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HISTOPATHOLOGY TEST WORKFLOW MODELING IN BOUNDS OF
LABORATORY INFORMATION SYSTEMS

Jlabopamopua ingopmayitina cucmema K wacmuna cucmemu 0OMiHY iH-
Gopmayii € 20106HUM eleMeHMOM eLeKMPOHHO20 00i2y KNIHIYHUX OaHux ma 30e-
pieanns meouunoi ookymenmayii. Hapazi nabopamopna ingpopmayiiina cucmema
€ OCHOBHUM pecypcoM OIaeHOCMUYHUX Oanux 0.a Jaikapie. Pospobaaiouu maxy
cucmemy 05 1a60pamopiil, 0coOaUBO 2eHEMUUHUX, YACMO NOMPIOHO 3A0080.1b-
HAMU nompeodu 8i00iienb mecmy8anus 0l OUASHOCMIKYU NAMOJI02Tll ma Xipypaiu-
HUx docnidis. Taxodc nompioHo epaxosyeamu, wo 1abopamopii, o npPoeoosims
mecmu 011 OUASHOCMIKY NAMOJO2IU, Npayioioms 3 pisHuMu Oiomamepianiamu,
XipypeiuHumMu 3paskamu, SUIYYEHUMU 3 OP2SAHIZMY, PIOUH | MKAHUH OP2AHIZMY.
I1io uac ananizy namonocu UKOPUCTNOBYIOMb OONAOHANHS, SKE MONHCE OMPUMY-
eamu ma HaoCuIamu Oari Mecmy8anHs 00 WHHOPMayiliHoi cucmemu.

Mema yiei cmammi - nobyoysamu mooenv Oi3Hec-npoyecy mecmy8aHHs 6
1a60pamopisix namoao2ivHux O0CIIONHCEHb ) GUNAOKY 2ICMONAMON02IUH020 mec-
myeanHs. Pozensinymo eunaook 6uKOpUCManHs NaHeIbHUX mecmie 3 2icmonamo-
JI02IL, BKIIOUAIOYU MONCIUBICb THMe2payii 3 1a00pamopHumM YCmamky8aHHIM
(incmpymenmamu), ma no6yoy8ano Mamemamuyny MoOeib OAHUX 3a2albHO20
mecmogozo bizHec-npoyecy, wo 8UKOPUCIOBYEMbCS Ol pO3POOKU 1abopamop-
HUX ingopmayitinux cucmem. B pobomi nasedena bpmn-diacpama cicmopnamo-
JI02IYH020 MEeCMYBAHHS 8 3A2ANbHOMY UL, A MAKONC (hOPMANIZ08AHO 3MIHHI,
WO ONUCYIOMb MAMEMAMUYHY MOOelb OiZHec-npoyecy, CManu cucmemu i nepexio
3 00Ho20 6 iHwuu. Cunmesogana mooenb Modce Oymu UKOPUCMAHA 8 Npoyec
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PO3podKU 1abopamopHux ingopmayitinux cucmem. J{o nobyoosanoi mooeni 3a-
CMOCo8aHO KiHyesull asmomam 32i0H0 3 MawuHow Tblopunea, wjo npoxooums
MOXNCTUBT CIMAHU CUCTEMU, 8 AKUX 8OHA MOMNCE 3HAXOOUMUCS 8 npoyeci 2icmona-
MOJIO2ITYHO20 MeCmY8AHHS.

Pospobnena 6 pomobi moodenv 0036015€ 30ilicCHUMU NONEPEOHE HANAUMY-
8aHHs ma aoanmayito Oi3Hec-npoyecy 00 KOHKPEMmHUX 1aO0pamopHux nompeo
nio uac po3podxu nabopamopuoi cucmemu. Iooanvuwum pozsumxom yiei mooeii
ModHce cmamu CuHme3 ONMmuMiz3ayiinoi mooeni 0 egheKmugHO20 BUKOPUCAHHS
pecypcie 061a0HanHs Ma pedazeHmia y 1ad0pamopisx.

KirowoBi cnoBa: zabopamophna ingpopmayiiina cucmema, OiacHOCMUYHA
namonozis, Oi3Hec-npoyec 2iCMoOnamon02iuHo20 MeCmy8anHs, MOOelb MAUlUHU
Toiopinea.

Jlabopamopnas unghopmayuonnas cucmema Kax 4acmv cCucmemvl 0OMeHd
ungopmayuell a615emcs 2Na8HbIM INEMEHMOM INEKMPOHHO20 0OPAUeHUs KIUHU-
YeCKUX OAHHLIX U XPAHEeHUs MeOUYUHCKoU 0okymenmayuu. Llens smou cmamou -
nocmpoums Mooeib OusHec-npoyecca mecmupo8aHus 8 1abopamopusax namoo-
2UYeCKUX UCCAe008aHULL 8 CyYde cucmonamonocuieckoeo mecmupoganus. Co-
30aHHasA 8 IMOU pabome Mooenb Modxcem OblMb UCNONL308AHA 8 Npoyecce pa3pa-
bomku 1a6OpaAmMoOpHLIX UHDOPMAYUOHHBIX cucmem. JlanbHetuum pazsumuem
MO MOOeIU MOAHCem Cmams CUHmMe3 ONMUMUZAYUOHHOU 3a0adu Oisl dhgexmu-
BHO20 UCNONL308AHUSL PECYPCO8 000PYOOBAHUS U Pea2eHMO8 8 1AO0PAMOPUsIX.

KitoueBble ciioBa: snabopamopHnas ungopmayuonnas cucmema, OUaeHOC-
Mmuyeckas namonocusi, OUHeC-NPoyecc 2UCMOIOSULECKO20 MeCMUpPO8aHUs, Mo-
oenv mawunwvl Totopunea.

Laboratory information system (LIS) as a part of information delivery
system is a main element in electronic clinical data circulation and medical
record storing. The purpose of this article is to build a model of pathology testing
workflow in a case of histopathology testing. Created in this paper model could
be used in LIS development process. Further development of this model could be
integration with the optimization methods to optimize using expensive
environments and reagents in laboratories. A state machine is applied to the built
model according to the Turing machine, which goes through possible states of the
system in which it can be dring histopathological testing process.

Keywords: laboratory information system, diagnosis pathology, histology
test workflow, Turing machine model

The problem formulation. Laboratory information is a foundation stone of
the electronic medical record, representing the majority of the nondemographic,
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nonfinancial clinical data present in most healthcare institutions’ information
systems [1]. Laboratory Information Systems (LIS) as a delivery system of
laboratory information are widely being developed to meet the specialized needs
of medical laboratories for example genetic, pathology and others.

LIS 1is critical for the functioning of clinical laboratory centers. It is
developed for digital performing of tests working with biological specimens
collected from patients and storing information about their test results, diseases,
diagnosis, prescriptions, and doctors’ consultations results. Nowadays, LIS
performs as a source of diagnostic data for doctors in all clinics and hospital
departments [2].

When designing LIS and preparing it to use in laboratories particularly in
genetic ones it might be necessary to meet the needs of diagnosis pathology
testing department and surgical researchers. Ordering of pathology tests varies
across hospitals and generally increased [6]. Diagnosis pathology as a study of
diseases and a group of LIS processes involve examining the cause of illness, how
it develops and what effect on cells it makes. A bunch of tests related to
anatomical, clinical, or molecular pathology should be included into the LIS
digital space. It should also allow to use required instruments and inventories and
get the analytical data from them if needed.

Analysis of recent research and publications. Testing workflow modeling
has been researched and reported in a variety of papers and is being investigating
by scientists for now.

Walter H. Henricks [1] examined laboratory information management in the
LIS as integrated delivery systems (IDSs), showed different aspects for
information system support of integrating operations and reviewed functional
requirements for outreach.

Jiraporn Gatedee, Somphon Phraephan and others [2] described the
implementation process of LIS at the Medical Technology Clinic. In this paper
there was founded the necessity of planning LIS development with concern of
separate stages corresponding to specific objectives, time limits, resources and
good organized contract. Well trained staff and provision of appropriate
corresponding solution by contractor are concluded to be important values in LIS
implementation success.

Xuequn Pan and James J. Cimino [3] proposed a method to make outside
unspecific laboratory data available for further use based on appropriate codes
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and standards terms for the LOINC. C. F. Quo, B. Wu, M. D. Wang [4] and
Cutting E.M., Overby C.L., Banchero M. et al. [8] presented workflow models
and LISs implemented in university and medical center.

General modeling for laboratory testing has being investigated with the
purpose to create a universal framework for LIS. Wendl M.C., Smith S., Pohl
C.S. et al. [5] described a general modeling framework for laboratory data and its
implementation as LIS. Pardo Ingrid-Durley and Luna, Francisco Jaime and
Moreno [7] discovered the semantic model which allowed storing, searching and
recovering lab workflows in civil engineering. Tarkan S, Plaisant C et al. [9]
presented a workflow and prototype application for laboratory testing, gave ideas
how to reduce data missing in LIS.

Statistical methods were used for assessing clinical data of different nature.
Li L., Vecellio E., Xiong J., Georgiou A. et al, [6] used diagnosis-related groups
(DRG) to examine pathology test volumes and variation between hospitals.

The purpose of the article. The purpose of this article is to build a model
of pathology testing workflow in a case of histopathology testing. We have
studied the case of using histopathology panel tests including the possibility of
integration with instruments and have built a mathematical data model of a
common test workflow to be used in LIS development.

Created in this paper workflow could be treated as a case of abstract
workflow in a common architecture of the LIS functional model [7].

The main material representation. Diagnosis pathology laboratory
business process consists of four main stages: Ordering, Specimen Processing,
Resulting, Reporting. We considered a case of surgical histopathology testing
process every stage of which has specific list of actions made by different
laboratory specialists (figure 1).

Ordering (block 1 on figure 1) is a process of patient identification (create or
find existing patient in a database, block 1.1 on figure 1), visit creation (block 1.2
on figure 1) and order creation (block 1.3 on figure 1). All these instances have a
unique identificator in database, and also a visit number is used to make billing that
includes all patient charges within a certain visit. Each order contains patient data, a
list of specimens collected from a patient and a list of tests should be done under
specimens. It can also contain doctor’s data, insurance, family data etc.

Laboratories making pathology tests work with surgical specimens removed
from the body, whole bodies, body fluids and tissues. During analyzing
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pathologists use instruments and inventories that may obtain and send some
testing data by manually entering or automatically.

After technician registered an order it transfers to a laboratory for
processing (block 2 on figure 1). Depends on specimens were collected the
specific tests were ordered, based on them a processing of order may have all
following actions or skip some of them. Specimen grossing (block 2.1 on figure
1) and microtomy (block 2.2 on figure 1) should be done in any case under any
specimen. Grossing is a process of specimen description based on pathologist
visual assessment, it may be dictated as an audio track or written as a text data.

1 2 \ 3 4
Ordering > Processing » Resulting Reporting
i 4.1
Patient 1.1 Grossing 2.1 Staining 3.1 Report
registration
Visit 1.2 . 2.2 Revi 32 Report 4.2
registration Microtomy eview Sign Out
Order 13 3.3 Query
registration Interpretation
Inte?pretation Call 4.4
Review 34

Figure 1. Diagnosis pathology laboratory general workflow of
histopathology testing

After pathologist made microtomy the initial material becomes a set of
slides to process and a portion of the initial specimen that got frozen and store in a
fridge. Slides shall be stained by a single stain or a set of stains (block 3.1 on
figure 1) and interpreted by a pathologist (block 3.3 on figure 1).

Staining, interpretation, and final reports are usually reviewed by another
pathologists, sometimes it is needed a several persons to review each action
(block 3.2 and 3.4 on figure 1).
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A reporting stage (block 4 on figure 1) is usually present in a workflow but
it is acceptable to process tests without reporting when the results are needed for
another test or sent to external system. Reports (block 4.1 on figure 1) should be
signed out by a pathologist (block 4.2 on figure 1) or could be auto signed out.
Sometimes it is needed to have two or more signs on a report. After report is
signed out order becomes inactive and could be viewed in read-only mode in LIS.

Querying (block 4.3 on figure 1) all patient previous tests and results is
usually necessary to understand a clinical figure and make a right diagnosis.
There is also one of the most important features to the end-user is the ability to
efficiently navigate historical information [8]. When the report and diagnosis are
made then it may be necessary to call or e-mail the patient or his doctor, this
option should be scheduled or made automatically (block 4.4 on figure 1). Most
of researches found out that a tool to generate and send result letters with
predefined texts to patients via email is the highest-rated feature of a potential
results management system [9].

Data model. Following entities are created to describe data flow from the
LIS functioning point of view.

O - a set of orders registered in the system,

T - a set of tests that could be ordered, (1)
S - a set of specimens that could be collected from patients,

B - a set of material containers.

Following sets of states in which these entities could be at a particular
moment are created.

Q9={qi®}’%=0 ={ not created, new, test added, specimen added, in process,
completed} - states of order,

Q%={q;°}%=0 = {not created, new, collected, received, in process, complet-
ed} - states of specimen,

QB={qxB}3k=0 = {not created, new, in process, completed} - states of con-
tainers,

Q™={qm"}%m=0 = {not created, new, in process, QC passed/failed, pending
for interpretation, pending for sign out, completed} - states of test.

Sets of actions for each of these entities are created. These actions are
performed manually by technician or pathologist or could be made automatically
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by an instrument.

AC = {a,015,-1 = {create, add test, add specimen, add report, complete} -
actions performed on order,

AS= {a’}% = {collect, receive, material prepare, gross, aliquot, material
processing} - actions performed on specimen,

AB= {aB}*-; = {prepare for processing, tissue processing, embedding, mi-
crotomy} - actions performed on container,

A= {a,"}°=1 = {slide staining, QC checking, panel interpretation, panel re-
view, report sign out} - actions performed on test.

Action diagram of histopathology test processing is presented on figure 2 in
terms of definitions given above and testing workflow.

o Register/ i

'@ Finda Fililflg;s:,?;i i H Place Order
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Figure 2. Action diagram (BPMN) of histopathology test processing

A set of rules will transfer entities (1) from one state to another depends on

action performed on it. Rules are based on Turing machine model: actions are a
set that contains alphabet, states of corresponding entities compose states of ma-
chine, an action performed by pathologist or instrument is an input symbol.
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The system state is described by vector Q(q°,q%,q%,q%) that depends on
states of four entities - order, test, specimen and container, each of them could be
switched by a rule. The fragment of rule’s set representing order creation and
specimen preparation processes is following.

Q(q0°, qo’, qo°, qo®) - the initial state of the system.
r1: 21°Q(qo% qo”, qo’, qo®) -> a1°Q(q1°, qo’, qo®, qo®)
r2: 22°Q(q1°, qo”, qoS, qo°) > 22°Q(q2°, q1 ", qo°, qo°)
r3: a3°Q(q1%, qo”, qo®, qo°) > a3°Q(q3°, qo’, q1°, o)
rs: a3°Q(q2%, 1", qo®, qo°) > a3°Q(q4, qi”, q1%, o)
rs: 22°Q(q:%, qo”, @1, qo°) > 22°Q(q4%, qi”, q1%, o)
re: a1°Q(qa”, @i, q1%, qo°) > a1°Q(q4%, qi”, 2%, o)
r7: 22°Q(q4%, i, @2°, qo®) -> a2°Q(qs?, qi”, g3°, qo®)
rs: a3°Q(q4%, i, g3°, qo®) -> a3°Q(qs?, qi”, g3°, qo®)
ro: a4°Q(q4°, 1", g3°, Qo) > a+°Q(aa®, a1, q3°, qo°)
r10: assQ(q4o, q1T, q3s, qoB) -> assQ(q4o, Q1T, (135, qlB)

This set of rules do not have shift variable as the classical Turing machine
model has because we assume that shifting is always made into right.

Conclusions and further researches directions. Laboratory information
system as a part of information delivery system is a main element in electronic
clinical data circulation and medical record storing.

Created in this paper model could be used in LIS development process.
Business process formalization gives a visualized instrument that allows
effectively control and manage LIS functioning rules. This model allows to
perform preliminary setup and adaptation of business process to a specific
laboratory needs while developing LIS.

Further development of this model could be integration with the
optimization methods to optimize using expensive environments and reagents in
laboratories.
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