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A.A. Litvinov, M.A. Litvinov
ON REDESIGN OF UNIFIED CLINICO-STATISTICAL
CLASSIFICATION OF DISEASE INFORMATION SYSTEM

Annotation. The work is devoted to redesign of Unified Clinico-Statistical Classification of Dis-
ease. Text editor-based user interface has been developed and multilayered Architecture was
provided. Such modifications made UCSCD management system more flexible, robust and main-
tainable.
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It is even hard to imagine modern medical care without any standards. But the
foundation for the standards is not a trivial question: different groups and even
medical schools defend their own approaches. But if we think about medical care
from system development point of view, we will find a lot of analogical points. We
can think about the process of treatment in analogy to the process of tuning or re-
pairing the system. When we try fixing something, the first steps will be devoted to
understanding the problem: the nature of the problem and the state of the system
required fixing. Knowing the state of the problem can lead us to the proper way of its
resolution. In medicine that state called clinical diagnosis can be thought as a formal
description of disorder in a compact form which is clear enough to start the treat-
ment. To make that description formal different classifications are used [1-5].

In Ukraine, a group of scientists under the leadership of prof. Bereznitsky Y.S.
proposed Unified Clinico-Statistical Classification of Disease (UCSCD) which was
rather compact and easy to use in comparison with its foreign analogues [7, 8].
UCSCD is based on standard International Statistical Classification of Diseases and
Related Health Problems (10th Revision) [6] and in a simplified way can be thought
as its extended version. To make it compact and flexible frame-based knowledge
representation model was chosen [9, 10].

According to UCSCD model each frame used to represent a set of clinical diag-
noses is connected to definite ICD-10 code. As a rule, each frame is composed of
several nonterminal slots each of which connected to clinical characteristic (such as
Location, Complexity, Phase etc.). An example is shown in Fig.1. The structure of
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slot represented as a composition of facets which can be divided into two categories:
semantical and syntactical. Semantical facets are as follows: capacity of the slot al-
lowed to describe how many values of the same characteristic can be used simulta-
neously within clinical diagnosis description; type of characteristic (axis) allowed to
describe the class of characteristics. While semantical facets are used to build se-
mantically correct representation allowing to make statistical and analytical proc-
essing of clinical diagnosis information, syntactical facets are used for building syn-
tactically correct and comprehensible textual representation of clinical diagnosis

(Fig.1).

ICD-10 code K25

Characteristic L - Locality T - Degree P - phase

Frame Ulcer {oftheIL} {with!T degree of injury {in !Pin phase} }...
Terminal slot | | Nonterminal slots | ------------- ' | Nested nonterminal slot |

Figure 1 - UCSCD frame structure

Slot structure

{ ofthe IL }

Terminal 1 |-~ ; Terminal 3

Slot value L1 - antrum of the stomach

L2 - forestomach

Figure 1 — UCSCD slot structure

Thus, according to the frame structure mentioned above the following code of
clinical diagnosis K25 L2T1P1 can be transformed into “Ulcer of the forestomach
with moderate degree of injury in exacerbation phase”.

UCSCD is used in two variations: electronic and paper one. Electronic version is
based on frame-based knowledge representation model and currently used in two
modes: the expert mode allowed to correct and reorganize the frames and the user
mode that allows to use it as a source for clinical diagnosis definition, reports etc.
Expert shell currently used for editing of frames is shown in Fig. 2-3.
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Figure 2 — Unified clinico-statistical classification of disease editor
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Figure 3 — Unified clinico-statistical classification frame editor
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Task definition. The problem is that in real life there cannot be a lot of experts
able to maintain the classification spending a lot of time. Thus, the process of main-
tenance should be effective enough to be implemented in real organization, consid-
ering that the effectiveness is capability of producing a desired result avoiding sig-
nificant expenses. Firstly, it was suggested to introduce a kind of frame-based classi-
fication management language allowed to manage the classification using script
files, but it needs a specialist able to write such scripts playing a role of mediator be-
tween the expert and classification. First tries showed a number of problems such as
translation errors, time delays etc.

Thus, the solution of the problem relates to expert’s shell Ul reconstruction
and adding new functions which were not realized and even could not be realized
in its previous version.

Main part. From the start we were focused on two points: escaping misunder-
standing and reducing superfluous movements on behalf of the expert; increasing
the speed of tasks completion.

Firstly, it was noted that the experts were quite familiar with MS Words Editor.
They found it more comfortable to create new structures and modify existed ones
than UCSCD editor: he/she frequently copied and pasted pieces of information from
one frame into another etc. Of course, direct use of MS Word cannot solve the prob-
lem because it does not have necessary checkers able to test the created or modified
frames and not connected with the core of the system. Thus, the main direction was
to take the idea of MS Words editor as the core concept of expert’s shell project.

Secondly, the architecture of the solution was significantly changed: intro-
duced n-layer pattern allowed to switch the application from single expert one com-
puter mode to multi-user client-server one. It can be made by replacing client as-
sembly as it is shown in Fig.4.

Service

N

Editor
A 4
Client
A 4
Use cases
A 4
DAL
Database

Figure 4 — The architecture of UCSCD

Objective model of UCSCD is represented as tree-based structure shown in

Fig.5 which can define nested nonterminal slots and slot values with complex struc-
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ture (means the case when slot value is represented by the frame having its own

nonterminal slots).

Slot
Frame TerminalSlot1
TerminalSlot2

TerminalString0 0..*% TerminalSlot3 1

Code > NumberRestriction1 o

Notes 1 NumberRestriction2

Number Order
----------------------------------------------------------- Axis

B

Figure 5 — Objective model of UCSCD domain

In reality, based on the experience of Research Group it is hard to manage
frames with more than two levels of hierarchy. It means that slots of complex root
frame slot values cannot have complex values (i.e., fames with nonterminal slots).
Such restriction also simplifies database structure, which can be represented as 1-n
relation of two basic tables: ICD-10 diagnoses table and characteristic table. How-
ever, objective model allows to build the structures of any complexity. Thus, in case
of changing the database schema, modifications will affect only DAL and Database
layer components.

Main functions of expert’s shell to be realized were as follows: add-
ing/modifying/removing slots (clinical characteristics) and their values, adding
comments, and even switching the languages. All these functions were developed
taking in mind the ideas of simplicity and effectiveness of actions and unexperienced
user behavior. E.g. to add a new value to the selected slot, user have to just press “=”
key and the system analyzes the location of the cursor and defines the slot to which
new value should be added, automatically providing its name. To the list of required
functions were also added some additional functions which made the process of de-
velopment more comfortable and effective. They are as follows: rolling back after
correction, switching the language. Some actions of inexperienced user can damage
the frame and to return it back to the previous point of successful modification or
even to initial state can be problematic without “Undo” special function. Thus, we
propose to record the history of changes performed by the user and to use “Undo”
function based on that history.

Adding the characteristics from other frames to the target one can be done
simply by copying of the text from the source frame and pasting it to the target one.
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Syntax highlighting and frame checking have also been added. When the user tries to
save the results and leave the editor screen, system checks the frame against the
rules and informs user in case of errors about the place and the specific of errors oc-
curred. Main window of the editor is shown in Fig.6.

It is notable that to check new added or modified frame its textual description
should be converted to the inner representation of “frame-slot” composition and
then checked by the Parser component responsible for “text-frame” transformation
(Fig.7). Model component responsible for saving modified frame is composed of Cli-
ent, Service, Business Logic, DAL and Database layers interacted objects. The impor-
tant point is that for an error occurred while checking the obtained structure, the
message which informs end-user about the error should also indicate a line number
in the textual frame description which caused that error enabling error block selec-
tion (Fig.8).
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Figure 7 — Transformation of text-based representation into frame component
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Figure 8 — Frame checking result

In the result, we have got reconstructed UCSCD management system that is
more flexible and usable than previous one. First tests have shown the
productivity of the expert has doubled.

Summary. Thus, the provided Ul is rather flexible than previous one and can be
used by the expert more effectively. The main challenge for this version was using
textual editor conception as the core idea of the project instead of widespread se-
mantic tree-based variation. The implementation of standard functions was more
difficult than in original tree-based version because it was critical to preserve the
freedom in actions of end-user, but, in the result, we have got an editor with higher
usability, that means higher learnability and memorability, effectiveness and satis-
faction. New version of UCSCD is also more robust to modifications noise, such as
adding new functions and switching to different database providers and schemes,
which significantly improves system maintainability.
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lepemsoperHs iHghopmayiiiHoi cucmemu yHighikoBaHOT
KNiHiKo-cmamucmuyHoi Kaacughikayii diazHo3is

B pobomi po3ensdaemscs BapiaHmM nepemsopeHHs cucmemu ynpasaiHHA YHIIKOBAHOK
KATHIKO-CMamucmu4Hot Kaacugikayiero 0iazHo3is.

YHihikosaHa  KAiHIKO-cmamucmuy4Ha — Kaacugikayis OiaeHo3iB8 - ue ¢pelimosuli
Kaacugikamop, wo 003807A€ KOOyBamu KAIHIYHI 0102HO3U, SKI BUKOPUCMOBYIOMbCA OS5
(hopmyBaHHS NPOMOKONIB NIKYBAHHS, 21UOOK020 AHANMI3Y OaHUX W00 NKYBAHHSA nayieHmis. Ha
npoms3i 0ecsmu poKis BUKOPUCMAHHA HAKONUYUAOCS 6a2amo noba)aHs uj000 BOOCKOHANGHHS
cucmemu ynpasaiHHA KAacugikamopom.

PiweHHs, aKke HagedeHo y cmammi 6a3yemsCcs Ha KapOUHA/bHIL nepepobyi iHmepdgelicy
Kopucmysaya: B8i0xody 810 K/AacuyHoi OepesoBUOHOI MoOdeni ¢hpelimosoi cmpykmypy, ma
BUKOpPUCMAHHA MO0OeNi meKcmoBo20 pedakmopa nodibHoMy cepedoBuULAM NPO2PAMHOT
pPO3pOOKU 3 BBEOGHHAM QYHKUIlU, w0 pobasmes pobomy ekcnepma 6inbl egekmusHow. TaKOX
3anponoHOBAHO 3MIHUMU apximekmypy 000amKy 3 MOHOJIIMHOT Ha 6a2amowaposy.

3anponoHosaxuli BapiaHm 00380/4€ CymmeEBO CNpocmMumMu ynpasaiHHA ¢pelimosow
Knacugikayiero 0ia2HO318 3aBOAKU 3MIHI nioxody 00 cmBopeHHS 1Hmepgelicy Kopucmysa4a.
Po3zensHymi mooughikayii apximekmypu 0o0amky makox 00380auuU 3pobumu cucmemy 6isbLu
cmilikoro 00 3MiH, nosne2wumu ii cynposio.
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Mpeobpazosarue uHghopmayuoHHOU cucmemsl YHUPUUUPOBAHHOL
KNUHUKOCMamucmuyHou Kaaccuguxkayuu oua2Ho308

B pabome paccmampusaemcs sapuaHm npeobpazosaHus cucmemsl ynpasaeHus
YHUGUUUPOBAHHOU KNUHUKO-CcmamucmuyecKoU Kaaccugpukayuu 0uazHo308.

YHupuyuposaHHas KAUHUKO-cmamucmuyeckas Kaaccugukayus OuaeHo3os8 - 3mo
¢pelimosbili  Knaccugukamop, no3sossem KoOouposams KAUHUYECKUe OuaeHO3bl, Komopsble
ucnosb3ylomes 014 (OPMUPOBAHUS NPOMOKOJI08 JiedeHus, 2y60K020 aHAnU3a OGHHbIX NO
JledeHuto  nayueHmos. Ha npomsxeHuu Oecamu Jnem UCNO/b30BAHUA HAKONUMOCL MHO2O0
noxenaHuli No CoBepUeHCMBOBAHUIO CUCMeMbl ynpasaeHus Kaaccuguxkamopy.

PewetHue, komopoe npusedeHo 8 cmamsbe 6a3upyemcs Ha KapOuHanbHOU nepepabomke
uHmepdpelica: yxoda om Knaccudeckol OpesosudHol modenu ¢pelimogold cmpykmype, U
ucnosIb308aHUe MOOeIU MeKcmoBo20 pedakmopa No006HOM cpedam Npo2pamMmHol pa3pabomxu
¢ 8BedeHuem QyHKyul, denarwux pabomy 3kcnepma bosee s¢ppekmusHoll. Takxe npedioxeHo
U3MeHUMb apxumekmypy npunoXeHus ¢ MOHONUMHOU HG MHO20CAOUHYIO.

[TpednoxeHHbIl BapuaHm no3sossem CywecCmseHHo ynpocmums ynpasieHue ¢pelimosol
Kaaccugpukayuu 0uaeHo308 651a200aps U3MeHeHUl0 nodxoda K co30aHulo uHmepgelica
nons3o8amens. Paccmompensl mModugukayuu apxumeKkmypbl NpuNOXeHUAs Makxe no3soaunu
coenams cucmemy 6osiee ycmolyusoli K usMeHeHUsM, 061e24umsb ee conposoxoeHue.

JIutBuHOB O/ieKcaHApP AHATOJMOBMY - KaHAMIAT TEeXHIUYHUX HAyK, OOILEHT
Kadbenpu  eNeKTPOHHUX  OOUMCIIOBAIBHMX  MaliMH  JIHIMIPOMeTpPOBCHKOTO
HallioHaJabHOrO YHiBepcuTtety im. O. 'oHUapa.

JIntBuHOB Muxaiio OJIeKCaHAPOBUY - CTYAEHT 4-TO Kypcy Kadenpu eleKTpoH-
HUX  OOYMCIIOBAJbHMX  MalIMH  JIHIMpONMeTPOBCbKY KOTO  HAlliOHAJIbHOTO
yHiBepcurety im. O. ['oHUapa.

JIUTBMHOB AjleKCaHAP AHATOJMBEBUY - KAHAUIAT TEXHUYECKMX HAYK, OOLEHT
Kadenpbl 3MEKTPOHHBIX BBIUMCAUTENbHBIX MalllMH JIHEMmpomeTpoBCKe KOTO
HalIMOHAJIbHOTO yHUBepcurera um. O. 'oHuapa.

JiutBuHOB Mwuxama ANeKCaHAPOBUY — CTYOeHT 4-0ro Kypca Kadeapsl
3JIEKTPOHHBIX BBIUYMCIUTENbHBIX MallvH [[HEeNpoIeTpoOBCKe KOTO HAIMOHAJIbHOT'O

yHuBepcutera um. O. 'oHuapa.
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