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(57) ABSTRACT 

The present invention provides for methods and devices for 
monitoring capillary related interstitial thickness. The inven 
tion also includes methods of measuring capillary related 
interstitial ?uid, as Well as cardiac, vascular, renal and 
hepatic function. Speci?c devices, particularly probes, are 
provided for such methods. 
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MEASUREMENT OF CAPILLARY RELATED 
INTERSTITIAL FLUID USING ULTRASOUND 

METHODS AND DEVICES 

TECHNICAL FIELD 

[0001] The invention relates to the measurement of cap 
illary related interstitial ?uid using ultrasound methods, 
compositions and devices, particularly methods, composi 
tions and devices that provide for the measurement and 
monitoring of edema in tissues, especially a capillary related 
edema layer in a human. 

BACKGROUND 

[0002] Edema underlies a myriad of human medical con 
ditions. Yet, despite the relatively common occurrence of 
edema, and its potentially life threatening nature, accurate 
and reliable assessments of edema are not available to the 
clinician or patient alike. Traditionally, methods have con 
sisted of visual inspection of the extremities, tissue palpation 
by a clinician, and measurement of the circumference of the 
extremity. Although these methods are familiar assessments 
to clinicians, none of these methods is quantitative and all 
suffer from tremendous variability due to inter- and intra 
clinician variability of the measurements. 

[0003] Visual inspection of the affected body region yields 
information on changes in the color and teXture of the skin. 
Skin changes in patients With edema include discoloration 
and ulceration. Unfortunately, such skin changes occur 
typically only in patients With long-standing, chronic edema 
and are not useful for diagnosing early or discrete edema. 
Furthermore, skin changes are dif?cult to assess on a quan 
titative scale and are not useful for monitoring a response to 
treatment of edema or the underlying cause of the edema. 

[0004] Visual inspection can also yield information on 
arteries and veins, e.g. varicose veins may be visible and 
may be identi?ed as a potential cause for capillary related 
edema. Such identi?cation of vascular pathology, unfortu 
nately, is only qualitative, is limited to assessment of the 
vascular system, and cannot provide information on the 
patient’s ?uid status or on cardiac, renal or hepatic perfor 
mance. 

[0005] Manual palpation can be used to evaluate edema. 
For manual palpation, a ?nger is pressed gently but ?rmly 
into the patient’s skin and subjacent tissue. The depth of the 
resultant indentation and persistence of the indentation after 
the ?nger has been released yield information on the severity 
of the edema. Asemiquantitative scale can be used to assess 
the severity of the edema, typically consisting of ?ve dif 
ferent grades: I.) absent, II.) slight, III.) mild, IV.) moderate, 
and V.) severe (see Bates et al., J. B. Lippincott, 1995). 
Results obtained With manual palpation are, hoWever, sub 
jective and dif?cult to reproduce. 

[0006] Circumference measurements of appendage 
regions and limbs have also been employed for assessing 
edema. These measurements of changes in circumference of 
a limb or an appendage region are limited to detecting large 
increases in interstitial ?uid. Subtle increases or also 
decreases in interstitial ?uid in early or mild forms of 
capillary related edema Will be masked since the change in 
circumference induced by the interstitial ?uid shift (usually 
on the order of feW millimeters or less) Will be small 
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compared to the overall circumference of the appendage 
region or limb (usually on the order of several centimeters 

or decimeters). 

[0007] Consequently, the present inventors have recog 
niZed the need, among other things, to provide reliable, 
quantitative and accurate ultrasound devices and methods 
for such applications, particularly hand held devices capable 
of being operated by untrained operators. The methods and 
devices provided herein permit continuous, cost effective 
monitoring and accurate measurement of capillary related 
interstitial ?uid of patients in a variety of diverse clinical 
settings. 
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SUMMARY 

[0043] The present invention recognizes for the ?rst time 
that ultrasound can be applied to the measurement of cap 
illary related interstitial ?uid. The invention ?nds particular 
application for convenient and cost effective measurements 
in a variety of clinical settings. Previously, it Was not 
recognized that diagnostic ultrasound measurements of cap 
illary related interstitial ?uid Were possible, or precise. Nor 
Was it recogniZed that clinically rapid shifts in capillary 
related interstitial ?uid distribution in tissues could be 
monitored using ultrasound methods or devices. The inven 
tion includes monitoring of capillary related interstitial ?uid 
in a subject using ultrasound Wave devices and methods as 
described herein. Aspects of the invention are directed to 
continuous or intermittent monitoring, such as capillary 
related edema monitoring in a human. 

[0044] In one embodiment, the invention includes a 
method of measuring capillary related interstitial ?uid com 
prising: transmitting at least one ultrasound signal to a tissue 
in a subject in need of capillary related interstitial ?uid 
assessment, recording at least one ultrasound signal from the 
tissue, and determining a capillary related interstitial layer 
thickness from a ?rst re?ective surface to a second, usually 
an internal, re?ective surface, Wherein the capillary related 
interstitial layer thickness is an assessment of capillary 
related interstitial ?uid. Typically, such a subject Will be a 
human desiring a capillary related interstitial ?uid assess 
ment because a clinician Wishes to use the invention as a part 
of a diagnosis or the subject Wishes to perform a self 
assessment of the subject’s capillary related interstitial ?uid. 
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[0045] The inventors Were also the ?rst to recogniZe that 
ultrasound methods and devices could be applied to the 
assessment of different aspects of integrated cardiac, vascu 
lar, renal or hepatic function. Numerous aspects of the 
present invention circumvent many of the disadvantages of 
the current techniques for evaluating dynamic performance 
of the heart or vascular system. 

[0046] For example, the present invention provides for a 
noninvasive assessment of vascular performance that is 
relatively inexpensive, easily performed by a clinician (not 
necessarily a physician trained in ultrasound techniques) and 
can integrate tissue effects into the assessment, especially 
capillary related tissue effects. Typically, a test of vascular 
performance, includes tWo basic steps: reducing or increas 
ing blood ?oW (or pressure) to a tissue in a subject in need 
of vascular performance assessment (step (a)), and moni 
toring an interstitial layer thickness (ILT) of the tissue (step 

Monitoring ILT With an ultrasound probe can be before, 
after or concurrent With reducing or increasing blood ?oW in 
step (a). 
[0047] Other techniques and devices are described herein 
for assessments of cardiac, renal, capillary and hepatic 
function. Such aspects of the invention can also be used to 
assess the effect of medical treatments on such physiological 
functions. 

[0048] The invention also provides for the ?rst time meth 
ods and devices for multisite monitoring of different ana 
tomical regions either concurrently or at predetermined time 
intervals. Monitoring anatomical changes during clinically 
relevant time periods or continuous monitoring provide an 
important diagnostic tool for detecting short or rapid 
changes in tissue structure, particularly interstitial layer 
thickness. In contrast to previous Work, the invention is able 
to measure rapid changes in ILT and monitor ILT from 
different anatomical regions simultaneously or Within short 
time frames to compare ILTs from different regions. 

[0049] In one aspect, the invention provides for a method 
of multisite monitoring of ILT. The method comprises 
transmitting an ultrasound pulse from a ?rst ultrasound 
probe to a ?rst anatomical region and transmitting an 
ultrasound pulse from a second ultrasound probe to a second 
anatomical region. The method includes recording ultra 
sound signals from a ?rst ultrasound probe to a ?rst ana 
tomical region and recording ultrasound signals from a 
second ultrasound probe to a second anatomical region. The 
method also includes monitoring interstitial layer thickness 
from the ?rst and second, or more, anatomical regions. 
Typically, the method is practiced by monitoring from the 
?rst anatomical region concurrently With monitoring from 
the second anatomical region. 

[0050] Another related aspect of the invention includes a 
multi-probe set that may be used for multi-site monitoring. 
The multi-probe set comprises a ?rst ultrasound probe 
comprising a ?rst output port, the ?rst ultrasound probe 
adapted for continuous or in situ monitoring at a ?rst 
anatomical region and a second ultrasound probe comprising 
a second output port, the second ultrasound probe adapted 
for continuous or in situ monitoring at a second anatomical 
region. The set can include an ultrasound system to concur 
rently process ?rst signals from the ?rst ultrasound probe 
and second signals from the second ultrasound probe. Sys 
tems or sets With more than tWo probes can also be used. 



US 2004/0127790 A1 

Each probe in the set can be adapted for a particular 
anatomical region or indication. For example, the anatomi 
cal region can be selected from the group consisting of the 
forehead region, anterior tibia region, foot region, distal 
radius region, elboW region, presternal region and temporal 
bone region. Preferably, the ultrasound probe is a micro 
transducer adapted for monitoring interstitial layer thick 
ness. 

[0051] The invention provides for the ?rst time micro 
transducers applied to the skin of a subject for ultrasound 
measurements of tissue structure. Typically, the micro-trans 
ducers are adapted for either monitoring ILT or capillary 
related edema, usually on the skin in a predetermined 
anatomical region. As described herein, the micro-transduc 
ers are typically small about 10 to 20 mm2 or less in surface 
area, not hand-held but rather attachable to the skin surface, 
and light Weight. Preferably, micro-transducers are isolated 
and not connected to an ultrasound system or display by a 
conductive Wire, as described herein. In use, the micro 
transducers are usually secured to the skin of a subject for 
continuous monitoring of the interrogated region. 

BRIEF DESCRIPTION OF THE FIGURES 

[0052] FIG. lA-C shoW an example of capillary related 
interstitial ?uid accumulation. FIG. 1A shoWs normal leg 
tissue prior to an increase in capillary related interstitial 
layer thickness. Skin is “S”. Tibia is “T”. Fibula is “F”. 
Muscle is “M” and interstitial layer is “IL”. The probe 
interrogation site 100 is a preferred site for monitoring 
capillary related changes in ILT. The tissue plane 110 is 
approximately illustrated by the arroWs. FIG. 1B and C 
illustrate a small but progressive increase in ILT around 100 
over time. 

[0053] FIG. 2A-C shoWs a magni?ed vieW of probe 
interrogation site 100 from FIG. 1. IL is located betWeen 
skin 200 (dotted layer) and muscle or bone 210 (cross 
hatched layer). FIG. 2B and C illustrate that IL (Wave-line 
layer) increases dramatically due to an increase in capillary 
related interstitial ?uid. 

[0054] FIG. 3 shoWs selected, exemplary anatomical 
regions that can be used for ultrasound monitoring of 
capillary related interstitial ?uid and capillary related edema 
in a human in need of such monitoring. Exemplary ultra 
sound interrogation sites include but are not limited to the 
forehead region 300, the temporal region 310, the forearm 
region 320, the humeral region 330, the prestemal region 
340, the lateral chest Wall region 350, the lateral abdominal 
region 360, the tibial region 370, and the foot region 380. 
The exemplary regions illustrated in FIG. 3 can be used 
alone or in combination, as described herein. 

[0055] FIG. 4 is a magni?ed vieW of the tibial region 370 
demonstrating the proximal third of the tibia region 400, the 
mid-tibia region 410, the distal third of the tibia region 420, 
and the medial malleolus region 430. 

[0056] FIG. 5A and B shoW embodiments of the inven 
tion comprising an ultrasound transducer secured to a sub 
ject or a tissue surface With an adhesive probe holder, Which 
is preferably used for intermittent or continuous recording. 
The ultrasound transducer can be electrically coupled to an 
ultrasound computational unit (not shoWn) using a light 
Weight Wire 500. An electrical connector 510 connects the 

Jul. 1, 2004 

computational unit and the ultrasound transducer 520 using 
an electrical connecting socket or connector means 530. The 
ultrasound transducer 520 is optionally seated inside a 
positioning frame 540. The undersurface of the positioning 
frame consists of an acoustic coupler 550. The positioning 
frame is attached to the subject or tissue surface using an 
adhesive 560. The adhesive 560 can acoustically couple the 
ultrasound probe to the skin of the subject or the interrogated 
tissue surface 570. The adhesive 560 can also be inter 
spersed With an acoustic coupling material, such as a gel (not 
shoWn). Tibia is “T”. Fibula is “F”. Muscle is “M” and 
interstitial layer is “IL”. FIG. 5B shoWs that the ultrasound 
transducer 520 can also be coupled to an ultrasound com 
putational unit (not shoWn) using an infrared coupler or a 
radio frequency coupler 580 or other connector means that 
transmits signals 590 to an ultrasound computational unit. 

[0057] FIG. 6 shoWs one embodiment of the invention 
comprising an ultrasound transducer 600 attached to a 
separate positioning frame 620 With an attachment member 
610. The extending members 630 of the positioning frame 
are attached to securing members 640 to secure the frame to 
the skin aWay from the interrogation site. The securing 
members are secured to the skin using an adhesive or other 
anatomical region attachment means (not shoWn). The ultra 
sound transducer is electrically coupled to an ultrasound 
computational unit (not shoWn) using a light Weight Wire 
650. Alternatively, the ultrasound transducer can be coupled 
to an ultrasound computational unit using an infrared or 
radio frequency coupler (not shoWn). 

[0058] FIG. 7 shoWs one embodiment of the invention 
comprising a predetermined display arrangement 700 that 
includes symbols or illustrative graphics of preselected 
anatomical features of the interrogated tissue. Such graphics 
or symbols can be used to display calculated distances or 
estimated features, such as measured interstitial layer thick 
ness “ILT”. In this exemplary illustration, a graphic presen 
tation of bone, eg the tibia 710 is displayed stationary, 
While a graphic presentation of the subject’s skin 720 and of 
the ultrasound transducer 730 can move to the left or the 
right side. The displayed distance betWeen the bone 710 and 
the skin 720 corresponds to measured ILT. The position of 
skin 720 and ultrasound transducer 730 can also provide a 
diagnostic scale 740 indicating Whether the patient’s ?uid 
status is normal “normal”, elevated “elevated”, or critical 
“critical” for the patient’s underlying condition. Such a 
diagnostic scale 740 can be useful in multiple medical 
conditions, eg impaired vascular, cardiac, renal, or hepatic 
function. The display unit can have a light 750 indicating, if 
the device is turned on, and contrast and brightness adjust 
ments 760. 

[0059] FIG. 8 shoWs one embodiment of the invention in 
Which ?rst re?ective distance “FRD”, usually the distance 
from the ultrasound probe to the inner surface of the skin, 
and second re?ective distance “SRD”, typically the distance 
from the ultrasound probe to the bone or to the inner border 
of the subcutaneous fat, can be displayed on an analog scale 
in millimeters “mm” and the operator can manually calcu 
late interstitial layer thickness. The analog display can 
include a diagnostic scale “DS” Which indicates if the 
patient’s ?uid status is normal “normal”, elevated 
“elevated”, or critical “critical” for the patient’s underlying 
condition. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

1.0 ABBREVIATIONS AND DEFINITIONS 

[0060] ABBREVIATIONS include ?rst re?ective distance 
(FRD), interstitial ?uid (IF), interstitial ?uid content (IFC) 
interstitial ?uid layer (IFL), interstitial ?uid monitoring 
(IFM), interstitial layer thickness (ILT), interstitial ?uid 
volume (IFV) and second re?ective distance (SRD). 

[0061] Acoustic communication refers to the passage of 
ultrasound Waves betWeen tWo points in a predetermined 
manner. Usually, this is accomplished by selecting a desired 
pathWay betWeen the tWo points that permits the passage of 
ultrasound Waves either directly or indirectly. Direct passage 
of ultrasound Waves Would occur, for instance, When an 
ultrasound crystal is directly disposed to (usually touching) 
an acoustic coupling material, such as a composite. Indirect 
passage of ultrasound Waves Would occur, for instance, 
When an ultrasound crystal is located at a predetermined 
distance from an acoustic coupling material or When a 
number of acoustic coupling materials, often heterogenous 
materials, form tWo or more layers. 

[0062] Acoustic coupler refers to a connection or plurality 
of connections betWeen an ultrasound crystal and a sub 
stance that re?ects or passes ultrasound pulses and is not part 
of the device. The acoustic coupler Will permit passage of 
ultrasound Waves. It is desirable for such couplers to mini 
miZe attenuation of ultrasound pulses or signals and to 
minimize changes in the physical properties of an ultrasound 
Wave, such as Wave amplitude, frequency, shape and Wave 
length. Typically, an ultrasound coupler Will either comprise 
a gel or other substantially soft material, such as a pliable 
polymer matriX, that can transmit ultrasound pulses. Alter 
natively, an ultrasound sound coupler can be a substantially 
solid material, such as a polymer matriX, that can transmit 
ultrasound pulses. An ultrasound coupler is usually selected 
based on its acoustic impedance match betWeen the object 
being interrogated and the ultrasound crystal(s). If a re?ec 
tive surface is desired, for instance as a spatial marker, a 
larger impedance difference is selected compared to situa 
tions Where it is advantageous to minimiZe a re?ective 
surface to avoid a sharp re?ective surface. 

[0063] Acoustic coupling material is a material that passes 
ultrasound Waves, usually from a probe to a subject or tissue 
to be interrogated. It is usually not a living material and is 
most often a polymer or gel. 

[0064] Anatomical region refers to a site on the surface of 
the skin, tumor, organ or other de?nable biomass that can be 
identi?ed by an anatomical features or location. Usually, 
such a region Will be de?nable according to standard medi 
cal reference methodology, such as that found in Williams et 
al., Gray’s Anatomy, 1980. 

[0065] Appendage region refers to a site on the surface of 
a limb of a subject. EXamples of appendage regions include 
a variety of sites on a leg or an arm, such as a humeral or 
tibia region. 

[0066] A—scan refers to an ultrasound technique Where 
an ultrasound source transmits an ultrasound Wave into an 

object, such as patient’s body, and the amplitude of the 
returning echoes (signals) are recorded as a function of time. 
Only structures that lie along the direction of propagation 
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are interrogated. As echoes return from interfaces Within the 
object or tissue, the transducer crystal produces a voltage 
that is proportional to the echo intensity. The sequence of 
signal acquisition and processing of the A-scan data in a 
modern ultrasound instrument usually occurs in siX major 
steps: 

[0067] Detection of the echo (signal) occurs via 
mechanical deformation of the pieZoelectric crystal 
and is converted to an electric signal having a small 
voltage. 

[0068] Preampli?cation of the electronic signal from 
the crystal, into a more useful range of voltages is 
usually necessary to ensure appropriate signal pro 
cessing. 

[0069] Time Gain Compensation compensates for the 
attenuation of the ultrasound signal With time, Which 
arises from travel distance. Time gain compensation 
may be user-adjustable and may be changed to meet 
the needs of the speci?c application. Usually, the 
ideal time gain compensation curve corrects the 
signal for the depth of the re?ective boundary. Time 
gain compensation Works by increasing the ampli? 
cation factor of the signal as a function of time after 
the ultrasound pulse has been emitted. Thus, re?ec 
tive boundaries having equal abilities to re?ect ultra 
sound Waves Will have equal ultrasound signals, 
regardless of the depth of the boundary. 

[0070] Compression of the time compensated signal 
can be accomplished using logarithmic ampli?cation 
to reduce the large dynamic range (range of smallest 
to largest signals) of the echo amplitudes. Small 
signals are made larger and large signals are made 
smaller. This step provides a convenient scale for 
display of the amplitude variations on the limited 
gray scale range of a monitor. 

[0071] Recti?cation, demodulation and envelope 
detection of the high frequency electronic signal 
permits the sampling and digitiZation of the echo 
amplitude free of variations induced by the sinusoi 
dal nature of the Waveform. 

[0072] Rejection level adjustment sets the threshold 
of signal amplitudes that are permitted to enter a data 
storage, processing or display system. Rejection of 
loWer signal amplitudes reduces noise levels from 
scattered ultrasound signals. Blood refers to Whole 
blood. Blood does not refer to red blood cell con 
centrates. 

[0073] Blood ?oW refers to blood movement in a blood 
vessel (e.g., coronary, vein, artery, venole, arteriole, shunt, 
or capillary). Blood ?oW is usually associated With blood 
entering or leaving a tissue or de?nable anatomical region, 
such as an appendage or a speci?c vessel (e.g., artery, vein, 
naturally occurring and non-naturally occurring shunt, or 
coronary). 
[0074] B-scan refers to an ultrasound technique Where the 
amplitude of the detected returning echo is recorded as a 
function of the transmission time, the relative location of the 
detector in the probe and the signal amplitude. This is often 
represented by the brightness of a visual element, such as a 
piXel, in a tWo-dimensional image. The position of the piXel 
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along the y-axis represents the depth, i.e. half the time for the 
echo to return to the transducer (for one half of the distance 
traveled). The position along the x-axis represents the loca 
tion of the returning echoes relative to the long axis of the 
transducer, ie the location of the pixel either in a supero 
inferior or mediolateral direction or a combination of both. 
The display of multiple adjacent scan lines creates a com 
posite tWo-dimensional image that portrays the general 
contour of internal organs. 

[0075] Cardiac performance refers to at least one physical 
functioning property of the heart at rest, such as an EKG, ST 
segment, QRS Wave, estimated cardiac output, estimated 
contractility, afterload or preload. Dynamic cardiac perfor 
mance refers to at least one physical functioning property of 
the heart during a physiological challenge, such as physical 
exercise (e.g. predetermined physical exercise or uncon 
trolled exercise), mental stress, medical treatment or diag 
nostic maneuvers (e.g. breath holding). 

[0076] Chip refers to any current and future electronic 
hardWare device Within a computational unit that can be 
used as an aid in controlling the components of an ultra 
sound unit including: 1) timing and synchroniZing trigger 
pulses and subsequent transmission of ultrasound Waves, 2) 
measuring and analyZing incoming ultrasound signals, 3) 
determining the shortest re?ective distance generated from 
ultrasound signals re?ected from multiple different ultra 
sound Waves emitted at different transmission angles, 4) 
estimating body fat and edema using various equations, 5) 
measuring various anatomic landmarks, 6) comparing data 
to predetermined standards and data cut-offs (e.g. electronic 
?ltering), and 7) performing multiple other simple and 
complex calculations. 
[0077] Clinically relevant time period refers to a period of 
time When changes in physiology are expected or detected. 
Such periods can be on the order of seconds (e.g., 5 to 300 
seconds or less) for rapid physiological changes, such as 
changing position from sitting to standing; minutes (eg 
about 2 to 40 minutes or less) for relatively rapid physi 
ological changes, such as shock or in?ammation; and hours 
to days (eg about 0.5 to 4 hours or about 0.5 days to 1 Week 
or more) for sloW physiological changes, such as altitude 
acclimation, long term medical treatment that might require 
Weeks or months to detect a change, and diet acclimation. 

[0078] Computational unit refers to any current or future 
softWare, chip or other device used for calculations, such as 
re?ective distance calculations, noW developed or developed 
in the future. The computational unit is capable of deter 
mining the shortest re?ective distance When tWo or more 
ultrasound sources are employed at different transmission 
angles. The computational unit may also be used for con 
trolling the ultrasound generator or source, for de?ning or 
varying the ?ring rate and pulse repetition rate (as Well as 
other parameters related to the ultrasound generator or 
source), for measuring the re?ected signal, for image recon 
struction in B-scan mode and for ?ltering and thresholding 
of the ultrasound signal. Other applications of the compu 
tational unit to the methods and devices described herein 
Will be recogniZed by those skilled in the art. The compu 
tational unit may be used for any other application related to 
this technology that may be facilitated With use of computer 
softWare or hardWare. 

[0079] Crystal refers to the material used in the ultrasound 
transducer to transmit ultrasound Waves and includes any 
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current and future material used for this purpose. Crystals 
typically consist of lead Zirconate titanate, barium lead 
titanate, lead metaniobate, lithium sulfate and polyvi 
nylidene ?uoride or a combination thereof. A crystal is 
typically a pieZoelectric material, but any material that Will 
contract and expand When an external voltage is applied can 
be used, if such a material can generate ultrasound Waves 
described herein and knoWn in the art. Crystals emit ultra 
sound Waves because the rapid mechanical contraction and 
expansion of the material moves the medium to generate 
ultrasound Waves. Conversely, When incoming ultrasound 
Waves deform the crystal, a current is induced in the 
material. The materials them emits an electrical discharge 
that can be measured and, ultimately, With B-scan technol 
ogy be used to reconstruct an image. Crystals or combina 
tions of crystals With dipoles that approximate the acoustic 
impedance of human tissue are preferred, so as to reduce the 
impedance mismatch at the tissue/probe interface. 

[0080] C-scan refers to an ultrasound technique Where 
additional gating electronics are incorporated into a B-scan 
to eliminate interference from underlying or overlying struc 
tures by scanning at a constant-depth. An interface re?ects 
part of the ultrasound beam energy. All interfaces along the 
scan line may contribute to the measurement. The gating 
electronics of the C-mode rejects all returning echoes except 
those received during a speci?ed time interval. Thus, only 
scan data obtained from a speci?c depth range are recorded. 
Induced signals outside the alloWed period are not ampli?ed 
and, thus, are not processed and displayed. C-mode-like 
methods are also described herein for A-scan techniques and 
devices in order to reduce the probe/skin interface re?ection. 

[0081] Detector refers to any structure capable of measur 
ing an ultrasound Wave or pulse, currently knoWn or devel 
oped in the future. Crystals containing dipoles are typically 
used to measure ultrasound Waves. Crystals, such as pieZo 
electric crystals, shift in dipole orientation in response to an 
applied electric current. If the applied electric current ?uc 
tuates, the crystals vibrate to cause an ultrasound Wave in a 
medium. Conversely, crystals vibrate in response to an 
ultrasound Wave that mechanically deforms the crystals, 
Which changes dipole alignment Within the crystal. This, in 
turn, changes the charge distribution to generate an electric 
current across a crystal’s surface. Electrodes connected to 
electronic circuitry sense a potential difference across the 
crystal in relation to the incident mechanical pressure. 

[0082] Echogenicity refers to the brightness of a tissue in 
an ultrasound image relative to the adjacent tissues, typically 
on a B-scan image. Echogenicity is dependent on the amount 
of ultrasound Waves re?ected by the tissue. Certain tissues 
are more echogenic than other tissues. Fatty tissue, for 
example, is more echogenic than muscle tissue. For identical 
imaging parameters, fatty tissue Will thus appear brighter 
than muscle tissue. Consequently, image brightness can be 
used to identify different tissues. 

[0083] Grip refers to a portion of a probe that is grasped 
by an operator. As described herein, most grip designs 
permit a human to self measure anatomical regions that are 
normally dif?cult to accurately interrogate using a handheld 
probe designed to be operated by a person that is not the 
subject. 

[0084] Heart failure refers to the pathophysiologic state in 
Which an abnormality of cardiac function is responsible for 
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the failure of the heart to pump blood at a rate commensurate 
With the requirements of the metabolizing tissues and/or in 
Which the heart can do so only from an abnormally high 
?lling pressure. Compensated heart failure refers to a con 
dition in Which the heart functions at an altered, but stable 
physiologic state, eg at a different but stable point on the 
Frank-Starling-curve through an increase in preload or after 
development of myocardial hypertrophy. Decompensated 
heart failure refers to a condition in Which the heart func 
tions at an altered and unstable physiologic state in Which 
cardiac function and related or dependent physiologic func 
tions deteriorate progressively, sloWly or rapidly. Compen 
sated or decompensated heart failure can result in multiple 
complications, such as progressive increase in capillary 
related edema, progressive renal failure, or progressive 
ischemic tissue damage. 

[0085] Linear array refers to a transducer design Where the 
crystals are arranged in a linear fashion along one or more 
axes. Crystals can be ?red in sequential, as Well as non 
sequential and simultaneous ?ring patterns or a combination 
thereof. With sequential ?ring, each crystal can produce an 
ultrasound beam and receive a returning echo for data 
collection. The number of crystals in one array usually 
determines the number of lines of sight for each recording. 
With segmental ?ring, a group or segment of crystals can be 
activated simultaneously resulting in a deeper near ?eld and 
a less divergent far ?eld compared With sequential activa 
tion. A segmental linear array produces, hoWever, a smaller 
number of lines of sight When compared to a sequential 
linear array With the same number of crystals. 

[0086] Lymphedema refers to a condition that can be 
congenital or acquired and is characteriZed by abnormal 
lymphatic drainage from damage to, or obstruction of, the 
lymph vessels. Causes of secondary lymphedema, include 
bacterial lymphangitis, surgery, radiation, and trauma. 
Unlike capillary related edema, Which can develop Within 
minutes or feW hours, lymphedema develops sloWly over 
days and months. In chronic stages of lymphedema, the 
affected body part has a Woody texture and the tissues 
become ?brotic and indurated. 

[0087] Mechanically connected refers to a connection 
betWeen tWo or more mechanical components, such as an 
ultrasound source having at least tWo transmission positions. 
A mechanical connection betWeen tWo transmission posi 
tions may be accomplished using a mechanical motor to 
rotate or move an ultrasound source. Optionally, the ultra 
sound source can be rotated or moved on a track. 

[0088] Mechanical motor refers to any device that can 
move the ultrasound source from a ?rst to a second position 
and, if desired, to additional positions. A mechanical motor 
may employ a spring-like mechanism to move the ultra 
sound source from said ?rst to said second position. A 
mechanical motor may also employ a hydraulic, a magnetic, 
an electromagnetic mechanism or any other current and 
future mechanism that is capable of moving the ultrasound 
source from a ?rst to a second position. 

[0089] Medical condition refers to a physiological state of 
a subject, usually a human, that is not normal and Would 
usually bene?t from, or require, medical treatment. Such 
states may arise from a variety of conditions, including 
diseases, physiological challenges, trauma, infection, stress, 
drug abuse, and accelerated aging. 
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[0090] Medical treatment refers to an action intended to 
confer a medical or physiological bene?t on a subject, 
including surgery, catheteriZation, drug administration (e.g. 
either by the subject or by a health care Worker), exercise, 
diet and non-invasive medical techniques (eg ultrasound 
and intravenous administration of electrolytes or osmoti 
cally active substances). 
[0091] Myxedema refers to an in?ltrative lesion of the 
skin of the pretibial area. Myxedema can occur in patients 
With autoimmune thyroid disease, such as Graves’ disease. 
Unlike capillary related edema, pretibial myxedema results 
from deposition of mucin in the dermis. Myxedema devel 
ops sloWly over months and years. The affected area is 
demarcated from normal skin by the fact that it is raised, 
thickened, and may be pruritic and hyperpigmented. The 
lesions are usually discrete assuming a plaque-like or nodu 
lar con?guration. 

[0092] Non-orthogonal probe alignment refers to align 
ment of the probe at an angle other than 90 degrees relative 
to the object or tissue plane to be measured, such as the 
probe/skin interface or the subcutaneous fat/muscle inter 
face. 

[0093] Parallax adjustment refers to a correction of dis 
tance measurements for probe mis-alignment. Parallax Will 
result When the ultrasound transducer is placed on the skin 
in a non-orthogonal orientation thereby creating a transmis 
sion angle smaller or greater than 90 degrees. As the 
difference betWeen the ideal transmission angle of 90 
degrees, i.e. perpendicular probe alignment, and the actual 
transmission angle increases, the ultrasound beam has to 
travel along an increasingly longer path through the object 
thereby artifactually overestimating the actual object or 
tissue layer thickness. A parallax adjustment, i.e. a correc 
tion of artifactually elongated distance measurements can, 
hoWever, be obtained by transmitting multiple ultrasound 
Waves at different transmission angles. The ultrasound Wave 
that has the transmission angle that is closest to 90 degrees 
Will yield the smallest parallax error and therefore provide 
the best parallax adjustment. 

[0094] Plane refers to the surface of a cross-sectional area 
of tissue interrogated by an ultrasound probe. In ultrasound, 
the portion of the tissue included in the measurement or 
image is more accurately referred to as a volume. The 
x-dimension of this volume re?ects the length of the tissue 
plane, i.e. the length of imaged tissue. The x-dimension 
typically varies betWeen 1 and 10 cm or more. The y-di 
mension re?ects tissue depth from the plane, eg the dis 
tance from the skin surface to a re?ection point in the tissue. 
The y-dimension (or depth of the interrogation) depends, 
among other things, on the type of transducer, the type of 
tissue, and the frequency With Which the ultrasound beam is 
transmitted. With higher frequencies, tissue penetration 
decreases and the maximum depth from the tissue plane Will 
decrease. The y-dimension typically varies betWeen 1 and 30 
cm. The Z-dimension corresponds to the Width of the plane 
that is interrogated. It typically varies betWeen 1 and 15-20 
mm. 

[0095] Potential ?uid space refers to a compartment of the 
body that may ?ll With ?uid, including blood, under certain 
conditions. Such conditions include medical conditions, 
such as trauma, blood vessel breakdoWn (e.g., partial or 
complete), breakdoWn (e.g., partial or complete) of epithe 
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lium and infection. Potential ?uid spaces include the sub 
arachnoid, subdural, epidural, mediastinal, perinephric, peri 
toneal or pleural spaces. 

[0096] Self measurement refers to the ability of a subject 
to monitor or measure a portion of a subject’s body, pref 
erably in real time. 

[0097] Shortest re?ective distance refers to the shortest 
distance betWeen the surface of an ultrasound transducer and 
a particular layer interface in a object, such as a transducer 
and a subjacent tissue interface that can be measured With 
ultrasound. The shortest re?ective distance represents the 
best approximation of the distance measured by ultrasound 
of the true anatomic distance betWeen the surface of a 
transducer and a subj acent tissue interface, such as the 
fat/muscle interface. Skin thickness can also be measured or 
estimated and subtracted from the shortest re?ective dis 
tance to calculate the fat layer thickness, as described herein. 
The shortest re?ective distance can be measured When an 
ultrasound transducer is oriented to the tissue interface in an 
orthogonal fashion. The re?ective distance can be calculated 
as: 

[0098] Where RD is the re?ective distance, SOS is the 
speed of sound in a given medium and t is the time 
interval betWeen transmission of the ultrasound 
Wave and return of the signal to the transducer. The 
shortest re?ective distance can be determined by 
selecting the appropriate RD as described herein. 

[0099] The shortest re?ective distance can be determined 
by using at least tWo or preferably multiple ultrasound 
pulses, Where an ultrasound source provides a pulse at a 
prede?ned transmission angle. Transmission angles from an 
ultrasound source typically differ by at least 1 degree. 
Re?ective distances betWeen an ultrasound source and the 
tissue interface in question Will be measured using the 
formulae described herein or developed in the art. The 
ultrasound source that has the transmission angle that is 
closest to 90 degrees Will usually yield the smallest value for 
re?ective distance. This value is least affected by parallax 
betWeen the probe and the tissue interface and is referred to 
as shortest re?ective distance. Calculation of shortest re?ec 
tive distance refers to electronic or mathematical determi 
nation of the shortest re?ective distance using the methods 
described herein. Re?ective distance Will be calculated for 
ultrasound Waves obtained at various transmission angles. A 
computational unit can then determine Which Wave yielded 
the smallest RD value in order to select the shortest re?ec 
tive distance. 

[0100] Skin refers to the external tissue layer in humans 
and animals consisting of epidermis and dermis. 

[0101] Skin Related De?nitions: 

[0102] Epidermis refers to the outer, protective, non 
vascular layer of the skin of vertebrates, covering the 
dermis. The epidermis consists historically of ?ve 
layers, i.e. the stratum corneum, the stratum lucidum, 
the stratum granulosum, the stratum spinosum, and 
the stratum basale. 

[0103] Dermis refers to the sensitive connective tis 
sue layer of the skin located beloW the epidermis, 
containing nerve endings, sWeat and sebaceous 
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glands, and blood and lymph vessels. Historically, 
the dermis consists of a papillary layer and a reticular 
layer. The papillary layer contains the vessels and 
nerve endings supplying the epidermis. The reticular 
consists predominantly of elastic ?bers and collagen. 

[0104] Subcutaneous tissue layer refers to a tissue 
layer located beloW the skin. This tissue layer is 
typically characteriZed by a loose meshWork of con 
nective tissue such as collagen and elastic ?bers. It is 
rich in small vessels, e. g., arterioles and venoles, and 
capillaries. In edematous states, the subcutaneous 
tissue layer can expand extensively. Edema Will 
expand the space betWeen the cells and may also 
result in diffuse sWelling of the cells. OWing to its 
loose cellular netWork and abundant amount of cap 
illaries, the subcutaneous tissue layer is often the ?rst 
or one of the ?rst locations affected by early, devel 
oping edema. The relative amount of the different 
tissues Will vary depending on the anatomic location. 
In the anterior tibial region, for example, connective 
tissue predominates, While in the abdominal or but 
tocks region adipose tissue Will predominate. If it is 
desired to quantitatively measure interstitial layer 
thickness, it is preferable to select sites that contain 
predominantly connective tissue and vessels, since 
these sites can potentially change more rapidly or 
and expand to a greater extent than sites predomi 
nantly containing adipose tissue. 

[0105] Tibia Related De?nitions: 

[0106] Anterior aspect of the tibia refers to the sur 
face of the tibia facing in anterior direction. The 
cross-section of the tibia is triangular With an ante 
riorly, a laterally, and a posteriorly facing surface. 
The laterally and posteriorly facing surfaces are 
covered by several centimeters of muscle tissue. The 
anterior surface of the tibia, hoWever, is only covered 
by skin and, in healthy, non-edematous subjects, a 
thin subcutaneous tissue layer. This subcutaneous 
tissue layer can enlarge extensively in subjects With 
capillary related edema. Since there is no interposed 
muscle layer, the thickness of the subcutaneous 
tissue/edema layer can be assessed clinically in this 
location by compressing the tissue against the under 
lying bone. Cortical bone at the anterior aspect of the 
tibia is also a strong ultrasound re?ector demonstrat 
ing a sharply de?ned re?ective interface in the 
ultrasound image thereby facilitating measurements 
of the thickness of the subcutaneous tissue/edema 
layer. 

[0107] Proximal third of the tibia refers to a mea 
surement site at the anterior aspect of the upper tibia. 
The medial knee joint space and the medial malleo 
lus are localiZed by manual palpation. The distance 
betWeen the medial knee joint space and the medial 
malleolus is measured With a tape measure and 
subdivided into three equidistant portions, upper, 
middle, and loWer. Alternatively, the distance 
betWeen the lateral knee joint space and the lateral 
malleolus can be measured and subdivided into three 
equidistant portions. The border betWeen the mid 
portion and the upper portion de?nes the proximal 
third of the tibia site. 



US 2004/0127790 A1 

[0108] Mid-tibia refers to a measurement site at the 
anterior aspect of the tibia halfway betWeen the 
medial knee joint space and the medial malleolus or, 
alternatively, the lateral knee joint space and the 
lateral malleolus. 

[0109] Distal third of the tibia refers to a measure 
ment site at the anterior aspect of the loWer tibia. The 
border betWeen the midportion, as measured above 
(see “proximal third of the tibia”), and the loWer 
portion de?nes the distal third of the tibia site. 

[0110] Lateral malleolus refers to a bony protuber 
ance at the lateral aspect of the ankle joint. The 
lateral malleolus is formed by the ?bula and repre 
sents the lateral portion of the ankle mortise. 

[0111] Medial malleolus refers to a bony protuber 
ance at the medial aspect of the ankle joint. The 
medial malleolus is formed by the tibia and repre 
sents the medial portion of the ankle mortise. 

[0112] Therapeutic agent refers to an active substance or 
collection of active substances that produce a bene?cial 
effect in a subject When administered in a therapeutically 
effective amount using a therapeutically effective modality. 
Such agents include active substances directed to speci?c 
physiological processes or systems, such as, but not limited 
to, diuretic, hepatic, pulmonary, vascular, muscular, cardiac 
or diabetic agents. Usually, such agents Will modify the 
physiological performance of a target tissue or cell in order 
to shift the physiological performance of the target tissue or 
cell toWards a more homeostatic physiological state. 

[0113] Therapeutic kit refers to a collection of components 
that can be used in a medical treatment. 

[0114] Therapeutic dosage refers to a dosage considered to 
be suf?cient to produce an intended effect. 

[0115] Therapeutically effective modality refers to a man 
ner in Which a medical treatment is performed and is 
considered to be suf?cient to produce an intended effect. 

[0116] Tissue Related De?nitions: 

[0117] Fat/fascia interface refers to the border 
betWeen the proximal surface of the subcutaneous fat 
tissue layer and a potential distal surface of the 
fascial tissue layer. 

[0118] Fat/muscle interface refers to the border 
betWeen the proximal surface of the subcutaneous fat 
tissue layer and the distal surface of the muscle tissue 
layer. 

[0119] Inner border of subcutaneous fat tissue refers 
to the interface betWeen the subcutaneous fat and the 
subj acent muscle, if present, or the interface betWeen 
the subcutaneous fat and the subjacent fascia, if 
present. 

[0120] Muscle/bone interface refers to the border 
betWeen the proximal surface of the muscle tissue 
layer and the distal surface of the subj acent layer of 
bone, eg the femur in the thigh, the tibia or ?bula in 
the calf, the humerus in the upper arm, or the radius 
or ulna in the forearm. 

[0121] Muscle/internal organ interface refers to the 
border betWeen the proximal surface of the muscle 
tissue layer and the adjacent distal surface of the 
internal organs. 
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[0122] Outer border of subcutaneous fat tissue refers 
to the interface betWeen the patient’s skin and the 
subcutaneous fat. 

[0123] Skin/fat interface refers to the border betWeen 
the proximal surface of the skin layer and the distal 
surface of the subcutaneous fat tissue layer. 

[0124] Tissue refers to an organiZed biomaterial usu 
ally composed of cells. For dietary purposes, a 
distinction is made betWeen fatty tissue and lean 
tissue. Fatty tissue is composed of adipose cells, 
While lean tissue includes all other tissues except for 
bone. 

[0125] Tissue volume may contain several different 
layers of tissue, such as skin, subcutaneous fat, 
fascia, muscle, bone, internal organs and other tis 
sues. Ideally, an ultrasound generator is oriented in 
an orthogonal fashion relative to the interrogated 
tissue. HoWever, When an ultrasound generator is 
oriented to the skin in a non-orthogonal fashion, ie 
when the transmission angle is less than 90 degrees, 
a parallax can result that Will artifactually increase 
the apparent thickness of the interrogated tissue 
layers. 

[0126] Tissue SWelling Related De?nitions: 

[0127] Edema refers to a pathologic accumulation of 
?uid Within or betWeen body tissues. Edema ?uid 
can accumulate in potential ?uid spaces, eg the 
pleural space, the pericardial space, and the intrap 
eritoneal space. Edema ?uid can accumulate in the 
interstitial space (e.g., in extracellular location) 
betWeen tissue cells thereby expanding the intersti 
tial space. Edema ?uid can also accumulate Within 
the cells, ie in an intracellular location (e.g., in 
toxic, metabolic, infectious, in?ammatory, and 
autoimmune disorders). Causes of edema include but 
are not limited to impairment of vascular, cardiac, 
renal, and hepatic function, neurologic disorders, 
metabolic disorders, trauma, burns, tissue damage, 
changes in intravascular and intracellular colloid 
osmotic pressure, overhydration, eg in transfusion 
therapy or parenteral nutrition, exposure to toxic 
substance, e.g. inhalational or by ingestion, and 
drugs (see also Tables 3 and 4). 

[0128] Capillary related edema refers to an abnormal 
?uid imbalance arising from capillaries and leading 
to abnormal local ?uid retention. Capillary related 
edema results from an abnormal physiological func 
tion or physiological challenge to the venous system, 
arterial system, cardiovascular system, renal system, 
hepatic system, pulmonary system or other non 
circulatory, internal organ systems normally 
involved in homeostasis of normal ?uid retention. 
The present invention is particularly applicable to the 
systemic aspects of capillary related edema. For 
clarity, capillary related edema does not refer to 
pretibial myxedema, Which is a lesion in the dermis 
that leads to tissue sWelling. Pretibial myxedema is 
associated With abnormal mucin production in the 
dermis that disrupts the surrounding tissue. Any 
Water associated With mucin that might be consid 
ered related to pretibial myxedema is not considered 
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capillary related edema, as mucin is an extracellular 
protein, Which in pretibial myxedema, is not consid 
ered to be associated With an internal organ system 
normally involved in homostasis of normal ?uid 
retention. For further clarity, capillary related edema 
does not refer to tissue sWelling associated With the 
lymph system. Venous or arterial systems do not 
refer to the lymphatic system. Potential capillary 
related edema layer refers to an anatomical region 
Where capillary related edema might occur. 

[0129] Edema detection refers to the determination of 
abnormal ?uid retention in a subject or a subject’s 
tissue. In many instances edema detection can occur 
Without detecting or knoWing the underlying cases of 
the edema. Often edema detection Will lead to addi 
tional tests to determine the cause or cause of the 
edema. For clarity, edema detection does not refer to 
detection of tissue sWelling primarily associated With 
pretibial myxedema or a malfunctioning of the lym 
phatic system. 

[0130] Capillary related interstitial ?uid refers to 
?uid betWeen internal tissues of the body that is on 
the outside of cells and arising from capillaries. 
Usually, this ?uid is subcutaneous, Which makes it 
easier to examine. Capillary related interstitial ?uid, 
hoWever, may also be found in any tissue or layer, 
unless otherWise indicated herein. Capillary related 
interstitial ?uid is usually comprised of Water, body 
salts and extracellular biomolecules, such as proteins 
or sugars. Intracellular biomolecules may be found 
in capillary related interstitial ?uid, especially adja 
cent to traumatiZed or compromised tissue. For clar 
ity, capillary related interstitial ?uid does not refer to 
1) blood in either blood vessels or blood released in 
a potential ?uid space of the body (e.g., the sub 
arachnoid, subdural, epidural, or pleural space) by a 
traumatic, abrupt or accidental lesion (including an 
aneurysm) of a blood vessel, 2) ascites in the intra 
peritoneal cavity, 3) ?uid in the pleural space (e.g., 
pleural effusion), 4) ?uid in the fetus, 5) ?uid in the 
dermis, 6) ?uid in the mouth and 7) ?uid, usually 
blood or pericardial effusion, in the pericardium. 

[0131] Interstitial ?uid content (IFC) refers to an 
amount of interstitial ?uid in a given anatomical 
region. IFC can be expressed as mm2 When derived 
as the measured thickness of the interstitial ?uid 
layer and multiplied by length of the area interro 
gated. IFC can be used to estimate total siZe of an 
interstitial ?uid layer or interstitial ?uid volume. 

[0132] Interstitial ?uid layer (IFL) refers to layer of 
interstitial ?uid that forms a stratum either Within or 
around an internal tissue. Often such layers substan 
tially circumscribe a tissue, especially a tissue of an 
appendage or an organ. Such layers can also be 
localiZed and appear as pockets or lakes of ?uid 
apposite or interpersed in a tissue. For clarity, IFL 
does not refer to a stratum formed by pretibial 
myxedema, Which is a lesion in the dermis that leads 
to tissue sWelling. Pretibial myxedema is associated 
With abnormal mucin production in the dermis that 
disrupts the surrounding tissue. 

[0133] Interstitial ?uid volume (IFV) refers to a vol 
ume of interstitial ?uid in a subject or a tissue. 
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Usually this term is used in reference to the IFV of 
an entire human, Which may change in response to 
various physiological challenges, such as medical 
conditions or treatments. The methods and devices 
described herein can assess IFV qualitatively both on 
the level of the entire subject or a portion thereof, 
such as a tissue. The methods and devices described 
herein can also measure IFV quantitatively both on 
the level of the entire subject (indirect measurement 
by estimate as described herein) or a portion thereof, 
such as a tissue (indirect or direct measurement 
depending on the tissue). 

[0134] Transmission angle refers to the angle of an ultra 
sound beam that intersects the object or tissue plane. The 
transmission angle is normally measured With respect to the 
object or tissue plane. The object or tissue plane has a 
reference angle of Zero degrees. 

[0135] For example, as the transmission angle increases 
toWard 90 degrees relative to the tissue plane, the ultrasound 
beam approaches an orthogonal position relative to the 
tissue plane. Preferably, ultrasound measurements of the 
fat/muscle or fat/bone interface are performed When the 
ultrasound beam is orthogonal to the plane of the tissue. 
Operator error, hoWever, often leads to a parallax betWeen 
the object or tissue plane and the probe. Tissue/probe 
parallax most often occurs When an operator fails to place 
the outer probe surface parallel to the tissue plane. Thus, the 
operator inadvertently creates a transmission angle less than 
ninety degrees With respect to the tissue plane, i.e. not 
orthogonal to the tissue plane, that skeWs the ultrasound 
beam and the return signal. The resultant skeWing creates a 
parallax When using an ultrasound beam to measure tissue 
thickness, such as subcutaneous fat thickness or any other 
thickness measurement of a layer in an object. 

[0136] Non-orthogonal ultrasound beam transmission cre 
ates an apparent displacement of the ultrasound beam com 
pared to an ultrasound beam transmitted at 90 degrees With 
respect to the tissue plane. The return signal, Which is a 
fraction of an ultrasound beam that is re?ected at a tissue 
interface, travels through the tissue along a longer distance 
When returning back to the ultrasound detector compared to 
a return signal that originated from a beam transmitted 
orthogonal to the tissue plane. To increase the accuracy of 
the measurement of tissue thickness, preferably the trans 
mission angle is betWeen 90 to 60 degrees, more preferably 
90 to 80 degrees. LoWer transmission angles can be used, as 
loW as 1 degree, but are not preferred due to the large error 
associated With the distance measurements of the fat/muscle 
or fat/bone interface. Such errors can be compensated for by 
techniques previously described, US. patent application Ser. 
No. 08/731,821, ?led Oct. 21, 1996 (Lang et al). 

[0137] Transmission frequency refers to the frequency of 
the ultrasound Wave that is being transmitted from the 
ultrasound source. Transmission frequency typically ranges 
betWeen 0.2 MHZ and 25 MHZ. Higher frequencies usually 
provide higher spatial resolution. Tissue penetration 
decreases With higher frequencies, especially in dense fat 
tissue. LoWer transmission frequencies are generally char 
acteriZed by loWer spatial resolution With improved tissue 
penetration. Methods and devices for optimiZing and match 
ing transmission frequencies to the measured object’s acous 
tic properties are described herein. 












































































