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Abstract. In the frame of federated and interoperable Electronic Health Rec-
ords (EHRs), specific coding systems are mandatory for filling out healthcare
documents such as the Patient Summary (PS). PS cannot be automatically gen-
erated from the patient’s EHR data, because of the sensitivity of its content. For
this reason it needs to be validated by a General Practitioner (GP), who is the
sole responsible of this document. The literature shows that the practice of cod-
ing is recognized as a difficult task for GPs and it often generates coding errors
and misspecifications of clinical data. To overcome this issue, a support system
based on standardized and formalized coding rules for the domain of applica-
tion is proposed, to facilitate a more accurate coding process without breaking
the law.
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1 Introduction

In adopting the European Union (EU) directive on cross-border care and healthcare
semantic interoperability, especially related to the Patient Summary (PS), most Euro-
pean Countries are regulating the coding systems use in the frame of federated and
interoperable EHRs, making some of them mandatory for compiling healthcare doc-
uments. In compiling the PS, data related to health conditions cannot be automatically
generated from those available in the GP’s EHR, because the GP is fully responsible
for its content and has to validate it. Nonetheless, since coding is proved to be a diffi-
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cult task, an automated coding support system (CSS) can be of help without infringe-
ment of the law. The need for a centralized management of coding systems and pro-
cesses by means of a rule-based supporting tool is motivated by a number of critical
issues reported in the literature about the use of coding systems at different levels. In
proposing a CSS, it is important to consider the harmonization and integration of
medical terminologies used by domain experts to ensure information interoperability
and the full understanding of the meaning conveyed, thus avoiding the proliferation of
non-integrated and heterogeneous terminologies within EHRs. Furthermore, GPs
massively use natural language to record health conditions [1], in particular comor-
bidities, thus generating unstructured and uncoded data, mainly because they do not
know how to properly use coding systems and consider coding as an excessively
time-consuming activity. This work proposes a methodology for the creation of a CSS
that will be initially experimented for the Italian PS use case.

2 Related works

During the last twenty years much effort has been spent on the development of sup-
port systems for the semi-automatic editing of healthcare documents with structured
data. Some of these tools have been tested on the coding of causes of death, which are
generally coded from death certificates using the International Classification of Dis-
ease 10" revision (ICD-10). In particular, two software tools have been developed to
help this type of coding: MICAR-ACME [2], developed by US National Center for
Health Statistics, and more recently IRIS [3] developed by a European consortium.
These tools served as the basis for the development of other national support systems
for coding causes of death, such as the Italian one [4]. However, since death certifi-
cates already provide structured information, the issue of processing natural language
is relatively trivial, although the mortality coding rules by themselves are complex.

In addition, automated coding tools based on Natural Language Processing (NLP)
have been developed [5, 6]. Recently, a recommending system for ICD-10-CM (Clin-
ical Modification) coding starting from SNOMED CT (Systematized Nomenclature of
Medicine - Clinical Terms) annotated health records has been also developed as a
consequence of the World Health Organization (WHO) — International Health Termi-
nology Standards Development Organization (IHTSDO) harmonization effort [7].
Under the same framework, a further, ongoing evolution is the development of a
common ontology between ICD-11 and SNOMED CT [8]. Nonetheless, only few
systems solve coding tasks using a set of hand crafted expert rules, as in [9] which
focused on the ICD-9-CM. Finally new methodologies use ontologies and automated
reasoning to provide and support fast and incremental classification of medical termi-
nologies or classification systems, as in [10] where the Snorocket reasoner has been
developed to support SNOMED CT ultrafast classification.



3 A coding support system for the Patient Summary

According to the EU Guidelines, the PS is “the minimum set of information needed
to assure healthcare coordination and the continuity of care” [11]. Member States
adopted them often adding further clinical information, as in Italy, where a Prime
Minister’s Decree (to be issued) contains all the reference elements to be implement-
ed to allow for interoperability among regional EHR systems, recognizing the critical
role of the PS. According to it, PS reference elements, tagged as mandatory or option-
al, can be reported as free text or by using dedicated coding systems. The application
of a CSS to ease the compilation of the PS allows for the selection of recommended
codes to be assigned to the information required within the PS. Because of its highly
structured content, the PS could be well coded using rules, reducing the variability of
natural language free texts to interoperable codes.

To implement a challenging automated support system for coding health conditions
in clinical documents such as the PS, a four-step methodology is proposed: (see Fig. 1
for an overview of the process):
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Fig. 1. Process overview

e Analysis of the epSOS project’ results and specifications and study of the automat-
ed ICD-10 coding rules for morbidity and comorbidity?, to verify features useful to
guide the automated morbidity, procedures and interventions coding in the PS use
case. This step will produce standardized coding rules based on general guidelines
defined by qualified institutions (e.g. WHO) and described by the literature [12];

¢ Design of an algorithm that applies coding rules to produce candidate codes and
assess their accuracy, and implemented in a suitable computable formal language
for representing rules and the domain. The suitability of rule-based languages (e.qg.,
OWL + SWRL)?, and Task Network languages for the representation of guidelines
(e.g., ASBRU)* will be analyzed;

epSOS Project: http://www.epsos.eu

WHO, ICD-10, vol. 2. Instruction Manual, 2010.

SWRL W3C recommendations: http://www.w3.0rg/Submission/SWRL/
http://imww.openclinical.org/gmm_asbru.html
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e Creation and use of complementary tools to support the transition from the special-
ized and natural language used by GPs in their EHRs to the coding language: a
cross reference terminology of structured technical and lay terms, to be used as in-
termediate between the natural language and the concepts of the international cod-
ing systems; and finally transcoding tables to manage the different versions and
revisions of a coding system (e.g. ICD-9-CM to ICD-10) or to map between differ-
ent systems (e.g. SNOMED CT to ICD-10);

e Composition of the abovementioned tools to build a web service-based CSS.

The accuracy assessment of candidate codes proposed by the CSS is up to the GP,
who, as mentioned above, has the full responsibility of PS clinical content.

In particular, the use of a rule-based approach with respect to other NLP ones (e.g.
Support Vector Machines and Hidden Markov models) allows a better translation of
rules for coding patient summaries using ICD9-CM. Those rules, similar to those
defined by WHO for coding mortality, should be made explicit and translated also in
a computable way. Furthermore, the creation of the cross reference terminology is
based on existing terminological tools, such as the ICD-10 Alphabetical Index’; con-
sumer-oriented medical vocabularies (e.g., the ICMV [13]); ICD-11 narrower terms®
that include synonyms and quasi-synonyms; and a dictionary for NLP, created from a
database of 295,000 EHRs [1]. Finally, a mapping to some major standardized coding
systems will be performed. See Fig. 2 for an example of clinical data coding in the PS
using the CSS.
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Fig. 2. A coding example using the CSS for PS

In the example above it is shown as the clinical information in input written in nat-
ural language by the GP is processed in order to arrive, as output, with the correct
coding to be included in the PS. Another coding example is shown in Fig.3:

5 WHO, ICD-10, vol. 3. Alphabetical Index, Italian version, 2014.
® ICD-11 beta draft available at: http://apps.who.int/classifications/icd11/browse/f/en
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Fig. 3. Coding example 2

This use case shows how the CSS could filter the clinical information contained in
GPs’ database in order to include in the PS only the relevant information, (i.e. congi-
untivite cronica “chronic conjunctivitis”) those referring to a chronic disease, not only
to single events (as “mal di testa” or “dolori addominali”). The PS, as stated above,
contains only a standardized set of basic medical data including only the most im-
portant clinical facts required to ensure safe and secure healthcare [11].

4 Discussion and Conclusions

The present paper aims at proposing an experimental methodology for the develop-
ment of a rule-based CSS, with an initial experimentation in Italy, that will allow to
develop: i) a web service to directly support natural language text coding, and ii) a set
of rules in an open format, to be embedded also in third-party software.

With respect to the limitations produced by manual coding, the use of a sound rule-
based CSS presents consistent advantages (that are common to rule-based NLP meth-
ods): (i) it requires the adoption of internationally updated standard systems and
standardized methodology for the accurate coding of health conditions; (ii) it could
significantly reduce the coding time and costs, requiring GPs interaction only to
choose among and validate the recommended codes; (iii) it improves the quality of
coding by reducing the variability due to different subjective interpretations, especial-
ly in the case of comorbidities. By using the proposed CSS it is also possible to meas-
ure how often the GP is able to find the right candidates codes among those suggested
by the system. On the other hand, some limitations need to be considered, mainly
related to the complexity of the domain: (i) it may be necessary to formalize a huge
amount of rules to represent the number of possible situations; (ii) maintenance and
updating of the knowledge base and computational costs of the system can be high
with the risk of inefficiency.

This pilot study will allow considerations also on the economic aspects, to be
compared with the cost of training and maintaining up to date the large number of
GPs that need to write and code patient summaries.



Although developed for the Italian PS, the proposed methodology could be further

adapted to other European Countries.
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