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Abstract. This paper proposes a conceptual framework to design a dimensional 
model based on the HL7 Clinical Document Architecture (CDA) standard. The 
adoption of this framework can represent a possible solution to facilitate the 
integration of heterogeneous information systems in a clinical data warehouse. 
This can simplify the Extract, Transform and Load (ETL) procedures that are 
considered the most time-consuming and expensive part of the data warehouse 
development process. The paper describes the main activities to be carried out to 
design the dimensional model outlining the main advantages in the application of 
the proposed framework. The feasibility of our approach is also demonstrated 
providing a case study to define clinical indicators for quality assessment. 
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Introduction 

Enterprise data warehouses are increasingly adopted in the healthcare domain to 
improve decision-making, business processes as well as to discover new treatments and 
improve patient care [1]. Their development makes it necessary to integrate data 
provided by heterogeneous information systems (e.g. Laboratory Information Systems, 
Electronic Health Records, Radiology Information Systems), developed for different 
specialties, by different organizations and for different purposes [2]. In data warehouse 
implementation and maintenance process this integration is called Extract, Transform 
and Load (ETL), that is considered the most time-consuming and expensive activity 
(around 70% of the resources used) [3]. This implies the adoption of transformation 
procedures to convert data from source systems in a common data model to be loaded 
in the target system (i.e. data warehouse and/or data marts).  

In the healthcare domain Health Level 7 (HL7) plays an important role to improve 
interoperability providing a set of standards for the exchange, integration, sharing and 
retrieval of healthcare information. These standards are based on the Reference 
Information Model (RIM) [4], which represents a conceptual model covering both 
clinical and administrative aspects. One of the most widely adopted implementation of 
the RIM is the Clinical Document Architecture (CDA) [5] that specifies the structure 
and semantics of a document (e.g. discharge summary, continuity of care document).  
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The aim of this paper is to propose a conceptual framework to map the 
dimensional model primitives with the HL7 CDA classes in order to facilitate the 
definition and implementation of ETL tools developed in a data warehouse architecture. 
This study is part of the Smart Health 2.0 national project that aims to develop a 
regional healthcare infrastructure based on HL7 standards. It also intends to explore the 
use of Electronic Health Record (EHR) for secondary purposes in a clinical governance 
framework to assess the quality of care from the structural, organizational, financial 
and professional points of view [6]. The framework proposed in this paper facilitates 
the identification of clinical indicators for quality assessment to be calculated from data 
contained in CDA documents stored in a regional EHR.  

1. Conceptual framework based on the dimensional model developing life cycle  

The approach proposed in this paper is described considering the 4-step process 
described by Kimball and Ross in [7]. The feasibility of our approach is demonstrated 
providing a case study based on the Continuity of Care Document (CCD) [8] to define 
clinical outcome indicators for quality assessment, such as percentage of patients with a 
vital sign parameter within a specific threshold (e.g. glycated hemoglobin under 7%).  

1.1. Choose the business process and declare the grain 

The determination of a business process can be based on the HL7 RIM Act class that 
represents “an intentional action that can be either executed, ordered, planned and must 
be documented”. For this reason it is important to identify which Act is a feasible 
representation of the event taking into account also the level of granularity to be 
represented. In this perspective, the CDA is mainly described by three Acts: 1) 
ClinicalDocument that provides an high level description of the document; 2) Section 
that aggregates in a single “narrative block” core patient-specific data based on 
common clinical conventions (e.g. laboratory test results, medications, problems, 
procures); 3) clinicalStatement a choice structure that represents the content of a 
specific action (e.g. observation, procedure, substance administration).  

In particular, in the CCD implementation the class Section through the attribute 
code is a standardized identifier to classify clinical business processes coded using the 
LOINC (Logical Observation Identifiers Names and Codes) nomenclature, such as 
functional status, family and social history, medical equipment and encounters. In this 
paper the attention is posed on the vital sign section that contains individual’s clinical 
findings, such as blood pressure, heart rate, body mass index and glycated hemoglobin.  

1.2. Identify the dimensions 

In our approach dimensions are determined on the basis of the Zachman framework [9] 
that provides a systematic information representation starting from the following 
questions related with the investigated event: who (persons), what (the fact), when (the 
time), where (the place), why (the reason) and how (the manner). Each Participation 
included in the CDA model represents a suitable candidate element to derive a 
dimension table, given that it “captures the functions of subjects and objects involved 
in a specific process, identifying who performed it (i.e. performer), for whom it was 
done (i.e. recordTarget), where it was done (i.e. location), etc.”. For instance, the Act 
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Observation that represents an action in the CDA, can be associated with the following 
Participations: a) performer to identify the “person who actually and principally carries 
out or will carry out the action”; b) consumable to determine the “substance that is 
taken up or consumed as part of the substance administration”; c) subject to define the 
“principle target that the service acts on”. For each applicable Participation a dimension 
table can be determined collapsing the hierarchy represented by the 4-ple <Entityplayer, 
Entityscoper, Role, Participation> in a single denormalized table. This process that 
introduces data redundancy with a less complex queries is particularly suitable for one-
to-many relationships between the fact and the relevant dimension. For instance the Act 
ClinicalDocument is related with only one Participation recordTarget. Thus, the 
hierarchy can be mapped in a single dimension table composed by relevant attributes of 
both Role (i.e. PatientRole) and related Entities (i.e. Patient and Organization), as 
shown in figure 1. However, some requirements need to be represented with a many-to-
many relationship in the dimensional model to be modeled using a bridge table as 
proposed in [10]. For instance, when different practitioners deliver care to an individual 
over different distinct time intervals.  

 
Figure 1. recordTarget dimension defined through the denormalization of the RIM 4-ple hierarchy.  

Table 1. Example of dimensions derived from the HL7 RIM stereotypes and CDA features  

Question RIM stereotype CDA feature  Example  
Who Participation  recordTarget  The patient involved in the event  

performer Physician/Practitioner that carried out the event  
responsibleParty Participant with legal responsibility  

Where  Participation location  Healthcare facility where the event occurred  
What Participation consumable  Material consumed during the event  

product  Material dispensed during the event 
Act Act.code  Type of event performed 
ActRelationship referenceRange Range of values for the measured parameter 

When Act Act.effectiveTime  Time when the event has been performed 
How Act Act.methodCode Technique used to establish the event 
Why  ActRelationship entryRelationship A principal cause of an event  

Table 1 highlights some examples of possible mapping between HL7 stereotypes 
and dimensional model primitives. The attribute typecode of the stereotype 
Participation can be also used to define who/whom is involved in the business process, 
where the event has been carried out (i.e. location) and what are the equipment 
involved to perform the event (i.e. substance consumed or product dispensed). Other 
information describing the event can be captured through the Act that describes the 
event under investigation and its related Act described by the stereotype 
ActRelationship. Moreover, there are different attributes of the stereotype Act and its 
specialization in the CDA model that can describe the business process, such as time 
when the event took place (i.e. effectiveTime) and type of the event observed (i.e. 
code). Considering the ActRelationship class, in the CDA model there are two main 
specializations: 1) entryRelationship that links two clinicalStatements of the same 
Section to identify, for instance, a principal cause of an event (e.g. an allergy reaction 
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to penicillin that causes hives or rashes); 2) referenceRange that shows the thresholds 
of a specific parameter (e.g. blood pressure). The mapping of the ActRelationship class 
in a dimension can require the adoption of a bridge table to be associated with the fact.  

The dimensions detected to describe the vital sign business process based on the 
CCD are described as follows and depicted in figure 2: recordTarget and performer 
using the denormalization approach described previously including the Entity 
Organization that identifies the location where the service has been performed. 
Moreover, type of clinical test (vitalSignObservation), the technique used to determine 
it (method) and the time when it has been performed (Time_Date) are defined using, 
respectively, the attribute code, methodCode and effectiveTime of the Act Observation.  

1.3. Identify the Fact 

A fact table contains qualitative and quantitative measures to represent the performance 
of the business process. In the RIM these information are collected in specific attributes 
of the stereotype Act representing “measurement of healthcare business processes”. 
Data to be collected strictly depend on the event under investigation. For instance, the 
vital sign section of the CCD includes two attributes: 1) value to capture a physical 
quantity (i.e. weight) and its unit of measure (i.e. kg); 2) interpretationCode to provide 
a qualitative interpretation of the measure (e.g. normal, low). Both attributes have been 
included in the fact table of the dimensional model shown in figure 2.  

1.4. Modelling the HL7 RIM Data Types 

Most of the attributes of the CDA are modelled using complex data types that need to 
be transformed in a database data type. A possible solution to represent of a complex 
data type is to store each property in a single column of the relevant table. For instance 
a Physical Quantity (PQ) can be mapped into two distinct attributes: value and unit. 
However, different attributes of the RIM can assume multiple values. For instance, the 
Act Observation captures a set of interpretationCode (e.g. the value is decreased, is 
below lower alert threshold, is moderately susceptible, etc.). These data types can be 
modelled either creating a separate table to store each multiple valued attribute or 
revising the model to have only a single value for each attribute.  

 
Figure 2. Dimensional model with complex data types normalized 

Starting from the specification defined in the previous paragraph attributes with 
complex data types have been normalized and a dimensional model is proposed in 
figure 2. In particular: 1) in the vitalSign and referenceRange tables the unit of measure 
of the attribute value has been removed and only the measurement reported using a 
double data type (value); 2) address of the sub-dimension organization has been 
exploded in three distinct attributes: ZIP, city and district; 3) coded attribute 
(interpretationCode, methodCode, code, administrativeGenderCode) are stored as a 
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string attribute based on the relevant vocabulary. Finally, birthTime and effectiveTime 
are mapped in a Date column. 

2. Discussion 

In this paper we demonstrated the feasibility of a conceptual framework to define the 
primitives of a dimensional model based on the HL7 CDA entities with the purpose of 
developing a clinical data warehouse supporting clinical quality assessment. The 
adoption of this approach can lead to different advantages both at the design and 
execution phases of the data warehouse implementation process. At the design level, a 
dimensional model based on HL7 CDA can simplify the definition of the business 
process to be analysed as well as the dimensional model primitives that describe it. 
This makes data transformation a simplified straightforward process thus reducing the 
resources to be invested to implement ETL tools and procedures. From the 
implementation point of view, information collected in HL7 CDA messages can be 
loaded in the target data warehouse without implementing tools to transform source 
data models to the destination dimensional model. This makes the integration of 
heterogeneous systems more robust limiting the ambiguity in the semantics of 
messages and avoiding the proliferation of dialects. Moreover, as highlighted in our 
previous paper focused on the database model [11], this approach can also facilitate 
end-users in interpreting and defining query in the data warehouse. From the 
architectural point of view this approach enhances the extensibility of the data 
warehouse architecture facilitating the integration of other systems in the future given 
that: 1) rules and parsing procedures are standardized in a common framework and 2) 
clinical information are coded using international nomenclatures and dictionaries, such 
as LOINC. This approach is going to be tested within the Smart Health 2.0 project.  
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