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Abstract 

Auseultati.on is a. technique used in cudiac physic: examination to detect irt,egularities 
by analyzing heart sounds. This pa.per reports on the developmen of Murmur Olinie , a. 
cardiac a.usc.uita.t ion expert system which is able to interpret and analyze auscuJtatory 
fin.din.gs:. and performs, a tentative• diagnosis based on a formalized diagnostic reasoning 
process. Deseripti.ons of the scope addressed, the design, t h.e di-a.gnostic aJgorithm used 
and implementa.tion of the sy,stem, aa weU as a ~ample session, an.d a discussion of 
I., ·t t· d .bl . ts d .lmJ a 1ona a.n . poss1 • ,e m1pro:ve.llltm a.:re p.resente • 
Key Words: Artificial IntelJigence in Medicine, expert sys.t em diagnosis . 
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Chapter 1 

Introduction 

A uac-uJtatiou is a. technique us,ed in. ca.rdi ac physical examination to detect i.r:regula.ri ties 
by analyzing heart sounds. This pa.per reports ,on the develop,ment of Mu'.l:"Dlu.r Clmic. 
a cardiac aw,c-uJta.ti.o.n e,cpert system. whkh is able to interpret and analyz-e a.usculta.tory 
find.mp, and then d@:Cide on the possibl,e abnormalities that might have ca.ueed the 
tin~gs. 

Development of th • Murmur Clinic u,. m .ain.[y :motivated by our desi:re, within 
the problem do:m.a.in to: 

, . understand and formalize ·the :reasoning process ,of expert physicians;. 

2. stud a.nd apply techniques of Artiiidal In.teHigen.c-e· and 

3. ultimately; pro,vide medical expertise serving as a decision-::m.a.k:ing aid to, commu
nities where uch experii e is Inadequate or unavailable. 

These goab indd«ita.Hy, are in aceo:rdance with the general research objectives of the 
field o,f tin.ti l Intelligence in Medicine [lj . 

Initiation. of the M'IUB':l.ur CU:ni.c project was borne out of the need for an aus
cultation component that can eventualJy be integra ed into the Heart Failure Proya.m, 
which is being develop d a.t MIT, in. collaboration with Tufts-- ew England Mea·ca~ Cen
ter. However. ·the Mur:1nur Clinic syste.m. t as it now stands, is a.n entirely in.dependent 
un·t. We, chose to develop the system independently not ordy because auscultation is 
a s@lf-contained ubject mv,oiving suffiden.tly comp.l:ex ecicpe:rtise but also because mo.st 
-of our goals me;ntio,ned earHe:r can be ach.ieved more eas.Hy with a specific problem do
main. We b@Heve tha.t an interlace for incorporating the system into the Heart FaUure 
Program would not be too diffi.cult to build. But in the mean time, cons ruction of such 
an. in terfa.ce ,is of secondary u:npo ta.nee. 

As developm.en.t pr,ogresses mnc:h insight ha:s been gained m:w the application of 
Artificial In teUigence techniques. as weU as th di a.g1:1,ostic r ascming proc: s of expert 



phy idans .. Development of the system ia currently at the stage 0£ p@r[or-man.ee evalua
tion and i-efi:neoieint. AJt.bough we a.re y t to come up w-ith a. complete system. with the 
competence of a. real expert, we believe we hav · tablished most of the components tha.t 
would enable the system to• behave expertly" eventual y. The issues we ha.v·e examined 
a.J"e indeed 1.iw.itedt but we hope these would nonetheless put WI a step forward toward 
a full understanding of the way in which a physician makes a diagnostic. d .ecision. 
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Chap,ter 2 

The Problem 

In this ch.a.pt.er. ~ give a brief description of Olll:' problem domain~ L~. we give a brief 
answer to the question: 

• What is Atmcultation? 

To be,gm. with,. aU8ctdtata'.on is a component of the cardiac. physical examina.:tion 
in a.ddit.ion to inspection., palpation and percussion. An auscultatoey exa.m.ina.tion in
volves sy. tezni!c listening to different hea.rt. · ou.nds on di-Jfer-ent locations of the body. 
Interpretation and analy is of the a.;uscu.lta.tory findings can be• done ba.s-1 on the fa.ct 
that different hea.n sounds a.re produ.c~d by different forms of cardiac valve movements. 
Devia:tions :fro,m he regular sound pa.ttenis · d:ica:te abnormal valve movem.ents, and 
the source{s) ,ca.using these bnormaJities can then be deduced from th.e dynru:n.ia,. of 
the va.lv-e ( s) in ,question. 

In a nor.ma.! pe on~ usuaJly only· the "normal discrete heart sounds" can be: heard 
when. blood moves through the heart during a c&l'"diac c.yde. These sounds. which in
clude the first heart so•und, Sl and the se<,ond h ,«ut sound, 82, are a.ssoda ·ed with 
the .movements of the heart valves in the systole (ccm.tra.dio,n) and. diastole (rel~
a..tion) of the ventricles. When th heart rate is [ess than 1001 be.a.ts per :minute \ 
syi:;tole is mu.ch shorter- than diastole and the Oll.nd pattern can be b ,est de.s<::ribed as, 
· Lub ••• Dub .••• _Luh .• Du.b.. . ... In this cxamp:l!e the. "I.uh" would epres€:.nt St and the 
'"Dub" S2 (2). A yaphic repl'l(!Senta.tion of the ~ound. p ttern deuoting a normal cardiac 
cycle ( ,ystoEe and diastole) used in auscuUat:iio:n is shown m Figure 2 .1. 

kregula.r How p&tteni .o,f the blood tmough the heart,, ,caused by valvular abno:r~ 
ma.lities or ·otherwise, might lead to,, besid.es inegular fi st and econd. heart sounds, 
the presence of extra. sounds such. as fu opening snap, .s-gstoHc dick, third and fourth 
heart 80tnid.s, and the heart ,nut""murs. For the discrete ,exua s,oun.ds the opening snap 2 

a.n,d the sy tolk dick 
3 

ar related to valvular a.hnonnalities, while the th" d and. fourth 

· A l:Cl!l!;i:.Qg adult no:nmally hu · h~ust. :.a.te Qf . boo~ 70 to 80 beaJ per min.Ute. 
~·Opening sciund of atriov-tric;ul_a:r V.UVfll. 
3

Opcill.Dg sound o! ~n.ic ~ pul:mon.ie .a.lvee. 

3 
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Figure 2.1: Sound Patt-em of a Normal Ca,rdiac Cycle. 

heart sounds, Sa and S4 , cwhich can be no mal under certain ch-cum.stances, are usually 
ca.used by valvular a.bnorm:alities and/or ot.he:r heart diseases. A graphic i-ep:J\el3entation 
of these extra sounds is. ahown. in Figure 2. 2 '. 

I I 
sr.rTa..l C 

Ci.Jr.it 

I I 
Flgure 2.2: Gr:aphic Representation of Discrete &tr-a Sounds. 

The ,continuous extra sounds- heart m.ur:mm-a, are. sounds tha.t result &om vibra
tions rt. up by vortices near the ml11"aJ interfaces of the blood s:tr~ a.ft.er it pass.es 
an obstru.ctii.on or di ation {The Vortex Shedding Theory) (3]. These aou::n& can be at
tributed;, a.c.co ding to Leatham. (4. to three main factors: 

l . High :Bow rate through normal or abnonoal valves; 

2. Forward Row th.rough. a constricted or i.rr gular va.lve ,or into a dilated vessel or 
chamber; and 

3 . Ba.clc:wa.rd or re,gurgi tant ·flow through an. incm:npe.tent valve o:r septa! defect. 

Frequently, a. co:m.bination o.f these factors is. operative (5]. 

When. describing a. heart mlll'IUUX, the following clt~acteris.tics should be noted: 

1. Wba.t is its intensitu. tha.t is, if.s grade.? This is measur d •on a six point scale with 
grade 1 bemg the softe:s.t and grade 6 the loude:3t. A m.u:n:nur as ociated with a. 

thrill· classified as at least grade 4 . 

2. What is the patte:rn of the murmur? This can be .further divided into ·three ques
tions: 

• Is it syst.olic or diastolic? 

4 



• ls it crescendo, decrescendo cresoe:ndo-,decrescen.do·, decrescendo-crescendo 
or UI it Ra.t, with the s:a.m.e in.t.e.nsity throughout its duration? 

• What is ~ta du.ration and tinung in. the cardiac cycle? 

Two exam.pl of the murmur pattern l'lepresenta.tion are shown m Figure 2.3 and 
Figu..-e 2.4. 

I IJIIWlllll 111111111 11 t, .. , ... 
1U i -

Figure 2.3: Early-di1a,storc-decrescendo Patt rn 

111111/ll ll lll I{/ 11111111{ m 1111 
!!li~ 

Figure 2.4: Holosystolic. Pattern 

S. What is the gualitu of the znu.r.m-ur? Foi;- exa.rnp,le, a murmur may be described as 
of high medium ,o:r low-pitched, rumbling, b[owm.g or soft. 

4. Where is the location of the m:nrmu.r, t,ha.t is , wh...,er,e is it bes. hear,d? 

5 .. What areas, if any, does the munnur radiate to? 

6. Wha.t changes, if any, a.r,e apprK-ia.ted. wi h respitration and other p .hysfolog{c. or 
phorm.a.colog,~c. maneuvers? These changes usually provide strong evidenc,e, to the 
ca.u.se(a) of the murmur. By noting the ,changes ,of th: munnur in re$ponse to phy 
io, ogi:c a.ltera.tioIUJ produced by various wan.euven such as inspiration eXpira.t1on, 
ha.n.dgrip, s,qua.tting~ sudden standing:, perform.a.nee of the va.tsa.!va JD.B.ncnver an-d 
~drniuistra.tion of pba.n::nacologic .agents such as amyl nitrite. the· oriigii:n of the 
viibra.tion can usually b e tra.c,ed by deduction from the physiofogy involved. (2] 

There are five .maj,or a.re.as, for auscu.lt tion-the aortic area, the pulm.o:nJe area 
Srd-left-interspaee., the tra:cuspid area and the mi:tTai u a (ape-a:). In auscultation, ea.ch 
type of s ,ound- the first and econ.d h art sounds, extra dis;cret · heart sounds and hea:rt 
murmurs :w listened to syst~matically and 13electiv,ety in ,ea.ch o •f 'the 6,ve areas. 
diagnosis of he ca.usal a.bnorn:1alit ies can then. he made from the a ·usculta.tory findings 
which, in the p:resen.ce of abnorma.frties, wow involve one or more of the following. 

s 



• Presen,ee •Of one or more heart murm:urs 5 : 

• Var-ia.t'.ons of the first and/or econd heart soundsi and 

• Presence of one or mo,re discrete •exb:' a. heart sounds. 

One .nut.jor difficulty in the diagnos.tic process lies in. the interpretation of the find
ingl'I. It is a complicated task which requir,es considera.'ble expertise because of the wide 
range of a.pplica.Me miorma,t.fon. In tb interpretation of a heart murrntU", for exam
ple, readily 8i'n1.ila.ble information includes the inten:sityt duration in the cardiac eye.le 
and location. Thes.e da.ta. ,can be supplemented by infor-:m.a.tion on the q a.lity timing .• 
pattern, di.rection(s) of rad",ation a.nd change( ) with respit"ation a.nd physiologi.c ma,.. 
n .euvers, a.nry or a c.ombmatio:n of which oould ·provide ad.di tionail evidence .of the p,ossi bte 
c,aw;es. Prcesence ,of multiple munnw-s, extra heart sounds and/ or variations m the first 
and second heart sounds fnrther co:m.plicate the analysis procedure. These co:mpHca.~ 
tions, however ue indeed the ma.jor factors that make auscultation an interesting and 
challen.ging prob le:m. dmnain for a. knowledge-based system . 

.e.usu.aUy QOt more tha..n ·thre.-e 'IDnrn1llln would be present at; t.h~ !jl~e tune . 

6 



Chapter a. 

The Design 

An mcremental approach was ado,p ed in the development of the Murmur CHnic 
:systelll..,, and modularity is st ongfy em.phasized in the design. A.$ addition.al features 
an.d knowJedge c.an be pro-gr-essiv,e y incorporated great ftexihmty is allowed in. ·the 
modification a.nd expansion of the systeJn. 

Even though both the structure and. peri'ormanoe of the system are still being 
r efined as dev,e. 0pm.ent progresses. initia.f design of the syste-m can be illustrated by 
answe mg the fo.Uo,wm.g ,qu.es-i.ioD.8: 

·• Bow much. knowledge should th.e system have? 

• Bow should the knowledge b ,e or:ga.nized and applied? 

• How should the ystenil. interact with its user? 

We will d.isc uss each answe!l' in turn in the fotlow"mg sections. 

3 ... 1 Scope and. Resourc,es 

Answering the first questiacn above add esses the scope and resowces of th.e knowledge 
base. The sy.stem must have enough knowledge to ma.k:@ a diagnosis on a.uscult.atory 
findings. In order to derive how .m.uch know]edge is involved in the diagnostic proceduri!, 
we .must :6.rst und~s1.a:nd the procedure itseJf; in ot.her words, we must know th@ a.n:swer 
·to the question: 

• How does a. physician make a znecUcaJ .dia.gnosis? 

Accord.mg to Ledley a.nd Lusted (6]1, a physicians r,eply to th.e above question 
might be as CoHows. "F1'.rst, I obtain the case tes-ts. Se~on.d, 1 ,l!l:t1aluat~ the relative 
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im.portanu of th~ differ'tmf. signs and symptoms. Some of th.e data, :may be of fir.st-order 
i mponlance and other data of feu i mportanc,e. Third, to 1nake a di/fen ntial diagnosi t., I 
list all the dia:eaaes which the spuiji.c auJe can rt!tl$onably rl!.111emble. Then I e:::,efod~ one 
disUl8e after an.oth,e.r from the list until it becom.es appc:u·ent that the case ea:n be fitted 
int-o a ,dtf.-ji.nit ,e di8«1-a't:. catt:gorv. or that it may be one of stweral' diaea.tu;a. or elae that 
its e~-ct nature cannot be determined. Ev,em though this might. be a. pea.tly implified 
illusuation of the actua.1 P'rooedure, it is a. :fa.ttly accurate a.c.c:ount of what we need to 
in.corporate in to OlU" system.. 

Since the interpretation and an.a.lys,is of a,usculta.to:ry fi:nding,s involve mostly symp
tom.atic cOHLpari:sons het"we-en he findings and the m.anifesta.tio- :s of the causal a.bnor
mali. ties, we decided that the corresponding associa ion.al knowledge should be a basic 
el~ent of the knowledge 'base. An illUBt:ration. of such ~ocia.tional knowledge is the 
degree ,of similarity between. a :finding a.n.d a m.wtlfestation of the same ,category. For 
exam:ple, we would want to establish that a finding of grade l in the inten.,it:y ca..tegory 
ls s im.ilar to a manifestation of grade 3 m the same cat--egory to a. degree of 7 (in a. scale 
from. 1 to 10, with l being the lt!'a:.st and 10 t,he mos similar) ; "While it is incompara.ble 
to an maniiesta.tions m a.ny othe.r ca:,tegoey. The system~ at the mo,ment, d.oes not have 
t:o know ab out th pa.thophy iology under lying the m.a.nnestatfons. 

But the associational knowledge a.lone is not suf6.c1ent for the syste:m. to :m.ake 
accurate diagn.ost ic judgement. Disaiminato;ry know!edge is also needed to d.ilferen · -
ate the d gree of Importa.nce of the Rndinwi and the abnorm.a.J.i:ty ma.nifes,ta.tio-,. • Thia 
requireznent a.rises as, the XI.a.nifesta.tions of a partic:ula.r causal abnormality can be vary
ing in the degree of importa.noe for disc:t:imma.tion purpose. For exam.pie, in deciding 
a.bout the a.bnormali t.y mitrol ster.wa-i.s (MS)~ presence o.f the opening snap, is conside.re.d 
to be pa.thognomoulc, whUe the ~idenc pr,ovided by a grade l int,ensity is less impor
tant. Moreover, the significance of a pa.rtic ular manifestation can be JX1easu.r-ed by the 
frequency with which it appe~ in pa.tienu: with t.he corresponding abnormality. 

In ad,dition . judge:men.tal knowledge for :re.taining only the :most likely causes as 
diagnost~ c results should also be em.bodied mto the knowled.ge base. Thi& kind of knowl
edge is required in situat,ons involving the exercise of medical facts and/or experience. 
For insta.nc _, 'in the ca.se when only a. systolic :m.ur.m.ur is ob:serv-ed, all .ab:normalit'.es 
which would iesult in one or more diastolic murmun should be eJ!/ich:td.ed fl'om. consid
eration. 

Now that we have defined the needed amount of knowledge, we, :aa.ve to know 
how to get it. The associational knowledge, as it turn out~ can, b-e extra.c.ted ma.inly 
from. various medical textbooks and pu.blica.tious.. ~Ta.ction of the d.iscrmtlna.tory and 
judge.mental knowledge howevet' :i.equires work done on interrogating human experts. 

8 



3.2 Knowledge Representations and Applications 

Answering t 'h .e second ,q~tion posed at the beginning of this chapter req_ uirses repl'le
sent at· on of tb,e knowledge• involved and its .a..pplication in tbe diagnostic algorith__m. of 
the sy tem. As indicated in the previous sectio~ three dHi'erent catego·, ies otknowledge 
are inclu,ded in the knowledge base. Beside.& being extracted &om. different sow,ces, 
the three categories ,of k:nowledg,e emphasize diff. r,en.t epi temologi:c.al st.rue. ures: the 
a.ssocia;tiona. knowledge of symp·to:cnatic rela.t~ons, the discriminatory knowledge bout 
the dlegr,ee of importance of symptom.a.tic en.titi • and _he Judgemental knowledge of 
Ill,edica.l fa.ct . Our choke for knowledge representation .is :xna.de with two basic consid
•e:tationa: modularity and explicituess. These two factors a.re essentiial since we wish to 
be able to :r:naintain and upda.t,e the three categories o knowledge independently. and 
op~ation..s on them should be eai.sy to defin m order for the,m to, serve h .eir respective 
purposes effectively. 

We ,chose to r,epresent the a.saociatiiona and discriminatory knowledge in di&cl"ete 
conceptual structures wit'h aocompa:nying opera: ions. These include struc u.res that 
represent individual causal. abnormalities, @a.ch with a set of m.anifesta.tiomi with their 
significance and frequency in the corriesponding abnormality, and ~ables" of sim.ila.rity 
between a. culta:tory findings, and manifestations of the causal a.b.normaJities 1 • 

Representation of the judgemental. knowledge .is m.o e complex. Since ,this type 
of know ledge consists mai:n]y of facts that ca:n easUy be ex:prcs,sed. in a. "'IF ... THEN •... 
f'onn, a. n tu_ral upresent.a.tion would ho th-e prod·uction rule fonna.Hs .. ~ .. ,ev«theless we, 
atso realized t .ha.t the judgemental knowledge in a.usculta.t~ on can be classified in to several 
subcategories, each perforxning a weU-defined subtask such as checking the consistency 
of the r ~Ported aua,cultatory findmg:,i, r,ec:.,ogn.izing further differenti.abiility o.f ten:tati've 
conclwiions of possible causes, ruling ,out ce.rtain possibilities, etc. In som.• ·of tbes 
.ubt.ask!S, a. single fa.ct can o:ve:rride the rest, while in others a :fow or all of the fa.cts 

should be considered be.force a ,conclt1:Siion is made. 

Consequent!y. we decided to imple:m nt th@ ru, es as structures that can be grottped 
together t o perform. d ifferent subtasks. Order of execution of the rules within a group is 
u.nimpo:r ant, but. the rules a.re characteri~ed by either .ctermlnating" Cit' «non-terminating". 
Execution of a.ny nil of the fonner type inhib ·ts activa.tion of a.U the otb,er rtdes in · h e 
same grou;p while eJGeeution of an_y rule of the tatter type si_inply perfon:ns its acti.o.ns 
a.s side effects 2 • 

As an :illustration, consider the foUowi.n.g cases: Fo a rul@ r-esponsible for detecting 
further dlifere-ntiahm ty amon_g the top few choices in a tentative cone usfon of possible 
cawies the execution c:onditions mainly eq_uire matcltln.g the names of the top ehok 

1 A mor,e detwed. desc:riptiOJJ ~d exa.mpleo of theee r•ep.r~~t· ona will be ·pnseot-ed in Chapter ,5 , 
hue we ~- t:bo :unplemcllltaa.ti.o:ai of the IJ)'&t;.em. 

~:Be'l"<!l the word, eu:e-u1,'.o•n. · - w,,ed l:o indica,t.e t.llt t the a,=eion.t part of the rQ.]e ia ca;&Ti:ed, out ·when :!!.ll 
th ~onditio- iLFI!! suiilSed, .-hilc the word a.c:· iv,,u:ion aim.ply ha.plies th t. the condi-h-01'1,111 part of '-ho!! rule 
is bemg ,evalua-ted. 



with. a set of differantia.ble abnormalities. If such a match is successful~ the ooues.pondi:ng 
a.ct.ions ,are carried out and no other rules ·n the same category (Le. responsible for 
the sa:i:ne task) need to he activated It is un:n.ec12Ssary to check if an.other match us 
present. since it c:annot be. 'Hence alt the rules .in th.is category should be classified as 
texm."na.ting . 

On the ot.her hand ,execution: of a rule responsible for exduding or in.eluding 
certain .abnorm.a.lities from being cons 1de1"1ed ~ . possi bfe causes should. :not hin.der the 
activation ·of another rule in the sa.me category that would N!Sult in the ~clusion or 
inclusion of some ,other abnorttmliti§ for consideration. As a result~ n the rules in. th.is 
ca..tegoey should be classified as non-terminating. 

This choice of rules represen. ation, though lacking the co,nceptual simplic·ty of 
conventiona.J production rules. pl'leserves the mod ullarity and explicitness ei:nphasi~~d 
m the overa.11 dee-ign. of the system.. Mo:reo:v-er, i:t. haa proven to be v·ery wiefu.l a.a a 
supporting stTUcture in 0th.er pa.rts of the system such~ the user~in.terface,. 

As suggest,e,d .• our ch,o· ce of knowledge representation is gr,eatJ;y influencie.d. by the 
way in wh·cb. we believe a me.die.al diagnosis, is ma.de by a. physician. By us:ing the 
more complicated but explicit representations in lieu of silillpler but implicit structures 
such as the COD.ventionaJ. productio.n nd.es1 we h · :ve been. abi.e to develop a. dia.gn.ostic 
algorithm. which r-esembles the one mentioned in a. stTa.ightforwa.:rd manner. We believe 
by modelling his behavior in, this way and observing th.e results~ the reasoning process 
of the physician can. be studied. n10,re: closely and understood more efficiently. 

3 ... 3 Decision History and U .eer-Interfac,e 

The way the system interacts with the UBer is an iinpo:rtant cr"te.rion. for evaluating the 
perlormanoe of the system. A good usez--interla.ce sh.ooJ.d not only allow th.@ system to 
be accessed. easily and c.onvenienUy, but also make the system. behavior transparent to 
the user. The former factor aims to, reduce the user~s l'\eluctance to use ·the sys~ 
while th latt,e:r ·. needed t.o iDduc-e the us~•s confidence in the reliability of the eyst8Ill.. 

The des." e for tra.nsp~cy hnplies the need for incorporating structures to, keep track 
of the dee mion history of the d iagnos.tic pToc 

Two kinds of record.--ke:eping structures fo •. the diagnostic proeedure have been 
dev,@loped. The fust keeps track of whether a parlicuJ.ar causal ab · ormaJ.i ty m • he 
database is being cons:ide.red for diagnosis~ and the evidences which dictate this status. 
This kind of ,evidence 11\ecord" is meeded because of situations :such a.s the following~ 
Suppose someon.e hears only one murntur a. holosys.tolic m:urmur, and bea.rs an opening 
sna:p. What we e,1Jly have is m,~tral ugurgitation {MR), 1 and mitral ste:nosi.s (MS) but 
the MS murmur was so faint ·th,a.t th · examiner did not notice it. In. such a. si·tu,ation, 
two sets of evidences ~e applicable· Since ,only one systolic murmur is heard, MS would 
.not be taken into consideration. iin.itia:Uy as the MS mu,rmur ii dja,s.tolic; howe:vlllr, sin,c:e 
1ihe opening sna.p is present, and it is pa.thognomonic ior MS. MS should be considered 
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as one of the topmost decisions. Because of the existence of <::onflic:ting explanations 
fo.r evidence,. ·t is crucial to explain to the l(l.8.el' why and how a fina d ,ecision ~ made. 
This kind or ,explanation cannot be done withou·t a . record of the· evidence applied iin 
the decision proces . 

The second type of decision histoey record is used to keep track. of the similarity 
score between t.he a.uacul at-ory findings. and the manifestations: of in.div~dual causal 
a.bnonnalities ·that 8.li'.'e bemg considered for dia.poslll. This provides a means to explain 
to , he user why a certain. a.bno:nna.Hty is .ranked ov@r others. 

Incorporation .of the decmion his'tory feature enables the system. to, justify and 
explain its reaaon.ing: t-0 tbe user. This feature has been v ry .helpful in tee.ting and. 
debugging the .system., as it allows inconsistency in the a.soning process to bed tected 
easily. 

In addition. to the decis" on. history. we hav:e also developed several features to 1nake 
the user-mtmac:e @MY and convenient to use. One· of th.eee .features is tbe heavy use or 
gra.phlcs. Since d:eacriptions of a.usc:uJta.:tory findings involve ent"ties such as heart aou:nds 
and murmur patterns, locations an.d areas of :radiation, we believe: that using pictorial 
repraenta.ti.ons would be much mo, e a.ccUl"at.e and ,convenient than asKing the user to 
p•t"ovide a word-descr-.ipt1on of the tind~ngs. ThtJS we have p ovided an input-pan 1 with 
a list of the findings in pictorial :repreeenta.tio:ns , and aUow the user to choos.e from. these 
findings by click·ng the mous ,o,ve.r the corresponding representations. Moreover,we also, 
try t,o avoid as.king the ·user to gi. . . e keyboard inp•ut during mt.era.ction in general. M:8nu
form prompting is ad,opted and the wrer · uauaJ.ly as:ked t.o choose from a. li:3t of possible 
answers Co:r a par icular question. In these ways, we hope to 1nov:iid~ a;s. user~friendly"' 
a.n interface as possible. 

So far we ha.,ve described the problem. ,do:main we addr•ess and the motivations 
behind the design of ou.r system, as weL as the .approach we have chosen. In the next 
two C:ha.pte.rs. we will describe how our system actually' works and how it is imple:rn nted .. 
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Chapter 4 

The, Algorithm 

In this chapter we pl'esent the reasoning algorithm of the diagnostic prsooess of' our 
system. The diagnost·c proeedw-e decides on t'he posatb e ca.t1Sa.l abnormalities from the 
input :e.uacul ta.tory 'finding~, v ,erifying the existence of smg 1e or mult.ipJe abn.orma.li ties 
1 • The results a.re presented HH a ranlred liat. of possible ca.uses for ea.ch abnorma.li ty 
determined ',o be p ,resent in h .e cas • Meclla.nisms fo explaining a.nd jUBtify-ing the 
reasoning involved ar-e also provided ( see Sect.ion 3.8),. 

Uev,eiop:m.en.t of 'the diagnostic algorithm. was greatly m.fl.uenced by the -way in 
which. we believe a. physician makes a. diagnostiic decision (see Chap'ter 3). a l'es lt 
the three major eveu:ts en<:oded in the algorithm ar,e: 

• Get inpu.t on case; 

• Weigp degree of importance of each input pa.ramete'ri and 

• Generat-e hypotheses by elimina.ting unlikely c a.n.didates,, and then prod u.ce ded-
sicm. results. 

Due to implemen:.tation c.oruitrain.ts, however~ t.hese events do not nec::essarily appear 
m that OTde:r m our algorithm. In addition a.n 'importa.mt p:ra.ctice in auscultat.ory 
dia;gnosis is being ca.ptur din the p:rocess: In the ~esence ,of multiple heart munnurs, 
which in. turn mdicate :m.ultiple abn.ormalities diagnosis of the di 8$toli.c n:mrmur ,, if any~ 
is ,carried out first as its conc.lus · ons can provide further evidence to the - iagnos: s of 
the other , presumably systolic , mr.u:nnlll'S 2

• Also, we p1rod uce a tentative diagnosis. 
a. ranked list of tentative causes fo,:r each. input inurm,ur, as opposed to a definitive 
diagnosis, declaring parlicula.r causes m.ost comiistent with the eviden,ce. We expect 
to incocpora.t-e defutltive diagnoses into the aJgorithln when we have ta.blish d the 
completeness of the knowledge b,as;e and .l!:'e:sort to tentative djagnoses only whgn the 
evidenee i:s mconcl usiv@. 

1Up t.o, t.hre>e h.e;arit inannan, indiea.dng tb.e c~ndiug 11UD1ber of .abnormalities., ea.n be pr-e11ent; 
at, the l!aDl.c iime. 

~ Co-occon-e11oes of diMtolic. n1urnn'll.n!i .iii,tt:· extremely n:re. 
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Th diagnoe.tic algorithm p:roceeds as fo.llowsi 

Step l. 

Initial au.sculta.t-0,ry findings ~e ,entered by the user. These :6.ndmgs a.r descr:ibed in 
terms of heart ·mur:m:ur ,, each with cbara.cter·stjcs of potter.n loc.at.fon,. int.e;na.iiy, .quality 
and option.al ar:t:a(s} of radiation, ~hange(s) with physiologic m.an,u,ut:r·s. and varia:tions 
of and/ or presence ,of extra h•t4rt sou'TW$. If more ·tba.n. •one D1.urm.ur is present in the 
input inionna. ion, t.he following steps. a.re ca.rried ou 8Uccessively once for ea.ch input 
m.tU"mur, starting wi h the ,diastolic component, if any. 

Step 2 

The inp,ut fin.dings 3 aN: then put hrough a consistency test., H an incons;istent or 
incomplete input is detected, e.g. on y the intensity of a heart murm.u:r is gilven,, the 
use:r wil be warned and asked if h.e wishes to change or a.dd more WorIIl8.tion. If 
the input is ,consist ,t and reasonable, or the usgr does n .ot wish. to change or a.dd 
infonna.tion aft-'« 'being warned or inconsistency the pr0<:edm enters the next .step. 
Otherwi:& new input is ob aiined and go through the same cons· tency test again+ 

Step 3 

The input 6:ndings are then ch<!Ck:ed £or evi,dence to rule out the .abnormalities in ·the 
database as poasi.ble ca.uaes. Ea.ch causaJ a.bnonna.Hty its encoded as a reference mur
mur with seven. attributes (six chara.cteristk.s and ~companying heart ;50unds) in the 
database Based on the ,evidences from the i:n,p,ut, ea.ch abnormality is clati•sified in.to 
eithe the active ,or the dorm.ant state~ indicating whether i:t is suitable for being co,n 
si.dered in th . diagnosis., In the inean tune an evid nee-record is generated for ea.ch 
o.f these abnormalities, keeping track of th evidence which induced the dassifi.ca.tion. 
When the evidence se·rves to reinfOI"ee the pl'lesence of a pa.rlicu!ar abnormality, this ev
i:dence is recol"ded together with the em~de:n.c1e:-seo-,.e in th evidence- ecord. The high.er 
the evidence-e~ore, th . :s:t:ronge.r the indication of tli presence of the abnormality. 

Step 4, 

For each of the abnorma!litiles in the ti.st of active candid tes for diagnostic cons·oera
ti:ons, a score-temp ate is generated. T .he sco se-te1nplate is a structure with sWots to hold 
the .similarity sconB between th.e mput find.i.ngs and the ma.nif4!Stati.ons of each attribute 
of the respect·ve abnormality tog:ether with its evidence-score from the evidence- ecord. 
Filling in the sco e-tem.p ate fo~ a partk;u a.r abnormality involvffll the following ,steps: 

!I Co~pondins to a aing?e tn1lll"'lnUI' ft-oDil b- on. 
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1. The ~ imilarity e:cMe a£' ea.ch manifestation wi 'h :r<espee-t to the correaponcUng input 
m determined from the score-table. There are seven · core-ta.blee for the seven 
attributes of a heart murmur. The sim.ilarity :sco,res a.re encoded in a scale from o 
to 10 with 10 wdica.ting an. exa.ct match~ a.n:d O mconsiate:m;y. 

Ea.ch of the sunilar·ty scores a.re scaled by a. duision.~Jador on a scale from Oto t. 
The decision-factor m deterinined by the diacrirninatory ei9nijicar:1a:: (70 pe:roent), 
and the ,occtn•nnce frq,:,.«,n,cy (30 peroen.t) of the particular m.a.nifesta.tion. The 
discrimina:tory si:gnilica.noe mdic tes the imp.ort.anc1e of th@ manifestation in dis
tmguish.ing the cmrespondm,g abnormality f:rcom the others, while the occurrence 
frequency indicates ho,w o:Eten a pati,en:t with the a.bnonnallty has the p ,a.rticula:r 
!na.Oifesta.tion Both of these factors can. be interpreted on a. sca.te fro.DJL O to o,. 
Tabfo 4.1 and Table 4.2 show the mterpretationa of the discriminatory significance 
(DS) and occurrence frequency (FS) valu • 

DS Value 
1. 1,0 
::2 7 

3 3 

htte;rpr~tat.ion 
:A.l.moe t pathogn.omon.1 e • 
Impo,rtan:t--St:ron.g1y weighted. eridene·• -t:.or the 
corresponding abnorma1ity. 
Negl.1gibl.e--Characteri.e-1tic bu,t not ,a 
d:1 BC r:imi.:ttating -:f. i.nding, , 

Table 4.1; lniterpre.tation of Discriminatory S1gnifica.nce. 

OJi' Value .In:terpr,eta.ti.o ,n . 
A. 10 Al:waya pil:'aaant. 
·u 7 Usually present .. 
S 3 Some,time11, preaen: (Rn.re) . 

Tobie 4. 2:: lnterpr,etation of Occu n·enc.e Frequency. 

2. The weighted :similan ty scores of a panic u.lar attribute is, stunme.d. a.md en.tered 
into the conesponding slot in the template. Only thos attributes in wh'ch input 
·informa.t~OD is provided a.re evaluated; otherwise a , default value iB provided. 

3. The oueFOll .sifflilaTitu scun. is generated by summing up the similarity so01:ee of 
all its, attributes and the evidenoe-scoTe frqn1 the corresponding e:vide:nce-?1eOOrd 
for the abnormality. 

Step .5, 

The abnormalities a.re ranked a.ccording to their ove.r aU simila:dty scores. ·Th.e a.bnor
maUty with the highest score .is the mo 't likely ca.use of the murmur. 
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Step, 6 

The ranked list is cheeked for further d. fferentiabi ity as follows: If the first two or 
three abnormalities are further differentiable by some physio1ogic. maneuv@l!'(s) t and 
input information. in this regard is not provided, the: wser is prompted for addition.al 
inform.a tion.. If additional maneuver in.forma.:tiou is pr-o ided t the process, returnB to 
Step 2 . If the user does not provide more infonnation1, or the d~:ffe:rentiabiUty t-est failed~ 
the process i:-etmns to Step 2 and contin11.e8 with the next set of murmur findings if 
,any .. Not· c.e 'that ea.ch tentative diagnosis ,can provid further evidence for the diagnosis 
o the m1.unmir{s} tlta:,t follows. This is most true of diast:olic mw-:m.ur evidence followed 
by systolic m.un:nur( ). The order in which. co-existing systolic murmurs~ il' any, are 
diagnosed 1s unimpol'ta.nt. The, cycle te:n:nina.tes when the list of mput mur:m.ur ( s) · s 
exhausted. 

Step T 

.At this point we have a ranked Hst o-:f possible causal abnon:nalit·es with respect to each 
i.np t h .ea.rt m'lll'mnr. The evidence-records for these abno.rmali ties e then. checked 
to see if those with pa.thognomoruc videnee are among the highes,t ra.nlted choi,cies. 
If not, ea.ch of the, non.-highes1; r-anked abnormalities wHh pa;thognoQ1onk: ,evidence is 
separated into a new ranked. list by itself .. This, ]ast step iB nece$$ary because of the 
po~sibility of cases like the unobvlous, co-ex.ist~ce of :m.itral rf:{lurgitcitfori and mitred 
st:e.no.sis mentioned in Section 3.3 

Step 8 

All the ra.riked lists go through a. final tes:t for ,discrepancies and ~ displayed for he 
user as the diagn.ostic results, together with a brief description on how the dec:is.ion.s 
w re· mad@;. 

A summary of the a.lgorith;m presented can. be found in App,eudix A. 

Four types of questions can be ans'Wer.c?d\ by the system a.bout the r·easoning in th , 
diag~ostic procedure. The questions, pertaining to each Hst of possible ca.uses produced! 
(i.e. corresponding to ea.ch input murmur). are as follows: 

• WHY ui, !a.bnonnaJity] ranked first? 

• WHY is [ a.hnor-ma,li ty] OT ranked first? 

• WH . is labnorma.lity] ranked as it is? 

• WHY is [abnor-mality-lJ ranked OVER [abnonnality-2]? 



The a,ns.wers a.re ge·:&erated by tracing the decision, his oey. Ea.ch answer is a list of 
imH.ar"ty scores from ·the score-.tempia.te, and .any .relevan:t evidence in the ,evidence

record (see algorithm above). Detailed ex:amplee will be pr,ocvided in the sample session 
in Ch pter 6. 
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Chapter .5 

The Implem enta tion 

The Murmur Clinic syste.m. is developed on and makes extensive u.se of the win
do-w sys.te:m and graphics, fac::Uities of ·the Symboliia1 3600 Lisp Ma.chines. The system 
can be divided into, fiv,e basic units: d&ta. structures, rules. decision history records, 
u.ser-interface and t.or>-le-,,.eJ co.m:znand' drive.rs. in this chapter we shall discuss the hn
P ementation of these units individually. A figur,e sununarizmg the mt.eractton of the 
u:nit ce:.n b fou.n.d in .Appendix B. 

Data Struc tures, 

The da.ta structures represent conceptual entities such 3-5 the murmurs and the scor-e-
tabl'es 

The Murmlll'" 

Both the cha.ractBr'istks of po.s:sibl causal abnormalities a.nd t.h.e a.uscultatoey fin.din.gs 
entered by the wrer are encoded m structures called murmurs. A mttn:our is an. objec·t 
with na:n:t~_. intensity, quality_, pa:He:Tn, locatio-n~ .a.cc<impa.nying heart-sounds, man~twt:r 
and radiation. Ea.ch of tbese attributes ta.kies one or m.o:re :manifestation values. Exeept 
In murmurs that repr,esent input findings, ea.ch :m.a.nifestalion is a..c.(:Ompanied by its 
diacrim-i natoru significc.n.ee and occ u r're nc·e. fuqu ency ( see Chapter 4). The murmur 
repres:entatlo.n of a. causa l bnorma.i.ity .is sh.o-;wn. in Figure 5 . .1. 

Ea.ch causal abnor mality in the data.base is repn~.sented as a mu.r:nm.r struc tu.re. 
There a.re 1,s reference murmurs in the da:taba.se. a:s Hsted in Appendix C * 

Each. ,input mur-mur is encoded similarly ,~cept there .ai:e no di"scn·minatory si,gnif
icance and occ urr~nce f~que nc 'ti acoo:m.panying the rep o:rted manifest a.tions. 
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Figure 5 .1: A Murmur 

The Score- Tables. 

A soo re-t.able hol.ds the pai.r-"Wise Bimilqrity swres of all possible mani:festation. values of 
:a particular murmur attribu:te. Mechanifilrui, are pi:,ovided for looking up• changing and 
adding the sllllila.rity score. of two entdes to the table. There •· a &eore-table for each 
murmw.- a. ttr ·bu·te. 

5.2 The Rules 

Rules a.I"'e structures with s,bc: fields: nu m 6er ~ nam,e ,, nature I conds~ acts and doc... The 
number a.nd name fields dassify the rule. The Gend.s i a I ist of conditions that have to 
be & atisfied before the list of a.ct.ions in the acts can be carried out The nature field 
indicates whether t.he rule is of "te:nnma.tin.g" or "non--te:n:nina.ting"' n .a.tu.re (see Secti,0:q 
3~2),. The d~~ fin.ally, holds a explanatory des.cription of' the rule. 

Each of the com:ls, ods an.d doc 6.e.lds of a rule can be defined using the ru[epa r 
constructor. This const:ru.ctor takes in two argu,m,en • ·: Identification n.a.me of the 'field, 
e.g. m2:..coads, m2--acts, etc · and a. r :t of' ventlS t-0, be c~ied out. In the ru,nds fi@!d 
this list :represen,ts, the list of conditions to be sa.tisG.ed, while in the acts and ~ fi.elds ~ 
a list of actions to be carried out .. The rule itself, in turn, caa be cons,tructed using the 
def1ruEe operator. Figu re 5 .2 shows lbe con.s·truction of a rule used in the test for further 
differentiability of th.e a.bnorma.Utles (see Chapter 4) . 

As we have Illlen.tioned m Section 3 ~2, rules are structures used to capture judge
m,enta.l .know iedge in the system. Sinc,e this kind of know ledge can be d.ifre:rentiated lnto 
va.:rioUB categories~ structures ca. led rule-tables a.re: devised to hold all the rules serving a. 
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F i,gu:re 5 .2 ~ Constrnctiion Of A Rule . 
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particular purpose Each rule-table has a dispatcher-, which, when invoked, ex;ecutes all 
rules in the table succese.ivse y. T e dispatcher ca.n recognize the nature of the executed 
.rules. If a terminating rule is executed, i.e.. its adB field is. invoked the ,di:,pa.tcher 
tenninate.s i tself7 preventing any other rules. in th same ruJe-:ta.ble from being invoked. 
Th's is true as mentioned in Section 8.2, when the execution. of a particular rule, 
whose· conds field wmaHy calls for a. test or checking ren,ders any o her test or checking 
with"n the sa.i:ne task category unnecessary. Othenvise, ~u. ion ,of a. rule is simply 
allowed a.s side ,effects .. 

Cu.rrent y four sets of rules, i.e. four rule-tables a.re used int.he yste.m.. These in
dude rules that checlc for .in.put consistency, evidences for classiilcat:ion. and co,n:firm.ation 
of the causal bno.rm.alitie:s, further differentia.biUty of the highest ranked ~bnorma.Htiies, 
a.n.d those used in the im.plementa.tioo of the ,query ystem in tbe uise:r-interfa.ce. AH ,of 
these rules a.re t.e:nnmating except for those· used to check for cl likation and confir
.m.a.:tion evidences. 

5 .. 3 Decisi,on History Records 

Evide1nc.e-r«:0:rds a.nd scor,e--temp ates a.re ii:nplem.e:n ed to, keep a..cJc ·Of the dectsion
history of he diagnostic procedure .. Informa.tion contained in these rec•o d is used to 
provide explanations and jiusti:6.cations of the reasoning process •. 

Evidence-Rec,ords 

An •evidence-reoo.rd is a. structure whicll keep track o.f the statuB of a particular a.bnor
m.aliity i.e. whether it is being oonsldered for dii.a.gn. - is, confirmed, or not bein,g con
sidered for dlag o is wi:th respect to a certain set of input information .. The evidtmces 
that brought about this status,. t-og~ther with the evi<knce-seo•re.s which represen, the 
extent of confin:na.tion f,o.r the abnormality p:tovid.ed by hese evidenc,es, ·r any, a.re aJso 
register in the record .. Fi,,gure 5.3 shows .a represe:nta.tion •of the evidenoe-recor,d. 

lJ lJ - E , 
s 11,rus, 
~l JVE&EVIDENCE , 

eG~TtVE•£V 0£NCE, 
EIIIDE!i;CE.-SCORE , 

~DA:t r,-sr EHOs n 
D~r&!iln l; 
E.1 

10 

F. gure 5.3: An Evidence-Record. 
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PA E".R - $CQil!£ , 
S.00 C-S - SCORE , 
UIC-Al J:CN•SCORIE: ! 
MDC HO •SCO'tE t 
\110£ CE -S~£, 
OT.:,L•S E , 

;,.OR l C·STEHOSlS 
zo 

HI.DO 
00 

1 .eo 
D. 00 
10 . ao 
.zo 

11t _QI!) 
Oil 

Figure 5.4: A Scor-e--TempJate. 

Sco]('e-Tel.Ilplates 

A score-:11:emplate ·· a. struc.t re with slots to ho]d t.he 8s:m1~lari~y score.a for each attribute 
of an abno:r-maUty togethei: with its total evidence~ core, if a.ny. Filling in a. scor~ 
template invo!v:es looking up and weighing the imilariity scores of manil'estatio ,of .each 
murmur attribute with respect to its input counterpart from t;he corresponding score-
table, a.nd the o-;,e:rall evidence-scol'e from. the evidence- ecord ,of the corrl!Spondmg 
abnonnality (see Cbaptei- 4). Meclia.nisms a.re a.!s:c provided for sorting the list of 
scor,e-te.mpla.tes in.t-0 d oending overall score· order and extracting s _pecific inform.atio • 
fro-m t ,he temp]ates. Figure 5.4 :shows a l"epr entatio.n of ·the sc:o:r~t.empla.t--e .. 

S.4 The User-Interfac,e 

lmpleinentation o he user-·nterla.ce of the system refies heavily on he window yste.m. 
facilities of the ym.holks Lis-p Ma<.hine. The interface is a. combination ,of three pal''ts : 
d ispra,y framework. supporting structures and ·:o-handle·rs. 

s .. 4.1 Display Fra.tne:W"o·r-k 

When the s.yst--em is mv•o~ed,, the sc een display as shown in Figure 5.S is set up. The 
d.isp,lay is built on underlying w"ndow systeD1 facilities ,of the hardware a.n-d ·s divided into 
the following parts: a comma1nd-me.nu1-pane wbel'e a top- level operation ca.n b,e selected 
and invoked a. pictu.re--pan-e where ni.a.nifesta.tion des.criptiions fur ea.ch miunru:r a.tt- ib te = disp ayed an.d chosen frm:n , an interaction-pane whe:r-e comm.;unkation between the 
system an,d the user· takes place and which are not shown in the fi.gu:r-e a diagnose
m.enu-pane here oper.ations facilitating 'the input proces$. can be selec· ed and inv•o· ed .• 
and an. "nformatio1n,-pane where usefu) in.formation is displayed during intic:rac.tio.n. Pop
np me.nus and displays prompting for further input m.fo,rm,at ion a.pp a.r a.t app:ropria:te 
times. The interaction-pane is eoctended during que:ry sessions to allow fa.rger dis.play 

21 



-, 50:NJS IIM!ATIONISl 
ati c~ iCi~m 
IE!! g:i •~~ ~ED 

"'ll'ca&M&I> r,--..,, 
P~Q 
D~O-Ul!l"J 1-l 
l!IT1<TOUC--cl..1« iH 

DTltJ<SJ or 
Ptm5JDl..o&JI: ~ 
~ ~~ - HCll:&Ai&D -flC>i'i 

lu.HMllli' 
li<PUA T'fiNO 
ffMlbniO 
l''A:1.IA.l.,;A. 

REIFR 

li!EGIDNfS) 0£ --• Pll'[!O\Hh" Mei· IIUl(WIT._ 

Figure 5.5: The Input Pa,nell With Standard Configuration. 

area. !Exa.m,pJes of the differsent configurations and featUl"les of the input panel wUl be 
presented in the sample session· Chapter 6. 

5.4.2 Supporting Structures 

Regions and arrows are th.e · :wo supporting structures that ena.ble a.nd a·d the selection 
of manifestation values from the screen. 

A regio.n :is defined as part of the screen whose ~ntents, usually denoted b.y a 
na.m.e,. can be ,extracted whens ected. Each of the displayed ID.a.nifestat·on descriptions 
0£ the murmur attributes is associated. wi.th a l"egion, whose cont~nt.s cottesponds to the 
nam.e o:f the op ion. The ho. low r,ectangular box in Figure 5. 5 is a r,ecgion as seen on the 
user-interface. The corresponding name of the e-gi,on is ,displayed on the bla.ck line 1. at 
bottom of tbe p,anel .as shown., 

An arrow is a st.tUcture, as s.how:n also in Figure 5.5, which i displaye.d on the 
scr-n when the user inpu:ts a. radiation. direction of a. lllunnur. 

1 Tb wh.o•lirw. 
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IO-Handlers 

Input &om the wier and o tput fror,n the system. a.re ha.ndled by the io-handlsrs (in
put/output handlen.). These h .a.ndlers dispatch the input and output information to ap
propriate t@mpora.ry buffers for forth manipulation bye t.he top-l@'W;!l command. driYers 
and · he internal scoring mechanisms. Cons q .ently, the com.mand drivers can be ii:nple
mented with great fiexi bili.ty ince they do not have to keep track of all ·the op,e:r-a tions 
being done on the input and ou.tpu t information. The D IAG NOSE comm.and dr iv-er 
for iru;tance, is written in close a.ccordance w-·th the re __ on.in.g a.lgcwithi:n we adopted. 
Changes to the a.lgorith.m ca.n be ma.de on the a.hstra.ct level wi hout ha.vi g to worry 
abou.t he lower level details, for tk@y will be handled by the 10-ha.ndfof'S. Conversely, 
modifying the lower teve~ operations wm not affect the com ma.nd driver algorithm. 

5.5 Top Level ,command Drivers. 

There are four top-,level comm and drivers in the system..,, ,each. c.o.r esponcling to an oper
ation invocable from th.e menu-pane tha't functions .as follows: 

HELP 
IN QUIRE 

DIAGNOSE 
REFRESH 
EXIT 

Gives a. brief introduct.i.o.n to, the system. 
Returns the na.me(s) ~ if any, of the ma.D.ifesta.tion 
description(s) chosen by the user &om. the sczeen. 
Invokes t he diagnostic p~ocedure. 
Refreshes the sc-reen d"sp ay. 
Exits t e Murmur Clinic. 

When invoked,, io-handlers and other proced1Ua-are called in the DtAGNOS E comm.and 
driver to process the input and output info,rma:, ion accordingly. 
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Chapter 6 

A Sample Ses.slon 

We now p:rsesent .an, example of the in:voca. ··on of the DIAG,NIOSE ope.ration. of tb.e ays~. 

The Dl'AGNOSE operation is invok d by di.ck:i:ng on the ehoice shown on the 
comman.d-men.u-pane. A display set~up as shown in Figure 6,.1 w-m be initiated. The 
new configuration, consists ,of the commandl-memi-.pane and the pictuire-pan,e which a.re 

unchanged~ a. diagnose-menu-pane where oper.atioas ca.m be invoke to fa.eilita.~ the m
pu:t ,proe@Ss an interacti:on-pa,ne where ·the system. conu:nunllCates wU,h , the user, and an 
info-rm ation-pa ne where tbe input givan by the Wie.r will be monitored. 

hi.put findings can now be te!'ed by clickm,g on the different d@lj!criptive options 
shown on the pan.el. Each mun:nu.r is entered :separately~ w'th t 'he diastolic an,d systolic 
,components 'heing oonsidered as different murmurs. H owever it is sufficient to, enter 
th0 h~n ound.s findings onl7 once~ as they will be updated a:uto:m.a.Uc:.a.Uy for al! the 
mun:nur descriptions entered d.u:rin,g the session. 

As ea.ch finding is chosen, it will be 1:eflec:ted on the information- pane .. Moreover, 
when a radiation finding is entered, an arrow indicating the direction of the adiation 
will also be displayed on the picture-pane. oomplete set of input findings is show m. 
F"gure 6.2. 

To begin description of an. additional murmur, click on the ADD-MURMUR option 
on, the diaignose-mem.1-pane &lld t.he informiation-panewill be ,,ef:reshed. Frndin.gs are then. 
input as before+ 

At any point of the in.put ses:sion if the user wishes to, change any information he 
h a.s given so fa.r, he can clic.k on the diagnose menu-pan.e option. CHANGE- MURMUR. A 
pop-up menu as shown in Figure 6 .3 wm be invoked, prompting the wre:r to enter t.he 
set of input findings that h wishes to modHy. 

If the U;S,er mdica.tes that he wishes to modify the curren.t et of mpu t find.in gs t a 
second pop.-up menu, corresponding to the findings indicated on the information-pane, 
will be invsokerl as s.hown in Figure 6 .4. The ~er then indfoa. t:es the p .artic ula.Jr inpu: 
finding(s) 't'hat he wishes to modify by clicking left on the corresponding finding(s). and 
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Figure 6. , rin · iation Of The DIAGNOSE op ration. 

INPUT 
IHJENSITY : 
llU.R IT¥: 
MANEUV,ER: 
PIH EN: 
HEART-SOU1'1 DS: 

OCAUON!: 
RFIDHH I Ott: 

Ge- ad~ 2 
BLOLIItiG 

NI D- DIAS10 IC-D CRESCE DO - CRESCENDO 
A2-DECRiEFlSEIJ 
AO UC 
Fron AORflC o MilRAL 

Figure 6 .2: First Set Of npu Findings . 

fi_ndinqs? 

F.igure. 6.3: Pop-Up Me.nu For Input Sets Selection . 
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I N'f ENSI 1i ; Grade 15 
QUFll.UY: ttAR$31 
l"IRNEWER: D~Cfl£>,.SEO wltn, V At.SA.LY A 
PAJJERN; MiD-PEAK-SYSTOU'c 
HEART-SOUNDS i S'l"STOUC-CUOK 
'LDCAf I ONI: AQf\ TtC 
RADI_RJI0N: NIL 

Figure 6.4! Pop-Up, Menu For- Input Mod~fic:atr,on. 

INPUT 
JiNTEl'ISIH: 
CUFILlTV~ 
MANEUVER ~ 
PATTERN: 
HERRT-S,OUNll S = 
LOCFITIDM: 
RADlflUON= 

G,-.~de 4 
SOFl 
DECR1EflSED . 'i t.h V1ALSALUfl 
MID-PEAK-SYSTOLIC 
SYSTOLIC- CLICK 
ROR IC 

Figur,e 6.5~ Second Set Of Input Fin.dings. 

then click on the "Exit" box w 'h.en done. In thw case, th(!! tindinga to he deleted are 
Grade S and Hersh (with. :reference to Figure 16,.4). The cu:nrent set of input findiny 
wdl be updated correspondingly. The user can now continue., if he wish.es to enter 
ad.ditional fin.d.mgs for the niunnur. 

If th . user wishes to m.oclify the descdption of a prev·ous, other tha:.n tbe current 
set of input fi:ndiD.gs, the system will firs:t. check to see if the current. et of findings is 
complete for a. diagnosis to be caui@d out. If not~ the user is , ed to fiaish th current. 
d cription. before ma.king any modifications .. Otherwiset the current &et of findings is 
saved 1

, and the indicated set of findings will be displa.yed on the infonnation-pa,ne., A 
siwil ar modiiic.a.tion process to 'the one me.ntio.ned will be: c a.rried. ou.t. 

The second. set of input iindi.ngs consists of para.meters shown in Figure 6.5. 

Throughout the i:npu t aession ( and also after the diagnosis · made. a.s can be seen 
Later), the user can also inspect the diffe~nt sets~ if any, of the findings that are given 
so far. This is done by clickwg on the SHOW-1,NPUT option on the dia1gnose-menu-pane. 

pop-up menu similar to that in Figure 6.3 will be invoked, prompting the traer to 
indicate w hlch et of findings description he wishes to see. The cor:res:ponding set of 
findings choe:en wiH then be. displayed on. the information-pane .. 

Whenever a. new tin,ding is aidded to the des.cript" on the wltole set of findings wlU 
be checked fol:" con.sistency. Should ,any mdis.crepa.ncy be detected; the us~ would be 
warned or prompted for a . modification. For example. if we now ente't a second location 
va.!ue: !JJ"d.-l~ft-fritef"&pace to th c.urrient set of input, inconsistency will be d~tru::ted, and 

1 P~ovid.ed thaot n.o inoonsist-cy m dete:ct.cd prior to savin,g. 
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the m.essa.ge as shown in Figure 6.6 will result. !If we answer "YES" to he prompt, a 
o.ew environment with Srd- Ze:/t ·inte:rBpac~ as the. loeatiori ntry will be set p for th 
desc:ription of a. new murmur. Additional findin,gs can then be entered as menti.o ed. 

Pr • ~nliiie' o .er,, ie.Mt..r a ~ - -l =i d ~ ,e;1;. CeGI . 
h you v i ~ ~e - ntar ~h• ~ 1 nd1 ~9• ~~ ~ h • ~ r 

Oi!llr~::, ··,1y 19 

OCI 

Figure 6 6: A Message lndica ing 1 nc.onsist:·ency. 

The thl d set of inpu·t findings entered is shown in Figure, 6.7. 

· O•W if we click twke on the middle-button of the .mouse. a messag,e proinptin 
fo.r confirmation of c.omp]etion wiU appear. If we answer .. 0" to the promp, nothing 
wlll happ n and i.nput m.odi.6.cation,(fJ) and/or aiddi.t1on(s) can continue to be :mad ; 
othe:rwise, the dliagnostk proeicss wU begin and the ~esults will be displayed as in ,Figure 
6.8. The scor,e. accompanying each de,ci:sion in the ranked lists indica.t-es how consistent 
the corr,esponding decision is t."'O he particular set of :findings. as. compared to th othe:r 
decisions. The higher the score, the m.or,e consistent the ,decision. 

I this ,ca:s<? the diagnostiic process detected further diiff,uentiability an:long the top 
few choices corresponding to the third set •Of findings. Bien<:e the user is askE!:d whether 
or not he wishes o nter additional information to enable a more accurate diagnos.is. H 
we a.nswer "'YES" the standard con'l3igura.tion us d • the, input s.ess,iion is set up~ and 
we enter the additional infori:nation on the val.safva maneu er. 

After we declar,e completion of input as. desc. i.bed earli@r, the diagnostic proces 
· again invoked and an w set of r-esults · displayed. 

!NPUlli 
HiTENSl.T\": 
CIU.RL ITV: 
MANEUVER: 
PATiERM; 
1-lEFIRT - SOlJNDS: 
UOCA , ION: 
RADJRi'ION: 

Grade S 
HARSH 

HOLOSY ST OLIC 
54 
3RD- LEFT - INTERSPACE 
Fon SRD- LEFT-INTERSPACE to PRECO DIUM 

Figur,e 6.7: Third Set Of nput Findings. 

27 



H IN la 

,wiU!ll ........ iio .. mt 
... , - -•I'"!! . 

F""- KiOmtl -~ _.. ,o1n1111,... Iii!! •--'L cbAP_'I-.,.. I 'If 1• ~ 1 

IIIIJ!!lllt:-•tC-!""OI-U wt u,,, ..-~ • . 
lliililillll..-K.IITJIL ...... C:, ... it ~ii;, ~ illl: . ff 
~ i~-.. lill!IOI,;■ .... - I P , A ' 

not1li: ...... !P" ' ■lll11 All ~ 

v l U!t • ~ .... 'ii ::t.P,... ... ,.,. ~ " -291 
<w-!'t.h~ 2'I 
..... __..;z11.1:s 
wh:h ,'4.,_,j ~ 11 W 
..,1L11t ,M:ar■ .a.• 
1rll.l!l.....,.;m'~ot• 
v1t.1'1 ac.lif"'• !l'l , .. , 
-.1111:n......,..JL , ,1Z5 
••u,, - ,.,_fl 

;. ff f~ ••~FP'!t""'!i:!■&,M 

Figure 6 .8 : Display -Of T h~ O iagn ost-c Decisions. 
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If we choose not to provide a.dditiona.l infonnation when further differ tia.bility is 
detected th@ q:u,ery handler is mvo .ed. Du.ring the query :session. qu,estions pert a.in ing 
to the decisions made can be answered. For:m.ats of the answerable questions can be 
found by typing '"H" to the query-prompt • and the list will be displayed as shov.-n 
blow. 

au~~ on• I H ar g~ lg,,~. 
I'! 

Wl'!Y 

~ Y u r •n~m•• ~~ c~cs 1~1~n• C<g r~~r g ~a~ ~d-1 1s~ ~l 
WI-ti~ , rTn ~, er < ~Q~ l ~ tan > (<~r~ r o r n ~lf!l'd-115C ) ] 
lolH.Y ( ""'"- ~ • n.im~ ~ o i" ~~"~ , ~ 1 gn _. OV.E'. ,: LJ r-mu r T"'" ,; , er < DCNI I t H:m , [ < ai"d~ r O r n c • 1 1 ~ t ·· J 
~ E5CRIA£ cmurmu~~ "arn~> ~ !~ul e~nuabmr > Q~ ( ~~, ~- name ~ 

Tv~~= 
Ja ~~d1~pl~~ 1$ ssa ~ -

~ To ~@Ii, si:; 1 .. y u,., d 1:: s ion ll s~t ~) 
~ To a1r g l y ~ e lM S~ of murmu~ "•~ ~5 n~ ri r ~~~a~1a~1 ~~s 
~ ~ ~ndfile d ,~g ng~o~~~u e o~~~ -

T-' <:!!!)cl ~l'I ~ Ci.Ii"~ ~n ~ D l AGNIOSE ~~~ 5 I an . 

No~ , , -~ wr - n ~ c o1,n b , ., f.i 11 as 1 ,~ t ~~ ,;,r •b~r<!!·., 1 a~~d. 

< t.10::!l 1 t: ~en> •:ii tJ'l. i! DO:Sl'C •en ti t:h r! mu r mI_.1,- Ill! c e resu, t 11:i n~ r, ~r,i:.r il!!r _ 

( iOrff~r c r ,al'1~iei;:1- I I sc;:i •~ an •nrt 911:!f" 1.nie11 e.a c. ,ng ffil!:' clr.r;.,~ I ans an thi!' -c-o.rrie:,Q,i:m-d 
se a ~niS;Ju t. H1id1 ri s Dl!' f i!!ul't cc 1 1 '"o .. a11.1 • :si a•.ie.n 

At any point d uri n,g the query :session1 should the user wish to invoke the opera..
tione on the diagnose-menu-pane he ca:n type "M .. to the query-promp, and then click 
on the corresponding operation name. A i.ess tedious way 'to mvok hese op,e:ra. tiorui is 

o be devh,ed. 

We. now give an illustration of the answers to each kind of qu,estions that can be 
asked d urin.g the q uei;-y ession. . ote that the co:rrespondmg set of input · 6.ndings, 1f 
any i a.ctua.!.ly di.splayed on. the informartion-pane be]ow the diagnose menu-pane (wi h 
eference o Figure 6.8). o:te also th.at values ,of the h ,wrt-sotlnds :a ,t:ri.bute of each se't 

of i:n,put findings 'have be updated with ent·des in other se as spedfi@d. 

A query of the WHY format is shown below The answer shows th@ scores of 
eaich a:t.tribu e of the fir t ranked abnormality with respect to the first set of findings. 
If the finding for a particular attribute is not entered, e.g the maneuve::r attribute in 
this case, the score fo,r the attribute defaults to O,; and. it is not shown. The S G and 
FR E values of each attribute value correspond to the disc.r;"minating significance and 
occurrt;nce freque.ncy as mentioned in Chapter 4. 
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Qi.;l!;!ll:.tor,.T ( H for •!lil)•~ton~ •. Q 1:0 n., 
lffiV 

l t . e. lffl'I' hi; AOP!flC AEGUROl'TAl' ·Ofil r,.nlioed f'1rs,:, cor:r-es·pancUn11 t.o t!ti - f 1'$t .!l<!!L of' ft1:uUn11sJ ] 

i\OIUlC•:RiEGUlillil1'.-.TIOI! 
ts nni,;~,d tr.;;!:- b~a.us.e 1t t,u; ttle rono,,.tng p ~l",:,1es , 

J lilTEikSITY' r 

,.;11:11 saJRE 

QUAUTlt' t 

w1UI :SCORE 

PA ER,M, 

wi th S00RE 

HEART•SOO DS,, 

.. 11th SCOQE 

d..OCATIONs 

... ,th :;coRE. 

RADIAllON, 

lHPUT 
INTE:l!ISITY, 
QIM_t,Il'V, 
HI\K6WER, 
PIIT1£AM• 
1'1£ART~SOUKO$, 

l.QCATIOlh 
IU!lltl\l'IO•h 

61"Wd '1 
•Grade 2 
Grado 3, 
lie.20 

81.0io!IIIG 
H.IGH 
7.00 

EIIRL Y•Ol,iSTOl..1::C- D£CA£SCEl"l00 
EA!t~Y- PIEAKTSYSW C 
3.0$ 

A:Z•CIE.'CRE.-.S ll 
Jit2 • UICRE,t.S!ED 
S3 
7 . 00 

AORTIC 
PIJUID!ltll:: 
7 .00 

F·r- .-.ORTIC ,:,o ITRAI. 
!'Oto! M'.JltTIC t;o IU,Gl:IT •S'TERKILbllOIWE:R 

F·raa l'iUL~IC ~ HlTRAL 
• . 2.0 

•llrred z 
BLOl,lt!!G 

tt f0-011\Sl'OL l'C:- DECRESC:EJ!iiOC-CRESICEHDO 
A2~DE:CREASIEO 
.SYSi•OLIC • CUCt: 
S4 
,rl,ORl'lC 
F1:"0lll AOftTIC = l'l'lTl!:AI. 
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wtt:li SI,G13 MUI ,FR£ ; !.! 
w1 th :S·l •6,3 itnd, F.R£ ,,U 
WtUl SHl,3, and FR;E.,U 

"ol th SIG,; t ,!!Ind FRE'clU 
or'IUI SI'<Eh! ,and 'Pi!..E:1!1 

wtth Sl6o2 !!Ind FltE,A 
.,11:h SIG13 .nd Fite,$ 

wh:h 5lG,2 M\;li F'Ri ,u 
.. tu, :$16,3, aria FFIE,S 

1 !;II ~lli,, 3, .-nd F'RE,S 

w tt:cl'I SI't:l12 and FlRE a ll 
W1UI 516a3 IIJ'ld FR£,S 

· 1th $1JG:3 iind l'llE , II 
.,tU :SIG,\l 11:Mli f'IUa:S 
w! th Sllial ,■nd F'REsS 



A quecy of th format: WHY [ABNORMALITY] lUST-ORDER] i hown below. 
A , mentioned above, if the optio n.al (list-order]. is not l)l'lovided. the ref=-mioe set of i pu.t 
find ings wiH default to the first set. 

Qu~s~1onf ( H ra-r- op h:m.:.. Q cc ii1.1tt) 
'I :2 z 

[ 1 - • Wlf'I' i.S A.TA; .• .111.-SEPT AbllEF'SC1t ran ~ I "'" , ~ I~ 1 n 'i:.ho!e SEOOl'fl) Hst r ] 

~T~tAl.-~E:l'TAL~0El'ECT 
hi ~ilniot:(I llli 1 t t~ beCJ!!1,1:.c 1 t tlas mo: fo,l hlW't n g pr0pcr1; 1 ~, 

lKl'E!ISITY, !; ildc 1 wtth 
~T"lldl!I 2 wtc.t, 
Gr 11:d1!1 ;J wi ell 
Grio.~ ,11 .. ith .,tt.h SOORil!: 3 .78 

QIUt~.ITY l IIA~H 1th 
SOFT w-1 tl11 

W1 tfl SCORE 4.:ZO 

!'ii, euvm. °' Cli;EJl.sE:D ..,u. VA~I\I.YA. .. ttin 
I CREA.SEO w1t.n, I SPJ:ltll.T □N .. tt,J, 
I NCA:iaASE:D t •~b :SQ.tp,cl,J;,NG t t.n with SCORE 7 . 00 

l'ATTER,l'f, !EARL 'i•.PEJl/.1<:;•SVSTCUC wi tch 
w1tti SCOll:i;; :z.~q 
1-fl,AIU TSOOHtlS' S"i'STOL !C- ~ C:11'; ... l:t, 

:SIi ,.,1~ 
loll ti S<:ORE ll.~0 

t.OCATI011, PllL-fC w itll 
Jlltl~U:'.Fi~·1 T'!!A$PitC£ 1# U:li h.n S(;CJ:tE 4 . !IC 

The TOTAL-SCORE h 3,1.2'2. 
J:•~ :i;,;,ore~cll ff~r,:nc;:~ fNJa r.h~ fl ~-t-ranke-d murmlfr h "-4.e8. 

1N'°'UT 
nm NS1T'I', 
~WII..JT'lf , 
l'IAl't we:i:1, 
P~TTEllH, 
HEIIRT•SO!Jl,IDS• 

l.OC-", ,0 ' 
AADHTI0ti, 

Gr~<I• 4 
SOFT 
Delo:!!ai'lSED wj di VA.1.S"!l.V,._ 
Hl~-P--S'ff$'1'CLIC 
AZ:•0E:CREA5EID 
:S'r'STCUC.,CLICK 
s~ 
AOA.TIC 

SIG,8 
s G,a3 
su; ,a, 
Slli l3 

STG,~ 
$I,G,3 

sn;,.:: 
S!G,3 
SIG,a 

s 16.<I 

SiGa3 
Sln.3-

SIil , 2: 
SIG;l 

and FA!E,u 
and FRl!!,U 
lll'J,cl FRE ,U 
an.cl F.RlE,S 

ll□d F'RE,u 
Md F!REoU 

.-nd Rl£,U 
and FRE,1,1 
11nd f'RE,U 

IUld , RE,1) 

and FR!::U 
and fllE,U 

and FRE,u 
ancl FRE,U 



Answer to queries of the fom1a.t WHY NOT (A.BNORMALITVJ (UST-ORD.ER] ts 
slmi:lax to the two form.a.ts, a.ho e, ell:!cept when the (ABNORMALITY) specified was not 
oo.n.side11ed for di.agnosis~ as shown below. 

~~f.1on C H f"ar Q1:Jth1m, . Q ·i:o qu ~i 
lofflY HOT .I'll 2: 

( 1 _.,_ M,ty 1s PIIL-:«::-IFtE~RllI.TAT!l»II ..of' l'"H~t!cl r rst !n Ui.~ SE'COliD 1 ts~ J 
Pl!LMOt'IIC•llEeuRGITATI(lllil 
""" ~ot Cali.$,tdcr111c:I ·ror ,H■gn=h, l:loe-=aau~c ~, 
R>.lla f>;UflE~SVSfflUC 

"IHPIIIT 
·1 i,t e::Ki$fl'V 1 

QU.ALIT't . 
MHBll\lER, 
l',iLTTERl'h 
li!EAllT- $0\l:NOS: 

LOCI\TION , 
RAD14'1' !ON. 

Gra,dc 4 
SOFT 
OEC-Ell< ~ 'VAI.Si".LVA 
HW-IPENi::• SVSTOUC 
oli.2-IJECJ:1£A$etl 
S'fSTOI.IC -CLICK 
S4, 

AOll.t:tc 

The rule PUR:li---SYSTOUC above indica.tl!!S that the 6.ndi:ngs imply the p r esence of 
o.n.fy systolic murmu-r(s), but the a.ibnorma.lity in question is a diastolic mur-m:ur. When
ever an a.bnonna.Hty which is ·not considered for dia.gn .. osis is ~eferenced in a. ,query~ 'the 
reason why it is ex:du,ded~ ·usually captured in on.e or more rules, will be pr'lf'Bented. 
Queries of the DESCRIB'E [ABNORMALITY /RULE] can be :m.a.de to find ou,t the at
t:ribu tes of an .a.bnonr1a.li ty or the co.o:tents of a ru.te: as shown b low. 

• E:tample J 

Q,.e~t 1cm r I H for- o i=,T:.1an:s. t.o ,;i~, 
Ql;.S(:RIS 111$.S 

Cl" ~1trorei=.,n, an or s rn , I , A 1mQ~ t p4 oa<1~~ I ,c 
z , I~rt~ ~. ~trongly 1t•~"~e~ e~ld~ c~ fo r CAie ~arres~oa•"; 

aono l,T:y 
l , ll"!l I lg •bl •~. ~lli!.~IIJ~~.- •si=.tc b t not A <.l I &Gr ,m '""~Ing r,i, inv 

nteirciF" tiiit, c,n Clf FRE _ A. l 'flf.S-,s. ?r'il!:~IChl'lt; 
u , Usual ,i, ~l"l!~~n~ 
s S 11n :i; ore~em:; a.i-@J ] 

[OlOPA H[C-~YPF;.RTROPHEC•SIJeAOATlC•S E~"OSIS 
U,tT~jjS[T'I'• Gi-ade 1 wn:n S!G:3 •n,;I l"RE: ,U 

lirall@ ~ W'JIC SHl , ! uid i=ae,u 
Gr,1(1c l Wl SHi , J an(l I'll!: ,,~ 
Gr~dt! .. , sr1:,3 an,;I i'A.E-u 
l;rl'li:lC ~ .. , SHiJ3 •nd FIIE , 5 
Gr,td,; i!i "H:h S.IG,3 11nll l'l'tE ,.s 

Qi.lAUTY; Jl~RSH w,11:n SIG , ! ""d FA:E :U 
l'IA,,.El.lltER , oi;cREA5ED , ~ 5Ctu,TT[ G w1~ 5HiJ.I! ~n(l FIIE ,U 

Ir,r.CA:E:A::m) .. i th S,-1'1,~~l.tHl '"a Slio , Z •<1d FRE ,U 
DiCll!E"ASEll .,, ~!I V/;LS-'IL\ll\ "I~ SIG , 2 ~n~ l"RE , U 

?Ar Ei:liil e ~AfE&PEA • .S'l'5TOLIC ... ,~ :OI6·3 and FR.E ,U 
HOLOS1STOUC .. , SIG,3 •ndl I-Iii.€ :IJ 

J-iE,-RT&SOO .DIS·, SIi ,., ~II sra , 3, 4"d ,orie,u 
LOCJ\TZCIN, 3!1Ul&LE -l t,rTERS-J>i'ICE w,~~ Slu : 3 an~ FR£ , U 
RA.DIii HON e F!n:irq l A.O •LEf -iHTERSPACE ~o .PRA;CO~D.I u •th SHi , 3 ml F E, U 
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• E :,;arnpl e 2 

"'S Loll'!• I H r-cr options . 
C£SC lB£ PU~E-S~STCLlC 

-ca q 1U 

i:tULE"~O" B R, E 
RUL!; •Nil ttE , ~u !;•:SV.5TDL IC 
RIJLE-~AT\Ji:t · -TEi:tn 
1W E•OOC~ E~ fnftO N, 

"II' 1 npu ~~~c.!~nl-"l I~ '10~ ~m ~l" 
A~D dom~ no~ ,ncla~e &RL &or~STCTL ! ~TDECi:t55tENCO 
~ND ID- D[ASIO~IC-UECQ£SrE~OO•CRES,E~OO 
~ND 11 I C• IHl<STOL 1 t • OE C;;tESCE ~DD-CIU:SCENCIO• ~• ITH- CPEN !NG - Si•~ P 

EH -~e AR.. !<'R. s . F • S ~i;I IHI ~c • •fo rm'!ln •gba.~;;•~ 

A query of the format: 

WH Y (A BN ORMALITY!] OVER IA BNORMA U TY2] [UST-ORDER] is given balow. 

Q!Jl!!:!Lt=hml C H i',;,,r ,opct~, Q co ciu1 c J, 
141-f'I' 1 OVE:R "R 

[ t • • Wl'III' h, AOO.l'tC•REGLJ.R.GU·1fH"ClH 
FG,n~d ,Cl\f£R_ 
P.UU10t11 C- R!a:G~ fl"AT'IOH 
1n ml!e FtlitST 1 t:i;, l 

( Tn i:.erpr•t.~t cm of SIG< J\ ,_sit. ~ tt.og,n o-~ 1,;: 
l ; i.par·t-ant, -" ~~one ly ,..., t ~t,t;;d -cvt n~a, t,;,,~ t:~~ o;,;,,r ~es~ t "-g 

•bm:1~- l i ~ -

la!Eiu n - SOOMO,S. 

W1 d!i $~ 
V.!!. , 
tt "R'I" • $(1UH[)S, 
wl tt) scrnu;: 

LOC,,TJON, 

w1m SCOflE 

"""· LOCATll;ltj T 

w1 t:n SCiOR,E 

3 ; Neg,1 t g11:1 1i; . ,;ht IIC-C..l"i :&t 1c tiu~ not a 1;11~er1m1na t. t nc f t ~-d1n11 A, J\l way~ present 
ti , llilll!lll' h • P~=~11t 
s . S~T:t m cS pl'!! en ( R.ar,:,J J 

AZ• IIECREA,S£0 wt m Slll ; 2: ,ancl FA;e: ; U "2:- D<CA;la/lSED .. tto SIG , :J !UHi FRE , $ S3 W1 f:h s u ;,,1 an.cl F R.ia ; S 7 . 00 

filZ - Il'lci!e,.:,1:0 ...- t t:1:1 Si'G , 2 ~nd F'RE , U o.o~ 
/;OP.TIC 

W1"h s li , 2: .. n ~ l'RE , U PUl. l'IONIC wi th SIG ;3 and Fri£ ; $ 1·.00 

PUUIOH!C ... i u. Sl0,, 2: llnd FRE , O AORT"IC .. 1:11 SIG a ) •nd FRl;; ; U 'I . IID 

Tli" fo l l aw-I n g 11~1:.d b ut. (:!I.) of" PU LIIIOHil C• REGtlAGlTAT I()",M t:,;( ,..N) - r ~ c o ns.1,. 1:•rn w1 tli ~r, t ni,u1: t:han A!Mil -l c~R.EGLIR.GnAT ION : 

:IHPIJT 
l HTl:;MSITY , 
OUA LIH': 
M:NEUI/ElR , 
PAT'l/!! rl.N; 
K.£1\ IU - SOOHO,~ , 

LOCA'U'ON , 
RJ\DI:ATJ 

llr11.-d'i,, il: 
El~HG 

NIO•Di~S7rOLIC• CIECRESCENDo•CRES~~N00 
~ • OECREASEtl 
S'l'STOLJ(:• CL.ICie;. 
S4 
A-DR.TIC 
F' ~o1111 AOR.'l'l C to TAAL 
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And fin.ally, whenever an invalid question is asked the :following cornpla.int wil be· 
shown. to th Wiler. 

@5~1on1 ( H gr op •ons_ Q l'.D Qu1~ l 
tiOW 

Typmg Q to the query-prompt wiH end the ion invoked by the DIAGNOSE 
operation and r-e•turn to the to,p level ,of the Murmur Clink. The system. can then. be 
exited via tile EX IT option on the oommand-.menu;..p.ane~ if dQi.red. 



c ·hapter 7 

Discussion 

.An Evaluation o ,:f Murmur Clinic 

T ' e approa.ch we hav adopt d in the design and im.plem _ tation of the Murmur 
C'rnlc sy tem. has eased the d velopment process. Although not as compact a.s a. con 
ventional rule-bas d system the modularjty a.nd transparency provided by our desJgn 
enable straightforward improvement and enhancement of th · ys em.. in.cc the di.ag
nostic procedure i ,explk.i'tly en.coded as discrete ,concep ua.l stru.ctul"es, the reasoning 
px-oces.s of a. physician .:an be closely simulated, and any deficiency in the formalism. can 
he det cted and corl'tec ted. 

The evidence-records hav .a.Uowed us to handle complications with mul iple mur
murs. While he current mechanism is not perle<:t, we a.re confident tha.'t we ave 
provided the basic mean -, to handle the major difficulties. We do not foreseer finem. , t 
of the mechanis:m. as a. mai obstacle in our futur,e work 

During th development process, we have e.xper·ment,ed wi h various appli,ca.tion 
of A:rt:i.licial hi:tell"gence techniques, and have learned much about tho diagnostic rea.,
soning process of exp Tt physicians. We have built an opera. iona.1 system with a certain 
ai:nou.nt of expertise in auscultation int-erpretation. The.rs still exist a. nu ber of e
r-"ous li.mi:tation.s which pl"eve:nt the y.s-tem. from being sufficient y compet(mt from a 
p ,rofessional point of view. We p:r ent a few of these problems here. 

0 e of the major defide-ncies of our sys.tem is t.he incomplet-enes$ ,of the nowledge 
base. The: encoded causal a.bnormalii je;s. in the data.bas input manffesta.t.ion description 
options. and the col ection of judgeme:n ta.] e idence represented in ·. he system a.re aU by 
no means exhaustiv, a]though the most .representative cas a.l"e included. E , en if we 
consider the a.mount of know]edge cap,tu~ed in the systenl. as adequate, we do not have 
enough skills to distinguish, effectively the most important tn:formation on h subj12:Ct 
from the ess important ones. 

A second major ddicie:ncy of the system lies in th dia.gno tic algorithm.. Although 
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we have captured SOIDE!I of the m06t impo:rta.n.t det:a.ils involved in the reasoning process 
of a physician, form.al:iza.tion of the algorithm ts far from complete. Jn dealing with 
classdication .and comirm.a.;tion of the abnormalities. for ,exa.m:ple, the notion of "'nega:tive 
evidence'" is captured on]y in the meaning of absolute inoonsisteru:y

1 
i.e. presence of a. 

nega.tiv ev.iidenic.e would exclude a particular abnormality from diagnostic co:nside:ration. 
wi'thou.t ta.k:ing into account haw ~egative"' the evidence is. A form.al model which ca.n 
handle. ·the positive and n,eg&tive evidences involved. in a ep.arate manner CODJiiistent 

to the human cognitive :reasoning proce--138 -would n .eed to be established, or else th~ 
a.igodthm would remain "fuzzy .. in nature. Furthermore, at present t~ .~tem is only 
cap a.bJ of performing tentative diagnosis.. A real ,expert, h.owevu, p erfonns tentative 
diagnosis only when a definitive one cannot be made, a.nd knows when he cannot make 
a. dia.g;noo.is at all. 0~ a.lgo ithm has not been able t.o capture these capabilities so far, 

The perior:ma.nce of the system is fu:rth8r handicapped by the fa.ct tha:t the user 
may not be able to provi!d exact "nformatio,n on the fu:i..dings for an accurate diagnosis 
beca.wie of the limited manifestation description optioD8 provided for hiin. 

And la.st but not tke least~ there is currently no way except through th.e pl'\ogra.m
mer ~ that th-e ·wi.er can change. or upd.ate tke knowledge ca:ptured m the syste1D.. 

7 .• 2 Future Dir,ec"tions. 

' t ls obviowt that a eionsiderable a.i:nount of work stm has to be done on the s:yst.e:m to 
achieve the level of expertise we desire. Som.e ,of the major issues we en.vision. requiring 
substantial im:p,roveznents a.re discussed below. 

The nut pr-indp!e .a,re:a. that. future wo: on he system sh.ould conoentrate on i 
fnrth~ formalization of' the :reasoning a.lgorithm~ especially in the parts ~~ding with 
interprietation of the evidences and uncertainty management, in general. In pa.rticu],;u-, 
the quantitative model w ,e .have adopted. should be rigorously tested for its feasibility. 
and appl'opriate changes have to be mtroduced .if necessary. The current dia.gnostk 
procedure hould .aJ:s.o. be upgraded to perform definitive diagnosis after soine extensive 
testing of the algorithm.. T-en.tative diagnosis should be made only when a definitive 
one cannot be· mtade~ and the sysite:mn. should be aware when it is unable to produce a. 

diagnosis. 

s,econd! area. is the re.finem.ent and e,c:pa.ns"on of the knowledge base. This would 
require ex:te:nsivie work done on in,t~gatmg hlllill.a.n experts,, which m t1Hn involves a. 

lot of know ledge: engineering techniques .. , 

Another area. that can be i.mp:rcoved is the a.ccw-acy of the input m.forma.tion.. 
Problems in. this area a.rise because, as mentioned i:n the previous subsection~ only 
a. limited number ,of options are pl'ov~de.d for the us.er to describe the auscu.ltatory 
finding . This i particubuly true for the mun:nur pat'ten'l, att ibute. As the display 
a.l'ea. on th screen is limited, a foasli.ble alternative to trying to di~pla.y all the options 



at the sa.mie time is to provide the options in dilferen t categories :sequentially. As for 
the patt·er-n attribute •. mo.re accurate input <:an be obtained by allowing the wie.r to 
t ailor hu; input1, fo!l" example.,, h • ca.n. choose to place th. opening snap o the peak of a 
murmur at a particular position In this case, however, we would have to comprom·se 
t.h aocura.cy of the input tnformation with a much ex'te.nded knowledge base to keep 
tra.,c;k of minute deta.it MoEeo.ver a. feature that would aUow the u.se to modify or 
update the knowtedge captured in the ystem should be incorporated. This feature. 
howev,er~ should be ca.r~fuUy imp!em.ented so as no to cause any inconsistency that the 
system main a.iner is u:na.ware ,of. 

We 1D.eI1tfoned earlier in this paper that th ystem, does not requite any p .atho
physiologic k:n.owledge underlying the manifestations, This ui actually not a.ctly true. 
We, as hum.an beings, always make better judgeme:nt when we have more :information 
at. our disposal. This is also true for th@ system. Pathophysiotogic knowledge· : need@d 
sometimes for making ~curate differentiation oI similar ni.a.nitest atio.ns ascribed to dif
ferent abnormalities, This ind of knowledge has to b@ enooded explicitly as evidence 
rult!B for the sy.ste.m ·to l"eCOIPl.ize. Although as much judgemental know .edg,e as possible 
ca.n be encod,ed into the cu.n-en.t s,yste1n, it would be much more efficient to in.corpo
:ra. te a pathophysiologic model, to which th.e diagnostic procedure can turn to when 
the encoded judgem.ental knowledge is m.sufficient for Ina.king a decision By arranging 
the knowledge base i to a. hiera.rclly, the system is shielded fro.m dealing -with detailed 
pa.thopbysi,oiogic kn.owledge unnecessarily, but is assured. of its ava.Hab.mty. 

And finally an interface is needed for coupli.n the Murmur Clinic syst@m to 
the rest of the Heart Failure Program. At the moaent. however, w a.re yet ·to com up 
with an approach in which the coupHng can. be done.. 
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Chapter 8 

Conclusions 

In this pa.per W'e ha.ve di:scu.ss:ed the, design an.d im:plem:en.ta.tio n o f the Mu.nnur Clinic, 
a ca.rcliac ausculta tion expert system. A deeicript~on of 'the problem do:m.a.m and the 
n:i:otivatfon.EI behind our a.pproa.ch m also presented. At present. we have an operational 
ystem which how, a prom.is.mg competence in its perfo rman•ce .. We have identified the 

major areas in. which. iln.pr<FY'emt.@nts a.?"e required, a.nd the zsefinement process is actually 
un~a.y a.t th com.pl tion, of this paper. 

The Murmur Clmic system is ,cuttently on-line for dem.o:nstn.tion and testing. 
The systeIIil •ca.n be invoked on any Sy:Inbolice: $;600 Lisp Machines by the foUowing 
procedure: 

l. Loa.d the file «z:>LEONG>MURMUR>MAK&-MUR:?i.1UR~CLINIC 1 

2. Type the expression ,(mak.e-m.ur:mur-cliinic) to the Lisp Lwtener, and wait fur the 
ow:c ti.I to be loaded. 

3. Typ,e the: ~re:ssion. ( visit-Innr.mni:-dinic ): to the Lisp Listener to invoke the pro
gra.m. 

4 ., Enjoy your visit, 

1 This fiJ i8 mounted ,0J1 aenrer J.OT-ZERMATT, i:IA!!t'-oodrMa~ ZERMATT.LCS.MlT'.EDU. 
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Appendix A 

THE ALGORITHI\t.I 

TB 

NO 

CE'TINPUT 

SCOJt,B 
"'BNOB'.MAJ I~ 
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Appendix B 

THE SY:STE:rvl LA YOU'T 

TOP LEVEL COMMAND•fJ: - - USER.-l:NTJBBB.A.CB F 

1 I 
l/0 IHIANDLE&:!ll 

II 

"" 
J.- .L • 

I 
I 

C0:aE EVDJBNCB 
TB.MFl:..ATES ~ 

BJCl"BBJ!:NCI; BiOLBS 

N~ 
II 

1 

SC~ 
"l'+BIBS 

I 
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Appendix C 

THE REFERENCE Iv.IURlVIURS 
PUl~a [C-~Et;,W!Gfj rroN 
INT£N~JTV , Gr•d~ t 

?;.nER , 
HE~ 1:n • 50Ul'lD~ ; 
~OCATION , 

Gr lie l 
ilLOWINij 
HIG'+i 
lilU 9l,5 

C"R£AS£tl "' I Ch IINSP [AA ION 
u t:iHi\NG~O ~·~~ !!IS~rMTto· 
EIIRLY•Ol~ST~l .C - a~c~~SCE~QO 
P2- I-"'CRJE!KSED 
~tJLl'l.ONIC 
A0i;:T1C: 
Frqm PU lC ~O lEFT-S~ RMAL•60~DE~ 
Fr- f'Ul.l'filN lC ~Cl RI GH'T-ST!:R i\L-BOR0ER: 
Frga AOll:Tlc, C<> 1.El'T-STeRML-BOPiDEII! 
From AORTIC ~Q R[GH,•STEAA~L-BORO~R 
~r AO-JU IC ~.a IIH.QJ. L 

Pl.IL Off rc.5 T'E'"~QS 5 
[ T£N\5lT~ , G~~~ 

Gi-a□~ i 
Gr.ul~ J 
6~<1d~ 

OOAL!rv , AA~ 
E;DUJl'.I 

tt.11.NE;~Ell: . D' Ci.tE II .,,ch V~l.S;tlVA 
I C~ASIED Wll:b lNSPIAATroN 
u .ClkJl.NGED w,tn f~SPtiu, ro 

l'AcHU - IHC - ~ 11,-SYSTC~z·c 
LATE-~EAK-SVSTOLrc 

HE;;A •SOi;N' 5 1 Pi• IJIEC~e .... sE□ 
srs,oue-c1.1cK 

LotA HON , PUL IC 
'OR;nc 
~RDalEFT-INTE~SPAC,5 

RAOIII ION , ~~Offi PIJ~ re ~o LEFf•STEll:N~L-BOll:OElil 
Fr- PU l't(IN[C ~o Rl~HT•STER Al•BOR0£1i1 
F,-.o AORTIC to Le.l'T •S ll:"111 L-SOl::OEII: 
~~om ·o~T[C ~o R!G~ •STE~ ~L-BOR.OER 
Fr~ l',(KU C ~o NUFtAL 

Pm. Or,tft-H~•NIJi:tl'tUA: 
tH'fE:t<SIT\i' 1 ij~IH! 1 

Grull!! ~ 

UAl tr , Grac:hr 1 
fti\JilSH 
HEOIUl'i 
SOFT 
[ C~l\::.ED 
EAR.LV -P£,; 

1 ell [ ,S~[AAH(IN 
-5VSTCUC 

NE" UIIER. , 
~I\TTl;;R.N , 
H!;~T -SOl,/CNDS . 
l OCAT[CM , ,u1..""' ic 

3110•1.EFT• lHlE S~~CE 
'!ADI TION, 

From ~D- Ll,~T~I"TEii!SPACE 1:0 L !' -STEllN"tL - !!Oll~E 
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... ~~ 
Wl CJf1 .. , " 
·-,j tl:J 
w 1~1, 
with ... ,u, 
Wl!L,t, 

11"!!.'Uil 

SIG el 
SIG!3 
SU; ,.: 

11:e u 
F~ ,IJ 
Fil:IE .IJ 

"11 '" ... , tP> 

'"°'Ul 
wH 
wi 1J 

l ~r, 
w,t:a!, 

SIG, ,~ 
SUi t J 
SIG . z 
5lG , :!! 
S 1:i ,2 
5IG,Z 
~tl:i , l 
SfG,l 
SIG,~ 
S li , 3 
sti:: ,3 
s1a,3 
SEG,J 

JI!; u 
FRE' , .:!I 
F~E ,U 
FIIE",$ 
FRE •A 
FQ,E eU 
FilE , L1 
FIIE: ,U 
FR.E ,U 
Pll.E t ll 

IIE , U 
F E" ,U 
Fi:tc , IJ 

• ~ SIG:J 
.. ,~11 srG,J 
,., l'1 SIG ,J 

IC.l'i SllltJ 
" I t SJG , ~ 
"" 1 ~h SIG , l 
,.. I ii.n SIG , ;,; 
;, 11;,h SlG t Z 
w 1 ~h SH;J.l ,.,~t, StG ,l 
w l t,11 SIGd 
w1T!JI $it:i d! 
W I th S I G,, l 
w l c.Ji SIG , 2 
wn:n SIG , J 
,.,tP> S I G,3 
WI ~l'i Slll , ? 

•·~ SIG;3 
.. 1 tPI S!G, 3 
,,,IC.M SUi c1 
w-1 ~ SIG,~ 

•nc1 F1tc,u 
"-"<:! FAE s LI 
•11d R£ ,U 
an,;I FRE ,u 

nd FAE rU 
~nd l'IIE" ,U 
dl'r~ FRE ,u 

no !'"1:tE ,u 
•nd .Fil£ I ~ 
•n~ Filf ,u 

n i:I l'J:lE ,U 
M,;j ~'R£ 1U 
~nd l'il!E , u 

nti •11.5 .'J 
"'~d i">IE !U 
Hd f' E-IJ 
~ncl F12~,U 
.;;no F"l'IE,u 
Uil 11'~£ , U 
mncl ll'ltE: ,u 

nd' !'Alf rU 

ltJ, SIG , 3 
"'1HI SIG , 3 
.,; CP> StG ,l 

• t:11 srn,3 
ah SIG,! ,.,o, :SfG; , l 

nd FAE,u 
4nd FiRE , u 
and Fj:!E,U 
ancl FltE',u 

w l C.h SIG ~~ 
w I SJli, l 

nd F~ .U 
an~ r'llE: , u 
"'"cl FitE,U 
·na FRIE !IJ 

~•f.i'i S[G , ~ "'"cl Fll£,U 
w11: SIG , 3 n,;1 F~E',u 
. .,, t~ srG , 3 anti l'i:i!E , ll 



~C T1Ca E~URGJIATtGN 
tNT5NS£Tv, Gr6de , 

Grade, 2 
Grade~ 

Cl'UAI. [ Y, OL U l.G 

;i,NEIJ\IE:i\: 
~Alf RIN, 

1.IX,';TI0l!I : 

1t,11t)t1<1Tt:O , 

~CIATIC-STEf'fOStS 
I El'IS1't¥ : 

EititT•SOU S , 

LOC,HtC : 

1>;._Q,rlHlOl'I , 

GH 

£ARLV-DI.-.STOLtC•DECIU.S~t DO 
EAALY•i>£AK•$YSTOLrc 
~i. oecR:EASEO 
lt2- INCRE._A.5ED 
S3 
.. oitnc 
PUL O IC 
Fl"a. 1!.0RHC to 'l'lfTAAI. 
F,._ ,'\OA'T'lC ~ IUGHT-S'tER l<L•El,oll!O 
Prom l'ULNOtUC co 111t"l'JIAI. 

Grill-de I 
Gf'il.d'I! Z 
Gr-ad 3 
l;,1",lj C 
Gir - dl! 5 
Grlldl! 
H;.JISJI 
$0F1 
□ECRE"-SED Wl'th VAI.SI\.LVA 
U C:~HG£D "t ~l'I l "NSP [!IV. rt 
IYECRUSEO ,,n t-11 I f,i$·PfAAilOiol 
EJI.RL Y • IP'EAi<_0 $\'STOl IC 

1,0. ~EAiC-svsrouc 
une-PiEAK-SVSTOL LC 
11,z~c t:~£ ... Sl£D 
$V$TOUC-CLIC1C 
AORTIC 

ITRAL 
From A0RTIC co L£F •HE!:X 
Fro. /!.OOT C to FUGlo!T - - .E 
F~- ITAAL ~o LEFT-H£C~ 
Fro~ ITRAL ~o i\lGHl•NEtK 

AQAf?CrFLCJW
lHTENSITV , 

R/1\IR 
Gr de, 
Gr-ad l 
l;ir,Dd" ~ 
Gradi!c 
Grade 'S 
lirll<l'II & 
Hi\RS 
SOFT 

£~~LV•Pl!!A~ - SYST0 (C 

AOR C 
F.- m AORHC t.o i:tIGHT'- NECK 

rDl!lP,r,:fH C • 1111 PER Ti\OPl;l EC• StlSAORTIC~ S;:Tl,NOS IS 
l ,HTlENS[TV - Gr.!1,do!! 1 

Gl"Ao:fl! 2 
Grad .. 3 
lira.<!r: 

QUAUT\' , 
tu.NEUVER , 

HEART-SOUNDS : 

Grl!d'I! 5 
□r11c1:e e 
lfAlls-t 
Dl!Cll:EASED •,n th SQIJA T TING 
UiCREAseo 1ti'i STANHNG 
I~-Se:Di '"'1 ch VAi.Si,~ Vn. 
I.A T:la r?E:Ait:-SV:ilO~ IC 
tt0LOSVST01.. C 
S!li 
Ji\0-~ FT•I £~~PAC LOCAf 

UDIAH Froa, 31Ul•L£1'1•! · TER.SP.-.~~ t.~ PR.EOORIUUl'I 
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,.,t:.h SIG ) 
,., ~n S[G l 
,_., l'I Sl6 l 
W1 ~h $IG l 
,-Jen s,c; J 

"' en SIG , 2 
'" '~ SiG,3 
" i t.ti SIG,2 
w1tn SIG,J 
,ocn SU:i , l 
a0itl'> Sl6,, 
.,;u; :SIG,! 
w1cn 51G , J 
w th SIG,3 
WICM S[G,J 

;;1ch 
w1th 
w1tn ..,,~ 
W1t;h 

1 ~h 

""''-1'1 
wj th 
wi'Ch 
wnn 

1th 
w,c.n 
1<11 en 
w1 b 
.. , ,:n 

1th 
... 1c.n 

""'· tt,1 "1th 
w\1:11 
...-1;;;, 
, ... u, 

Sic;,J 
SlG,3 
SJG , 3 
SIG , J 
srn ,~ 
StG,3 
SIChZ 
SIG:3 
SH:,.? 
Sili , J 
S?G,~ 
UG , 3 
SlthJ 
$!G , 3 
3Hl , Z 
S G,l 
SIG, , J 
SIG : J 
SIG,:!' 
Slll , Z 
SIG;t 
SIG cZ 

w1 n SHl : J 
wH.h S!G,3 
,., , t.h SIG I l 
"' ~n Sili, 3 
.. ; ch SIG,3 
w1~h :SIG , 3 
w1m srn , z 
wt~ SfG , 3 

ad l'rl!E,U 
dftd " E , IJ 
•no J"IIE,,u 
anti F,1:£,U 

r>d FRE ,U 

.i.nt1 FAE, 
r,cll FF!.£,$ 
n<J F'RE , U 

lind FRE, ,S 
and Fli!E ,S 
•nd l'AE , U 
dJ'id FRE , S 

nCI F'~;U 
nd. FR.E,S 

ana FJ.IE , s 

l'IRE ;IJ 
FRE dJ 
FR.€ ,U 
f"RE:U 
FA£ , $ 
FRE , :i 
I'll , u 
F~ ,U 
F'Rlf :U 
l'R,e,u 
F!lE ,U 
l''!E:u 
l'IIE, U 
F'RE , U 
F'AE: , u 
FR.E , U 
Fli!E:A 
FQE ,1.1 
FllE 1U 
Fi:11:hU 
FR.E,ll 

11.E : U 

"d FR;( ,U 
nd F~ ,u 

a"'ci FRe ,u 
,1n(I f'R'.E ,U 
4nd I'll£: S 
a11d FR£ ; $ 

",;:, FRE,U 
nd l'.A.E ,ll 

~,~n St~ ,J and FAE,U 

,ou, SlG,2 .i,n!;! F'R.E ,A 
~le.Ill SlG,z and FQE,U 

wan 
.,, t.h 
WIC.l'I 
.,,i:.n 
•,t.h 
wall ,,., 

I h 
w,tn 
..,.;~n 
W1th 
wl 'tn 
.. 1 u, .. ,t,, 
.. an 

SUi,3 
SIG , 3 
SIG,l 
5XG,3 
.SIG,) 
SHi , J 
SiG,3, 
SlG , 2 
sui.,z 
SIG : l 
SlG e:l 
SUir:J 
SIG :J 
SIG,! 
SHl , l 

and FRJ:,U 
and: F'A:e :U 
;and FRE: ,U 
,ind l':RE,U 
and FR£ ;$ 
,1n<;1 FR.I; , S 

IHI FRE ,U 
and FA.E,u 
.and F'IRE 1U 
and ~.R.E ,U 

nd FF!>E :U 
ant;J F";t!i,U 
11nd FRE , U 
and f111E , U 
,1,nd F"~ ,u 



"CT~AL-R Gq.itG%1AT I 
[Nl~NS V! Grag~ I 

t:.r ell~ i 
~~&'1~ ~ 
Cl",iHI' 
lil"ddo!e 9 
.,, ... Qo!, '5 

11}1 L ITV . PIAJt$H 
H[!lH 
;Sa:T 

l!il N UIIE~ , I CFU!ASEO w1t-1'! S ~lft Nti 
U~ CHA~C£D w•th VA'-Sl'.LVA 
m;:C:.AJtASE:O w, th INSP [Ill,. ION 
\J!'ICHA GED w>t I S P!~U 

PATTeRN, LA S•SVSJOLIC-CQES,c;E~DO 
.CLO.SYS OUC 

~£A.~ •SOIJN~ $3 
LO T?ON, I TILioL 

RIC.USP~O 
3.RO• LEI-I- !N TEIISl'IACE 

Flllill,11,HON , F r n'RAL 'CO t.El'1'&A JLLJ, 
rl'"- 'lTAA'- ~o BAC-
~r- , I CIJSP O to LEFT- f0tLAVH:ULAR•Ll N' 
Fl'"Om 3RD•LEl'T-[NTE~SPAtE ~o PAECD~OIU~ 

~ ITRAL• ~laCilfRG IT A f !ON•lfl:lri - Pil!QI.Aj>:5' IH1 ITAA'-• 11~ L VE 
I N'rt!IISITV, G'~<!llf~ T 

G~&cl~ .!: 
!ll"at:I''=' l 
Gr•de 
Gr~<;l !i 

®A.Ufv: 

M ii:EU\.I\ER . 

!tEART -SCl!.J:NtlS , 
LOC..ir tCN, 
A.ADIA,JtO.N ; 

l, I lAA'-• S TEKOS[S 
~,E snv, 

QiJAL[lY, 
MNEIJ"'E:~ , 
~ATTER!I, 

~OC,,,fIO~ , 

~DlATIOfl, 

ll,.ade ~ 
Hii.Ji!SH 
lll[GH 
SOFT 
[ CFl€A:S£D i,,1~h S!JUAH[ G 
\J Cl1\/I.NGED w ~ ~ALSA'-VA 
0ECl;!£1'<.SED ;,1 -~ 1"'5PlRAT? 
U.MCH.a.,t,;;l;:g- "'1 ~ti l>«S~IRJI\T[O 
Lili' E - S'(STOUC- 1:RESC:E,N O&i.!l -S't.510'. I~-tLIC-~ 
UIT£ -SVSTOL1C- C~S$CENOD 
HO OSVSTCUC 
s'ts101. u;-cu c 

lTAAL 
~r~m NITRAL ~Q L=Fi-AXIL!.,I\ 

Gr ~ L 
ij~ di! ~ 

Gr •ti 3 
RUti.ll\.E 
OECREASl!!D .. ,th f NSP lRJ.ll 
· to-ot~TOLIC•0£C~ESCE DD- C~SCEl<□O-M 
ID - rtl .:.STOL IC- Dl!!C:lile'.SCEt<'OQ- ~~$(£1<00 

E ... Rl ,DIA~TCLtC-Ol!!t.RESce 00 
0:PE" 1~□ -!mAP 
S 1-11"1Clrl£1'i5ED 
l':?• E. ~llE.t'1Sl!!D 

URAL 
\f~ ICI.Jl51'10 

IIRA~•FLOl,l~ ~URl'tt.lA 
[ N laNSHY , Grado: I 

iar"<lcl!!• .!! 
[; r a<;t 3 

QUA~U.,. , ~IJ -BLI! 
l'IJ\HEUVE:11 , 
PAn·e!lN , m~o tAS'tQ\_ I C - rt~C:R,i;SCENOO~uescE 00 HEAR.T • SClUND5 , S l &CECll:l;.f;.$!HI 
~CUJ.TION , , UIUIL 
IU\Df ll. TU)l,j r 
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.. , it Stcl l and R:E, u 
w11.n SH: :J ~nQl Fl;f,li 

"' t, srn 3 ~,i,d 1"~£. u 
~lt.'tl StG a otncr ~'RI!! , IJ 
~t Ui SJG 3- .i nd F'~E , :! 
Wl'CIII SIG 3 and F:i!E'-S 
~1th :sn, 3 •nd FRE ,u 
r!J1,cn S f ~ .l ilncl ~RE,u .. , ,, SlG 3 ■nd FR:£, U 
.. an StG if ;1111(1 FR.E, u 
.,"t, SIG 2 .m n d F~i;:; I.I 
,.i ~h SUi z a n,c:1 FlllE;Ll 

I ti SIG 3 ,1 n cl FRE ,IJ 
.. , tin SIG 2 11.nCI F~£:U 
~ I ch SIG ~ and FRE,ll 
"''• SIG ~ and FRE . S 
... 1 ~h ~u, -z 11.lld FR:EoU 
-iu;n $U:i 3 • ., g1 IFl'l:€ ,U 

i tt, s rn :, 4 n g F>ll.E . u 
,., ~h Slli 2 ctid !'"fl£ : I.I 
\<I UJ siG z anci F~ , 1.l 
\Ml SIG ~ • .,oil FRE1U 
' " tlJ :irn ) , ~no:! Ac.e .u 

... u, Sm , 3 o1nt1 FA ,u ... ~ SlG ; 3, • n l;l F~l!!, U 
-rl~ Slll1:J nd Flile' . IJ --·~" S!G , 3 11.~d F!!l!! ,IJ .. , ~ SIG , ~ ~mJ "RE,S 
"¥ I 'tlil su; ,;i a"a Fil£ ~S 

l~h s 1i; , 3 lft!J FREcU 
wl h 5rn cl a n (! l"R,t;, ,U 
.;al'I SIG ,3 nti FAIE:1.J 
"U,l'I SIG 1i ~a ~"RE , U 

I ei, srn , 2 n~ ~f;!i, •U 
'" I c.h STG,:z ~nd J.11( :U 
w1ti-- 516 , ! ~nd l'IE ,U 
with Srn i I ~IICI FRE:U 
wnit SIG , 2 "",;I FR<E rU 
!'1'1t:ri SiG;~ nd ~~ ,u 
W1t;t, S[G,2 • n g ~RE 1U .. , ~" S[!l , ~ ~.n(! ~AE:U 
.... t:.l'I srG,Z .--d FRE :U 

wH~ :u~,3 '11'1 F'll.E , u .. , ~ s.rn , :1 a n d ~ ",1J 
-- i c.n SIG ; ~ ami FRE,!J 
... t.11 S[G : ~ and FRE , A 
W11'.h s.rn :z a,u:t l'R5 ;U 
1,/ 'I ~t~, 1 •nd! FRE,Li 
Wltl) s ra , , i1n i;I' l' ~ ErU 
.. 1th 5 m rt n .ci FAIE;S' 
... j ~l'I SIG; 1 ~na " ie:,u 

jc.l'I S[G,1! a.n(I FJU: ,U 
W I C.ft SfG;~ an11 l'IIE :IJ 
Wl'C SH~ , ! .in'1 RE ,U 
... 1 JI SUl,3 ~nc!J AE;U 

"-le.II SIG,3 •f'd FIIE ,IJ 
,nu, SIG,.! •nd FRE ,U 
Wl~IJ SHlo:l nt1 FR.e,u 
w1 ~It :sr~,:a- am.I l'QE,LI 

l~i'I S[G ;1 nd ~A£ , I.I 
1 1:,,h SIG,J ;ir11:1 ~RE :IJ 

w •'th srn , ,:i an,;! ~RE,U 



iiltC:USPl0•1tE6UIIGHI\TlONI 
l TEN<.SlT't L t.r-•dc \ 

Gradl!! Z 
t.radct J 
Grg(!., 

CUl'IU:T't' HARSH 
SOFT 
l-1(6H 

l'IANEU'VElh tNCREI\SEO "lf,1'1 .tNSPilllif 0 ,>11,n5i1N , HOL0SYS1Q:L t C 
I; 11.T-SOUt,IDS 

LOc:11: ri TRICUSP I C) 
IUTft1.I. 
;!RO• LEFT- [ 1,tTE.RSPl',CE 

MDU\ I Fram TRICUSPI.D tu 1.EF"T~ IDCL~VICULA FL•~l~E 
Fr0l!I TIHCUSl'[O to AIC.11T- :.f£1ilNAl. • 80IIDER 
f!'rom HR.Al t.a lEFl"•/1~ L 
Fro. JIUl - LEFT~l,.TEllSP~CE 

HI lCV$PIO ~STE!I05l :S 
HITE srr, . Gradii!, I 

Gr<!lde z 
lir8.de 3 
GFCOC A 

QUAU Y; RU SLE 

. 
1:,0 

lNCFl-£1\SEO with IN!SPIRA1•0M 

P:RECOf!OJ Ui'I 

· NltUUElh 
r:>,UTERN, 

liE,'i,R T • SOl!lNJl;s 1 

I.OC>'iTIOt,1., 

1'1 £0•0lAS OLIC -Dl:'.t:iiE:SC1!!:NCO- C.RESC:IENOto•l-l!l'tf~OPENl NG •SN.tP 
l!J.DUSTCIUC•Oc CRC!CE -CIO•tllcS:S~E 00 

Ol'E'lil N.i;•$.NAP 
TIUCUSPH 

ITRAI. 
AADrr1no , 

r AICUSP[C • l't.OW. - U!l! 
Hl,f!H<SI rv , C;,-4,;1., 1 

G,ade i 
Grildil' l 

l\NEUVEFl , 
l',._TTE:~N , 
11£A'AT- SOUNDS , 
~OC'. .... TIO~, 
AAJlV\T 

6r11Q., 
Ut1BLE 

SOFT 
lN&REA:s:EO w 1 ~I', ! f<SJI [PA 'T 0 
!IJ'.Q. OIAS,TOL IC~ OECRESCE 00• C:RESCE,.00 

TR.ICUSPl.D 

AtR!~L-SEPTI\L•DEFECT 
i TE S[ v, GJ'atte • 

llT"~ll<: Z 
Grad.I!! l 
G~adc" 

®"'L [f't' , ~RSl'I 
.so -y 

AA ELIVER , O'ECRU\~£0 wlttl 'IIAI.SAl.11.o\ 
( N(R,£1\SED ., t,t, H i,SPIAA no,; 
I N:CREASEO ,. , t i t SQUAT Tl G 

P TIE.RM, EARt.'l 6 Pe,;,, •S'YSTOUC 
EAFl •Sl0l.lHDS 1 S'f$T0 IC-C'LJ,C 

~ 
LOCATION, PUL IC 

i#l~-~eFT-ll'ITERS~.ice 
AADIAH _, fr P'IJLNO!UC t.o LEFT- EC 

VENTR CULAR.•-SEP'T,.,L•DEFECT 
lHT IIISIT\I , Grad!!! 1 

Gr<!lde :z 
llr..ad~ 3 
.... cfi:, 
Gracie ~ 

Q!.Jl',UTV , 
!IA £LIVE ; 
P"-l £R , 

Grade, & 
-R::5" 

E"'ltl.Y•SVS'TOLIC 
C!lL-0:SYSTOLlt 

J.OD-LEFT-l TEP..SP~CE 
H ART-Sl:MJ DS . 
~OCIHIONJ , 
ltltllI,'i,ftOH , F~~ lRD - 1.iEFT ~ H1TEf:tSPl!C:E Q 11.lGHT-S ER'4.Al.• !IOROE 

From lll□ - Len- riffE 5Pi1Cla O PR,EC,ORDIU 
From 3~0-LEFT - [ _TEASP~CE t a ~OR tC: 

4-4 

.. an -SIG , ] ~na FRE ,U 
w,'th SHi;J &"d F'AE , U 
wit !5lG : l ntt FRE: , U 
wii:h STG , J anti ~IIE ; S .,.,t.11 SUi , l ,IJn,;j F'!Ul: ' u ... n S[G, nd FR'E , U 
Wlt.r"I srn , J an.d FFLE ,S 
-..,j ~"1 5IC. , l 11n(I l'R!!,u 
Wl r, srn , i and Fltf ,IJ 

w l ~ S[G , 2 nd ~~11.I 
.,j ~I', SrG c l .an.a FRE,U 
"'"11 Slti ,3 ,an,;1 FRE,S 
"' ~ii SIG ,.? and RE ,U 
w I 't SIG , J "0 F~E ,U 
•di.ti SIG , l ,i1nd ~JI ,u 
,., , LJ1 SlG cJ and FlilE ,U 

~,~~ SIG , 3 nd FRE , u 
1o1 ·cJ1 SlCh::al nc;J F'RE, O 
'" i t11 SIG ; l cd F'RE cU 
~•c.li SIG,3 and. l'~E ,$ 
"'U,1'1 SIG, l '!lni;I F'R.E d.l 

,u, srs,~ and FRE,u 
~iUI SlG ,I il.fld fRE,u 
" w SIG , n nd FAE , U 
Ith STG, 1 and FllE;U 

.,,, ~M SIG,~ ano FRI; ,u 
w1 , r, SIG,,l and FRE,U 

.. i th. srn , J ,ln(I F'R.E ,U 
with SIG,i IS.Del FRE:U 
wit.I, SIG , 3 ana FJl£ , u ,-1u, SIG , ~ ,!Jll<I F~E , S 

1th SIG , 1 ndl FRE ,U 
.,,th SIC , J an(I FRE : u 
.. , tll S!G , 2 d IF E -U 
1.;tt1 SHia 1 nd FltE , U 

.. , th S!G,Z ancl F"R.E ,u 

... 11:.1; SIG , 3 ancl l'~E . u 

.... . l ~ StG , 3 nd FR,E ,U 
't.li SIG : 3 ancl fFlE,u 

.,,th SI6 , J 11no f'A:l;,S 
Wl:th $ G,3 ili.nd l'l!E ,U 
.. ,1 cJ, SIG , 3 6M!l F;!,E ,U 
... .:;ti SUi.Z """ l"ltE' ,U 
""ltllo SIG. : ! <!Ind FRE,U 
with SIG , 1 afld RE'. ,IJ .,,i:,n SIG , 3 nti FQE ,U 

i StG ! 3 and F~£ ,U 
w;11:.n1 S!G cJ an(I F"Re,u 
with SIG ,? anti FIU: ,U 
""'th S.tG,3 and F!IE ,u 
,ottli SIG , 3 o11nd l'.RE ,o 

"ith SI6,J ~.nd l'RE , U 
\,l t th SfG , 3 anti l"ltE , U 
wlU, StG,3 Md FRE; U 
l!llll.M, SIG , 3 an~ F R.E ,u 
.. , tl'I S I G,3 and FRE , S 
Wltfl .StG: l nd FAE ,.$ 
WIC.tl Slli,Z n~ FR'E: ,U 

w11tr.io ·srn ,z ilRO 1''1!1 , u 
with SIG,3 ,il.nid FCl:li. : U 

I tl'l srn 3 a~~ F~ ,,. 
wat.n SIG l 1tn(I FRl!! , U 
w,th SlG l "nd F E,U 
liill,tJi SIG 3 .&n-a " "' ,U 
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