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REZUMAT

Accesul rapid si precis la informatiile medicale ale pacientului este o conditie necesara
in procesul de luare a deciziilor diagnostice si terapeutice. De asemenea, in vederea realizarii
unor proiecte de cercetare si educatie avand la bazd imagini digitale, devine necesara
capacitatea de a accesa un numar mare de cazuri relevante, avand asociate atat imagini cat si
interpretarea accestora. In cele mai multe sisteme, constatarile diagnostice imagistice sunt
stocate in baze de date, sub forma unor rapoarte continand text liber. Problema textului liber
este lipsa structurii: informatia este prinsd in limbajul raportului ca intr-o capcana, facand
dificila compararea diverselor rapoarte sau gdsirea unui anumit detaliu, fard a citi intregul
text. Un sistem de raportare structurata ar permite standardizarea informatiei si prezentarea ei

intr-o forma clara, organizatd, urmarind atributele fiecarei constatari.

Pentru schimbul si partajarea de informatii intre sistemele de computere este necesara
implementarea unor metode standardizate. O solutie in acest sens este propusd de catre
standardul DICOM (Digital Imaging and Communications in Medicine). Acesta este un set de
reguli ce se referd la imagini si la informatia asociata acestora. Standardul DICOM defineste
un obiect informational denumit “Raport Structurat” urmarind utilizarea in cadrul acestuia a
unei terminologii medicale codificate §i controlate precum si specificarea regulilor de
raportare in cadrul unor structuri de tip arborescent denumite sabloane (templaturi). Conform
regulilor DICOM, orice informatie medicald este codificatd intr-un concept. Un numar de
concepte care au acelasi inteles semantic formeazd un grup contextual. Aceste grupuri
contextuale reprezintd continutul informational al raportului DICOM. Structurarea acestei
informatii precum si specificarea regulilor de raportare intra in cadrul unui tipar de tip

arborescent numit sablon sau template.

In cardiologie, ecocardiografia Doppler este una dintre cele mai bogate surse de date
imagistice. Pentru a obtine un tablou cat mai exact, examinarea ecografica si Doppler se
realizeaza prin interogarea structurilor cardiovasculare din numeroase incidente §i prin
utilizarea mai multor modaliati de examinare (ecografie bidimensionald, Tn mod TM, Doppler
pulsat, continuu, tisular, color). Toate acestea genereazd un numadr important de imagini
digitale. Structurile analizate din imagini sunt elemente ecografice uni-, bi- sau
tridimensionale, curbe spectrale Doppler si jeturi color care ofera o gama extrem de variata de
informatii: date morfologice referitoare la structurile cardiovasculare, informatii asupra

functiondrii acestor structuri (inchiderea / deschiderea valvelor, kinetica miocardica



segmentara sau globald) si informatii asupra hemodinamicii sangvine. In urma analizei rezulta
atat date cantitative (prin numeroase masurarori liniare, arii sau volume, amplitudini sau pante
ale curbelor, etc) cat si calitative (prin volumul mare de informatii legate de forma, textura,

miscare, etc).

Suplimentul 72 din standardul DICOM propune in cazul ecocardiografiei un set limitat
de masuratori codificate si un sablon (templatul EchoMeasurement) pentru ghidarea raportarii
fiecirei masuritori in parte. In opinia noastra, aceastd “listd” de masuritori este insuficients in
raportarea complexitdtii demersului diagnostic ecocardiografic. Acesta presupune si o
componentd descriptivd consistentd, In care informatiile fiziopatologice se Intrepatrund cu
date ecografice semiologice si tehnice. O solutie globala de raportare structurata, pentru toate
categoriile de informatii diagnostice, este oferitd prin metodologia de raportare propusa de

catre grupul nostru, compatibila cu standardul DICOM.

Scopul lucrari de fata este de a dezvolta o modalitate coerenta de comunicare a datelor
ecocardiografice Intre sistemele informatice, prin propunerea unui model exhaustiv si flexibil
de raportare structuratd. O prima etapd este aceea de a realiza o integrare a informatiilor
aferente acestui domeniu Intr-o structurd ontologicd formatd din concepte definite de catre
grupul nostru. A doua etapa este reprezentatd de crearea unui set complet de templaturi care
sa constituie baza de reguli si constrangeri ale raportarii structurate ecocardiografice. Ulterior
metodologia de raportare dezvoltatd va fi testatd extensiv pe un numdr de cazuri care sa

acopere Intreaga patologie ecocardiografica.

Initial a fost dezvoltat in cadrul Universitatii Tehnice Cluj un sistem de arhivare si o

aplicatie client DICOM.

Sistemul de arhivare este constituit dintr-un server de imagini si aplicatii (responsabil
de arhivarea figierelor imagine si de comunicarea conforma standardului DICOM) si un server

de baze de date (care gestioneaza informatiile textuale asociate cu imaginile).

Clientul DICOM ofera acces la sistemul de arhivare in scopul stocdrii, cautdrii si
regdsirii imaginilor si a informatiilor inrudite. Acesta este format din: modulul de procesare a
imaginilor (permite achizifionarea, vizionarea si procesarea imaginilor single si multi-frame
precum si convertirea lor in si din format DICOM) si modulele de gestionare a raportarii
structurate. Acestea din urma includ “modulul de structurare a domeniului medical” si

“editorul de rapoarte”. “Modulul de structurare a domeniului medical” contine un set de



unelte folosite pentru a gestiona “primitivele” DICOM pentru raportarea structurata.
“Editorul Ontologic” gestioneaza concepte codificate In cadrul ontologiei, iar “Editorul de
Contexte si Templaturi” gestioneazd grupele contextuale si templaturi, elementele care
definesc structura si continutul rapoartelor medicale. “Editorul de Rapoarte” impreund cu

serverele asociate sustin sarcinile legate de raportare: editare, gestionare, comunicare.

Metoda de raportare urmadreste structura definitd de catre sablon (template).
Templaturile definesc structura si continutul rapoartelor medicale In termenii elementelor de
continut si a relatiior explicite dintre acestea. Editarea raportului se realizeaza prin traversarea
structurii ierarhice a sablonului, cu instantierea fiecarui element de continut cu valoarea
corespunzitoare. In masura in care sablonul este bine construit si contine in structura sa
arborescentd toate elementele descriptive necesare, utilizatorul medical va putea genera in
final un raport medical complet, cu un inalt grad de detaliere, precizie, chiar exhaustivitate,
daca se doreste. Pentru a obtine un raport structurat DICOM valid, trebuie indeplinite

constrangerile impuse de templaturile corespunzétoare.

Structura arborescentd a raportului este direct vizibild §i sunt permise urmatoarele
operatii: editarea unui rand deja existent, navigarea prin arborele partial al raportului,
addugarea unui nou descendent, indepartarea unui rand existent Iimpreuna cu toti descendentii

acestuia.

Pentru a ajunge la un diagnostic, medicul integreaza informatii provenind din diferite
surse (baze de date), printre care: datele referitoare la structuri cardiovasculare, procesele
implicate in functionalitatea acestora, date hemodinamice, date imagistice echografice,
Doppler sau de alta naturd imagistica, date referitoare la boald si procese patologice.
Incercarea de a codifica termenii intr-un dictionar conduce la generarea unui numir foarte
mare de coduri. Navigarea 1n cadrul unui astfel de dictionar in scopul localizarii termenilor
pentru a-i utiliza in constructia templaturilor este extrem de dificila. Din acest motiv termenii
ecocardiografici codificati au fost inclusi Intr-o structurad mult mai complexa de reprezentare
in care acestia sunt dispusi arborescent si legati prin relatii interne bine definite. O astfel de
structura se numeste ontologie. Pentru codificarea termenilor si includerea lor in ontologie am

utilizat Editorul Ontologic.

Scopul ontologiei ecocardiografice generate de echipa nostra este acela de a integra
informatiile aferente domeniului “Echocardiografie Doppler”, pentru a putea fi utilizate

ulterior intr-un mod eficient in procesul raportarii structurate.
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Am utilizat in constructia ontologiei, modelul unor taxonomii organizate arborescent,
avand “mosteniri” multiple. Incd de la inceput am separat conceptele ecocardiografice de
conceptele anatomice, hemodinamice si cele referitoare la procesul patologic si boala,

generand ierarhii diferite pentru fiecare dintre aceste domenii.

Ontologia ecocardiografica dezvoltatd ne-a oferit o modalitate rapida de a regasi
informatiile codificate (conceptele), necesare construirii templaturilor care stau la baza

raportdrii structurate.

Raportarea caracteristicilor ecocardiografice aferente diverselor structuri cardiace

- e o . « . . " .
respecta o structura unitard. Prima sectiune - “Anatomic and functional changes” - confine
trei subcapitole: “Morfologie” (sunt caracterizate descriptiv si prin diverse masuratori toate

5 . 113 MR 3 ;7

componentele structurii analizate), “Functie” (se referd la raportarea modului in care
structurile cardiace 1si Indeplinesc rolul lor natural) si “Hemodinamica”. In a doua sectiune -
“Concluzii diagostice” - este precizat diagnosticul, asa cum rezultd din raportarea nemijlocita
a caracteristicilor ecografice si Doppler, apoi este raportatd severitatea §i etiopatogenia

probabila a patologiei.

Pentru a fi posibila o raportare exhaustiva care sd respecte structura enuntatd, am
construit un numir de 30 templaturi. In prima etapd au fost dezvoltate doud templaturi de
baza: TID “EchoDescription” si TID “EchoMeasurement”. Ulterior ele au fost incluse ntr-un
set de templaturi intermediare, utilizate pentru caracterizarea obiectelor informationale
rezultate din diferitele tehnici eco-Doppler: TID “Doppler Spectral Display Description”, TID
“Color Jet Description” si TID “Intracardiac Mass”. Structurile cardiovasculare sunt
examinate utilizand toate aceste tehnici eco-Doppler. Astfel am generat templaturi pentru
fiecare dintre aceste structuri, incluzand in arhitectura lor templaturile intermediare, care isi
modifica instantierea parametrilor la fiecare includere individuald (TID “Cardiac Valves”,
TID “Valve Prosthesis”, TID “Left Ventricle”, TID “Right Ventricle”, TID “Ventricular
Function”, TID “Aortic Artery”, TID “Pulmonary Artery”, TID “Atrial Chamber”). Acestea,
la randul lor, au fost incluse n cadrul unui template unic, denumit TID “Echocardiography

Procedure Report”.

In scopul testirii metodologiei de raportare structuratd descrisd mai sus, am introdus in
baza de date 100 de pacienti cu patologie cardiovasculard care au avut cel putin o internare
(un studiu) in Clinica Medicala I - Spitalul Clinic Judetean de Urgenta, Cluj-Napoca. Fiecare

studiu contine una sau mai multe serii de imagini ecocardiografice (transtoracice sau
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transesofagiene) si de asemenea una sau mai multe serii de rapoarte structurate. Au fost astfel
introduse 120 serii de imagini ecocardiografice, insumand peste 500 de achizitii de imagini

care au fost in prealabil transformate in format DICOM.

Dupa introducerea imaginilor in baza de date, au fost construite 150 de rapoarte
organizate la randul lor in serii. Un pacient poate avea una sau mai multe internari (studii),
continand una sau mai multe serii de imagini cdrora le corespund una sau mai multe serii de
rapoarte. Sunt prezentate pe larg patrusprezece rapoarte structurate, acoperind cele mai

relevante patologii ecocardiografice.

Testarea metodologiei de raportare implicd un amplu proces de interogare si regdsite. Au
fost astfel realizate peste 200 de interogari ale bazei de date care au condus uneori la refacerea

structurii unor templaturi. Functia de interogare si regasire implicd urmatoarele aspecte:

» Interogare bazei de rapoarte structurate dupa numele pacientului, identificatorul
pacientului, sau al raportului;
» Interogare avansata dupa continutul si structura raportului.

Au fost realizate peste 200 de interogari acoperind intreaga patologie ecocardiografica.
Testarea bazelor de rapoarte prin metodele de interogare expuse mai sus reprezintd o
modalitate de “feed—back” asupra constructiei si a continutului templaturilor. in urma acestor
interogari au fost generate variante din ce in ce mai complexe ale diferitelor templaturi

utilizate in procesul de raportare.

Importanta metodologiei de raportare dezvoltate este evidenta, aceasta avand utilitate
atat In practica medicald curentd precum si In cercetare, educatie si telemedicind, prin

deschiderea unor mari oportunitdti de dezvoltare.

1. In practica medicald curents, utilitatea metodologiei propuse a fost dovediti prin
calitatea buletinului diagnostic ecocardiografic produs, compatibil cu cele mai inalte
standarde clinice, prin capacitatea de a argumenta si lega fiecare caracteristica
diagnostica de o imagine definitorie, prin capacitatea de a gestiona numarul mare de
imagini din departamentul imagistic. Rapoartele structurate pot avea grade diferite de
complexitate in functie de tinta lor: ele pot fi adresate medicului (rapoarte detaliate, cu
un nivel stiintific ridicat), pacientului (rapoarte cat mai simple fara informatii tehnice)
sau administratorului de servicii medicale (date personale si din istoricul pacientului,

date economice etc).



2.

3.

4.

In educatie, utilizarea bazelor de date astfel create permite demonstrarea cu ajutorul
imaginilor a caracteristicilor ecocardiografice in detaliu dar si argumentarea si
prezentarea deductiilor diagnostice din elementele ecocardiografice simple, prin
navigare 1n interiorul rapoartelor. Astfel, metodologia de raportare si bazele de date
populate cu imagini §i rapoarte constituie instrumente importante Tn invatamantul
universitar §i postuniversitar.

In cercetare, interogirile complexe ale bazei de rapoarte oferd riaspunsuri de mare
valoare n investigatiile clinice, care in conditii clasice ar presupune studiul a unui
numdar mare de foi de observatie, proces care ar necesita un consum considerabil de
timp si ar fi expus erorilor.

Utilizarea rapoartelor structurate in aplicatii de telemedicina permite accesul rapid la
sursele de informatii ecocardiografice (atat actuale cat si cele din istoricul pacientului)
si integrarea lor In vederea unei imagini clinice de ansamblu §i a unui diagnostic
precis.

Sistemul informatic dezvoltat va evolua continuu, in Incercarea de atingere a

excelentei in ceea ce priveste organizarea, prezentarea si regasirea informatiilor

ecocardiografice. Directia viitoare de dezvoltare va consta si In extinderea raportarii

structurate catre alte domenii imagistice precum angiografia, tomografia computerizatd sau

rezonanta magnetica.

Astfel, in cadrul bazelor de date dezvoltate de noi, vor putea fi stocate imagini §i

informatii non-imagine din modalitati imagistice complementare, aferente studiului unui

pacient, facilitind compararea lor si obtinerea unor date diagnostice cat mai exacte. De

asemenea vor putea fi comparate facil imagini din diverse etape ale istoricului pacientului,

oferind un tablou complet al evolutiei acestuia.

Cuvinte cheie: ecocardiografie, imagistica, raportare, baze de date, standardizare

Bibliografia cuprinde 127 titluri.
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ABSTRACT

Quickly and accurately access to the patient's medical information is a prerequisite for
making diagnostic and therapeutic decisions. Also, in order to conduct research and education
projects based on digital images, it becomes necessary to access a large number of relevant
cases associated with both images and their interpretation. In most systems, diagnostic
imaging findings are stored in databases as free text reports. The problem is the lack of free
text structure: information is trapped within the report language, making it difficult to
compare different reports, or finding a particular detail, without reading the entire text. A
structured reporting system would allow standardization of information and its presentation in
a clear and organized way, following attributes of each finding.

In order to exchange and share information between computer systems it is necessary
to implement standardized methods. A solution is suggested by the DICOM standard (Digital
Imaging and Communications in Medicine). It represents a set of rules referring to images and
their associated information. DICOM standard defines an information object called
"Structured Report", using coded and controlled medical terminology as well as reporting
rules specified within tree-like structures called templates. According to the DICOM rules any
medical information is encoded as a concept. A number of concepts that have the same
semantic meaning form a context group. These groups represent the contextual information
content of the DICOM report. Structuring this information and specifying the reporting rules
is the responsibility of a tree-like structure called template.

Doppler echocardiography is one of the richest sources of imaging data in cardiology.
To get an accurate picture, Doppler ultrasound examination is performed by making use of
numerous views and different image modes (two-dimensional ultrasound, TM mode, pulsed
Doppler, continuous Doppler, tissue Doppler, color flow mode). All these generate a large
number of digital images. The structures analyzed within the ultrasound images are uni-, bi-or
three-dimensional elements, spectral curves and Doppler color jets that offer a wide range of
information: morphological data on cardiovascular structures, information on the functioning
of these structures (closure / opening of the cardiac valves, myocardial wall kinetics) and
hemodynamic information. Image analysis results in both quantitative (linear measurements,
areas, volumes, amplitudes and slopes of the curves, etc.) and qualitative data (large amount

of information about shape, texture, movement, etc).
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DICOM Supplement 72 for echocardiography proposes a limited set of measurements
and a template (EchoMeasurement) for guiding each measurement reporting. In our opinion,
this "list" of measures is insufficient for reporting the complexity of echocardiographic
diagnosis approach. This requires a consistent descriptive component, the patho-physiological
information overlapping with the ultrasound semiology and technical data. A global solution
for structured reporting of all diagnostic information is provided by the reporting
methodology proposed by our group, compatible with the DICOM standard.

The purpose of this thesis is to develop a coherent way for data communication
between the echocardiographic systems by proposing a comprehensive and flexible model of
structured reporting. A first step is to achieve the representation and integration of the
information related to this field in an ontological structure consisting of concepts and
relationships defined by our group. The second step is the creation of a complete set of
templates containing the rules and constraints for the structured reporting in
echocardiography. Later, the reporting methodology is tested extensively on a number of
cases covering the whole echocardiographic pathology.

An archiving system and DICOM client applications were originally developed within
the Technical University of Cluj Napoca.

The archiving system consists of a server for images and applications (responsible for
archiving image files and DICOM compliant communication) and a database server (which
manages the textual information associated with images) .

The client provides access to the DICOM archiving system for storing, searching and
retrieving images and the related information. It comprises an image processing module
(which allows acquiring, viewing and processing single and multi-frame images and their
conversion in DICOM format) and structured reporting modules. The latter include the
“medical domain structuring module" and the "Report editor". “Medical domain structuring
module" contains a set of tools used to manage the DICOM Structured Reporting
"primitives": the "Ontological Editor" manages the ontology coded concepts and the
"Contexts and templates editor" manages context groups and templates, the elements that
define the structure and content of medical reports. The "Report Editor" and its associated
servers support the reporting tasks: editing, management and communication.

The reporting process follows the structure defined by the template. Templates define
the structure and content of medical reports in terms of content items and explicit
relationships between them. Editing the report is performed by crossing the hierarchical

structure of the template and the instantiation of each content item with the appropriate value.
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If the template is well-built its tree like structure contains all the necessary descriptive items,
allowing the user to generate a final medical report with a high degree of detail, accuracy,
completeness even, if desired. To obtain a valid DICOM structured report, the constraints of
the corresponding templates have to be met.

The tree-like structure of the report is directly visible and allows the following
operations: editing an existing row, navigate through the tree structure of the report, adding a
new descendent, removing an existing row with all its descendants.

To reach a diagnosis, the doctor integrates data from different sources (databases),
including: data on cardiovascular structures and processes involved in their function,
hemodynamic data, ultrasound or other imaging data, and data about the disease and
pathological processes. Trying to encode terms and include them in a dictionary leads to
generation of a large number of codes. Searching in the dictionary to locate words that will be
used during templates construction is extremely difficult. For this reason echocardiographic
coded terms were included in a more complex structure of representation in which they are
placed in a tree-like fashion and linked by well defined internal relationships. Such a structure
is called a ontology. For encoding the terms followed by their inclusion in the ontology we

used the “Ontological Editor”.

The goal of our ontology is to integrate the information related to the "Doppler
echocardiography" domain, in order to be effectively used later in the structured reporting
process. In the construction of the ontology we used the model of tree-like taxonomies with
multiple inheritances. From the beginning we separated the anatomical concepts,
echocardiographical ones , hemodynamic terms and those related to pathological processes,

resulting in different hierarchies for each of these areas.

Reporting echocardiographic characteristics for various cardiac structures follows a
unitary structure. The first section - "Anatomical and functional changes" - contains three
chapters: "Morphology" (all structural components are characterized descriptively and
analyzed by various measurements), "Function" (refers to reporting how the cardiac structures
fulfill their natural role) and "hemodynamics". In the second section - "Diagnostic
Conclusions" - the diagnosis is stated as a direct result of reporting ultrasound features, as

well as it’s severity and it’s probable etiopathogenesis.

In order to achieve a complete report, compliant with the above described structure,

we built a total of 30 templates. In the first phase we developed two basic templates: TID
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"EchoDescription" and TID "EchoMeasurement". Later they were included in a set of
intermediate templates used to characterize the findings from different eco-Doppler
techniques: TID "Spectral Doppler Display Description" TID "Color Jet Description" and TID
"intracardiac mass." Cardiovascular structures are examined using all these eco-Doppler
techniques. As a consequence we created templates for each of these structures, including
within their architecture the intermediate templates whose parameters instantiation change at
each individual inclusion (TID "Cardiac Valves," TID "Valve Prosthesis" TID "Left
ventricle" TID "Right ventricle" , TID "Ventricular Function" TID "Aortic Artery" TID
"Pulmonary Artery," TID "atrial Chamber"). These, in turn, were included within a single

template, called TID "Echocardiography Procedure Report".

In order to test the structured reporting methodology described above, 100 patients
with cardiovascular pathology were introduced in the database with at least one
hospitalization (one study) in Medical Clinic I - County Emergency Clinical Hospital, Cluj-
Napoca. Each study contains one or more series of echocardiography (transthoracic or
transesofagiene) images and also one or more series of structured reports. 120 series of
echocardiographic images were thus introduced, totaling over 500 acquisitions of images that
were previously converted into DICOM format. The thesis contains 14 complete reports

covering the most important echocardiographic pathologies.

Testing reporting methodology involves a comprehensive process of query and

retrieved. Thus, over 200 database queries were carried out that have sometimes led to
changes of the templates structure. Query and retrieval function involves the following
aspects:
= query of the structured reports database by patient name, patient ID, or report ID;
= Advanced Query by content and structure of the report.
Over 200 queries were conducted covering the entire echocardiographical pathology. Testing
the reports databases by the above query methods constitutes as a "feedback" on the
construction and content of the templates. Following these types of queries increasingly
complex templates were generated to be used in the reporting process.

The importance of the developed reporting methodology is evident both in daily
clinical practice and in research, education and telemedicine, by opening up great
opportunities for development.

1. In daily medical practice, the usefulness of the proposed methodology has been proven

through product quality of the echocardiographic diagnostic report, compatible with
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2.

3.

4.

the highest clinical standards, the ability to argue and link each diagnostic feature to a
defining image, the ability to manage large number of images in the imaging
department. Structured reports may have varying degrees of complexity depending on
their target: they might be addressed to the doctor (detailed reports with a high
scientific level), to the patient (as simple reports without technical information) or to
the administrator of medical services (personal data and patient history, economic data
etc.).

In education, the use of these databases allows the demonstration within images of the
echocardiographic characteristics in detail and presenting the arguments and
diagnostic deductions from simple echocardiographic items by simply navigating
within reports. Thus, the reporting methodology and the databases populated with
images and reports are important tools in undergraduate and postgraduate education.
In research, complex queries of the report database provide valuable answers in
clinical investigations, which in classical terms would require study of a large number
of observation sheets, a process that would require considerable consumption of time
and would be exposed to errors.

Using structured reports in telemedicine applications allow quick access to
echocardiographical information sources (both actual and those of the patient's
history) and their integration aiming an overall clinical picture image and a precise

diagnosis.

The computer system developed will evolve continuously in an attempt to achieve

excellence in the organization, presentation and echocardiographic information retrieval.

Future direction of development will consist of structured reporting extending to other areas

such as angiography imaging, computed tomography or magnetic resonance imaging.

Thus, within the databases developed by us it will be possible to store images and non-

image information from complementary imaging modalities, facilitating their comparison and

obtaining data for an accurate diagnosis. It will also be possible to easily compare images

from various stages of patient history, providing a complete picture of its evolution.

Keywords: echocardiography, medical imaging, data reporting, databases, standardization
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