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Abstract: This paper proposes an approach for automatically extracting symptoms
associated to a given disease from semantic-based descriptions of health records of
patients affected by an investigated pathology. The proposal implements non-standard
reasoning services developed in Description Logics for the individuation of informative
commonalities in concept collections and can make significantly easier the diagnosis
process of rare and unknown diseases.
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1 Introduction

Healthcare is one of the knowledge domains in which semantic technologies have
been traditionally most widely employed in literature. Such a domain is in fact
characterized by a large amount of available information whose sharing is crucial
in several circumstances.

Of course a multitude of information systems exist at local level to manage
available data, with a consequent heterogeneity in data representation, which
makes hard the integration process. By adopting ontological structures conveying
a shared interpretation on the meaning surrounding the available data, a partial
integration may be reached.

Most ontologies developed for healthcare domain aim at modeling human
anatomy and known pathologies. GALEN [Rector et al., 1994] is probably the
most known general ontology developed to provide a common terminology in
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the medical domain. UMLS [Bodenreider, 2004] and SNOMED1 represent fur-
ther examples of ontologies working as vocabularies for healthcare. Several other
approaches are focused on the proposal of semantic annotation schemes for clin-
ical texts and health records ([Bodenreider, 2004], [Sheth et al., 2006]), in order
to provide interoperability and information sharing. Nevertheless, only a few ap-
proaches cope with the issue of relating diseases with their symptoms in order
to support diagnosis([Hadzic and Chang, 2005], [Minchin et al., 2006]).
It is also noteworthy that the new HL72 version has been somehow designed
with an ontological formalization.

In this paper we present a semantic-based approach for the automated in-
dividuation of factors commonly related to a known disease. The approach ex-
ploits non-standard inference services [Colucci et al., 2008] proposed in Descrip-
tion Logics [Baader et al., 2003] to automatically extract shared characteristics
in a set of concept descriptions. In particular, the approach uses patients health
records modeled according to an ontology describing possible symptoms, treat-
ments or behavioral factors affecting patients health. Such records represent the
knowledge base to be investigated for discovering factors common to patients
sharing a diagnosis. In other words health records of patients affected by the
same disease work as training set for learning how to diagnose known patholo-
gies. Obviously, the more the disease is rare and difficult to diagnose, the more
our approach is helpful in suggesting affecting factors both explicitly recorded
in health records and implied by elicited information.

The validity of the approach has been tested with real data collected in the
Pediatric Surgery ward of the Policlinico general hospital in Bari, Italy. At the
first stage of analysis, the health records selected to validate the approach are
related to patients affected by appendicitis.

The paper is organized as follows: in the next section we shortly provide the
background of the semantic-based approach we propose here. Section 3 shows
instead how to implement the proposed approach for supporting diagnosis in a
real data framework. Finally, conclusions close the paper.

2 Formalism and Inferences

The proposed approach models information in patients health records according
to Description Logics (DLs) formalism, in order to take advantage from useful
non-standard reasoning services specifically developed for the extraction of com-
monalities in collections of concept descriptions in DL. Due to the lack of space,
we do not delve into details about DL formalism and standard reasoning (the
interested reader may find them in [Baader et al., 2003]), but we shortly recall

1 http://www.snomed.org
2 http://www.hl7.org/
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only non-standard services fundamental in our approach. In particular, Least
Common Subsumer (LCS) was defined [Cohen and Hirsh, 1994] to find features
shared by all of the elements of a given collection.

In order to deal with the problem of extracting commonalities in a portion
of elements in a set, in [Colucci et al., 2008] four different common subsumers
were proposed:
- k-Common Subsumers(k-CSs) formally represent characteristics shared by
k concepts in a collection of n elements (with k < n);
- Informative k-Common Subsumer (IkCS) are defined as k-CSs adding in-
formative content to the LCS computation, given that LCSs are also k-CSs, for
every k < n;
- Best Common Subsumers (BCSs) represent features shared by the maxi-
mum number of elements in a collection, and makes sense when such a maximum
is less than n(i.e., when the LCS is equivalent to the universal concept);
- Best Informative Common Subsumers (BICS) are defined as BCSs adding
informative content to the LCS computation, given that, when the LCS is not
equivalent to the universal concept, it is of course the BCS of a collection.

3 Illustrative Example

In this section we show how to exploit inference services proposed in Section 2
to automatically extract commonalities in health records of patients sharing a
final diagnosis. In particular we employed anonymous health records belonging
to a sample of 100 patients affected by appendicitis hospitalized in the Pediatric
Surgery ward of the general hospital in Bari, Italy. In order to show how the
proposed approach works, we provide the data related to three patients in the
sample, whose clinical status is introduced in the following:
Patient 1: Female, 12 years old, feeling abdominal algia to right iliac fossa,
constipation, lower right limb neuralgia, asthenia, temperature and dysuria;
Patient 2: Female, 7 years old, feeling abdominal algia to right iliac fossa, al-
ternate phenomena of constipation and diarrhea, vomit and temperature;
Patient 3: Male, 5 years old, feeling abdominal algia to right iliac fossa, stran-
guria, lack of appetite, constipation, headache, limb tingling and temperature.
We notice that the three patients have not behavioral factors and do not take
treatments affecting health because of their young age, but w.l.o.g. we con-
sidered also such affecting elements in our modeling. In order to provide the
vocabulary for health records description, we developed an ontology in the DL
ALEN [Baader et al., 2003]; an excerpt of the main hierarchy is shown in Fig-
ure 1(a), together with the hierarchy of a specific class, Anatomy, in Figure 1(b).
The ontology axioms involved in the representation of the three patients taken
as case study are instead listed below:
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(a) (b)

Figure 1: (a) Ontology Main Hierarchy (b)Anatomy Class Hierarchy

Figure 2: Patients Health Record Descriptions

Abdominal Algia � Symptom � ∀affects.Iliac Fossa

Constipation � Symptom � ∀affects.Gastrointestinal Tract

Vomit � Symptom � ∀affects.Gastrointestinal Tract

Diarrhea � Symptom � ∀affects.Gastrointestinal Tract

Dysuria � Symptom � ∀affects.Urogenital System

Stranguria � Dysuria � ∃causesPain.
Figure 2 shows the modeling of the three patients health records according to
the proposed ontology.

In order to automatically individuate symptoms usually shared by patients
affected by appendicitis, we employ a general approach originally proposed in
[Colucci et al., 2008] for extracting commonalities in concept collections.

Of course, we are not only interested in “obvious” symptoms, but the effort
in modeling knowledge related to patients health records should be exploited
to discover unknown associations between symptoms and pathologies. In other
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words, our approach aims at finding symptoms that are non necessarily felt by
all of the patients affected by a given pathology, but also by a relevant number
of patients.

Notice that the concept descriptions representing health records use the full
expressiveness of ALEN . In [Colucci et al., 2008] we proposed an algorithm for
computing partial common subsumers in ELHN , showing also its extensibility
to ALEN . The algorithm relies on the computation of the LCS proposed in
[Küsters and Molitor, 2005]. In this paper we instead adopt the novel tableaux-
based method for LCS computation proposed in [Donini et al., 2009], which ex-
tends to the full ALEHINR+ . In the following we show the results of common
subsumers computation on the collection of concept descriptions S={Patient
1, Patient 2, Patient 3}, commenting on their impact on disease diagnosis.
First of all, we compute the LCS of the collection, representing the portion of
health records common to all of the three patients:
L = LCS(S) = ∃hasPathology.Appendicitis � ∃hasSymptom.(Abdominal Algia�
∃affectsSide.Right) � ∃hasSymptom.Constipation � ∃hasSymptom.Temperature

Of course, LCS represents symptoms which are well known for appendici-
tisbut we are interested in less common symptoms, frequently associated to
appendicitis; to this aim we search for portions of health records shared by at
least two patients out of the three in the collection and start computing the set
CS2 of 2-CSs of the collection.
CS2 = {L, L � Female, L � ∃hasSymptom.(∃affects.Limb) � ∃hasSymptom.Dysuria}

Among the three retrieved 2-CS, we are particularly interested in the ones
adding informative content to the LCS, which we called I2CS. The set ICS2 of
such concepts is given in the following:
ICS2 = { L � Female, L � ∃hasSymptom.(∃affects.Limb) � ∃hasSymptom.Dysuria}

Given that the LCS of the collection is not equivalent to the universal concept,
computing the set of BCSs makes no sense(see Section 2). The set of BICSs (see
Section 2) is instead equivalent to ICS2: if one more patient is added to the set
of those sharing features expressed by I2CS, the latter necessarily reverts to the
LCS of the collection.

The proposed tiny case study shows how, thanks to the computation of In-
formative Common Subsumers, we discover that two patients out of three are
affected by some symptoms to the limbs and dysuria. We also found out that
two patients are female. Even though introduced here in a limited set of three
health records for the sake of simplicity, our approach has been evaluated with
reference to a sample of 100 patients. Produced results confirm e.g., that dy-
suria and symptoms to limbs affect a significant portion of patients affected by
appendicitis. On the contrary, the prevalence of female patients has not been
retrieved in results from the general sample (intuitively, such a not significant
result is due to the very limited arity of the case study set and to the binary
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nature of patients sex information).

4 Conclusions

We have presented an approach supporting diagnosis through a semantic-based
individuation of symptoms shared by a significant portion of patients affected by
the disease to diagnose using informative common subsumers. We implemented
our approach in a case study employing real data related to patients affected
by appendicitis and the results have been validated by pediatric surgeons work-
ing in the general hospital of Bari. Even though appendicitis is a very frequent
disease, apparently not needing support to diagnosis, we chose it to test our
approach, in order for the evaluation to be free from interpretation faults. Nev-
ertheless, our proposal is designed to make easier the diagnosis of rare and not
well known diseases: initial difficulties in recognizing such pathologies may be
overcome through a backward investigation on health records of affected patients
and this is the objective of ongoing investigations.
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[Küsters and Molitor, 2005] Küsters, R. and Molitor, R. (2005). Structural Subsump-
tion and Least Common Subsumers in a Description Logic with Existential and
Number Restrictions. Studia Logica, 81:227–259.

[Minchin et al., 2006] Minchin, R., Porto, F., Vangenot, C., and Hartmann, S. (2006).
Symptoms ontology for mapping diagnostic knowledge systems. Computer-Based
Medical Systems, IEEE Symposium on, 0:593–598.

[Rector et al., 1994] Rector, A., Gangemi, A., Galeazzi, E., Glowinski, A., and Rossi-
Mori, A. (1994). The GALEN CORE model schemata for anatomy: Towards a re-
usable application-independent model of medical concepts. In MIE-94.

[Sheth et al., 2006] Sheth, A., Agrawal, S., Lathem, J., Oldham, N., Wingate, H., Ya-
dav, P., and Gallagher, K. (2006). Active semantic electronic medical record. In
ISWC-06, volume 4273 of LNCS, pages 913–926. Springer.

S. Colucci, E. Di Sciascio, F. M. Donini, M. ... 371



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


