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(57) AllSTRACT 

Clinical data, ullrnsonic radio frequency (RJI) backsca1ter 
speclral data and bistological results of .:orrospooding 
biopsy sites arc stored in a database and are- used to train a 
classifier suilablc for rc:tl-timu tissue classillcatioo and 
imaging. In clinical use, clinical data aod ultrasonic RF 
backscaller data are applied as iapttl variables lo the trained 
classifier which assigns a likelihood of cancer (I .OC) score 
to ench pixel Joc-o.tion in an ultraso1md image. The LOC 
scores a1c theu categorized by ranges, wbich can be cstah­
lishctl by user selected threshold values, to apply dilforcnl 
colors or grey scale values distinguishing varying levels of 
suspicion (LOS) to each pixel position in real-time. Th.is 
classification and display technique is especially valuabfo 
for guiding a person performing a needle biopsy of !he 
prostate. 
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ULTRASONIC TISSUE-TYPE 
CLASSfflCAllON AND l MAGTNG 

MIJ'.THODS ANU APPARATUS 

This application claims priority to United States Provi­
sional Application ent itled "Advanced 2-0 and 3-0 ulira­
sonic imaging of tbe prosl11tc for detecting, evaluating a•d 
monitoring cancer", Ser. No. 60/086,747, wbicb was filed on 
May 26, L 998. 

SPECIFICATION 

Tbis invcntfon is made in cooncction with Graot No. 
CA53561 from the National Tnstitute of Health and admin­
istered by Ibo National Cancer lnslitule. 

FIELD OF TIIE INVENTION 

'lbe present invention refates generally to uhrnsonic 
.imaging, and more particularly relates lo methods and 
apparatus for classil'ying tissue-type in accordance with 
spectral and clinical data. 

BACKGROUND OF THE lNVEN"nON 

Ultrasonic imaging is an irnponanl and cost o!Ieclivc 
medic.~,11 di-agnrn;tic tool. Ullra.~ooic spectrum analysis bas 
been used 10 diagnose a11d monitor disease in experimental 
setting/\. l Iowever, ultrasonic technique$ which can reliably 
differentiate among tissues, e.g., between cancerous tissue 
and oon-cancerou.~ tis.sue, have proven elusive. 

2 
It is another object ol' the present iavealion to provide an 

ultrasound apparatus wbich performs real-time imaging of 
an area undergoing a biopsy procedure which can display 
suspect tissue rogions in a manner distinct from nonsSuspcct. 

5 tissue rcgioos. 
It is a forther object of lbe present invention 10 provide 

three dirueosioual rendering of dilYcrcnl tissues, i.e •• suspect 
tissue, using ultrasound tecbniqucs. 

Jn accordnnce with the present invention, an ullrasound 
10 apparatus for performing material class iii cat io• includes an 

ultrasound scanner for acquiring RP ed10 signals related Lei 
properties of a material being tested. such as biological 
tissue. The RF echo signals arc presented lo a digitizer which 
converts tht: RP signals 10 digital signals. representing a 

15 Jilurality of spatial points in a scanned plane. A processor 
operatively coupled to the digitizer and ultrasound scannt:r 
is responsive 10 tbe digital signals from the digitizer and 
extracts spectral parameters relating to the Rfi' signals. An 
input device is also included for providing material-related 

20 data lo the processor. A classifier, which L'> responsive to al 

least a portion of tbc spectral parameters and at least a 
portion of the material-related data. is employed Lo assign a 
tissue classilication scora Lo ibo spatial points of an ultra, 
sound SC'<l.n. A display is provided for displaying lbe assigned 

35 dassificat ion scores. 

ll is well established that early detcctioo of cancer is a key :-o 
elem.;nt to succussful twatment. lo the case of prostate 
cancer, where nearly 180,0(1() new cases are expected to be 
detected in 1999 in the United States a.lone, cancer detection 
usually ruquin:s undergoing a needle biopsy under tht: 
guidance ot'lraosrectal ultrasound (TRUS). However, while 35 

TRUS can effectively display !be outliac of the prostate, tbus 
insuring that the biopsy needle is properly di.reeled into tbc 
ghindular portion of the prostate where cancer generalJy 
arises, current TRUS is limited in its ability to define areas 
within the prostate of high cancer risk. /\!i, a result.. the person 40 

pr:rforming the biopsy takes mulliple biopsy sample;; some­
what rondomly using tbe ultrasooicolly v~5iblc anatomic 
features of tho gland as guides in selecting biopsy sites. 
However. tbe fact that m.:arly30% of patients wbo arc cancer 
at:galive in a first biopsy are cancer positivt: in a StlCOnd 45 

biopsy taken within a one yt:ar period. suggests that many 
cancers are missed by current TRUS guided biopsy. Thus, a 
vast opportunity exists for improving the tecbniques used to 
select the location of the biopsy si tes used for tbc detection 
uf cancer in the prostate. 50 

The material can take the fo rm o f biological tissue and the 
material related data t:aa lake the form of clinical data 
related lo a test sultject. The display preferably lakes the 
forr• of an imago of tbe uJtrasouad scaa. 

Preferably, the classifier includes a look-up table which is 
created using a neural oc1work trained with a larg1:: database 
of clinical, spectral and histological data from patients who 
bave undergone an ullrasound guided biopsy. 

Tbc classificntion scores serve as an indicator of material 
type, t:.g., tis.sue type. In one embodiment. the clussillcalion 
scores distinguish cancerous lis.">uc from non-cancerous tis­
sue . Tbe classification scores define a range of values which 
is preforably divided into a plurality of sub-ra.ngt:s. with e:iCh 
sub-range representing a most-likely material type or 
coodition, tis.sue type or level of suspicion of cancer. Each 
level of suspicion is preferably displayed with a unique 
visual parameter. such as color or specific grey scale value. 

The spectral v~lucs used preferably include at least a 
portion of slope value, mid-band value and intert:ept value 
extracted from an apprm-.imation ol' a power spectrum, e.g., 
a linear regression o( tbc spectrum of tbc RF echo data. 
When lhe tissue being classified is in the prostate, the 
clinical data preferably includes a prostate specific antigen 
(PSA) level and age and the PSA level is adjusted in 
accordance wilb expected ranges of normal related to a 

SUMMARY OF THE INVENTION 

ll is an object of the pri.::Scnl invention to provide a i:m:thod 
of characterizing various material-types using ultrasound 
01easuren1ents in connection with •on-ultra.sound data 
rulated 10 or indicative of the maturial types. 

It is an object of the present invention 10 provide a method 
of characteriziog various tissue-types u.~ing uJtrasouod rocn­
suremenl~ and elinical datn. 

It is aootber object of tbe present illvcation to provide a 
metbod of identifying various tissuti-lypcs using ultrasound 
measurements and clinical data. 

ll is a further object of the present invention lo provide :i 
method of displaying a real-time image depicting different 
tissues differently, e .g., suspect tissue differently than non­
suspect tissue. 

patients age. 
Also io accordance wilb the prescol invention, tln u.ltrn­

souad apparatus for building a database and training ii 

,s clas.silicr for a real-lime dassificatioo system is defiaed. The 
appitralUs includes ao iJ.ltrasound s.:a.nncr for acquiring R.1::­
echo signals related to material properties. A digitizer is 
responsive to tbc ultrasound scnnocr and convert.~ the RF 
sigoals 10 digital signals representing a plurality of spatial 

60 points in an ultrasound image. A processor. which i.~ opera­
tively coupled to boH1 the ulltasound scanner and d.igi1i1..er, 
is responsive 10 tbc digital ~ignals from the digitizer aocl 
extra els spectra I parameters .relating 10 the RF signals. An 
jnput devict: is provided for eotering nrnlerial-relatecl data 10 

65 the apparatus. A non-volatile computer storage device is 
provided for storing records of a database, tbe records 
include materia l-related (e.g., clinical data) as entered using 
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the input device, spectral daJa provided by the processor and 
corresponding conclusive data, e.g., histological data from 
biopsies taken witll the guidance of the ultrasound scanner. 

4 
tion taken in conjunction with the accompanying ligures 
showing iJJuslrntive embodi.rnent.s of U1e invt:ntion. in which 

FfG. I is a block diagram of an ultrasound imaging 
system formed in accordance with the pre&enl invention; 

FIG. 2 is a block diagram of an i111erface card for 
installation in a persoual computer or clinical ultrasound 
scanner having a suitable integral computer, suitable for 
converting received Rf' signals from an ultrasound scanner 
lo digital signals for processing by ihe computer in accor-

A classifier having a plUiality of' inputs and providing a 
classiticalioo output va lue is operatively coupled to 1be s 
database. To train lhe classifier, at least a pwtion of said 
spectral parameters and at least a portion of sa.id material­
related data arc used as input paramuters and the conclusive.: 
data is u:st:d as an ex:pected output value and the clnssil1er 
iteratively adapts the processing of the input parameters 
until the output value substantia.lly matches lbe expected 
output value for each record in the database. 

10 dance with the present invention; 
FIG. 3 is n How chart depicting the process of geaerntin,g 

a look-up table for performing tissue classification in accor­
dance with the present invention; Preferably, !he classil·ier includes a look-up table which 

relates eacb cornhinalion of said portion of spectral param­
eters and s~id portion of cliaiC'd.l data lo a Jlrt:<leterrniaed 
memory location, and <luriag a traiaiag opcralioa. each 
memory locntion is provided a tissue classillcal ion score 
correspoadiag tO the. unique combination of inpul param­
ckrs. 

FIG. 4 is a pictorial diagram of an ullrasouod scan 
15 illustrating a •eedle guided biopsy performed m at.'COrduoce 

with the present inve• Lion; 

Tbe spectral values used pl"Cforably include al least a 
portion of slope value, mid-band value and intercept v:ilue 
extracted Crom a linear estimate of a power spectrum of the 
RF echo datn. When rhc matedal bciog classified is tissue­
type in the prostate, thti clinical data. ptcferably includes a 
prostate specific antigen (PSA) level and age. 

FIG. 5 is a grnph of a spectrum of back stanered RF 
power versus l'requcncy and a corrcspond:in,g linear apprmd­
m,ttion of this graph from an exemplar y ultrasound sc-an 

20 from a region of a prostate; and 
FlG. 6 is a flow chart depicting the process of gem:ratfog 

images lL',iag measured spccrral data and a classiti.cr, such as 
a look-up table, 10 distiogu.ish tissue into a number of 
classitlcatioos, such as most-likely tissue type or levels of 

35 suspicion of cancer. 
Thro1\ghou I the fi.gures, the same reference numerals artcl 

characters, unless otherwise stated, are used lo denole like 
features, clements, componcoL<; or portions of tho illuslraled 
embodiments. Moreover, whfle the subject invention will 

A method of material classi.ficatioo ullrasouncl imaging of 
a subject, ia accordance with the present invention, includes 
the steps of receiving material-related data regarding the 
subject; performing an ultrasound scan of the suhjcct and 
collecling RF echo data therefrom: l\Xlractiag spectr:11 
parameters from tbe RF ocho da1a at a plurality of points of 
tbe u.ltrasound sc:aa; applying at Jeast a portion o[ tbc 
material-related data and at least a portion of tbc SJJOctrnl 
pttmmeters ton classifier which 11ssih'1ls a score 10 ench of 1be 
plurality of poinLc; wbicb ~ an indicator of the ronterinl type; 
and outpuuing values in accordance with the assigned 
scores. 

.:<o now be dcscribt'd in detail witb reference lo the fi.gurt•s, it is 
done so in connection witb the illustralive crobodimeols. 11 
is ioteodctl that changes and modifications can be made to 
lbc described embodimeats without departing from 1bc trnll 
scope aod spiri1 of the subject invention as deLioed by lht 

.,s appended claims. 

lo the above method, the material cao take the forrn of 
biological tissue and the material related data can take the 
form o( clinical data related 10 a 1es1 subject, Tue display 40 

preforably Lakes !he form of an image of the ultrasound scan. 
A method of creating a look-up table for classifying l'issue 

of a subject by tis.sue type. using uhrasound imaging in 
accordance with the presonl invention includes tbo steps of 
creating a database of records of subject data. For each 45 

record, the method includes lbe steps of receiving and 
storing cliait~dJ data regarding the subject; performing an 
ultrasound scan of the tissue and collecting RF echo data 
there!'rom; e.xt,ra.cling and storing spectraJ parameters from 
Lhe R.P echo data al a plurality of points ot' the ultrasoUJJd so 
scan: and .receiviog and storing histologica I data of at least 
a portion of the 1i:;st1e. ' Ilic method uses lbe database of 
records for training a neural network by applying a1 least a 
portion of the clinical data aod at least a portion of th.: 
spectral parameters as input parameters, processing the , 5 

parameters to develop an outpul signal. comparing tbe 
output s ignal 10 lbe his1olo1,,,-ic..:al data 10 create aa error value, 
and iteratively adjusting lbe processing to minimiz.e the error 
vaJuc. Tho trained neural actwork is lbe• used lo geaerale a 
look-up table by applying a substantially continuous range 60 

of inpu1 parameters lo tbc trained aeuraJ network to goncr:11c 
output signals as values for tbo look-up table indicative of 
tissue type. 

DEli-\lLl!D DESCRIPTION OF PR.EFElUtED 
EMBODJMENTS 

The. ch1ssi.llcalioa of material type or condition using. 
ullraSotJnd provides an elliciem an cost effective diagnostic 
and analysis loo] in a range of applications. For e:1.11mple, the 
classification of biological tissue as higbly suspect, i.e. , of 
being cancerous. versus non-suspect (i.e., likely to be nor­
mal tissue or benign tissue) is extremely imporian1 in 
medical diagnostics und treatment. The ability to accurately 
distinguish cancerous tissue U!>ing ultrasound techniques 
prov ides a cost effective tool for diagnosing cancer at its 
incipient s tages, as well as monitoring the growth or remis­
sion rate or tissue known or thought to be cancerous. The 
present invcni-ion uses material-related data (e.g., clinical 
data), ultrasonic radio frequency (RF) backscaller spectral 
data aloag wilh conclusive data, such as histological results 
of correspoadiag biopsy sites, to traia a classi.ller suitable for 
roal-limc material classi.llcatioa. la an cxamp'lc of tbc invoa-
tion ia clinical use, cl.iaicnl data and ul1rasooic RF back­
scalier data are applied as iop·u1 variables lo the classifie r 
whicb assigns a likelihood oJ eaocer (LOC) score to each 
pixel location in an ultrasound image data set. Tbe LOC 
scores arc then categorized by range, which can be estab-
lished by user selected threshold values, to apply different 
colors or grey sea le values distinguishing varying levels of 
su.spicion (LOS) to .:ach pixel position in teal-time. This 
classifi.cation a.nd display technique is especially valuable 
for guiding a person performing a needle biopsy of the: 

BRIEi< OE-SCRJPTION OF ·n IE DRAWING 

Further objects, features and advantages of the invention 
will become apparent from i-he following detailed dcscrip-

65 prostate. (fran.srectal ultrasound emus) guided biopsy). 
FIG. l is a block diagram of a system suitable for 

practicing the present invention, the operation of which is 
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outlined in the flow charts in FIGS. 2, and 6. 1ne system of 
FIG. 1 is particularly conftbrtlied for p.irforming guided 
nee.d ie biopsies in the prostate. In this configuration, the 
sy!;tcm includes an uJLrasonic transducer 102 operatively 
coupled to a• ultrasouod scaooer 106 for performing traa­
srcctol ultrasonic measurements (TRUS). While not .in 
essealial part of the clinica l classification a.ad display 
system, the figwe also shows a biopsy necdfo 104 aligned 
within the scanning region of the transducer 102. 

The design and manufactun: o[ the ultrasound scanner 
106 and transducer l02 are well kntlWn in the 3rl, aod can 
be implemented u.sing a variety of corwentionaJ hardware 
including l3&K Medical Systems Model 35.35 ~canner 1ind 
Model 855 L lransrectal probe with biopsy needle fixture, 
respectively. In this case, the probe contains a single 
c'lemcnl, mecbanical, sector scanning transducer witb a 
nominal center frequency of sc\ten o.1ega.ber1z. T be B&K 
Model 3535 sc:U1J:Jer includes porls for receiving oxlcrnal 
liming s ignals and for outpuUing RF-echo return signals. In 
each ult rasound scan plane, the Il&K scanner includes 318 
scan lines over a 112 degree sector. 

'The signals from the scanner 106 arc converted frorn an 
ana log RF sigoal lo a digital sigoal by a digitiur 108 
operating under tht: control of a proce~or 110, la an 
ex.:mplRry 0mbodimcnt, the digitizer 108 o_pt:crates at a 50 
MIiz sampling rate to ac~uire 2500 8-hit samples along each 
of 318 scan lines in ll 112 degree scanning sector. Llacb of 
these sample po[nL~ represents a pixel in an ultra.sound 
image. This results in a sector w ith raclii of about 3.6 cm in 
leng1b. Tbe digital samples a re stored in computer memory 
112 uudcr the control of processor 110, W hile oot sbowo in 
detail, 1he memory 112 can include random access memory 
(RAM), read only memory (ROM), erasable programmabl~ 
ruad only memory (EPROM) aod the like. 

6 
device may lake the form of a keyboard, touch screen. or 
digital pointing device, sucb as a computer mouse, used in 
cooperation with a disp lay Ll6, Tile display 116 is a high 
resolut ion display devi~<e, such as a standard SVGA com-

5 puler monitor aod appropriate video driver interface which 
is rcspoosivc to the processor UO. 

An importam element of tile prcs~at invent ion is it clas­
sifier 118. The classifier 118, whicll may take tbc form of ij 
look-up table, lrnined aeuml network.. nearest neighbor 

10 model and the l ike, is developed or Lrained using conclusive 
data (e.g., h istological darn from biopsy results), Rl7 spcclral 
data and clinical dal'a acquired and stored in a data base 120 
or patient data via U1e processor 110. 

FIG. 3 is a flow c hart illustrating exemplary steps used to 

15 clevt:lop tht: data baS<) 120 and tra in a suitable cla:ssiJier U8. 
Preferably, the classifier U8 takes the form of a " ttained" 
non- linear classifier, such as a neural network, hut other 
classifiers both line~r and non-linear can also be employed, 
Tn order to develop a •·trained'. non-linear class_ifier ll8, the 

2n database 120 of training data is acquired. 1nis clatabaSe 
~houlcl include a large number of rc1:orcls, each of which 
includes lU~ echo data and/or spectral parameter data from 
lbe RF ecbo data, clinic;i l data (sucb as patieats' age. 
t:tbnicity. prostate specific anlig,m (PSA) level, prior mcdi-

35 cal history, in tbe ca.se of prostalt: cancer dete,ction) and 
correspoaclia,g histologicaJ clala, sucb as biopsy results, 
which arc tbe '•gold standard" for each record. Reforring to 
171G. 3, RFbackscalt"r data is acquired for each paticm with 
a set of 10 to 20 transverse scan planes of t be pros1atc 

JO se11arated by approximately 1 to 3 mm (step JOO). FIG. 4 
picto,inlly represcots a typical uhrasound scan plane. taken 
over a defined sector 400_ Data an:: acquired in each biopsy 
plane imml:diately before the biop.~y needle 104 is inserted 
to take a biopsy samplt: froru a region of interest 402-Tbc Tile processor 110 is preferably included in a personal 

computer or is integra l to tbe scaoncr 106 ;ind comprises a 
high speed p.roccswr, such as a Pentium 11® processor 
manufactured by late!, Joe. for re:11-timc imaging al a clock 
speed in excess of 300 Ml lz is preferred. In nn experime• tal 
setting, tbe digilizer 108 can take tbc form o[ d ig ital sam­
pling oscilloscupe, such as the Model 9310L manufaclt1Ied ~o 
by LeCroy Inc., of Cbeslnu.1 Ridge, N.Y. llowevcr, for 
clinical systems, (be d igiti7,er 108 wi ll gemira lly be inte­
grated into 1be scauoer 106 or will be integrated on a 
subsystem along with proces.sor ltO- Optionally, the digi­
tize( 108 and associated interfnce circuitry to a conventional ~5 
ultrasound scanner 106 can be provided on a computa 
Interface card for a convcotiooal personal computer syst~m 

_,5 biopsy sample aod data acqu isi tion set are suitably corre­
lated such tbat subsequent histological data from tbe pathol­
ogy results of the biopsy sample can be added to tbc 
datnbase record aod matched to lhe resulL~ of the spectral 
analysis. 

After the RF backscatter data are <1cquired, digi tal signal 
analysis is performed lo cxtrac1 speclral parame1ers repre­
senting lhe data (step 305). Spec:lral parameters which have 
been found to be of interest in cancer diagnostics include lhc 
s lope, intcrcepl and mid-band value of a linear regression 
approximat.ion or the normalized Rf-' power spectrum. To 
compute such parameters, a region of interest (ROI) 4-02 is 
applied to t11e acquired HF data to St:lect a Scl of samplt:s tlm 
spatially correspond lo the region from whfch the biopsy 
sample is taken. Generally, the ROT is represented by a set 
of ultrasound scan l iue segments 404 from a region of abou1 
1.5 cm in length and 0.5 mm in wid th to match the prostate 

in which the processor 110 resides, 
FIG. 2 is a simplified block diagram of a digitizer and 

interference card for a standard personal compu ter platform. so 
lo general, such an inter face card includes a Analog 10 

Digital (ND) converter circuit 200, timing aod control logic 
circu it 202 and a bus interface circuit 204 which are intcr­
coonectcd 10 perform tbc data acquisition/digitization func­
tion. Tbe particular cleiails of the interface cin:uitry, espe- 55 

cially tbc t iming a•d coairul logic 202, will vary depending 

biopsy geometry. Tbe calculation/extraction of spectral 
parameters [rom JU, echo data has been widely publicized 
and is a tccbniquc which is well known in tbe art of 
ultrasound diagnostics. A discussion of this technique can be 
fouad, for eirnmple, in Ille articlc entitled ·'D iagnostic Spec-
trum AnaJysis io Ophthalmology: A Phy$ical Per$pectivc,.', 
by E. r:ele])pa, el al. , Ultrasound in Med. & B.io., Vol. 12, No. 
8, pp 623-636, I 986 anti commonly assigned U.S. Pat. No 
4.858,124, which is expressly incorporated herein by refer­
ence_ 

on the ullra,sound scanner l06 which is being used, and the 
design of such circuits is well within tbe skill of an ordinary 
engineer working in this art. The inlcrfoct: circuit 204 is 
specifically configured depending on the particular bus 60 
architecture employed by the selected computer platfonn, 
Conventional bus topologies include !SA, PCJ llnd PCMCIA 
bus architccltlI.:S for the IBM compatible personal computer 
platform, Again, tbe details of these circuits are well within 

Preferably, a [Jamming window is applied to the sc.inline 
data 404 io tbe ROI 402 to select and weight the data 
samples. 'lbc fougth of tbc llamming window u.~ed is 

65 determined by the width of the ROI 402 whereas the number 
or scan lines 404 to be processed is determined by the length 
of the ROI 402. rn one embodiment a set of SS windows is 

tbe skill of an ordin3ry engineer working in this art. 
The system of FTG. 1 also includes an input device 114 for 

manually inpu tting data into the system 100, The input 
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used lo spau the 1.5 cm long axis of 1he ROI 402, with each 
wiadow iacludiag 110 samples. This process heavily 
weighLs the central 0.5 mm ol' the ROT. which corresponds 

8 
varied over a range or 0.05 lo 1.25, with lbe best classili­
cnl ion results (87.4% correct clu.ssificalion) occurring al 
0.1S. 

Preliminary resulls indicale that the LVQ topology is to the axis of the 1;,iopsy needle and the centrnJ region of the 
biopsy sample. s preferred for prost;1te tissue typiog. Such an implementation 

can be established vsiog "LVQ-PAK; Tbe lcaroing vector 
quantization program package," which is LVQ devclopmen1 
software wrillcn by T. J. Kohonen et al.. 1-lclsinki Universi1y 

Oocc tbe acquired data in the ROI 402 are smootbed usiog 
I.be Hamming window, the power spectrum is normalized by 
subtracting the characteristic spectrum of the measurement 
system from the measured data. From the .resulting normal­
ized l1ower spectrum, the spectral panmelers representing 10 
tbe averagt of s..-atterers contributing to the RF echo signals 
arc readily extracted, Preferably, a linear regression is 
applied to the norm.aJized datn and the characteristics of the 
resultiog straight line, such as intercept va lue (power value 
at frutJueocy=0), slo~ value (value of dy/clx, i.e., change io 15 
power/change in frequency) and mid-band value (y value ai 

the c,mter frequency of the spectral bandwidth) are deter­
mined. FIG. 5 is a graph illusirating tbe aorm3lizecl power 
spectrum 500 and straight line a1Jprox1malion 502 of an 
exemplary normalized RP power Spectrum signal. 20 
Pre'ferably, lhe spectral slope ;incl midband values are also 
corrected for assumed tissue acoustic allcnualion properties. 
lo the case c,f prostate tissue. fo r example. it bas beco fou•d 
that a com :clion o[ about 0.5 db/MHz..cm is appropriate. The 
corrected spi;clral parnmcler values arc stored in a rocord ::s 
along with the other patieol rela1ed informalioo, such as 
cli.nic.~dl data and bislologic "gold standard" biopsy results. 

o l'Technology. Finland, J 992. Such an implemenialioa of an 
LVQ topology neural m:twork UScS a multi-stage ini1iali.i;a­
tioo process which presets cluster centers and computes on 
optimal lear• iog rate for each clusttr to achieve rapid 
convcrgcocc. The only free J)aramerer is the oumber of 
clusters, w hich in the case of prostate tissue classification 
was varied from L to 64, with 43 clusters providing tbe besl 
da&Sificatioo porformaacc (87.4% correct c lassi.fkation). 

Wbile the trained neural network can be used to directly 
classify oew ~ets of input data, such stru.ctures are processor 
inlense aad powerful computer systeTI1s are geoe:raUy 
required to realize real-time performance. In order LO 
achieve sui table classification in real-time m;ing less pro­
cessing power, the trained neu.raJ network can be used to 
goaeratc a look-11p !able or matrix. Tbe look-up tahlc will 
accept a a umber of clinical and spectral parameters as inputs 
and output a cancer St'.oce (CAS) in response thereto. lo 
rem1$ or data structure, the inpul parameters ro the trained 
neural network form tbe addres.s of a memory location, and 
the output value from the trained neural network for thll 
particuf3r set of input parameters is lhe contents of lhe 
addressed memory Jocatioa aod is the corresponding caocer 

In this way, the thousands of bytes of RP signal data can be 
reprcseo1ed by a small sci of clinically useful parameter 
values, which arc easily evaluated and proccs.<;ed. :-o score for th~t set. 

The database 120 of pa1ient data is used lo train and 
establish the operntioo of tbe classifier Jl8. lo the case of 
ti&SU.t: classiJkation, the:: classiJkr l18 is generally trained 
using the cl inical data and corresponding spectral param­
eters stored in the database J20 as input parameters and the .,s 
corresponding histological data Crom tbe biopsy as the 
expected output parnmeter. Netwock traioiog is depeoclcot 

For example, values of intercepl. midband value aad PSA 
level (J)n:fcrably adjusted i.n accordance with a pa1ieot's age) 
h:ive been found to srrong.ly correlate to the presence of 
cancer. Tbus a matrix Look-up table can b~ formed with these 
var1ablcs as inputs. Tbe values of cacb parameter arc pref­
erably oormalizecl and quaat.izccl to a coaveo.ieot range of 
0-40. Tbc look-up tab lo, which takes 1bo form of a 40x40x 
40 matrix, coosists of 64000 discrete entries, represeoting a 
unique combination of in tercept value, midband value aod 
PSA level. The value (or each of these entries is determined 
by applying I.be 64,000 unique iopul combinatioas to the 

on the _particular ntlural network topology, but genc::rally 
requires processing tbe input parameters through a number 

trained neural actwork and s toring the CAS values output by 
the ncuraJ network as the vaJues of lbc. 1able. '111c resulting 
look-up table matrix is stored in computer memory as part 

o.f processing oocles, comparing the ca.lculated output signal ~o 
against the expected omput and feeding back an error sigoaL 
The processing at each node is then alte red in response to the 
error sig,iw I to minimize the resulting ettor. Th.is proc.:i;ss is 
iteralively repealed until an acccptabk error margin is 
obtained. 45 of the classifier 118. Preferably, the look-up table is storc<l 

in EEROM, which can be updated as larger databases of 
training data are acquired as improved classifier !raining is 
achieved. 

The s tructure and operalion of clasSilier U S is defined by 
any number of applicable clasSiJkation methods and data 
structures, such as K-neareSt oeighbor analysis and various 
aeural network i mplementations. In the case of proslate 
tissue cla&Sification, lht: K-nearest neighbor ;rnalys is was 
found lo provide a correct classi.Jica1ion rate of 87.3% using 
nine nearest neighbors. Several neural network topologies 
have been found suitable for pra<.:ticing the present 
i• veolio •, including lear• iag vector quantization (LVQ), 
radial basis fuoction (RBF) and multi-htycr perceptroo 
(MLP) type •e1works. Ratlial basis function type neural 
networks c.~d.D be implt,meoled using Matlab NeuraJ Network 
Toolbox. V. 3.0. One such irnplcmeou1tio11, more specifically 
kTiown as 11 probabi listic neural network (PNN), which is 
described, for example in ·'Advanced methods in Neural 
Computing." by P. D. Wasserman, pp 35- 55, Van Nostrand 
Reinbold, 1983, uses U1e entire set of lrai.ai.ag vec1ors to 
evaluate an unknown inpur, wilb the assigned class corre­
sponding to the cfoss of the closest training wctor :,mong 
Gaussian-weigh1ed distances. The only free parameter in 
this implementalion the. Gaus.-;ian spread parameter, wh.icb 
in the exemplary case of prostate tissue classification w;is 

PIG. 6 is a flow chart illustraling an exemplary clinical 
so operation of the present invention. As in the case of FIG. 3, 

c linical data is input to the system (step 61IO) by a person 
using the input device 114. R F backscal1er data is aoquircd 
and cligitized (step 605). The digilized data are tb.:n aoalyzcd 
and spectral paramctors are oxlractcd (step 610). The 

;;5 selected clinica.l and spectrlll pnrameter data which are inpul 
var iables of the classifier 118 arc tbco normalized to tho 
input range of the classifier l18 on a pixel by pixel basis, 
such that each pixel or the sampled ultrasonic sc:an is 
llS$ igncd a CAS value (step 606). For re;i.J time operation, it 

60 is preferred that the clas.5ifier 118 take the form of a look-up 
table whose values arc suppfjcd by a 1rained neural network, 
as dt:scrtoed above. Alternatively, if the proce&Sor 110 is 
sufficiently powerfu l, the;: classiliet 118 may omit the look-up 
table aod lhe CAS value can be assigned for cach pixel using 

65 the rr~ined neural network. 
In practice, the CAS values are s lo red in 8-bit memory 

locations and th11s take on ;1 range of 0-2S5. however. 11 
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portion of ibis range can be reserved for o ther iadicia. While 
it is imporlllnl to evaluate the Ci\S scores over a broad range 
of values to account for a large numbe.rofvariables involved 
in tbc proccs.o;, lhe clinical display need not show eacb 
iadjvidu_al CAS value as a unique djsplay parameter. Tbe 5 
rao~c of CAS values can he grouped into a plurality of r~nge 
wb1cb correspond to most-likely lissutc lypes or to a number 
of levels of suspicion (LOS), pn:forably witb thresholds 
which can be set the operator (step 308). Eacb or 1he LOS 
ranges is ass.i1:,>ned a unique image charac1eristic, sul·b as a 

1 
JO 

co or or grey scale value, for pjxel!; within tbat range for 
displaying the results (step 610), For example, the rallgc of 
CAS v.;lues, which span from l - 246 may m:ip into five LOS 
dassificatLon (1-5). Tht: lowest suspicion rnnoe LOS=l 
may be displayed on display ll6 in green :,l;erc~s 1b~ 
highest suspicion range, LOS=5, may be displayed in rt:d. 

15 

Incermediate LOS values are similarly assigned unique 
display codes. for example LOs .. 2 can be blue, L0S=3 can 
be yellow and LOS-4 can be orange. This process of 
class_ifying tis..~ue. assigning an LOS value and dtsplayin.,-
b 

e W 
I c images preferably performed in real-time. Tbe person 
performing the ultrasound testing can dynamically vary the 
threshold values of eacb LOS such that the SL'Z highest risk 
regions are dh;played as LOS~5, rcgardles:; of the absolute 
maximum value of CAS. This is particul~rly useful in 'JTWS 
g~ided biopsies for selecting the most appropriate biopsy 

35 

sites. 
While it is preferred Lim! the output take the form or an 

ultrasound image, the classification data need not be pre­
senlcd in image form, Such data en.a be output 1IS tabular 
data, graphic data or even in the form of digital data for 
subsequent processing by other systems. 

When the process of f-lG. 3 is performed in rnal-time, the 
ultrasound system of FIG. l can be used as a• important tool 

JO 

io improving the results of TRUS guided biopsies. Tbl' _15 
11crson pcrforming !bu biopsy viuws the display of tbe region 
to be biopsiixl witb areas which ~re suspoct dearly delin­
eated by a. unique image eharacteristic, sucb as varyiog color 
or comrast level. By dircclLDg the biopsy oeedle to tbe 
various areas where the LOS vaJue is high, the JJrob;ibility 40 
of a !rue-positive biovsy result is improved. 

While the preseot invention has been described in con­
nection with prostate diagnostics, it will be apprecia1cd tlial 
the present techniques are generally applicable to any region 
of a body where ultrasound imaging cao be employed. Each 45 

speciJic tissue type requires its own classiJier US appropri­
ately trained with a su.itable database of clioical da1a 
spectral data and histolngicaJ resulL<; for lhe target a~plica~ 
lion. ll wi ll also be appreciated tl1at, in addition to classi­
f-ying tissue in accordance with a level of suspicion of so 
cancer, various other l~~sue types or changes in tissue 
characteristics cao be cva luated with tbe preso• I iovcotion. 
F~1r exa~p_le. changes in ti:;sue in response LO therapy, 
disease. IDJury and tho like can be distinguisbed from 
otherwise healthy tissue. Jo practice, a clinical device will , 5 

have a rne•-u of applications to select from as part of tbe 
initial instrument :,;et up. 

While not required in the c.isc of TRUS guided biopsies, 
the tissue classifh:a1ion t"chniques can be used lo g1::nerate 
three dimensional images of suspect 1issue. Since the data 60 
acquisition step 605 is generally performed on a plurality of 
scan planes, a volumetric rendering of scanned region can be 
created by ··assembling" lhe scan plane ""slices ioro a three 
din11:osiooal image. Becau~ tbe classi.ficatfoo 1ecbai4ues 
c_an be applied 10 each scan pla•e, tissue types, e.g., s uspect 65 
tissue, can be displayed in three dimensions (3-D). Such 3-0 
images can be _generated using standard grnphics software, 

10 
such as Voxelview, from Vital lrnage.s, Inc. of Minneapolis, 
Mmn. or tbe Visuafa.atioo Toolkit (VrK) by K.itware. fnc. of 
Clifton Park, N.Y. This process is valuable for monitoring 
tbe growth or remission of suspect tissue boforc and/or al'tcr 
treatment. for assessing the si7,e- and location of lhc tis.sue 
type o[ inturnst. The 3-D rendering o[ tissue type, e.g., 
suspt1cl tissue, is geaorally pl1rformod off-lino, since rea l­
time 3-D images re.quire a large amount o r processing 
rt1sources. OIT-linc processing also allows for interactive 
animo.t ion and sectioning of the 3-D images, thus oplimizin_g 
tbc visua lj:;,;alioo of tbe tissue type of iotercst. 

While each of the abc,we-desaibcd exemplary embocli­
ments relate to medical dfognoslic and imaging systems, it 
should be understood thut th~ invention is no1 limia:d to such 
applications. Any material which presents a variation in 
ultrasound backscaller clata as the- result of differing malt:rial 
properties and for which material-relalt:d data can be 
acquired can benefit from the principles of the preSt:nl 
invention. For any particular application, a database is 
aS&embled which includes the spectral properties of the 
various rnateri,u. types being studied, correspondiog conclu­
sive data from determinative te~t results (such as biopsy 
ri,su!L~ in tbe case o[ biological materials, destructive 
aoalys.is, x-ray aoalysis, chemical aoalysis. etc., in the case 
o r indusLriaJ materia ls). and non•spectrnl maltlrial-related 
data found or believed to correlate or indicate thl:l pr1>st1nce 
or absence of ;;_ condition o r type of the material (such as 
PSA level and agt: iD the case of prostate cancer). 

For example, rhe present inveo1jon can be appljed lo s tudy 
and i.m;pec1 lhe il'llegrit-y of a selected industrial component 
to determine whether internal fatiguing is pr.,sent in the 
component. In this case, a srudy of sucb components would 
he u.adertaken lo develop a database of ultrasound spectral 
data for components proven ro bt: good as well as those 
found to be experiencing various failure modes, sucb as 
fatigue. Wear rel!lled parll[[]e\ers, .such as hours of u~, 
applied load profiles, maintcnaoc.,c schedules aod tho Like aro 
al.so stored in the database. Condition conclusive data. such 
as X-ray data, destructive s1ress-1est data. o r 01her data 
which is known to accurately determine the condition of the 
component, would also be coUected and storell in the 
databaro. This datab:isc wouJd be used to train a classifier 
using 1he ultrasound data and wear related parame1ers 10 

develop a proccssirig .system lbal yielded proper results to 
lhe corresponding conclusive data. 

The present methods and apparatus can also be used to 
monitor temporal changes in a material. To perform 1ime 
based analysis, the material is analyzed at a lirst time and the 
classification result is stored in non-volattle computer 
memory. Then, at a future time, al Jc;1st a ~cc1nd analysis is 
performed lo generate al lea:,! a second classification resuJt. 
Tbe socood classificalio• result is compared ag;iiost tbe first 
classification result to determine differences wbicb have 
resulted over time. Such diJicrcnccs can be classified and 
provided as output data or displayed oo an ultrasound image 
o r the materia.J in a ma•ner that highlights such 1emporal 
changes (i.e., displayirig area.$ of change in a diffcreni 
intensity or color). 

Tbus, in summary, the present invention is applicable 
wberc ultrasound data, m~teriaJ-rclated data and parameter 
conclusivt: '"gold Stam.lard" data can be asSembled and used 
to train a classi.tier for material parameters of interest. 

The preseat inventio!lprovidcs methods of characterizing 
various materials, such as various tissue-types. using ultra­
sound measurements and material-related dala. Onct: 
characterized, methods of displaying a real-time image 



PCT Exhibit 1015 - Page 12 of 13

US 6,238,342 Bl 
11 

depicting different lissue types differently, e.g., suspect 
tissue di[ereotly than non-suspect tissue. are also providc:d 
by the present invention. The disclosed methods are par­
ticularly weU suited for application witb a• ullrnsou• d 
appararus used for real Lime imaging of ao arca nodergoing 5 
a biopsy procedure wbicb cao display suspect li!;Sue regions 

12 
the range of values i.s divided iota a plurality of sub­

range,'> wbich define varying levels of suspiciou of 
cancerous t i)'lsue; 

said outpul device is a display for providing an ullrasouod 
image; and 

said processor assigns a unique display pararoetor corre­
sponcling lo eacb level of suspicion. i• a ma• ner disti•ct from •c1•-suspoct tissue regions. 

Furtber, tbe present invention also provides methods aacl 
apparatus for performing Lbree dimensional rendering of 
suspect Lissue using ultrnsound techniques. 

8. Tbe ultrasound apparatus as defined by claim 7, 
wherein the unique display p1trllITleler is a color assigned to 

10 each level of suspicion. 
Although the present invention has been described in 

connection with specilic exemplary embodiments, it should 
be understood Lbat various cba•ges, substitutions and a lter­
ations can be made to tbe disclosed embodiments wil.bout 
departing from the spirit and scope of tbo invention as set 15 
forth in the appended claims. 

What is claimed is: 
l . An ultrasound apparatus for performing material cl:ls­

siiicatioa cornprisfog: 

an ultrasound scanner, said scanner acquiring RF ecbo 20 

sigaals related to rnat<'rial properties; 

a digitizer, ,;aid digilit:t:r responsive to said ultrasound 
sea.oner and convening 1he RF cello signals to digital 
signals n:presenting echo sib'llals from a plurality of 
spatial r~gions iu matt:rial under examination; 35 

a processor, sa.id processor respoasive to tbe digital sig­
nals from said dig itizer and extracting a plurality of 
spectral parameters relating to the RF ~cho signals; 

an inpul device, said input device for providing non- 30 
ultrnsouod marerial-rolalcd dala lo said proc~,ssor; 

a classifier, said classifier being rcspoosive to at Jcnst a 
portion of said plurality of spccual parameters and at 
least a portion of said non-ullrasound material-rela ted 
data and assigning a material classification score to the JS 

points or lbe ultrasound scan; aad 
an output clevice for providing dnta corresponding to tbe 

assigned mtuerial dassi.fication scores for at least one 
area corresponding to said spatial regions in said mate­
rial. 

2. The ultrasound appacatus as defined by cla.im 1, 
wherein the dassilier includes a look-up table, said table 
relatiog each combination of soid portion of .spectral param­
elt>rs and said portion of matt:rial-rclatc:d data t,, a predct.:r­
mined material classifica.tioo score. 

40 

9. The ullrasound apparatus as defined hy c laim 7, 
wherein lhe unique display parameter is a grey scale level 
assigned to each )eve) of ~uspidon. 

10. An ultrasound apparatus for building a database and 
trnining a classilier for a material cJas.5ificatiou system, the 
apparatus comprising: 

an ullrnsound scanner, said scanner acqu iring RF echo 
s ignals related lo material propert1es; 

a d~iti1.er, said digitizer responsive Lo said ullrasound 
scanner aad converting tbe Rf sigoals to digital signals 
represen ting echo signals from a plurality of spatial 
regions in material under examination; 

a processor, said processor responsive to the digital sig­
nals from said digitizer and ex1rnctiog a plurauty of 
spectral parameters relating to the RF signals; 

an inpul device, said input clevice for providing aon­
ultrasound material-related data to said processor; 

a non-volatile computer storage device for stori_og records 
of a database, the records including non-ullrasound 
material-related data inputted through the input device, 
spectral parameter data provided by tbc processor and 
com:sponding conclusive material-type darn from 
determinative test results; 

a classifier, said classifier having a plurality or inputs and 
providing a material classification score output valull, 
sa id classifier being operatively coupled to said data­
base and, du.ring a uaining o_pcralion, receiving at least 
a port ion of said spectral parameters and al least a 
porLion of said non-ultrasound material-related data as 
input parameters nnd the cooclusive data as :i.n expected 
output value and adapting the processing of the input 
parameters such that the output value substantially 
matcb.:s the exp.:cted output value. 

lL Tbe ultrasound apparatus as deli.ned by claim 10, 
w ht:rein the classifier includes a look-up table, said look-up 
table rela ting ca.ch combination of s;iid portion of sptictral 
parameters and said portion of material-related dala to :i 

predetermined mt:mory location, and during a training 

3. lne ultrasound apparatus as defined hy claim 1, 
when:in the classifier includes a trained n<:ural network 
having a plurality of inputs for receiving said portion of 
spectral parameters and said portion or material-related data, 
said trained neural network for processing said spectral 
pararnetors :iad malllrial-re.Jalcd data for eacb rngion lo 
determine a material classi.licalioo score for eacb region. 

so operation, said memory locations are provided material 
classificatioo scorns corresponding to each unique combi­
oation cif input parameters. 

4. The ultrasound app11ratus as de.fined by claim 1, 
wborem said plurality of spectral parameters include al least 
one o[ a slope cbaracterist ic, aa ialercept characte ristic and 
a mid band cbaracter.istic o[ a linear estimation of a pow,,, 
spectrum of the RP echo signals. 

5, The uJtrasoUl1d appamus as defined by claim 1, 
wherein snid material is tissue and said material clas.5ilicn­
tion scores llfC related to different tissue types. 

6. The uhra5ound apparntus as defined by claim 5, 
wherein said diJiercnt tissue 1ypes relnte to a likelihood of 
cancer and said material -related parameters include a pros­
tate specific :totigea level. 

12. The ultrasound apparatus as defined by claim HI, 
wherein the classifie r i11cludes a mmrnl network baving a 

;;5 plura ljty of inputs for receiving said portion of spectral 
paramete-rs and said portion of noa-ultra;;ouod material­
related data, and processing said portion of spectral param­
eters and non-uh.rasou11d materfal-rc!atcd data to determine 

60 

a material dassification score r• r said spatial poinls. 
13. 'TI1e ultrasound apparatus as defined by claim HI, 

wherein said plurality of 1;pcc1ral parameters include at least 
one of a slope cbaracteristic. an intercept characteristic and 
a mid band charactcri5tic of a straigbt line estimation of a 
power spectrum o[ t.he RF ccbo s ignals. 

7 . The uJtrasound apparatus as delined by claim 5, 65 

wherein the ti~-ue classification score for the poinls in the 
ultrasound scan define a range of values, wherein: 

14. The ultrasound apparatus as defined by claim 10, 
wherein said material is tissue and said materia l class.ilica­
tion scores rela te to dif:fercnt tissue types. 
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15. The ultrasound apparatus as delined by claim 14, 
wherein said di1Ierent tissue types relate 10 a likelihood of 
cancer and said material-related parameters include a pros­
tate specific antigen level. 

16. The ultrasound apparat11s as defined by claim 15, s 
wherein saicl dillcrc• t tissue types relate to a likelibood of 
cancer in tho prostate and said material- related paraml'lcrs 
include a prostate specific aotige• level. 

17. The ultrasou• c1 apparatus as defined by claim 16, 
wherein said mnLerial-related parameters also include 9.ge, 10 

and s;iicl prostate specific antigen level is adjusted in accor­
dance with .ige. 

18. A method of performing material classification of a 
material under test usiog ultrasound, cocnprisiog: 

receiving non-ultra.sound material-related data for the 15 
material u• tkr test; 

performing an ultrasound scan of the material under lest 
and receiving RF echo data therefrom; 

extracting a plurality of spectral parameters from the RF 20 
echo dala correspoodiog to ;1 plura li1y of spatial rngions 
of the material under test; 

applying al Joas! a porlioo o[ tb6 ooo-ultrasouocl matcrial­
relaled data and at foast a porlio• of tbe spectral 
parnmetors lo a classifier which assigns a score for each 35 
of th.: plunility of spatial regions wbich is ao indiL~,1.1or 
of material classification; 

outputting said assigned scores lor said spatial regions. 
19, The method of dassifying as defined by claim 18, 

wbcreio sajd outpultiog step comprises displayi•g no image .:10 

of said tissue wbercio eacb image area corresponds to one of 
said spatial regions am.I has an image cbaracteris(jc sd1;cted 
according to sajd assigned scores fo r said spatial region. 

20. The metJ1od of classifying as del1oed by claim 19, 
where in the material is tissue, said material-re lated data is _15 

clinical data and said malorial classillcation wprcscnts a 
likelihood or cancer. 

14 
are repeated over a plurality of ull rasound scan planes 
defini•g a volume of a regio• of 1jssue, and wherein said 
dtsplaying step comprises forming a three dimensional 
image from lhe plurality or ultrasound scan planes. 

25. A method of creating a look-up table for cla.ssify.ing 
material by material type using ultrasound imaging, com­
prising: 

creating a database of records of subject data, for each 
record: 
rece iving and storing rmn-uJtrasound material-related 

data regarding tbe subject; 
pcrfom1i•g au ultrasouoc1 scan of the ti,.sue aod col­

lecting RF echo data therefrom; 
extracting and storing a plurality of spectral pan1mc1crs 

from the RF echo data a1 a plurality of points or the 
ollra.sound scan; and 

receiving and storing conclusive data of al least a 
port ion of the material; 

training a neural network by applying al least a porlion of 
the non-ultrasound marerial-rclalccl data and al least a 
portion of the spectral parameters as input parametccs, 
proC\,'SSing tbc input parnroetors to develop aa oulpul 
signal, .:omparing tbe output sig• al to the cooclusive 
data lo crnate an error value. and iteratively adjusting 
the processing lo minimize the error value; a•d 

applying a substantially continuous nrngt: of input param­
eters lo the lntirn:d neural network and generating 
output signals ,1;; values for a look-up table indicative of 
tissue type. 

26. Tb~ method of crcaliug a look-up table as defined by 
c laim 25, wht:refo said plurality o[ s pectral parameters 
include a t least ooe of a slope characteristic, aa intercept 
characteristic and a mid band charncleris1ic of a straight line 
est imation of the spectrum of the RF echo signals. 

27. The method of creating a look-up table as defined by 
claim 25, wherein the material is tissue and said look-up 
table values repccsent a likelihood of cancer. 21. The method of classifying as defined by claim 19, 

wherein the scores arc grouped into a plurality of rnnges, 
each range being assigned a tmiqw~ image characteristic. 

22, The method or classifying a1, defined by claim 19, 
wherein the unique image characteristic is color. 

28 . The method of creating a look-up table as deii•cd by 
~o claim 27, wherein said material-related data is at least one 

c linical parameter related to cancer of a particular Lis;ue 
type. 

23. The method of classifying as defined by claim 19, 
whcruin tht: unique image characteristic is grey scak yaJuc. 

24. The method of classifying as defined by claim HI, ~5 

,vherein said step of pt:rl0m1ing an ultrasound scan, extract­
ing spectral parameteIS, and :1ssig.oiag a score tc, each point 

29_ The method of cccating a look-up table as defined by 
claim 28, wherein the a1 Lea:;t one clinical puraml!ter indud1;S 
a prostate specific an1igeo level. 

* * * * * 




