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Abstract: Case report forms are important sources of medical knowledge in all clinical studies. Electronic versions of these
forms have several advantages compared to traditional paper-based questionnaires, and they have been adopted in many
contemporary research projects in medicine. This paper presents a framework for creating case report forms designed with
a two-level approach. Data at the generic information model level is stored in EAV (entity-attribute-value) tables and extended
by tables facilitating specification of the questionnaire layout. The second layer (knowledge model) specifies the domain specific
concepts describing the field of application of the questionnaire. This framework has been applied and tested in the frame of
an EU FP6 research project — HEARTFAID - the objective of which was to build a knowledge-based platform supporting the
management of elderly patients suffering from heart failure. Data collected by the electronic case report form (eCRF) was used
in the project’s knowledge discovery and decision support tasks. The work presents a new way for effective extraction of the
data necessary for the integration with the knowledge discovery process in a distributed, service oriented framework of the
HEARTFAID platform. It is demonstrated that it is feasible to implement these tasks using the two-level EAV table design.
Keywords: Electronic Data Capture, Remote Data Entry, EAV, Two Layers Modelling, eCRF, Spring Framework

1. Introduction

Electronic Data Capture (EDC) techniques have been used in
clinical trials for a long time [8]. The first EDC systems (also
known under other names e.g. Remote Data Entry (RDE) Sys-
tems) date back to the early 1970s [7]. Since that time a huge
amount of applications (either academic or commercial) for
creating, managing and publishing medical on-line forms has
been developed. The electronic versions of questionnaires
seem to have lot of advantages in comparison to their paper-
based counterparts [18]. Among the assets of EDC are cost
savings, faster dissemination of forms and collection of data,
built-in validation mechanisms, easy maintenance and export
to statistical packages.

The conventional method of designing database schemes
for questionnaires is to map a form to a single table or a set of
tables in a relational database in which each attribute (ques-
tion from the form) is stored into an individual column [10, 14].
Even though this technique works fine for many applications, it
has become apparent that this method is not always effective
[14], especially in bio-medical research or electronic health re-
cords. This problem pertains to databases with a large, hetero-
geneous list of fields from which many are optional and can be
omitted. In such databases new fields are often added, altered
or removed after the database has been deployed, and this
introduces additional complication in its structure. Designing
such databases with the conventional approach is possible but
often troublesome and ineffective due to the limitations of tra-
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ditional RDBM systems (e.g. a maximum limit of 255 columns
in a single database table in some RDBM systems) or to the
need to frequently update the database structure.

An alternative approach is to store records as association
lists containing (attribute name, attribute value) pairs of vari-
ables [13]. A database that stores information in that form is
called an entity-attribute-value (EAV) database. This storage
method by itself is not new since it dates back to at least the
time when the LISP programming language was created. How-
ever, its application in relational databases has not yet been
very widespread. Classical EAV-databases contain one large
table with just three columns: identifier of the described object,
identifier of the attribute, value of the attribute. Additionally, dic-
tionaries are required which contain metadata describing the
attributes applied.

This simple design technique enables a very flexible meth-
od of space-efficient storage of heterogeneous data. However,
it should be acknowledged that also this approach is not free
from flaws. It is well suited for one object-at-a-time queries in
which all information about a single object (e.g. patient) is re-
turned, but it is less efficient in complex attribute-centric que-
ries [14]. For such situations special frameworks facilitating
more advanced searches in this model are implemented (as
e.g. QAV: querying entity-attribute framework [13]), thus em-
powering the user to browse the data more easily. The over-
head that is needed to organise the data in an EAV manner is
often not worth the effort for the simple and static databases
used in many business applications. The queries are also not
time-effective, rendering them less suitable for commercial
usage. These drawbacks are, however, not as obvious in re-
search projects and clinical trials where more emphasis is put
on the flexibility of the tool than its efficiency.

The EAV model can be considered the first generic layer of
a database. This tier may be used in virtually any field of ap-
plication, and can be extended by additional tables supporting
more complex data design. An example of a model with such
additions is represented by the EAV/CR by Nadkarni et al. [14],
which enhances the EAV by structures for the representation
of classes and relationships. Other approaches customize the
EAV to store clinical forms [5]. The EAV model with its exten-
sions represents an information model of the database which
is domain independent. In a two-level approach to database
design, a second layer (i.e. the knowledge model), is added
on top of the first [11]. This model specifies the domain specific
concepts describing the field of application of the question-
naire. It may consist of terminologies and ontologies related to
a given specialization field. The values that can be entered into
the information model can be constrained by knowledge model
archetypes [2] - i.e. special templates that specify at runtime
the way data can be entered. Archetypes may be specified au-
tonomously by subject matter experts (e.g. clinicians) without
the need to consult database specialists. A clear separation
between the first and second level of the database makes the
architecture flexible and reusable.

The aim of this paper is to report on the information ob-
tained while implementing a vast two-level electronic case
report form (eCRF) which was designed for the cardiology
domain. The eCRF is part of a large knowledge-based plat-
form called HEARTFAID supporting the management of elderly
heart failure patients, developed in the frame of the EU FP6
research program. It was required by the HEARTFAID project

that the eCRF system implements insertion, modification and
querying of large forms (containing over 700 attribute values
for each patient). The system needed to be well integrated with
the remaining services of the platform.

2. The HEARTFAID Platform

Heart failure (HF) occurs when the heart fails to pump enough
blood to meet the metabolic needs of the body’s tissues and/
or organs. The prevalence of this pathological condition is
very high — approximately 10 million patients suffering from
HF in Europe. Chronic (C)HF is a disease of older people; the
Framingham study noted a doubling of prevalence with each
advancing decade, reaching a rate ranging from 7% to 10% in
those aged 80 and older. The mortality of patients with severe
HF is also high, approaching 50% in the course of one year in
NYHA IV' class patients. However, it is believed that through
regular monitoring and personalised management of patients
affected by this condition, their survival rate and quality of life
can be significantly improved.

The role of the HEARTFAID platform is to support physi-
cians and healthcare personnel (e.g. nurses) in managing
heart failure patients, while at the same time empowering
patients to self-monitor their health condition [3, 4]. HEART-
FAID is a web-based platform of services integrating several
diverse modules (Fig. 1). Its basic function is to collect patient-
related biomedical data from different sources (e.g. mobile and
wearable measurement devices or medical imaging systems)
and enable access to previously collated data from electronic
health records. Part of the system includes declarative and
procedural knowledge taken from evidence-based sources
such as medical guidelines and carefully selected research pa-
pers [6, 16]. The users of the platform may securely access the
data it contains in a standardised_manner. The platform gives
access to data taking into account the different roles and rights
of the users. New knowledge can be discovered based on the
data collected on the platform by employing newly developed
artificial intelligence tools. The system has the potential to sup-
port physicians in making clinical decisions in the workplace
also by alerting them if a dangerous situation is detected. Al
HEARTFAID services are integrated by an enterprise service
bus (ESB). The system utilises a single sign-on mechanism.
Users interact with the system through a customisable web
portal. The anticipated results of integrating the platform into
clinical practice include a reduction in the re-admission of HF
patients to hospital, improvement in the quality of treatment
and a decrease in management costs [3, 4].

A knowledge-based platform like HEARTFAID requires
various forms of medical data acquired from different sources.
Data collected from mobile and wearable devices are covered
by the Aml service. The role of the HEARTFAID’s electronic
case report form (eCRF) is to handle all data required by clini-
cians that need to be inserted manually by the medical person-
nel. Beyond the scope of the eCRF is the storage of medical
knowledge in the form of rules or ontologies which are used
for inference in knowledge discovery and decision support sys-
tems. However, these modules exploit the data collected by the

1 NYHA - New York Heart Association Functional Classification
— Afour scale classification of heart failure extent
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Fig. 1. General overview of the HEARTFAID services

eCRF. The eCRF is intended to be used by medical personnel
in the hospital and is not accessible by patients. It plays the
role of a specialised electronic health record, collecting heart
failure data from a multitude of sources. From a medical (i.e.
cardiographic) perspective the eCRF is useful because it gives
easy access to the results of lab tests, to treatment schedules
and to the prognostic assessment of HF patients.

The HEARTFAID eCRF comprises three parts: the base-
line, additional visits and final evaluation forms. Each of these
forms is uniquely assigned to a patient and can be filled out
only once, with the exception of the additional visit form which
may be repeatedly compiled without limitations. Questions in
the eCRF questionnaire may be combined into groups. The ac-
tivation of a group may be triggered in real-time by the input of
a specific value by the user. Question groups may be nested to
an unlimited depth. Most of the questions are of simple types:
Boolean values, text strings, numerical values (integer, real
numbers) and dates. However, there are also more complex
types of questions which involve, for instance, the selection of
a value from a controlled vocabulary, or the use of a special tool
to specify a medication and its dosage from a hierarchical list
of products (drug class, international name and generic name).
It is also possible to add new drugs to the list. Some questions
are grouped into matrices (tables) of values of simple types.
The forms also contain rules for validating inserted values.

3. Method

While planning the implementation of the eCRF we looked
for off-the-shelf products that were web-based, available free,
open source, flexible enough to add new question types, able to

support large questionnaires with nested groups of questions,
based on XML and J2EE technologies, and easy to integrate
into the HEARTFAID platform. None of the existing tools we
found for designing web-based questionnaires (e.g. ArchiMed
[5], Form Handler [21], Instant Survey [24], Survey Monkey
[26], WebEAV [15], Zoomerang [27]), fully met our demands.
For that reason it was decided to implement the eCRF from
scratch. Since the number of questions was large (more then
700), quite diverse, potentially changeable and the efficiency of
the tool was not a critical factor, it was decided to employ a two
level architecture. The idea of a two-level approach emerged
in electronic health records development [11]. Following this
approach database structures are divided into two separated
models: information model and knowledge model. The infor-
mation model represents stabile and generic concepts, where-
as the knowledge model depicts the dynamics of the problem
field [11]. In the HEARTFAID’s eCRF the information model
expresses a generic database for storing clinical forms follow-
ing the EAV paradigm. The classical EAV data model has been
extended to facilitate the usage of complex web-based forms.
In Fig. 2 the ERD (entity-relationship-diagram) of the informa-
tion model underlying the HEARTFAID eCRF is presented.
The model is generic —i.e. it does not contain any information
specific to the heart failure domain and can be used in diverse
multi-centred clinical trials. The EAV model was implemented
in a RDBM system. Basic EAV tables were extended by ad-
ditional tables for storing hierarchical question groups and for
user management. Similar approach was taken in other EAV
projects (as e.g. in EAV/CR representation by Nadkarni at al
[14]). The User Center and User tables enable the separa-
tion of patients coming from different research institutions and
enable access to the data only by entitled users. The Patient
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Fig. 2. ERD of the information model under laying the HEARTFAID eCRF

<property name="type” value="integer”/>
<property name="html”>

<property name="order” value="1"/>

<property name="value” value=""/>
</bean>

<bean id="physical exam systolic blood pressure” class="org.javs.ecrf.mvc.model.Type” singleton="true”>

<value><! [CDATA[Systolic blood pressure:]]></value>

</property>
<property name="cui” value="C1306620"/>
</bean>
<bean id="question hfcrfsa 1 gl 1” class="org.javs.ecrf.mvc.model.Question” singleton="false”>

<property name="type” ref="physical_ exam_systolic_blood pressure”/>

Fig. 3. XML archetypes specifying the values that can be inserted into the form

table contains basic patient data. Since the questions are as-
signed to pages and these pages may contain many levels of
nested question groups or tables this structure is reflected by
the Page, Table and Group entities. The grey-shaded Question
and Cell tables are classic EAV tables containing a reference
to the type of the question, the owning entity (i.e. Page, Group,
or Row) and the value. Additionally, these tables contain in-
formation about the time of creation and last modification of
the values, version number, as well as the identity of the user
that modified the value. The dashed line between the Question
or Cell tables and the Form table is a redundant connection
added for efficiency reasons to accelerate queries with fields
nested deep in many subgroups. The Description table con-
tains textual information needed as additional description in

the forms. The Drug[X] (Xe{Repository,Class,Int,Brand}) and
Dict tables represent respectively the pharmacological treat-
ment and values from controlled vocabularies.

The archetypes (second layer of the model) constraining
the values that can be inserted into the database are specified
in XML syntax, compatible with the bean definition syntax of
the Spring Application Framework [9]. An example of the speci-
fication of a question type and its instance is presented in Fig.
3. The first archetype bean example defines a type represent-
ing a patient’s systolic blood pressure taken during a physical
examination. This question has its description in HTML format
(attribute html), stating that it accepts only integer values (at-
tribute type) and a mapping to a concept in the UMLS ontol-
ogy explaining its semantics (attribute cui). The second bean
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is an instantiation of the previously mentioned question type
(attribute type). The position at which the question is displayed
in the question group is specified by the attribute order, and its
default value may be specified by the attribute value. The ar-
chetypes often also contain lists of questions or subgroups ag-
gregated by group type, or information about question groups
being activated or deactivated based on specific values of the
questionnaire fields inserted by the user.

Both archetype beans (i.e. type declaration bean and
question instantiation bean) are mapped to POJO (plain old
java objects) elements and are stored on demand in the eCRF
database using the Hibernate Framework [12]. The way the
archetypes are specified enables easy extension of the list of
constraining rules (e.g. by information about the soft or hard
limits for ranges of accepted values).

4. Results

The eCRF has been implemented in the course of the second
year of the HEARTFAID project in the Java 5 programming lan-
guage. The development has been accelerated by the usage
of the Spring Application Framework [9] version 1.2 and Hiber-
nate 3 [12]. The final knowledge model of the eCRF specified
by XML archetypes included 735 question instances of 364
semantic types. Archetypes were created using a general pur-
pose XML editor (Altova XMLSpy 2008 [20]). Data were stored
in a MySQL 5.1 RDBM system. A simplified structure of the
eCRF is presented in the figures included in the Appendices
1 and 2. In order to make the schemes legible, the number of
fields for each object was limited to a maximum of 10 fields.
The letters b,a and/or f denote in which eCRF type of form this
question is located (i.e. baseline, additional form or final visit).
The forms are presented online as HTML views created with
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XSLT transformation of XML archetypes and data retrieved
from the database (Fig. 4). The top bar contains the question-
naire’s name, patient id and page number. The pages can be
changed either through the list of pages in the table of content
panel in the right part of the form or through the backward and
forward buttons in the navigation bar. The form is automatically
saved after changing a page or after clicking on the submit but-
ton. Activation of the cancel button rejects the last changes and
exits the form. Question groups are marked by red boxes and
activated by trigger questions (e.g. in Fig. 4 the group contain-
ing the max. ST depression question is activated by setting the
value “yes” in the ST depression field). In Fig. 5 a 3x3 question
table (matrix) of integers is presented. In addition, above the
main form a list of detected validation errors is presented.

Communication with the eCRF with the HEARTFAID plat-
form is established through an XML protocol implemented by
one of the partners in the project (SYNAPSIS) including all
the necessary information of an HL7 message [22] and follow-
ing the transactions suggested by IHE [23]. The HEARTFAID
middleware implements Patient Demographic Query HL7 V3
(PDQ) and Patient Identifier Cross-Reference HL7 V3 (PIX)
profiles. In order to integrate the patient-related data into the
platform a MPI (Master Patient Index) service is used which
manages patient's demographic information and guarantees
their unique identification in the environment. For instance,
while registering a new patient on the platform, a message
is sent from the HEARTFAID portal to the ESB which was
implemented using the Mule open-source framework [25].
Mule descriptors for routing the information to a MIDA Graph
(a workflow engine implemented by SYNAPSIS [19]) are read
and transformed into information that is stored in the MPI and
transmitted as HTTP XML messages to the eCRF service. The
eCRF receives the messages, enrols the patient and sends
back a confirmation message [19].
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Fig. 4. User interface of the HEARTFAID eCRF
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Fig. 6. The result of reasoning based on the data collected by the eCRF

The eCRF was deployed on the HEARTFAID platform in
2007 and since then it has been in constant use. Data from ap-
proximately 100 patients from four clinical centres [Universita
degli studi Magna Graecia, Catanzaro (ltaly), Universita degli
studi di Milano Bicocca, Milan (ltaly), Jagiellonian University
Medical College, Krakéw (Poland) and S. Luca Hospital, Isti-
tuto Auxologico ltaliano, Milan (ltaly)] have been collected.

The eCRF has been integrated with the HEARTFAID’s
Knowledge Discovery Service (KDS) and Decision Support

System (DSS) developed by Rudjer Boskovic Institute in Za-
greb (Croatia). Both services require tight integration with the
large amount of patient data collected by eCRF, however these
services require substantially different data access types. DSS
is always focussed on one patient while KDS requires informa-
tion about all or most of available patient data that has been
collected by the eCRF. Additionally, it must be noted that DSS
requires effective access to the most recent information for all
potentially relevant measurements regardless of when they
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were collected and with a clear indication about when the data
was acquired. In contrast to this, actual data collection time is
not relevant for KDS, but it requires access to the data grouped
according to the time of its collection, that data should be or-
dered by its historical order, and that it is identified by the time
interval from previous measurements. Fig. 6 demonstrates
a typical result from the decision support service while Fig. 7
and 8 illustrate the knowledge discovery service.

A unique property of the currently implemented KDS is that
it integrates knowledge discovery algorithms with direct data-
base access into one web-based service. This is not a sim-
ple task due to the complexity of the KD process [16]. The
HEARTFAID service implements the modern random forest
based machine learning algorithm [1] that has been reimple-
mented by Rudjer Boskovic Institute. The service has been
built as a series of projects so that every project consists of
different datasets with many tasks that can be performed for
every dataset. Access to projects, datasets, and tasks is en-
abled though a web interface (Fig. 7).

Computationally, the most complex part of the service is
the construction of the classifier and the preparation of a re-
port (Fig. 8) based on the results of this process. The value
of this newly implemented service is the realisation of direct
access to the data in the eCRF and its automatic transforma-
tion into a form that can enter the KD process. Direct access to
the relational database containing EAV tables by a traditional
SQL interface is very laborious. This problem can be solved
by implementing a special query module for external analytical
services. An interface consisting of four generic functions has
been implemented for the purpose of the knowledge discovery
task. Table 1 contains a description of these functions:
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These functions are available through a HTTP GET in-
terface. In the following line a command is shown that starts
a query involving the getLastValue function http://local-
host:8080/heartfaid/query.html?function=getLastValue&uuid=3
12&sid=physical_exam.weight

After execution the interface searches in the eCRF data-
base for all values of the physical_exam.weight attribute re-
garding the patient with the id 312. The result of the function
is returned in simple XML syntax. This allows a clear separa-
tion of the data collection and query tool located at one centre
(currently at Jagiellonian University Medical College, Krakow,
Poland), from the knowledge discovery system located at a re-
mote centre (currently located at Rudjer Boskovic Institute, Za-
greb, Croatia).

Discussion

After the generic framework for designing questionnaires
had been developed, the process of implementation of the
HEARTFAID’s eCRF knowledge model by specifying the XML
archetypes took little time and did not cause any difficulties.
The structure of the eCRF turned out to be more stable than
initially anticipated, so the benefit of the flexibility of the archi-
tecture has not been fully used (with the exception of a few mi-
nor changes). On the other hand, the drawbacks of decreased
database efficiency in this type of application are hardly notice-
able. In the production database containing just a few users
and approximately 100 forms installed on a Intel Core 2 Duo
T5450 1,66Ghz,1GB RAM computer, loading a whole form
from a database took in average 1360 ms, saving a modified
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Fig. 7. The main page of the HEARTFAID knowledge discovery service with three current projects:
“platform-test-worsening”, “Iris-test-project”, and “platform-demographic”
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Fig. 8. The result of any KD task is a report. The figure presents a report for a two-class domain obtained after constructing a random
forest with 100 trees. The main part of the report is the confusion matrix demonstrating the predictive accuracy measured by cross-
validation on the training set.

form 600 ms, querying the last value of a selected parameter
84 ms. . Thanks to the application of XML technology the in-
tegration of the eCRF to the platform’s enterprise service bus
was easy and fulfilled the requirements of current medical in-
formatics standards.

The future plan for the proposed architecture includes
implementation of a graphical editor for the XML archetypes
and extension of the list of constraints that can be used for
the knowledge model's specification. Tighter integration of
the eCRF with knowledge engineering and data mining tools
through the proposed interface also seems to be important.

It is not easy to give definite advice about when to use
EAV tables instead of traditional relational database design.
If our highest priority is flexibility, and the number of collected
attributes is very large and potentially often changeable, this
suggests that a two-level EAV design should be used. In all
other cases, a more traditional design would probably be more
advantageous. When designing frameworks with EAV data-
bases for knowledge discovery tasks it is imperative to also
offer a special query module with an interface similar to that

presented in this paper, or to export the data to an external
system with a different data model.

Conclusions

This paper presents a practical implementation of a two-level
database system for a medical research project. The generic
layer of this database uses EAV tables which are useful for
designing large heterogeneous and frequently changeable da-
tabase schemas, as are often found in research studies. In this
system a method for implementing the concept of two-level
architecture in a modern application framework (Spring Frame-
work) has been demonstrated. The fact that the system has
been in use for almost two years in the HEARTFAID project
and has delivered useful data for other modules like a knowl-
edge discovery module and decision support services proves
the feasibility and the effectiveness of this solution. The sig-
nificance of our work consists in the proposal of a new type of
direct interface for accessing complex data structures with the
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Tab. 1. eCRF interface for knowledge discovery tasks

Function Name

Description

getLastValue

Returns the last known descriptor value available for the patient. If all values are
unknown the returned value is also unknown.

getAnyValue

unknown.

Returns information concerning all previous visits. For numerical measurements it
returns two values: minimum and maximum while for categorical attributes it returns
most frequent (mode) value. If all values are unknown the returned value is also

getDifference

1 worsening]

Returns the difference between the last available piece of data and the penultimate
piece. If there are not two available entries the value is unknown. For numerical
attributes (e.g. laboratory values) it is the difference (+/- value). For categorical
attributes it is 0 (no change) and 1 (value changes) [or -1 improved, 0 no change,

getFlattenedTable

value.

and slope.

For categorical values it returns the number of known values and the most frequent

For numerical it returns mean, minimal and maximum value, range, standard deviation

output already prepared for artificial intelligence applications.
Additionally, it is also clearly stated that this model is not ap-
propriate for every database, especially not for large commer-
cial databases, and therefore its adoption needs to be carefully
considered.
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