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Abstract— Many computer applications have been released 
targeting the implementation of a general Electronic Health 
Record (EHR) system. The main goal of an EHR system is to 
digitally store useful medical information about a patient’s 
history and to share it across different health care units. 
Furthermore, the EHR systems should provide important 
information to the medical doctors during or after an encounter 
of care that will facilitate their decisions on making the correct 
diagnosis. A major problem however, for adopting an EHR 
system, especially from older doctors corresponds to the time 
that is needed to become familiar with the tool and thus either 
prevents them from enjoying the full benefits of an advanced 
EHR system, or leads to a complete rejection of the system. 
Therefore one of the fundamental concepts for implementing an 
EHR system is to incorporate proper and easy to use tools that 
will enhance and guide the doctors’ decisions in an optimal way 
without taking significant time of their usually busy schedule. In 
this paper we aim to tackle part of this problem by proposing an 
application tool that will help the doctor with the patient’s 
diagnosis by suggesting a matching disease code based on the 
user’s (doctor’s) notes. In addition, the tool will offer cross 
reference functionality between two international standards, the 
International Classification of Diseases (ICD-10) and the 
Systematized Nomenclature of Medicine -- Clinical Terms 
(SNOMED-CT). This tool will be tested as a freemed-software 
module add-on and it will be implemented in a private group 
practice (the Center). With their cooperation and the feedback 
from the users the tool will be evaluated for the possibility to be 
used in other EHR applications. (Abstract) 

Index Terms—Electronic Health Record, International Coding 
Standards cross reference, International Classification of 
Diseases, (ICD-10) Systematized Nomenclature of Medicine -- 
Clinical Terms (SNOMED-CT).  

I. INTRODUCTION  
Patient oriented services in the healthcare system grow 

rapidly and the demand for a better and more sophisticated 
treatment becomes stronger almost every year [1]. Electronic 
Health Record systems contribute in the healthcare domain by 
gathering information from patients’ records such as history of 
illnesses, current diseases and medications, billing, insurance 

claims and many other functionalities that can produce useful 
information [2]. The data gathered can be used to gain valuable 
knowledge and provide important information when shared 
with other facilities nationally and internationally for research 
or treatment aid [2,3]. Although in theory this seems to be an 
easy task, in practice a matter of data interoperability rises 
when trying to achieve this kind of collaboration between 
clinics and doctors. 

Heterogeneous systems are being used worldwide having 
their distinct usability and customization according to their 
needs in each case. For these reasons some international 
standards are established from the World Health Organization 
(WHO), which is the directing and coordinating authority for 
health within the United Nations system [4]. 

In this article we focus on the two medical and disease 
coding standards that are supported by WHO and are used to 
classify diseases and other health problems recorded on many 
types of health and vital records including death certificates 
and health records [4]. The two medical standards are the ICD 
version 10 (upcoming version 11) and the SNOMED-CT. The 
ICD-10 stands for International Classification of Diseases and 
the SNOMED-CT stands for Systematized Nomenclature of 
Medicine -- Clinical Terms. 

II. PROBLEM 
Many of the heterogeneous systems that are used in 

healthcare include both ICD and SNOMED-CT for classifying 
diseases. This factor lead’s to a diagnosis problem when there 
is an exchange of information between these two coding 
standards [5, 6, 7].  

Additionally doctors require a guide tool for inserting 
semantically correct diagnosis, according to the two standards, 
and a tool that will facilitate their decisions towards a more 
accurate diagnosis. 

III. RELATED WORK 
To examine and diagnose a patient, doctors receive and 

study all the relevant information they can get. What if they 
miss an important piece of data and what will be the 
consequences?  

Proceedings of the 2012 IEEE 12th International Conference on Bioinformatics 
& Bioengineering (BIBE), Larnaca, Cyprus, 11-13 November 2012

978-1-4673-4358-9/12/$31.00 ©2012 IEEE 30



 

A lot of research has been done related to automating 
clinical coding [8], machine learning [9] algorithms and text-
mining tools that aid domain experts on making the correct 
decision [10, 11]. Using text-mining, free text and important 
report information are used to train machine learning systems 
for clinical free text classification [12]. With the aid of normal 
language processors (NLP), semantic types are being separated 
and a specialized vocabulary is created [13, 14, 15] that helps 
recognizing important entities [16, 17] and producing useful 
and expert reports. Others researchers have applied the Naϊve 
Bayes algorithm to build classifiers from several corpuses and 
diagnose patients [18] according to the accuracy of their 
sample training sets. Some rule based algorithms [19] assist on 
how experts plan to structure and build their rules for their 
decision support system [20, 21, 22] and match their domain 
requirements. Using this methodology experts can directly plan 
their tasks and workflows for their decisions such as 
diagnosing patients, diseases prevention, medication alerts etc. 
[22].  

To achieve a better algorithm performance the tool must 
resolve problems that refer to the domain requirements (in our 
case the Center’s requirements) [23].  

IV. APPROACH 
To clearly understand what the tool requirements are, 

further interaction with the medical doctors involved is 
required. The Center’s staff is using the version v.0.8.4 of the 
open-source software “freemed” (available for download at 
[24]) and the European Paediatric Cardiac Coding (AEPC) 
scheme which is cross referenced with the ICD-10 standards. 
The application has a lot of functionality that meets the 
Center’s requirements. For example, it provides an extensible 
patient records system, billing information, appointment list 
etc. One requested functionality missing from this system is the 
inability to aid and guide the user in correctly classifying the 
patient’s diagnosis according to the international standards.  

At the time of the medical examination of a patient, due to 
several factors such as the overloaded doctor’s schedule is or 
that the examination happens to be an emergency, the user 
cannot rely on opening and searching databases or reference 
systems consisting of thousands of codes to locate the correct 
diagnostic phrase for the diagnosis because in this situation is 
time consuming for both the patients and the doctor. 
Furthermore, this procedure, frequently enough results in errors 
and wrong classifications. 

It is accurate to explain here that the Center’s coding 
scheme is more detailed from the ICD-10 canonical scheme 
thus some AEPC codes are cross referenced with generic ICD-
10 codes. 

To give an example scenario: The doctor examines the 
patient. The “patient encounter form” is opened and the 
appropriate notes are written in the form. The doctor concludes 
that the patient is suffering from either "Pulmonary atresia 
intact septum" or "Pulmonary atresia VSD". The doctor 
however, in the diagnosis area has written the ICD-10 code 
Q22.0 which stands for “Pulmonary valve atresia” which is 
more generic. Although the name is very similar, the 
physiology and treatment of the disease are quite different. 
Because of the limited time to access the coding scheme and 
verify that the diagnosis-code is indeed the same as it is used in 

the international standard or in this case the AEPC, the 
diagnosis is inserted incorrectly. In this scenario there are two 
problems. The first one refers to the incorrect coding and thus 
makes the data misleading for further medical investigation and 
the second problem corresponds to the wrong transfer of data 
for subsequent processes such as billing or updating of the 
patient’s summary.  

To resolve this problem we propose an additional 
functionality to be incorporated in the existing tool. At first an 
easy access to the coding system is needed so the doctor can 
instantaneously enter a keyword or a phrase that describe the 
diagnosis  and automatically he or she will be presented with 
the suggested codings from the system. Subsequently, the 
doctor will select the appropriate codings that best correlate 
with the established diagnosis. Alternatively the algorithm will 
read and identify keywords through the doctor’s text-notes and 
will produce medical keywords that will automatically present 
coding suggestions (from the coding standard database) to the 
doctor. The idea is inspired from some of the work that has 
been done using NLP [13, 15].   Secondly the tool will try and 
find the matched coding from the SNOMED-CT coding 
standard to give the cross reference functionality to the system. 

 
 

Fig. 1.  Part of the current Patient Encounter form 
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V. TOOL DESIGN 
The freemed v0.8.x is written in the “PHP” programming 

language using MySQL Database Management System 
(DBMS) on the server-site and html combined with JavaScript 
at the client-site. 

Our design will be implemented on both, the server and the 
client sites and the approach that will be followed for the 
successful addition of the new functionalities are summarized 
in two steps. In the first step, a database to hold the coding 
standards of the AEPC will be produced (current format is in 
MS Excel). In the second step, a rearrangement of the “patient 
encounter form” will be performed with the following 
additions: a) The “search” element that will hold the keyword 
or phrase and will guide the user to the semantically correct 
diagnosis, b) the “Add Diagnosis to Patient” and “Remove 
Diagnosis from Patient”, with the former functioning by 
adding the selected disease code from the retrieved query result 
of “search” and the latter to remove it from the patient and 
c)an  element that will refer to the medical keywords of the 
doctor’s notes regarding the patient’s summary. These 
keywords will be combined together and a “suggest” 
functionality will present to the user the suggested coding list. 
The doctor will have the opportunity to choose from the two 
methods, by disabling the “suggest” functionality and 
going through the “search” function or vise versa.     

For the second part the user will have the ability to map the 
selected diagnosis from ICD-10 to SNOMED-CT standard. 
The cross reference functionality will comprise a function that 
will introduce the matching SNOMED-CT coding to the 
former one. 
 

Fig. 2.  The Add Diagnosis tool. When the user writes a phrase the tool 
searches to find matching diseases with their appropriate codings. (Part 

of the patient encounter form)  

 
 

 

 

 

Fig. 3.  The Suggest Diagnosis tool that is going to find a match according to 
the keywords that are extracted from the notes. (Part of the patient 

encounter form) 

 

VI. CONCLUSIONS 
The EHR functionalities are focused around the patient to 

enhance a better and more sophisticated treatment. In 
accordance each medical facility can seek for different and 
custom solutions in line with their requirements and needs.  

The main goal is to conduct an approach-research regarding 
the requirements of a specific center, create a solution for the 
predefined needs and get the appropriate feedback from the 
field experts. We will test and measure the results of the 
gathered feedback to provide a more robust tool that will apply 
to all of the requirements mentioned in the previous sections. 
We hope that this research will build a foundation on the way 
that the whole progress should be made thus getting closer and 
closer to a better understanding on the specific domain 
reference-demand and provide a better solution. 
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