shape may be
designed for using equalization techniques which are based
on channel estimation of the thoracic wall. Optionally, mul-
tiple pulse shapes are used for reaching higher temporal and/
or spatial resolution in multiple ROIs.

[0139] Insome embodiments of the present invention, the
method which is depicted in FIG. 1 and/or FIG. 3 is designed
for monitoring fluid content of thoracic tissue in a plurality of
transmission sessions which occur, optionally repetitively,
during a relativity long period. For clarity, a transmission
session is process during which an EM radiation is transmit-
ted toward a monitored thoracic tissue, such as a pulmonary
tissue, a reflection of the EM radiation is captured from the
monitored thoracic tissue, and the fluid content and/or a
change in the fluid content of the monitored thoracic tissue is
calculated and/or classified. Such a method may be employed
by a system, stationary or semi stationary, such as a monitor-
ing device which is located in a hospitalization room and/or a
home medical device, and/or mobile, such as the wearable
monitoring apparatus which is described in the co filed appli-
cation. Such a system may be referred to herein as a long-term
intermittent monitoring system.

[0140] Optionally, the stationary or semi stationary system
is designed to allow the user to position an EM probe in front,
behind, and/or in proximity of the monitored thoracic tissue
for a transmission session. Such an embodiment, allows per-
forming long term monitoring without requiring from the
user to wear a probe for long terms. For example, a user may
position the EM probe and/or get into a, area which is moni-
tored by the EM probe every 1,2, 4, 6,8, 10, 12 and 24 hours,
days, weeks, and/or months for a transmission session that
last between few seconds and few hours, optionally minutes.
Optionally, a placement unit, for example as described above
and/or in the co filed application, is used for positioning the
probe in front, behind, and/or in proximity of the monitored
thoracic tissue. In such an embodiment, the monitoring sys-
tem may include a Man-Machine Interface (MMI) that is
designed to guide a user, a caretaker, and/or a mechanical arm
to position the probe in front, behind, and/or in proximity of
the monitored thoracic tissue. Optionally, a probe placement
area is marked on the body of the patient. In use, the place-
ment unit senses the reflections from body of the user and
decides on the accuracy of the positioning, optionally with
reference to prior recorded measurements and/or to expected
reflections. Optionally, the posture of the user is detected by
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a posture detection unit, for example as described above
and/or in the co filed application. Changing a posture may be
referred to herein as a thoracic movement. In such an embodi-
ment, effects of the posture of the user may be cancelled or
reduced, as described above and/or in the co filed application.
Optionally, the posture detection may be used for determining
whether the user is in a good posture for a transmission
session or not or whether the measurement is reliable for
further analysis. Optionally, data which has been captured
during previous transmission sessions is recorded and used
for the posture detection process. In such a manner, analysis
based on a number of registered measurements may provide
robust estimations of the pathological state.

Chest Wall Model

[0141] Reference is now also made to FIG. 4, which is a
reference chest wall model 200 of the thorax, according to
some embodiments of the present invention. The methods
which are depicted in FIGS. 1 and 3 may be based on a
reference chest wall model, optionally changing over time
according to patient’s physiology and posture and dynamical
periodic processes, such as a human body tissue dielectric
model. Such a reference chest wall model may be used as a
reference for modeling properties and/or a range of properties
for evaluating deviations in the level and/or build up pace of
the thoracic tissue fluid level. Optionally, the reference chest
wall model is used for analyzing reflections from the thoracic
tissue, such as a pulmonary tissue.

[0142] Optionally, for example as shown at 200, the refer-
ence chest wall model 200 maps expected dielectric coeffi-
cients of tissues of an exemplary reference model of EM
properties of tissues of a thorax section. For example, the
model at FIG. 4 includes the following layers with the fol-
lowing possible thicknesses:

[0143] askin tissue layer (1-3 mm);

[0144] a fat tissue layer (50-500 mm);

[0145] a muscle tissue layer (50-200 mm);

[0146] a bone layer (30-60 mm); and

[0147] a pulmonary tissue, layer (~100 mm).

[0148] For some or all the layers, the reference chest wall

model includes one or more of the following parameters:

[0149] a relative dielectric coefficient;

[0150] thickness, for example as described above;

[0151] an estimated signal shape; and

[0152] an equivalent frequency response of a layer captur-

ing an effect imposed on an RF signal that is propagating in it,
for example estimation of the attenuation and dispersion of a
pulse which propagates through the respective layer.

[0153] Insome embodiments of the present invention, the
reference chest wall model is dynamic. In such an embodi-
ment, the reference chest wall model may have time depen-
dent parameters. Optionally, the parameters of the reference
chest wall model are changed in a circulatory manner that is
adapted to a predefined cycle, such as the breathing cycle. The
dielectric coefficient of the Iungs is dependant on the fluid
content of the thoracic tissue and on volume of the lungs.
Thus, the dielectric coefficient of the lungs may vary during
the breathing cycle of the patient. Optionally, the reference
chest wall model is adjusted according to a general breathing
cycle. Different patients may have different breathing cycles.
The physiological condition of a patient has an effect on her
breathing cycle. For example, the gender, the weight, the age,
and/or the condition of the lungs affect the breathing cycle.
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Optionally, the reference chest wall model is adjusted accord-
ing to a breathing cycle that is adapted to the monitored
patient.

[0154] Optionally, the parameters of the reference chest
wall model are changed according to dynamical changes of
regional dielectric related properties which may be attributed
to other biological processes, such as pathological and/or
recovery processes, for example as an outcome of compen-
satory mechanisms, medication treatments, and/or infections.
These processes may develop in various paces, thereby dic-
tating the duration of the monitoring period and the time
resolution required.

[0155] In some embodiments of the present invention, the
reference chest wall model is adjusted according to the angle
from which the EM radiation is reflected. As the lungs are
positioned behind the costae, the angle of incidence of the EM
radiation may substantially affect the properties of their
reflection. Optionally, a number of reference chest wall mod-
els are generated in advance and selected according to the
position of the wearable monitoring apparatus that beams the
EM radiation and captures the reflections thereof. Optionally,
the reference chest wall model is adjusted according to the
position of the wearable monitoring apparatus.

[0156] Optionally, before the reflected EM radiation is ana-
lyzed, as shown at 103, the reference chest wall model is
adjusted. The adjusted model increases the accuracy of the
predictions, and alters the interpretation of the received sig-
nals of expected reflections of EM radiation from different
tissues of the lungs. For example, different patients may have
different dielectric coefficients and/or fat layers with different
thicknesses. The adjustment optionally allows adjusting the
reference chest wall model according to the patient from
whom the EM radiation is reflected. For example, the adjust-
ment allows the adjustment of the reference chest wall model
according to the thickness of the fat and muscle layers of the
monitored patient. Optionally, the adjustment is based on
medical information that is related to the monitored patient,
such as the gender, the height, the weight, and the perimeter of
the patient. Optionally, the wearable monitoring apparatus
has a user interface (UI) that allows the inputting of the
medical information. Optionally, the wearable monitoring
apparatus receives the medical information from a remote
clinical center and/or database, for example as described
below in relation to FIG. 9. Optionally, the wearable moni-
toring apparatus receives the medical information from an
external imaging modality, such as X-ray modality, comput-
erized tomography (CT), Ultrasound modality and/or mag-
netic resonance imager (MRI). Optionally, the wearable
monitoring apparatus reconstruct these parameters based on
detecting transition reflections (as defined above).

Gating Adjustment and Channel Learning

[0157] As described above, the monitoring is performed by
analyzing the EM radiation which is reflected from the thorax
of the patient. The accuracy of the analysis is affected by the
registration of the signal which is based on the isolation of a
region of interest (ROI) in the signal. Acquisition of the signal
in specific ROIs is performed by gating. The gating may be
based on the described chest model.

Movement, Cyclic Physiological Processes, and
Disturbances

[0158] Cyclic physiological processes, such as the breath-
ing cycle and the pace of the heart beats, have detectable
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effects on the backscatter of EM radiation which is reflected
from specific tissue layers, such as the thoracic tissue. In order
to improve the monitoring and/or the detection of changes in
the thoracic tissue fluid level, the effects of these physiologi-
cal processes are optionally identified and used to improve the
analysis. Thus, it may be used for posture detection and
physiological parameter extraction as elaborated above and
described in the co filed application. The breathing may be
detected by first identifying the breathing frequency by ana-
lyzing the reflected signals in the frequency domain looking
for the peak value in the physiological range, followed by
tracking each respiration cycle in the time domain signals.
Thus, both the frequency and the dynamical volumes may be
estimated.

[0159] Optionally, the reflections from the thoracic tissue,
such as a pulmonary tissue, are adjusted according to breath-
ing cycle of the patient, for example as described above.
Optionally, the breathing cycle is defined by the respiration
rate, respiration depth, and/or an estimation of the respiration
output of the patient. The breathing cycle may be based on the
output of various sensors and/or methods, including not lim-
ited to electrocardiogram (ECG), oximetry, and/or blood
pressure. These sensors may be mounted within the apparatus
or may wirelessly communicate with a remote component of
the system, for example as described below.

[0160] In some embodiments of the present invention, a
tracking algorithm is used for compensating for relative
movements of the antenna in respect to the reflections points
of interest, where such reflections are in some embodiments
are indicative to lung fluid content. Other changes which are
not movements may be compensated as well, for example,
physiological changes such as skin sweat, or changes in the
measuring apparatus parameters like transmitter power or
receiver noise-figure. A tracking algorithm may use a certain
signal or a pattern, such as the fat-to-muscle transition, as a
reference signal. Thus, for example, a reflection from the
fat-to-muscle transition may be used for tracking changes
during breathing cycles or other posture changes and can be
detected by signal analysis methods.

[0161] As depicted in FIGS. 11 and 12 the wearable moni-
toring apparatus may include number of transducers. In such
an embodiment a space diversity method may be employed
for reducing the effects of fading by the simultaneous use of
two or more of the number of transducers, preferably sepa-
rated from one another by one or more wavelengths.

[0162] Such an embodiment allows higher spatial resolu-
tion by creating a focused beam that is emitted in desired
directions. Moreover, such an embodiment may allow
increased ability to localize transition reflections by source
separation methods as used in ultrasound based methods.
[0163] As shown at FIG. 5, the intensified reflections are
received from low-depth transitions between the antenna and
the skin or between the fat layer and the muscle layer. These
reflections may be used as references while the reflections
from the main interest area are analyzed for determining the
thoracic tissue fluid level.

[0164] Optionally, the method which is described in FIGS.
1 and 3 includes identifying and factoring out distortions and
noises that affect the relative amplitude of the waveform of
the reflected EM radiation. Examples for such distortions are
changes in the transmission (TX) power, changes in the match
between the antenna and the skin face, background noise, and
the like. The distortions and noises may be factored out using
a number of transducers, for example as described below.
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[0165] Additional devices such as an accelerometer or a
tiltmeter may provide additional data for classifying the cur-
rent posture and/or activity level of the monitored patient.
[0166] Optionally, the method which is described in FIGS.
1and 3 is implemented by a wearable monitoring device, such
as the wearable monitoring device which is described in the
co filed application. Optionally, wearable monitoring device
communicate with a patient management unit and/or a medi-
cal center, forexample as described in the co filed application.
Optionally, wearable monitoring device uses one or more
transducers, for example as described in the co filed applica-
tion.

[0167] Insome embodiments of the present invention, the
wearable monitoring apparatus 400 is configured to match the
physical condition and/or medical history of the probed
patient. Optionally, the configuration is performed, either
automatically and/or manually, after the wearable monitoring
apparatus 400 is attached to patient’s body. Optionally, a
configuration process is associated with the initial placement
of the wearable monitoring apparatus 400. The automatic
configuration may be based on immediate measurements
and\or model estimation. Thus, allowing for example the
definition of the gating parameters accordingly. Optionally a
semi-manual configuration process is used where the patient
and/or the treating physician are required to enter medical
data and/or to select a monitoring pattern and\or define vari-
ous thresholds for notifications of either the medical treating
team and/or the patient.

[0168] For example, the patient and/or the treating physi-
cian are required to enter one or more of the following initial
parameters:

[0169] 1. The age of the patient.

[0170] 2. A medical condition and the severity thereof.

[0171] 3. One or more physical measurements, such as
weight, height, and an approximation of a chest diam-
eter.

[0172] 4. A monitoring positioning—the wearable moni-

toring apparatus 400 may be placed in several positions
in relation to the patient’s thorax. Optionally, the con-
figuration process includes a manual and/or automatic
sub process wherein the position of the wearable moni-
toring apparatus 400 is defined or selected. A location
for positioning the apparatus may be selected such that
the thoracic tissues, such as pulmonary tissues, are
detectable during the entire breathing cycle. For
example, the position may be in front of the fifth and
sixth ribs, at the right mid axillary line, for example as
shown at FIG. 10. It should be noted that positions in
which the lungs wall is monitored in portions of the
breathing cycle may also be selected.

[0173] One or more pathological indicators, such as alarm
thresholds, as used. These thresholds may be defined with
regard to the other initial parameters. The thresholds are
defined automatically and/or manually. Optionally, auto-
matic threshold levels are defined during the configuration of
the device and may be adjusted during monitoring, either
manually and\or automatically by the system. For example,
the physician may change the automatically set threshold
after medication dosage adjustment to be notified of possible
effects.

The configuration parameters may be entered, automatically
and/or manually by the wearable monitoring apparatus 400
and/or the base station 351. Optionally, the patient may fol-
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low a configuration instruction set. Such a set may require a
physical activity, such as 6 minutes walk, deep breathing, and
the like.

[0174] Optionally, the output of one or more other wearable
monitoring apparatus and/or sensor may be examined during
the adjustment process. For example, a spirometry device
may be used for examining the lungs capacity in conjunction
with the thoracic tissue fluid level monitoring. The outputs of
the spirometry device may be used for adjusting the breathing
volumes and to provide an absolute scale for estimating the
level of the edema.

[0175] Optionally, the thoracic tissue fluid level monitoring
is performed as a clinical follow up of a treatment that is
managed by a clinician. For example, a treatment which is
given to a patient who has been hospitalized with relatively
high level of edema may be monitored using the wearable
monitoring apparatus 400. At the end of the treatment, the
patient is monitored to detect a possible exacerbation. The
alarm threshold may be determined by the clinician, for
example according to his experience therewith.

[0176] Optionally, the wearable monitoring apparatus 400
is designed for verifying the positioning thereof in relation to
the thorax. Such verification may be performed by matching
the received signal with the tissue model. Optionally, a feed-
back 1s given to the user and\or the treating medical team or a
centralized IT center, for instance by a using LED and/or
alarm or any other indication.

[0177] Insome embodiments of the present invention, the
wearable monitoring apparatus 400 comprises a user inter-
face (UI) for allowing the user to adjust the monitoring pro-
cess, for example as in the co filed application, and/or for
presenting, either audibly and/or visually, notifications to the
user. The notifications optionally include audio notifications,
one or more blinks, and/or vibrations. The wearable monitor-
ing apparatus 400 may present, automatically and/or upon
request, the thoracic tissue fluid level and/or any medical
indicator and/or trend. For example the Ul may present a
congestion level together with the respiration depth and rate
and heart rate. As described in the co filed application, the Ul
may be used for generating and presenting an alert.

[0178] Such notifications may not be limited to the wear-
able monitoring apparatus 400 and optionally presented, con-
currently or intermittently, at the base-station 351 and/or the
central patient management unit 352. Alternatively, the noti-
fication and the presentation of the medical data can be inte-
grated in external devices such as medical monitors and\or
PDA used by the medical team.

[0179] Reference is now made to FIGS. 11 and 12, which
are schematic illustrations of a wearable monitoring appara-
tus 400 with a plurality of transducers for beaming and/or
capturing EM waves, according to some embodiments of the
present invention. FIG. 11 depicts a wearable monitoring
apparatus 400 with an array of transducers 401 that is
designed for transmitting EM signals capturing its reflections
from a plurality of different directions. FIG. 12 depicts a
wearable monitoring apparatus 400 with an array of transduc-
ers 401 that includes separate transducers for capturing
reflections from the tissues 405 and separate transducers for
transmitting EM waves toward the tissues 406. The different
elements may be located in proximity to one another or spread
over different locations, in a similar manner the elements can
have the same pointing direction or can have different point-
ing directions. For example, one antenna element may be
placed on the back of the user, another on the side and third on
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the front of the user thorax. In the group of antenna elements
which are depicted in FIGS. 11 and 12 the relative phases of
the respective signals feeding the antenna elements are varied
in such a manner that the effective radiation power of the
phased-array is reinforced in a specific internal area of the
user’s body, for example in the pulmonary tissues of the user
411, and optionally suppressed in other directions. In an
equivalent manner, the phases of the received signals from the
different antenna elements may be combined to focus the
elements on a specific internal location. As described above,
reflections from the pulmonary tissue may be calibrated
according to the reflections from reference tissues, for
example increasing the received reflected power from the
muscle-to-lung interface, by increasing the inflate-deflate dif-
ferential signal on the lung gating. Any or all of the transmis-
sion and/or reception of the EM signals can be adjusted
jointly or separately to maximize the described lung reflec-
tion.

[0180] By using multiple transducers the time/space sepa-
ration may be improved. For example, different antenna ele-
ments are designed to be focused on reception and/or trans-
mission in different directions, where the interception of the
transmission and reception areas of focus are strongly empha-
sized respective to other areas, so as to improve isolation from
internal weaker signals from strong reflection which may or
may not overlap in time.

[0181] Optionally, the array of transducers 401 comprises
transmitting and intercepting antenna elements. By separat-
ing between transmitting and intercepting antenna elements,
transmission and reception isolation is increased. The
improved isolation increases sensitivity to weaker reflections
from inner tissues and/or organs, by reducing the reflections
received from layers which are in proximity to the transmit-
ting antenna elements. Reception of strong reflections from
the first layers in proximity to the transmitting antenna ele-
ments, such as skin and fat, are reduced or eliminated in
separated receiving antenna elements, therefore achieving
improved sensitivity to weaker signals from deeper layers.

[0182] The separation of different reflection according to
reflected areas allows overcoming microwave monitoring dif-
ficulties. For example, when two or more reflections from
different areas are simultaneously, or substantially simulta-
neously, but overlap in time of reception, physiological phe-
nomenon may be masked for example due to mutual cancel-
lation. Focusing the reception and/or transmission to different
areas may isolate the two or more reflections from each other
and enable efficient extraction of the physiological phenom-
enon. Optionally, multiple antenna elements and/or multiple
transducers are used to reduce irregularities, such as noises,
disturbances and/or interferences, which are intercepted in
part of the antenna element and/or transducers. Such irregu-
larities may be an outcome of power source instability, noise-
figure changes, and changes in the attenuation of the electro-
magnetic waves which are caused by fluctuations in the gap
between the antenna and the skin. Using multi antenna ele-
ments and/or multi transducers allows identifying and/or
reducing and/or factoring out noises and disturbances. By
separately tracking reflections from different sub areas of the
monitored tissue and/or organ, noises and disturbances may
be separated, for example by detecting similar irregularities
in reflections from different tissues.
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[0183] 1Insuch cases array of transducers 401 may separate
the reflection.
[0184] The wearable monitoring apparatus 400 may direct

some or all of the transducers to capture reflection from a
certain tissue or split it over separate tissues or connective
tissues.

[0185] In some embodiments of the present invention, the
wearable monitoring apparatus 400 implements one or more
gating techniques for gating the reflected EM waves. Such
gating techniques allow synchronizing the monitoring with
cyclic physiological processes, such as the breathing cycle
and the pace of the heart beats. The time gating techniques
may be used for focusing on reflections from the pulmonary
tissue. However, time gating may not separate reflections if
the reflections are adjacent to one another on the time axis.
Optionally, the spatial separation is improved by beaming the
microwave from one transducer and capturing the reflections
from another transducer. Optionally, the wearable monitoring
apparatus, for example as described in FIGS. 11 and 12,
beams EM waves from one of the antenna elements 401 and
captures the reflections thereof from one or more other
antenna elements. Optionally, the beamed EM waves are
directed to form a phased-array antenna with directivity
pointing with some angle to the desired reflection 405. In such
a manner, the backscattering radiation is scattered in an angle
which is relatively wide, for example in relation to the back-
scattering radiation that is beamed and captured by the same
transducer. Optionally, where beams of the transmitting and
intercepting transducers do not overlap, reflections resulting
from tissue transitions are received off-beam and attenuated.
In such a manner, the reflections from the borders of the tissue
are not attenuated and the desired reflections are kept in there
original intensity.

[0186] Optionally, one or more intercepting transducers are
focused on the reference tissue while other intercepting trans-
ducers are focused on the desired pulmonary tissue. Option-
ally, two or more different intercepting transducers are
focused on one or more reflection points.

[0187] As described above, the reflected EM waves may be
gated during and/or before the analysis process. Using mul-
tiple transmitters, as depicted in FIGS. 11 and 12, may be
used for increasing the separation between different reflec-
tions which are intercepted by the wearable monitoring appa-
ratus. Optionally, the beams a microwave is a CW, as
described in the co filed application. Optionally, the CW is a
chirp in which the frequency increases or decreases with time.
In such an embodiment, multiple-antenna-elements may be
used to transmit and receive the CWs and still have focusing
capabilities. For example, one radiating transducer may dis-
tribute its radiation across a wide area while the reception is
phased by several transducers. In another example, a phased-
array forms several beams which are directed to different
locations. Optionally, some or more of the transducers
includes phase shifters which are designed to point to the
desired location. The positioning of a phase-shifter may be
adjusted according to the requirements of the reference chest
model. Optionally, the phase-shifter is dynamically adjusted
according to the analysis of the received reflections. For
example, the phase-shifter may be directed to intercept a
fat-to-muscle reflection by identifying a strong pass and an
opposite-signed reflection from muscle-to-lung.

[0188] Optionally, phase-shifters are used for maximizing
the amplitude of the waveform of the received reflections. The
waveform variance may be affected by the breathing cycle
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and/or by the dielectric changes of the pulmonary tissue. For
example, the phase-shifters are used for maximizing the
amplitude of periodic signals such as the signal that reflects
the breathing process or the heart beating process.

The intensification of the waveform variance may be used for
emphasizing in the small changes in the dielectric coefficients
of the pulmonary tissue and for focusing the beam on the
pulmonary tissue and/or on lungs transitions. Maximizing the
waveform variance resulting from breathing cycles may be
measured by correlating between the received reflections and
separate measurements of the monitored user breathing.
[0189] Insome embodiments of the present invention, the
wearable monitoring apparatus 400 is adjusted according to
the physical and anatomical condition and/or medical history
of the monitored user. Optionally, the configuration is pet-
formed, either automatically and/or manually, after the wear-
able monitoring apparatus 400 is attached to user’s body.
Optionally, a configuration process is associated with the
initial placement of the wearable monitoring apparatus 400.
The automatic configuration may be based on measurements
which are preformed in real time. Optionally a semi-manual
configuration process is used where the user and/or the treat-
ing caretaker are required to enter medical data and/or to
select a monitoring pattern and\or define various thresholds
for notifications of either the medical treating team and/or the
user. Optionally, the area of the receiving and/or transmitting
element may be adapted to the physiology of the user. If the
user has relatively thick layers of fat, larger antenna element
or elements may be used in order to increase the sensitivity
and the effective monitoring range. Optionally, the transducer
may be defined to transmit more energy in order to improve
the sensitivity of the wearable monitoring apparatus.

[0190] Reference is now made to FIG. 13, which is a flow-
chart of'a method for monitoring the thoracic tissue fluid level
of apatientusing a plurality of transducers, according to some
embodiments of the present invention. After the process is
initiated, as shown at 800, for example in response to the
activation of the wearable monitoring apparatus 400 or the
aforementioned stationary or semi stationary apparatus,
reflections of EM radiation emitted from the thorax are cap-
tured by the antenna elements, as shown at 801. Each antenna
element performs one or more instantaneous measurements
of the captured reflections. Optionally, each instantaneous
measurement is defined as an average of multiple reflections.
Such an average increases the signal to noise ratio (SNR) of
the respective antenna element. Optionally, each antenna ele-
ment captures EM radiation during one or more physiological
cycles, such as respiration cycles. Optionally, the captured
reflections have been emitted in a noncontinuous manner. For
example, the emitting elements may be intermittently silent
for a period of one or more minutes, thereby minimizing the
radiation and the energy consumption. As shown at 802, the
captured EM radiation and/or the signal which is generated
based thereupon are filtered. The signal may be filtered by one
or more of the following: sampling filters, amplifying filters,
band pass filters, and matched filters.

[0191] Optionally, as shown at 808, the filtering is based on
the posture of the patient during the capturing of the EM
reflection, as shown at 801. In such an embodiment, reflection
which has been captured with the patient is in a posture which
is defined as not suitable for analysis, such as a posture that
substantially changes the dielectric related property of the
monitored tissue, is not analyzed. Optionally, the detection of
a posture which is not suitable for reflection analysis triggers
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an alert, recorded for future analysis, and or added to a report,
as shown at 810. The posture detection is optionally pet-
formed using the aforementioned posture detection unit.
[0192] Optionally, as shown at 809, the filtering is based on
the placement of a biological activity probe, such as the probe
of the wearable monitoring apparatus 400 or the aforemen-
tioned stationary or semi stationary monitoring apparatus. In
such an embodiment, reflection which have been captured
will the probe of the wearable monitoring apparatus 400 or
the aforementioned stationary or semi stationary monitoring
apparatus is misplaced or disengaged, as described in the co
filed application and above. Optionally, the detection of a
placement which is not suitable for capturing reflection for
the analysis triggers an alert, recorded for future analysis, and
or addedto a report, as shown at 810. The placement detection
is optionally performed using the aforementioned placement
detection unit.

[0193] Now, the captured EM radiation is analyzed, as
shown at 803. Optionally, the reflections from the thoracic
tissues, such as pulmonary tissues, are identified, for example
as described above. Optionally, as shown at 804, the identi-
fication is performed after the effect of the posture of the
patient on the thoracic tissue fluid level has been identified,
forexample as described above and in the co filed application.
Optionally, as shown at 805, the identification is performed
after the received EM radiation has been modulated accord-
ing to one or more physiological cycles, such as a breathing
cycle, for example as described above.

[0194] Optionally, as shown at 806, data from other medi-
cal sensors is received, for example as described above. This
data, when combined with the output of the analysis 8§03,
allows classifying the clinical state of the user, optionally
according to a predefined index, for example as described
above. As depicted in 808, this process is repetitive and there-
fore allows monitoring the patient, as further described
above.

[0195] The data from the analysis shown at 803, optionally
in combination with the data from the external medical sen-
sors which is shown at 806, allows classifying the pathologi-
cal, clinic and/or physical state of the monitored thoracic
tissue, at shown at 807. Optionally, the classification triggers
an alert, report, and/or a record, for example as described in
the co filed application and shown at 810.

[0196] As the wearable monitoring apparatus 400 or the
aforementioned stationary or semi stationary monitoring
apparatus allows the acquisition of reflections from multiple
antennas, different regions may be compared to allow the
elimination of motion effects. Moreover, the use of multiple
antennas enables estimating the vital signs separately by each
antenna. In such an embodiment, each antenna may be placed
optimally to measure a specific vital sign. For example, res-
piration parameters could be measured by an antenna posi-
tioned anterior on the chest and congestion parameters from
the mid-axillary line and heart parameters.

Medical Information

[0197] In some embodiments of the present invention,
additional information about the patient may be used. Option-
ally, the method which is described in FIGS. 1 and 3 includes
adjusting the chest wall model, the adjustment process, the
breathing cycle and/or the analysis of the reflected EM radia-
tion. Optionally, the wearable monitoring apparatus allows a
user to define medical information that is related to the
patient, such as pathological characteristics, age, sex, weight,
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height, and/or any other medical information that effect the
volume and/or the functioning of the lungs. Optionally, the
wearable monitoring apparatus allows setting a baseline that
reflects a certain clinical level and associating the measured
values therewith. Defining such a baseline may increase the
diagnostic sensitivity of the wearable monitoring apparatus to
changes on the thoracic tissue fluid level. For example, con-
gestive heart failure (CHF) patients are admitted predomi-
nantly with lungs with 90% or more lung fluid content com-
pared to a normal lung. The monitoring of the drying-up
treatment given at the medical center, can be used for adjust-
ing the range of pathological to stabilized parameter values.
Thus, allowing tuning up the parameters and the thresholds.
[0198] Additional parameters from external devices may
be integrated into the system to provide higher monitoring
capabilities and to increase the diagnosis capabilities. Param-
eters such as oxygen saturation and blood pressure may be
acquired by dedicated devices in response to a demand by the
system or according to periodical presets. These parameters
are considered by the machine learning algorithms to enhance
the diagnosis capability and to reduce false alarms. Option-
ally, a medical treating team may be provided with a more
comprehensive picture of the patient status and of the pro-
cesses the patient goes through. These additional parameters
may be used in a similar manner to the parameters extracted
directly from the analyzed reflection of EM radiation, for
example for adjusting the signals, analyzing proper attach-
ment of the device, posture registration, and the like.

[0199] Additional sensors such as accelerometers and tilt-
meters may provide additional information in a manner that
allows classifying the current posture and\or activation of the
patient, thus increasing the accuracy of the system to detect
such events and therefore improve the monitoring and/or
diagnosis capabilities.

[0200] Itisexpected that during the life ofa patent maturing
from this application many relevant methods and systems will
be developed and the scope of the term a microwave, a trans-
mitter, a receiver, and/or a device are intended to include all
such new technologies a priori.

[0201] As used herein the term “about” refers to £10%
[0202] The terms “comprises”, “comprising”, “includes”,
“including”, “having” and their conjugates mean “including
but not limited to”.

[0203] The term “consisting of means “including and lim-
ited to”.
[0204] The term “consisting essentially of” means that the

composition, method or structure may include additional
ingredients, steps and/or parts, but only if the additional
ingredients, steps and/or parts do not materially alter the basic
and novel characteristics of the claimed composition, method
or structure.

[0205] As used herein, the singular form “a”, “an” and
“the” include plural references unless the context clearly
dictates otherwise. For example, the term “a compound” or
“at least one compound” may include a plurality of com-
pounds, including mixtures thereof.

[0206] Throughout this application, various embodiments
of this invention may be presented in a range format. It should
be understood that the description in range format is merely
for convenience and brevity and should not be construed as an
inflexible limitation on the scope of the invention. Accord-
ingly, the description of a range should be considered to have
specifically disclosed all the possible subranges as well as
patient numerical values within that range. For example,
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description of a range such as from 1 to 6 should be consid-
ered to have specifically disclosed subranges such as from 1
to 3, from 1 to 4, from 1 to 3, from 2 to 4, from 2 to 6, from 3
to 6 etc., as well as patient numbers within that range, for
example, 1, 2, 3, 4, 5, and 6. This applies regardless of the
breadth of the range.

[0207] Whenever a numerical range is indicated herein, it is
meant to include any cited numeral (fractional or integral)
within the indicated range. The phrases “ranging/ranges
between” a first indicate number and a second indicate num-
ber and “ranging/ranges from” a first indicate number “t0” a
second indicate number are used herein interchangeably and
are meant to include the first and second indicated numbers
and all the fractional and integral numerals therebetween.
[0208] It is appreciated that certain features of the inven-
tion, which are, for clarity, described in the context of separate
embodiments, may also be provided in combination in a
single embodiment. Conversely, various features of the
invention, which are, for brevity, described in the context of a
single embodiment, may also be provided separately or in any
suitable subcombination or as suitable in any other described
embodiment of the invention. Certain features described in
the context of various embodiments are not to be considered
essential features of those embodiments, unless the embodi-
ment is inoperative without those elements.

[0209] Although the invention has been described in con-
junction with specific embodiments thereof, it is evident that
many alternatives, modifications and variations will be appar-
ent to those skilled in the art. Accordingly, it is intended to
embrace all such alternatives, modifications and variations
that fall within the spirit and broad scope of the appended
claims.

[0210] All publications, patents and patent applications
mentioned in this specification are herein incorporated in
their entirety by reference into the specification, to the same
extent as if each patient publication, patent or patent applica-
tion was specifically and patiently indicated to be incorpo-
rated herein by reference. In addition, citation or identifica-
tion of any reference in this application shall not be construed
as an admission that such reference is available as prior art to
the present invention. To the extent that section headings are
used, they should not be construed as necessarily limiting.

1. A method for detecting a change in at least one thoracic
tissue, comprising:
intercepting at least one electromagnetic (EM) radiation
from the at least one thoracic tissue of a patient in a
plurality of radiation sessions during a period of at least
24 hours;

detecting a change of a dielectric related property of the at
least one thoracic tissue by analyzing respective said
intercepted EM radiation;

determining a fluid content level in said at least one tho-

racic tissue according to said change; and

outputting a notification indicating said based on said fluid

content level.

2. (canceled)

3. The method of claim 1, wherein at least some of said
intercepting is performed after said patient being ambulatory.

4. The method of claim 1, wherein during said period.

5. The method of claim 1, wherein said analyzing com-
prises identifying, in a signal based on said intercepted EM
radiation reflection, a segment representing said at least one
thoracic tissue, and detecting said change according to said
segment identifying.
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6. The method of claim 1, wherein said analyzing com-
prises using a predefined chest wall model foridentifying said
segment.

7. The method of claim 6, further comprising adjusting said
predefined chest wall model according to at least one of
medical information and imaging data related to said patient
before said analyzing.

8. (canceled)

9. The method of claim 1, wherein said determining com-
prises identifying a breathing cycle of said patient.

10. (canceled)

11. The method of claim 1, wherein said analyzing com-
prises identifying a current posture of said patient and per-
forming said determining with respect to the effect of said
current posture on said change.

12. The method of claim 1, further comprising identifying
an activity level, said determining being performed with
respect to the effect of said activity level on said change.

13-14. (canceled)

15. The method of claim 1, further comprising identifying
amatch between said fluid content level and at least one value
indicative of at least one of a pathologic pattern, wherein said
notification is configured for indicating said at least one
pathologic pattern.

16. The method of claim 15, wherein said at least one
pathologic pattern is of a member selected from a group
consisting of: a degenerative process, acute respiratory dis-
tress syndrome (ARDS), congestive heart failure (CHF),
trauma, an atelectasis, a post-operative atelectasis, a postop-
erative process, an osculated bronchus, a pulmonary inflam-
mation progress, a pulmonary blood accumulation, an infec-
tious causes, an inhaled toxins, a circulating exogenous
toxins, a vasoactive substances, a disseminated intravascular
coagulopathy (DIC), a immunologic processes reactions, a
uremia, a post drowning lung water level, a pulmonary
venous thrombosis, a stenosis, a veno-occlusive disease, a
hypoalbuminemia, a lymphatic insufficiency, a high altitude
pulmonary edema (HAPE), a neurogenic pulmonary edema,
a drug overdose, a pulmonary embolism, an eclampsia, a
postcardioversion, a postanesthetic, a postextubation, and
post-cardiopulmonary bypass.

17. The method of claim 1, further comprising monitoring
abiological parameter of said patient using a medical sensor,
said detecting determining being performed according to a
combination of data based on said intercepted EM radiation
and said biological parameter.

18. The method of claim 17, wherein said medical sensor is
selected from a group consisting of an electrocardiogram
(ECG), an electromyogram (EMG), an ultrasound transducer,
a pulse oximeter, a blood pressure sensor, coagulometer, and
optical blood saturation detector.

19. (canceled)

20. A monitoring apparatus configured for detecting a

change in at least one thoracic tissue, comprising:

aprobe intercepts at least one electromagnetic (EM) radia-
tion from at least one thoracic tissue of a patient;

a processing unit which detects a change in a dielectric
related property of at least one thoracic tissue by ana-
lyzing said intercepted EM radiation and determines a
fluid content level in said at least one thoracic tissue
according to said change;
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wherein said probe and said processing unit are configured
for respectively performing said intercepting and said
analyzing in a plurality of radiation sessions during a
period of at least 24 hours.

21. The monitoring apparatus of claim 20, further compris-
ing an attachment unit configured for attaching the monitor-
ing apparatus to a thorax said patient.

22. The monitoring apparatus of claim 20, wherein said
monitoring apparatus is substantially stationary, said plural-
ity of radiation sessions being performed while said patient is
in a monitoring position.

23. (canceled)

24. The monitoring apparatus of claim 20, wherein said at
least one thoracic tissue comprises at least one pulmonary
tissue and said detecting is based on a member of a group
consisting of: an accumulation of fluid content, a dispersion
of fluid content, a concentration change in distribution of said
thoracic fluid, and a change composition of fluid content.

25. The monitoring apparatus of claim 20, further compris-
ing a dosage interface configured for providing treatment
instruct according to said fluid content level.

26. (canceled)

27. The monitoring apparatus of claim 20, further compris-
ing an output unit configured for communicating with a medi-
cal device which examines breathing volumes of said patient,
said processing unit being configured for performing said
determining according to said breathing volumes.

28. The monitoring apparatus of claim 20, wherein said
processing unit is configured for detecting a pathological
indicator according to said fluid content level; further com-
prising an output unit for generating a notification in response
to said pathological indicator.

29. The monitoring apparatus of claim 20, further compris-
ing an adjustment unit for receiving adjustment information
related to said patient, said processing unit configured for
performing said detecting determining according to said
adjustment information.

30-31. (canceled)

32. The monitoring apparatus of claim 20, wherein said
processing unit is configured for identifying a difference
between a first segment of said intercepted EM radiation and
a second segment thereof, said first and second segments
being captured respectively from first and second areas of
said at least one thoracic tissue, allowing said processing unit
to use said difference for performing said determining.

33. The monitoring apparatus of claim 32, wherein said
processing unit reduces an affect of a member of a group
consisting of: a posture change, a change in placement, a
change in the power of said intercepted EM radiation, and a
change in the frequency of said intercepted EM radiation
according to said difference.

34. The method of claim 1, wherein said analyzing com-
prises identifying a current position of a source of said inter-
cepted EM radiation with respect to said at least one thoracic
segment and performing said determining with respect to the
effect of said current position on said change.

35. The monitoring apparatus of claim 20, further compris-
ing a notification unit which notifies a user according to said
fluid content level in light of at least one user defined thresh-
old.

36. The method of claim 1, wherein said change is indica-
tive of at least one tissue transition.
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37. The method of claim 1, wherein said analyzing com- detecting a change of a dielectric related property of the at
prises identifying a breathing cycle of said patient and com- least one thoracic tissue by analyzing respective said
puting said change accordingly. intercepted EM radiation;

38. A method for detecting a change in at least one thoracic determining a fluid content level in said at least one tho-
tissue, comprising: racic tissue according to said change; and

intercepting at least one electromagnetic (EM) radiation outputting a notification indicating a fluid content change

from the at least one thoracic tissue of a patient in a according to said fluid content level.

plurality of radiation sessions during a period of at least
24 hours; ¥ ook % Ak
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