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An approach to mapping between the
classification of diseases ICID and the
Ontology of Ultrasound Images of hepato-
pancreato-biliary zone organs

Abstract — This paper presents a method of context-driven arotation in images of the DICOM standard
[1] and its application for ultrasound images. Hereis described our attempt to create a mapping betvem the
Classification of Diseases ICD-10 [2], and the Onlmgy of Ultrasound Images (OUI) of hepato-pancreato
biliary zone organs [3].

Index Terms — hepato-pancreato-biliary zone, DICOM images, ontegy mapping, gallbladder pathology,
ultrasound images.
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ontology developed by the authors of [4], and sgbsatly
I. METHOD OF CONTEXFDRIVEN ANNOTATION IN to retrieve images using these annotations.

DICOM IMAGES Our goal is to apply the proposed approach for
One of the standards for the creation, storaggjtrasound images.
transmission and visualization of medical imagesais
DICOM standard (Digital Imaging and Communicatiams

Medicine). II.  APPLICATION OF THE METHOD OF CONTEXT
DICOM file contains information about the patietite DRIVEN ANNOTATION IN DICOM IMAGES FOR

physician, the date of investigation, about the ioad THE ULTRASOUND IMAGES

institution in which the investigation was maded a&o on. Ultrasound investigation (USG) or sonography is

However, this standard does not provide storagelath currently the leader among the diagnostic methods.

about the anatomy of the investigated organ andutabaUltrasound investigation has a number of undeniable

relevant pathologies, therefore, does not provinksibility —advantages in comparison with other methods:

for searching images stored in the DICOM formathmse - it is the most widespread and effective method;

criteria. - the equipment cost for ultrasound investigat®mich
The question that has to be answered is: How tdhget lower than for other investigation methods (magneti

annotations and how to help physicians to anndtiaée resonance imaging, computerized tomography, digital

received images, without expending any extra effort radiography, and so on);
In [4] it is presented a method of solving this ieom - it is noninvasive method of investigation, haigh
for the radiological images. diagnostic accuracy and stands out among the other

In this approach, semantic annotations are includefethods due to its informativeness, quicknessalviiiy
directly in the headers of DICOM images, and do naind painlessness of investigation.
require any additional storage mechanisms. Theritbest  In the Institute of Mathematics and Computer Sasnc
method allows: to annotate images by semantic gise¥ of Academy of Sciences of the Republic of Moldokiare
anatomy ontology (FMA [5], RadLex [6]) and the dises was developed a decision support system in the ioaia
ontology (ICD), to save annotations in the headefs ultrasound diagnostics of hepato-pancreato-biliargans
DICOM images and request annotations using semanionaRes [7]. The knowledge base of the SonaResnsyst
concepts. was created during long-term cooperation of phgsici

The authors of [4] integrated semantics of anatamy experts with computer science researchers and sepise
diseases (Radlex, FMA and ICD9), notably there wasrmal representation of experience and knowledfie o
created a mapping between the anatomy and disegggsicians in the domain [8]. In fact, this knowdedbase
ontologies. On the basis of the ICD9 there wastetean s an ontology [9], but for our goals, we had tesant it in
OWL ontology, which reflects the hierarchical stire of one of the standard formats.

the original classification. We have constructed our ontology using the edifor o
Thanks to this technique, physicians have thentologies Protégé [10]. In this case, we havemoved
opportunity to annotate the obtained images usiag t the whole structure and data, but in the course of
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development the modifications and corrections coring
the structure of the ontology were made. |

B SYSTEM-CLASS
Solution of the problem of building of the ontology ¥ @ Conples characteristics
ultrasound images (Ul) is based on the fact thathlof O

patients’ organs have verbal descriptions. These| |, & wain characteristios
descriptions are made with the help of medical serm —— -

concepts and characteristics, among which theretrere Y © Orgen

relations and dependencies. Thus, the problem idibg Y © Abdorinal_zone_organ
of the ontology of Ul turns to the task of buildiram Gallbledder
ontology of Ul descriptions (UID), which are assted e

with the appropriate Ul (Fig. 1). Bancress

v Patholooy

@ ¥ o r— v Abdominal_zane_patholocgy

v Gallbladder _pathalogy

ROE_Gallbladder_septum

@ : : ? RO11_Muttiple_diverticula_of_gallbladder
\ n RO1_Saltary _diverticulum_af_galbladder
{t} RO2_Hypoplasic_galbladder
- . 1 RO3_Giant_gallbladder
o R4 _Mormal_gallbladder
: PR : g ROS_Flexion_of_gallbladder
-] (-3 "v

RO7_Wesicular_ hiliary _lithissis._Hard_calc

@ —— ROS1_Wesicular_kiliary lthiasis. Mived o

) ) ROS_vesicular_biliary_lthiasis._Soft_calcu
Fig.1. Correspondence between ultrasound images anc RO9:1_Vesicular_biliary_lithiasis. Floating,

their descriptions in building the Ul ontology [11]

RO9_Vesicular_biliary_lthiasis. _hMabile_cal

. . RA0_“esicular_biliary_lthiasis._Calculus_a
Following this approach [3] there was developed the

ontology of gallbladder pathologies, which madgadssible
to establish its basic structure and principles toé
determination of classes, subclasses, slots, amh.sdhis
technology has already been applied to the othdoamal
zone organs - liver and pancreas. Fig. 2 showsttiieture
of ontology of ultrasound images (OUI) of the hepat R e s
pancreato-biliary zone organs. Fig. 2. Class hierarchy for the OUI of hepato-paato-
The OUI consists of 5 main class&rgan, Pathology, biliary zone organs.
Patient, Image and Complex_characteristics. These classes
are related to each other and located on the uppel of As the second source the International Statistical
the ontology. The ontology has 4 levels of nesting. Classification of Diseases and Related Health Rrobl
ClassOrgan describes different organs (for now only thdCD-10 [2], developed by the World Health Organiaat
abdominal area) and is related with cldathology to was used.
reflect, with what pathology the certain descriptiof This classification consists of 22 chapters. In oase,
organ is related; with clag®atient to display, what patient the chapter XlI attracts our interest - Diseasesthef
from the given database has this pathology; and eldss digestive system, as it includes section K80-K8i&eBses
Complex_characteristics to reflect, what characteristics theof gallbladder, biliary tract and pancreas.
given organ has. This section has 5-level structure: | — diseaseshef
Class Image is a storage of all images of concretaligestive system, Il - disorders of gallbladdetiaby tract
patients and is related with the cl&atient to reflect the and pancreas, Il - three groups of pathologies
relation: to which patient does the given imagebg! (cholelithiasis, cholecystitis and other patholsgighich
ClassPathology is the list of all pathologies structuredare not included in the first two groups). The otheo
by organs and different areas. levels are the consistent differentiation of thedttevel.
ClassPatient is a storage of all patients and it is related It should be mentioned that there are the varitikés
with classPathology to reflect, what pathologies the given“Any condition listed in K80.2 with acute cholecist’ on
patient has and with clagsage to reflect, what images the fourth level and “unspecified or without cholstitis”
belong to the given patient. on the fifth, which allow us to establish a relatizvhen
Class Complex_characteristics ~ describes ~ the Mapping, when there is no one-to-one solution. .
characteristics of the organ: main and additiorlis A short fragment is shown in Fig. 3 Let’s note,tthas

related with clas®athology, to reflect, to which pathology Only @ taxonomy of pathologies, without any infotioa

integration of two knowledge resources, which allow

R11 _“esicular_biliary_lthiasis._Lodged_cs

R12_Wesicular_biliary_lthiasiz._Soltary_cs
R13.1 _Wesicular_biliary_|thiasiz._Calculus |
R13_Wesicular_biliary_[thiasis._Muliple_ca
R14_Chronic_lthiasic_cholecystitis
R15_Chronic_alithiasic_chalecystitis
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getting the full consistent picture, is attractive.

Disorders of gallbladder, biliary tract and pancreas
(K80-K87)

CEL cholelithiasis

K80.0

Calculus of gallbladder with acute cholecystitis
Any condition listed in K80.2 with acute cholecystitis

K80.1 Calculus of gallbladder with other cholecystitis

Any condition listed in K&0.2 with cholecystitis (chronic)
Cholecystitis with cholelithiasis NOS

K80.2 Calculus of gallbladder without cholecystitis

Cholecystolithiasis
Cholelithiasis
Colic (recurrent) of gallbladder
Gallstone (impacted) of:

e cystic duct

+ gallbladder

unspecified or without cholecystitis

K80.3 Calculus of bile duct with cholangitis

Any condition listed in K80.5 with cholanagitis

K80.4 Calculus of bile duct with cholecystitis

Any condition listed in K80.5 with cholecystitis (with cholanagitis)

K80.5 Calculus of bile duct without cholangitis or cholecystitis

Choledochalithiasis
Gallstone (impacted) of:
* bile duct NOS
e common duct

[ T S T

unspecified or without cholanagitis or chole

the OUI of the hepato-pancreato-biliary zone organs
regarding to the gallbladder.

In the cases when there is a one-to-one correspoade
there is a mapping from one level of $et to the different
(2nd and 3rd) levels of K

In the process of establishing of correspondences,
according to expectation, we are faced with théo¥dhg
situations:

1) One-to-one correspondence. Example: the patfiolog
R18 Acute lithiasic cholecystitis from our ontology
corresponds to the pathology K80.0 Calculus ofddider
with acute cholecystitis from the ICD-10.

2) The lack of correspondence having in ICD-10 dewi
class. Example: The pathology R02 Hypoplasic gatlder
does not match any of the pathologies from the KDDbut
in ICD-10 there is a section K82.9 (Disease ofldatider,
unspecified), to which the not mentioned in theoteomy
of diseases of gallbladder are related. Therefasehave
established the correspondence with the sectionX82

3) The absence of the class in the ICD-10, whichlma
attributed to our rule. Example: RO4 Normal galtiwlar is
not a pathology itself - it is the normal state thie
gallbladder, so there is no correspondence.

Fig.3. A fragment of section Diseases of gallbladde 4) Correspondence with more than one pathologyef t

biliary tract and pancreas from the ICD-10.

Thus, the first step of the realization of the tasis the
creation of mapping between the Diseases Clasidita
ICD-10 and the OUI of the hepato-pancreato-biliaone
organs [3]. As the first step, we deal with theyoohe
organ of abdominal area - gallbladder.

In collaboration with physicians there was created
mapping between semantics of the ICD-10 and the @UI
the hepato-pancreato-biliary zone organs, regartiingpe
gallbladder (Fig.4).

Let us denote by Ra list of pathologies from the OUI
and K a list of pathologies from the classification 1dD-

Riy K
R, < = OR
= Ky,
Ris
=~ K.a(OFTEN
RM : ] jif J
T+ Kja(sELDOM)
Rs © A’]‘fﬂ
__.____:’ Kiﬁ

Fig. 4. Relations between semantics of the ICD-A@ a

ICD-10. For example, the pathology R 26. Acute
perforated lithiasic cholecystitis corresponds twot
pathologies from the ICD-10 - K82.2 and K80.0

5) Correspondence with one or the other patholdgy o
the ICD-10. For example: The pathology R 43. Difus
adenomyomatosis of gallbladder in most cases quures
to the pathology K82.9 from the ICD-10, but rarélgan
correspond to K82.8.5

It should be noted that the ICD-10 contains infaora
only about diseases, but not about the anatominadtare
of the organ. This information is available in tRMA
ontology, for that reason our next step in the icwsttion
of this work will be mapping with the FMA ontologgnd
the development of tools designed for physicians to
annotate DICOM images.
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