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Abstrmt
A pertinent, legibkand m keplematicazl r dfdfitates good
patient cam The ongfthe nvmnsw, signs and labfiind-
ings fich amrelekint to a patien's cndiion contributes
inportantly to the mei*al record The wnddraton and doo-
wnetation of other disease stata bw to be rked to the
patiey's primay iiness proide fiuther ehawnen We
propose dt devloping sets ofdasei c cre elenents
W*id a phyidan may want to doaunen in the moical record
can have manybn#t. We hypodhsize thatfora given dise,
ternsw ith high inyx*rance (7) andfrequmy fIF) in the DX-
plain, Q&IR and Iliad kowledge bas (KBs) are ems mid
am uswed awrmy in the medical record, and may be, infact,
tem c pk4 danf woufind uwfid to doaene. A study
wr udenaken to late ten suc sets ofdiase-speafic core
elkem. For eadc of ten prewue diesea , high 77 and iF
terms.fron the dte KIs metioned weepooed to derive the set
Cf core edments. For each dises, al pate records (range
38S to 16,972)finm a conSpweridz ambulatory nalil re d
databare nvesearsed to doaonent the acdual usebyphidan
Cfeadi Cfth core elmes . A significrtpe nage (rmge
50 to 86%) ofeach set ofcore elments ur co7rimed as being
used by thepysicans. In addiion, al nmical amcvqsfium a
sekcrion offidll te records we id ied, and an awmge of
65% Cfthe cna!w wrefound to be wae dments. tfrus KB-
directedmehd for obaining coe sets Cf pobkm-speaflc
emet isapprele diseases (for ic we have
abwudant mdifcal records to perform the )idation then it may
also prove wor%hMile for colcting due ns for rw
dieases,for whida patent recordsaresawc

Inhoductn
Knowing what to record in a patient's cat is one of the nedical
suen-t's most vexing concems. In a chapter on the patient's
recd in her classic text on physical examinaio Barbam Bates
warns ... in n can be buried in a as of excessive
detail, to be discvered by only the mot persistent rade4l.I
Cearly e can not record everything. Having a set of radily
available, p bl d s, however, could be quite
usefil. In addition to the potential ional benefits of
imparting to s and d ts a s t list ofp em-
cific elements, hes sets of terms could ficilitate entry of a
prblem-based medical record in a physician wedcstatio Any
inrea in a stand zed vocabulay which these sets night
afford could help to facilitate commm iicatio anxxg health care
providers and among coxn er-baser appliatons. As suh,
this worc is cloely relate to die wtivity of the Unified Medical
Linguage System (UMIS) p1ect wher bionedical n

are identified as an aid to gbetwen kwledge
sources2].

Preiow Work
Three llt exal of where controlled
clinic vocabulries have bee deived are lustrtive:
Tbe Anmican Board of Peliics (ABP) has inco red

record review as pelt of its ory cifation proce.
To help pediatrians prepar for this activity, the ABP has
staed to prohue sevedl "Guides for Reord Review' on

dclinical conditions. In the margns of thes guideboks,
"in~xxtant eleexuts to be il ine the record' appear. These
probem-secifc elnxuis ae thus itended to help a physcan
with quality &sDmnc of his/ own al paient

A sxxxxl exan,le is siown in a pae descling the Ener-
gency Dep1it Expert Chating System (EDECS). lbe au-
thors te that dthe Anmicn Colege ofEnn cyPsiycians
is e ing to cates [of care] dt are based on the
patient's chief complainL" EDECS hs been developed to
prent a physcia with a seie of screns which prompt an
apprriate histMy and physical exam based on tie chief com-
plaint[4].

In a thin appliion, Holbroo and Aghababian developed a
list of critical t positive and negative findings for eah of
five high-riskdg . This wok has become die basis for a
mor brond4x-b d real4ini risk prompti g nedical
record system which uses voice-ecognitim technology for fipt
entry[5].

In eh of Ie thre applicaions just describd, dhe auths
have compiled problem-speific groups ofeets The exam-
ples demonsat that such el ns m be used in quality assr-
ance for rerd review, filitated entry into coWter-based
iecal record syst isand improving risk
In nme of the application just cited did the auths indicate

how dee sets of term were derived. One nist asmn that the
sxum is a combiation of peroIn clinical experienoe (in an
analogy to the origin of practic policies, Eddy %uld call this
die 'gloal s ctivejudgenxt a 6') nd die liteate.

There are several ntxis by wich one might try to identify
iutically thse sets of te1n. One altemative vuld be to

search die ndicl litatue r die apiae informatio
Anodier possbility wvuld entail reviewing lag numbes of
nedical records. Both of thse altenatives ae iordinately tine
consuming. We propose that comp.ter4xd nedical decision
upxpt KBs, by virtue of heir cotining a dealth of data on
disease-term relaionships, povide an excellent source of
infmation from which to derive proble-sneific sets of tem
with minimal effort By using the individal KBs, we cm
pool die experts of all the knowledge es used in the
development of se systems as well as deces the regioa or
gogrhic inlue of any on Addiionally, deficiecies in
any ore KB my be lanced by die odl tw.
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Cimino and Bamett peviotsly described the validaton of a
prototype vocablary of cardia exam tenm. Tfese terms, de-
uived firm MESH, SNOMED, textbools and odthr soures,
vere validated by rting the cardiac exam portio of 75
actujal medical cds usng this onboled vocbulary(7J. In
the preset study, we wil as use actual patiet records to
validate the p e terims. We we not a i dat
eidter the medical records or the KBs we a "gold andr"
Rather, we propose tat the KBs pmrvide an asl c e,
fiA way to idnt tem, and the medical
records prvide a frtile "tesing-gtimd" to d ine the usage
ofthse tam by cinicians.

Inamvig ata setofcotetms, it is not our goal to seify
precriptively which tms soid always be record fox a par-
ticular disea as assesed by validity, or rele-
vance. Eddy might advocate that suchs be deived only
after outcoms,-bsed rsarh posiy considering paient pref-
erenes(8], a method which 'can cost tens of t s of
dollan and require seveal nd "- Md this only fox one
diseas or prble! Radtr we hope to show that the quia
tive, easily a blei contained in computer-base
KBs can be used to sggest a list of el s which a physcian
may want to d nt the medical record.

Mefhoo and Prceres

Tbrhe KBs %,e used to derive the oore term lists.
Q1R has been under devlopment since 1985 by Miler et al at
the University of Pinsurgh. This KB conti some 600
disease profiles and 4300 disea m iStations fi For
each finding in a disease profile, the term fiequewy (Ir,
ranging from 1-5) descrbs bow fruenty the fining is found
m a patient with the given disease. MTe evoking sth (ES
ranging firm 0 to 5) indicates how strogly a disease ould be
considered in a patient with the fiing. Eah tem also has
associaed a disease-i endent term i ne T, rge 1-5)
which describes how significant the term is (if the 1n=I, the
term could be diserded, if 5, the termsd be ained by
a disas in the dif alX9]. For each disease profil 50 to
100 articles from the medical litrature we reiwed and consul-
tion fr clin expets obtained[0J.

Tie DXplain proect has been evoIving since 1985 under the
direction of Bamett at the Maschusetts Geneal HospitaL This
KB tains over 2000 dicse and 4500 findings. DXplain
also uss the oceptsof TF, ES (range 1 to 9) and TI (ge 1
to 5). lie 1knoldge xn:e for DXphain include CMI 11],
medical textoks and aricls firm the medical literature[12J.

The deveopmet of the iliad prject began in 1987 by
Wamer et al at the University of Utah. The KB cnains over
1000 diseases and 5600 diseasef A disease is rep-
resented as a series of Bayesemand Boo faes containg
findings and iated probab lityi o Iliad, the
counart to die TF of DXplain and QMR is die sensifivity or

P(findingI disease) (rage 0 to 1)[13]. The Iliad KB does not use
die conept of TI. TIe KB is derived fiom clinical expes in

khxwle aigienn ses , fi the HELP sytn patient
datlahe sd from literatu-es `14].

KBs re" ta s of quanfitative iulbrnutin about dis-
ease-~m relationsipa They derv fiom a diverse se of re-
sKu~ including e n dical texts, joural articles
ndi - recoedda
Daivation ofwnmmk-~nlstIs
Ten cormn disease we chosen flom a list of pevalent
disecas in a curt COSTAR pient databe i use at Mas-
sic S Germl Hospital[151. The first ten diseases on this
list which were profiled in DXpain, QMR and Dliad were
chosen. Foreh disease, a coaeelement l (hereafter alled the
KB it) was cosnucted which included dte union of all terms in
theth KBswhemT> 3 (forQMRandDXplain), TF> 3
or 7 (QMR or DXplin) or sensitivity > 0.5 (liad). TF > 3 or
7 for QMR or DXplain, respectively, creonds to terms with
a fnxcy ofgater thn 50%.

in adit to coaining i of the disas at
harKi, id KB i can be by mchxding as elenrnts,
odter ('trigger') disease state which should be considered when
evahlting a patient with the ('given') pariula dises. For
e, h K st fx the disease anga pectoris" w d

include not only the "exertional dspan" and
"cn gsb chest pain* but also the 'trigger' disases
'aortic valve seosis" and 'mute MI." 1 KBs provide the

to obtain e addi seases In QMR, the
'trigger' diseases can be obtained usng de 'U ri
LINKd di with TE or ES > 3 d, rectively,
todi whichoo in a signifi t number of patients with
the given disease, or diseases which one shud think of when
dte given di is known to be presn Additionaly, 'trigger
diARAs' may be d by Ing the KBs for disas stat
forwhi the given disase, if it exists as a term in the KB, has
an ES > 3 or 7 (QMR or DXplain),ordi which have a
prlbiqity of > 50% when the given di, if it exists as a
finding in de KB is EXPLAINed (iad).

lhe first object of the exeiment was to determine whedlr
these KB-derived s or we used by clinicians
We e that if th cnp w.e ientified as present in
the nical recood, and ifa -gifcat pe tage of the c
in the ord were found on the KB list, th the
canc9pts derived fiom the KBs had been to be a
vaWlid of ifics

In ore to managed R g proce through medical
rerds, a sing imensionl cross tbuion frqency ount
was pexgh all paient records in the COSTAR
sstem for eaw dises consdred. Using MQL (Medical
Query Lguage, a databse al l which ca be
used with COSTAR[16D, one word, tw word and the word

-rs vwd fiequency lists (WE lists) wsr genwatedL Each lit
contains, in de g r, the most flujuent one, two or
the d phrases enounteru in de medic reoords for a
givendi Two odr cn whi this study s
ptAuai ID the WF lists: (1)Sine arbitrary cutoffs vwe used in
gnrting die WF lists (see footnote Table 11), to what degree
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do the fiil text medcal recds contain axicepts canot be
found on tee WVF lists, and (2)To what degree do the WF lists
ontain concepts which canot be found on the KB lists.
-UM Matdft

The fist isse d was whethr the KB ived ias
could be doummen in dte WE lisast Eah onoept on the KB
Uist was evaluated in tun Tfe concept was coandered to be
documnted if any of the following cnteria woe me when
searching the thre WEFLat,
(1)Exact word matb.
(2)Synonym match e.g. the concept 'Distal n
Nodule" (DXplain term) wa nh to 'Hebegdon's Node' ( a
medical record term), and "Heartm ' was natched to
'kxigestion'
(3)Diflient stem but equivalent moept h e.g.
'Protnuna' is a KB term not present on theWF lists ated
fiom 1187 records of UT!enoitem Wen the seaah of the
WF lists was a to the m e ' n,' 1d two
word phra '1 + prtein' was fou, which in the ontext of
UT medical records, is a concept match to ' ria'
(4)Hierarhically pconcqt- a match to a 'Paret' or
'child' concept, e.g. the tem 'Totdal hng capaciq ieed' is a
KB term for the di Asthma. Altough this term is not on
the WF list, the phra 'Check PFT's' is used 31 tis in the
2236 ashna records eeamin Bmse the infrmation
contained in 'PFT's' will addre the issue of 'Total hlng
capcity,' this type of concept m g was pemtted. Only
items at different levels of the hiezrchy were allowe to nmtch.
For example, the KB term Pyuria' would not mntch to the
medical record term 'Henatria' even thxogh tse c s are
related, e.g. both vxad be obtned in a UA.

The next issu was whether werew othr cotps on t
word frequny lists not preset on the KB lists. To ascertai
this, the one, two and thre wod WF lists were revnd mn-
ally. No trapy-related terms were coiderd si none of the
hee KBs contains apy inrti each word phrase,
two criteria needed to be s

(1)Ls the word phrase clinially i n?
(2)Is the word phrase reevant to the disease, nder considact?
e.g. 'Renal insufciency," while clinillyim tant is not pri-
marnly gemae to the disea 'teowthntis.'
If the two critei were afisfied and the word phrase was not on
or concpually rlated to any term on the KB list, a tally was

The next tak was to as the perntapge of c s in t
fill text nmdical records which %we oonxtned in the KB lists.
13 to 16 randomly selected flil text mxxds for each di e wee
revived. For eah record, all tnent cmc-ts Wefe
idenified. Again, teay-eated we not considered,
and oncepts deemed to the dis w als dis-
regarded e.g. in a record about UT!, the concepts "concered
that mote died' or 'cardiac 216 systolic ejecto nrw were
judged not relted Concept m g was to

detemine the p ro nof fill text record onps which coWuld
be fndon he KB fist

ReSults
Table I sows the reslts on the ten di stuied. Displayed
in the firt column is te nunbe of full text ors m which
the WE fis wer gernrated. The denomintor in the secod
colun is the mbie of KB tes (core el s) otie for
eh dis im thet KBs, while the mator indicat
the number of term actay docmend in the WF lists. The
extent to which the p of KB tmu docm ted in the
mdicl recod is lk thm iis the extent to which extr teams
eit on the KB list An wavge of62% (rnge 49-869%) of the
KB-derived con ep e htmdtobeprst in theWE fists.
TABLE I
Poporto of total KB terms donerte in theWF lists

Terms documented in WF lists/
N rec'ds Total KB tersn

HTN 16,972 20/40
Diabetes mell. 4,393 24/45
Osteoarthritis 2,806 24/28
UTI 1,187 24/29
Asthma 2,236 24/39
Duodenal ulcer 385 17/28
Hypothyroidism 1,254 25/51
Angina pectoris 1,568 27/38
CHF 1,083 32/64
Sinusitis 444 13/24

Table II dern ttes degree to which terms on the WE
list were not contined on the KB list Table II liats the number
of one, two and three-ord phrases which were used fiequently
in the medical record and deemed relevat medical concepts for
the proem und consderation, bt ame not on the KB list
TABLE II
Nunber ofenneeIts on the WF lisls NOT onKB list

1 word 2word 3 word
HTN 5 12 3
Diabetes mellitus 0 3 2
Osteoarthritis 2 9 13
UTI 3 14 5
Asthma 2 13 3
Duodenal ulcer 5 9 5
Hypothyroidism 0 6 2
Angina pectoris 0 8 6
CHF 1 19 4
Sinusitis 1 9 4
note: For the '1-word' word frequency list,terms were
reviewed to a frequcy of 0.2X. For the 2 and 3-word
phrase word frequency Lists, the 500 most frequent
phrases were reviewed (0.04X to 0.17X)

Table M's results am ped3aps the most inrting. Here we
see the ppi of cocpts from fiul text calr ds
which canbe found on the KB list, on theWF iatb notton the
KB list, and on neith list An average of65% of the concepts
idefied in the fill-text muords mnpled wuld be found on the
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KB list,andan addii2al21% ont e WF lists. One niigt
wonder how 15% of die xmws ientified m die fill-t
records could be misng fim die WF lists, sinDe ie WF lists
originat from the fill-tet recods The answr is tha sone of
theWF lists cut off at a fiequency of e.g. 4 (see note, Table 11).
TIhus thse WF lists wIld not reflect those c f in
the n1dia records with a frequency of less thn 4. In addition,
not all cocepts can be e as one, two or thre vrd
phrase, e.g. fiom the fiul tet 'Can wac up 1 flight of stis
with difficlty, in the context ofAsm nedicl rcord, the
concept of 'Dyspnea on exetim' cm be Hoawever
this conept wod not apear on die WF lists which contain
only one, or tee vd conigus a fonlid die
text of hie patient r d.

(3)Findin with a higlin arel ytDbe ofgr clinical sig-
nificncetha findings with a lowTI (this is part of die definitin
of TI); as such ey are 'higher prioity' t include in a

A possbe source for enr can ocour whe die auos
a KB list e twas equivant to a em acally used

in the medical record whm in fict die tems wre not equivalent
For e, e KB ived tem -No c in
die Hypertesio pmfile was mntched to die e word concept
"VA fiV m hde WF list which wa used 31 times in 16,972
hypertensio records. It was asmm tthe use of die term
'X'A was desmling vanillylnxelic acid, which is ofte
meaured in patients uispgctd of having y
but this was not a staightforwad o ncept

TABLE III
Peretage ofFul text maxrd s on KB list, Not on KB listho on Word Fr'equnc i (+WF/-KB), or on Neitw
List (-KB, -WF)*.(Pt tages may not add to 100% due to ng)

Avg # Concepts
KB +WF/-KB -KB/-WF per record

HTN 41% 39% 20% 4.4
Diabetes mellitus 68% 9% 23% 5
Osteoarthritis 50% 30% 20% 3.7
UTI 62% 28% 11% 4.3
Asthma 82% 11% 7% 3.7
Duodenal ulcer 73% 22% 5% 4.2
Hypothyroidism 81% 14% 6% 2.8
Angina pectoris 71% 13% 16% 3.5
CHF 63% 22% 15% 7.3
Sinusitis 56% 21% 22% 5.9
AVERAGES 65% 21% 15% 4.5
note: 13 to 16 fuLl text records were reviewed for each disease (one record was reviewed for each of the 16 physicians that
use the COSTAR systan). A 'record' is defined as oe enmcouter recorded by a physician on one patient for the specific dis-
ease under consideration. For osteoarthritis, as an exaple, a record avraged 4 lines of text.

*Sane cornepts from the medicaL record listed in the "neither List" coLum would hav been an the dfrdf y
lists, if lower cutoffs for generating the WF Lists had been used.

Disczion Table mI shws tht an average of 65% of tde ts
Arriving at a set ofpeemficdelnts for use in the dified inm e fiul te mneical nxrds wefound to be KB
medical record may not seem a difficut task Tbe sinplest ter For each diseas, a single ecoutr was reviwed for
strategy woild be to read an acle about ie diease, and wite h of the 13-16 physicia whose patients wm in the
dowu a list of s , signs, lab findings and related oxii- COSTAR databe It tio be e c duat only a few of hie
tions metioned. Unfoiuately this stategy may be s-boptinul KB tme night be usd in any singk paient ow ter, a
since the list will be biad fmm ie tivof one author physician uld not need to use all die KB ter1s in eh and
oonmared to die lae number of jounal refer ex,ts and every eountr. It is e ie tat a higer age
clinical experts present in thee KBs It may be dfficult to of the ts e fil text records mayhave bee found to be
distill firom te article rad even semi-qnittive infrmation KB tmr had we usid nmldpe eomtes for dhe sn patient,
about the fiequency of ocourrene or cinical sgnifcanc of the ater tn a single exonter.
temrr, whes the KBs contain this data in a usefiul quntative Many of the teams found on the WF lists which wme not on
form. This allou the oonstuction of a list of clinical elments the KB lists are in fit present in the KBs, btt with a ker fre-
tailor-nade to specific criteria in a way not possible odtwis quency or TI than theairay cutof nece fyfo ision on
We chose tde criteria of high TI and TF when constuxig our tde KB liste For mple die term "Peural effusion is present
lists for tdefo ing reas:on in theWF list forCHF, b is noton ie KB list The term ism
(1)To naffvw down the list of e ts to a n blsize for both the DXplain and QMR KBs with TFs of6 (3)50%) and 2
eah disease. (6-35%),r. This exapAle iLiratas nicely the trade-
(2)Findings which occur fiequnly in a di mavery hley off in aeving a cxxcise KB element list wh g higher
the terms which physician will need to use fiequedy in weooed cutoffs, vers ing an ive list with low cutoffs.
ing a patient's caiitia . We are encoaged by our rslts wich that, by select-

ing the e fiom the 3 KBs as o , a list of term can
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beomposed n which an avage of 65% of the c s fn
the nodical reocmx ca be found. Previously, au s have
described fic lists of temu with api to the
ndical recd [3,4,5]. While these autos did not dtesrb
dteir mnthods for arrving at thse lists, we have described a
strightfrward nio which we believe p a good
foundation for ishing dthm

It would be axrrwusly tilm onsmg ay, nd teh-
nically very difficult (if not ioble), to take large nunIbezs of
c unnm text4xwsed nmdical records and expres the nmdical

qI-rts within the usn g the conroldW vocabulary.
Conversely, if this prbe-pcfcvocabulay stnucturve
imposed at inu,a physician might wilingly a irl,tt a KB

derived term for a conceptualy equivalent one, when entering
the record. This is particularly tni if the nchanism for doing
this is easy and if incentives are great (e.g. useful patient statistics
fued~k, aseof retrieval of patient data for research proe)
It is not surprin tha nuiical digotcdecisionsupr

KBs should identif terns which are useful to douuti a
patient's record. Ultimatey, the chain of events leading to the
devlopuntof a KB begins with a patient (see figure). KBs are

thusi, in a sense, 'highe level' or 'refined' greae of nudical
mreixds, couple with clinical experienc and oraizdi a
highly stnacurd, quantitative 6iion. Mre ability forths
sanu KBs, te,to prvid nfrato which can seve as an
outline or tepaefor nmelcal record dat could be pr tedictdL

fig u r eknowledge and Journal Articlesfigure ~~experience of

,physicians and other

PainsSource of'i health providers' Textbooks 1KBs
medical rercrs

Clinical Experts

Conclusion
Medical diso-suport KBs contain detale quantitative in-
formtxion aotterrns and diseas-term reainhp.We have
describd a relatively quick nmehod to identiyprtnn

proble-specfic elnuntsfor use in nudca reor
douutationm. For a specific diseas, thos KB terms with hg

TI andTF nmaybea good starting point fora cor set of elements
to dcu:mnxnt in the nedical record For the ten prealent dis-
easseamied,a sustnial pecnaeOf teeKB terms were

validate by docununting their presence in wordi fiqupency lists
obtaned from actual patient records. Moreover, asinfct
prprinof the concepts noted in the fiul-text medical record

v.re KB terms. Any set of core eleenbit will have to be
adapted to the actual clinical site where used. The results
obtained so far are encouraging. We sUgestthat this nhi
may hold even greater value in the setting of rare disess Si=c
physicians may be les fatmiliar with thes conditions. KBs are
filled with detailed information on rare diseases and physicians
may find suggestions about appit ternus to dcni
especially useful in this context
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