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Comparative Analysis of Information Requirement for Implementation

of Computer-Interpretable Clinical Practice Guidelines
Zhang Yu" Onogi Yuzo®
Department of Medical Informatics and Economics, Graduate School of Medicine, the University of Tokyo

1
Department of Clinical Bioinformatics,Graduate School of Medicine,the University of Tokyo”

In an effort to implement computer-interpretable clinical practice guidelines (CPGs) by capturing required patient data
from Hospital Information Systems (HIS), we determined data items and their values necessary for decision-making
coincided with CPGs and compared them with those existed in HIS of the University of Tokyo Hospital. There were 211
data items for executing the CPG of hypertension and we found that 200 (95%) of the CPG’s data items could not be
obtained directly from HIS. Then we tried to acquire these underived items through various transformations from existing
data and medical knowledge.We categorized these transformations into 4 level of the difficulty: 0) no transformation, which
means some data items and values can be used without any changes; 1) simple transformations, such as numerical
calculations; 2) complicated transformations, such as those using medical knowledge; 3) impossible to transform, which
means some data items can not be acquired through any transformation. And we found that 178 items (84%) could be
derived from HIS as categorized in level 0~2.

Keywords: Data items, Guideline, Hospital Information System
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Abstract:

In an effort to increase usage of the best practice recommended by clinical practice guidelines,
computer interpretable guidelines (CIGs), for providing reminders or alerts, are being integrated into
institutional clinical information systems (CISs). In order to clarify to what extent clinical data items
required to execute CIGs could be acquired from those CISs, 141 data items were extracted from the
hypertension guideline and explicitly defined according to that guideline and other clinical
knowledge. Then, they were conceptually compared to those that existed in the hospital information
system (HIS) of the University of Tokyo Hospital. As a result, only eight of them could be captured
directly from the HIS. We tried to obtain the underived data items through performing various
conversions based on existing data, clinical knowledge and other useful information. All of the
conversions were then classified into one of four levels: 0) no conversion, which means a data item
can be used without any change, 1) simple conversions, such as numerical calculations or synonyms,
which use clinical information inside of the HIS, 2) complex conversions, such as concept
relationships or pharmaceutical information, which use clinical knowledge or other electronic
sources complemented outside of the HIS, and 3) impossible to convert, which means a data item
cannot be acquired through any conversion. Using conversions, we found that 115 data items could
be derived from the HIS. Level 1 and level 2 conversions were analyzed for their authorities and
logics. We conclude that, although only a minority of data items required to execute CIGs is covered
by those from the HIS, it is possible to implement CIGs if level 1 and level 2 conversions work
properly. Construction of a conceptual data model, whose functionality is expanded beyond
controlled clinical vocabulary and is capable of automating these conversions, offers promise for

improving CIG implementation.
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What was known before this study:

In clinical institutions of Western countries, while computer-interpretable clinical practice
guidelines (CIGs) are integrated with institutional clinical information systems (CISs), clinical
terms from both of them need to be mapped to controlled clinical vocabularies such as
SNOMED-CT for explicit definitions.

Controlled clinical vocabularies can provide explicit definitions of clinical variables or terms,
most of which are used as representations of data items, and relationships between those
variables or terms.

Not all data items needed to execute CIGs exist in institutional CISs, and not all those that do

exist are in the form required for execution of CIGs.

What this study has added to the body of knowledge:

In order to acquire patient data necessary for implementation of CIGs from our hospital
information system (HIS), clinical knowledge from guidelines and other approved sources were
utilized to unambiguously define not only concepts corresponding to the necessary data items
from both CIGs and the HIS, but also each conversion between them corresponding to an
identical data item.

Definitions of data items required for implementation of CIGs contain not only clinical
variables, but also clinical values, which include data types and units. Relationships between
data variables are more than those defined by controlled clinical vocabularies. For example, the
relationship between body surface area from guidelines and height and weight from the host
system is the formula of DuBois, which is not defined by any controlled clinical vocabulary as a
concept relationship. However, conversions between data types and units for identical data
items and additional relationships between data variables can be adequately defined by
guidelines or other clinical knowledge.

We clarified that although only a minority of data items needed to execute CIGs could be
provided by the HIS directly, it is highly likely that a majority of them can be acquired from the
HIS after various information conversions. Therefore, if the architecture for those information
conversions was designed properly, without any change of the HIS, CIGs still could be

integrated with the HIS and applied to clinical decision support.
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Introduction

Clinical Practice Guidelines (referred to as clinical guidelines in this paper), defined as
“systematically developed statements to assist practitioner and patient decisions about appropriate
health care for specific circumstances” [1], embody a rich source of knowledge designed to inform
clinical decision-making and care planning, and consequently have gained support as vehicles for
improving best practice in clinical medicine [2]. In spite of the considerable efforts of health care
organizations over recent decades, clinical guidelines still have not being disseminated or
implemented widely. McGlynn ef al. carried out a telephone survey of a random sample of adults
living in 12 metropolitan areas in the US and found that participants received the recommended care
only in 54.9% of instances [3]. CIGs have the potential to address this problem, because
computer-based clinical decision support systems could deliver the knowledge incorporated into
them at the point of care. Shiffman et al. performed a systematic review of computer-based guideline
implementation systems by analyzing 25 previous studies [4]. In the 18 studies that included
evaluations of provider adherence to the guidelines, 14 of them described some level of adherence
improvements. Therefore, application of CIGs has been proposed as a strategic means to promote

guideline-recommended clinical practices.

There are a number of CIG representation models for formalizing the clinical knowledge contained
in the clinical guidelines being developed as a prerequisite for the application of CIGs [5-10]. In
order to be executed automatically with a CIS, these methodologies should encompass two
structured formats, which are used to represent two sorts of information necessarily acquired from
the CIS. The first one specifies clinical events and contexts, such as a patient’s first visit to a doctor,
in different clinical scenarios. They can be used to trigger suitable execution of guideline logic. The
SAGE project [11] addressed this issue by modeling the healthcare organization in which a guideline
is implemented. The current model contains an enumeration of clinical and information technology
resources and an event model defining the structure of the events. Another practical solution, used
typically in the GUIDE project [12], is to build a separate workflow system as external service for
CIG and CIS. The second one, generally referred to as patient data model, defines patient data
required to initiate the delivery of patient-specific decision support based on clinical guidelines, and
needs to be mapped to that of institutional CISs such as electronic medical records (EMRs) and
computerized physician order entries (CPOEs). Virtual Medical Record [13], which is built on the
basis of HL.7 Reference Information Model (RIM) [14] and currently adopted by the SAGE project
[15], has provided a promising approach to facilitate mappings between different structured
patient-data models of host CIS.

Both clinical scenario model and patient data model should use clinical concepts to record and
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signify clinical data clearly. Either in CIG or in an institutional CIS, clinical concepts would be
defined by mapping them to an identical terminology system. In the SAGE project, clinical guideline
concepts are encoded in terms of standard reference terminologies, including SNOMED-CT and
LOINC, and terminologies used in any host CIS must be mapped to those reference terminologies
while they are integrated for application in clinical practice. Studies show that most of the clinical
terms used in CISs can be conceptually matched to controlled clinical terminologies such as UMLS
and SNOMED-CT [16-17]. However, explicit definitions obtained from such controlled clinical
terminologies are, by themselves, not sufficient for representing concepts extracted from clinical
guidelines, and which can only be defined by the guideline sources. For example, asymptomatic
hyperuricemia is determined by the upper limit of normal range, which is stated definitely in the
related clinical guideline; however, this concept cannot be defined by controlled clinical

terminologies because the normal range differs in different countries.

In addition to standardizing patient data definitions for the concept mapping, we need to consider to
what extent an existing CIS at a local institution is capable of capturing patient data in a manner
suitable for CIG implementation if a CIG could be integrated into the local system. Since the
statements of clinical guidelines not only contain diagnosis and treatments, but also include temporal
conclusions and causal relationships derived by physicians individually and that might not be
recorded as patient data, we argue that not all guideline data (referred to as G data in this paper)
items, including data values required to implement guidelines, exist in CISs. Basically, the extent of
patient data required for guideline execution existing in a particular CIS is mainly determined by the
category of the system. For instance, the number, and the category, of data items used in EMRs are
different from those used in CPOEs. Moreover, for data items that do not exist in a CIS, but are
necessary for guideline execution, it might be possible to use either clinical knowledge or external
electronic sources other than computerized guidelines to generate these non-existent, but necessary,
data items from existent ones. In one study, Sonnenberg et al. [18] examined the existence of 178
unique data variables, required to implement two separate CPGs in the EMR in use at University of
Medicine and Dentistry of New Jersey (UMDNJ), according to the vocabulary similarity between
the EMR’s observation terms and the guideline terms. They then evaluated the correspondence of the
above guideline terms with the Unified Medical Language System (UMLS). As a result, they found a
wide difference between the clinical vocabulary used in guidelines and that used in UMDNIJ’s EMR.
Furthermore, they also found that, while each guideline term could be identified by matching it to a
corresponding UMLS concept, many concepts important for guideline application lacked explicit
definitions in their guideline sources. However, although they classified guideline terms according to
whether they were simple or complex and whether they were clinical observations, health issues or

treatment, the specific approaches used to convert observation terms of the EMR into guideline

74



terms were, in most cases, not analyzed or explained in detail, the exception being the simple ones,
which could be directly acquired from the EMR. Performing a detailed analysis that would better

clarify how such data conversions are achieved would be of great value.

In this paper, we aimed to clarify the nature of the different approaches to acquiring the data items
needed to implement guidelines from the specific data items available in a certain HIS (which is
CPOE in this paper) through comparing them via their explicit definitions and identifying their
relations. We first drew up the terms and the definitions of G data items necessary to execute the
decision rules narrated in the clinical guideline for hypertension, whose accuracy were previously
confirmed by a health care professional. We next compared these G data items with the data items
available at the HIS of the University of Tokyo Hospital (referred to as H data items in this paper) in
order to examine whether or not they could be captured during routine clinical care. G data items and
H data items were all considered to be determined by either the clinical guideline or other external
sources selected according to the context of the clinical guideline. After that, we analyzed the
possibility of generating those data items that did not exist in the HIS through various conversions of
existing data items, using clinical knowledge or other electronic information sources such as HL7
Messages. Finally, two other clinical guidelines, asthma guideline and diabetes guideline, were
analyzed in the same way to evaluate the influence of clinical guideline contents on the conclusions

of our analysis.

Methods

1. Extraction of G data items

Since Hypertension is one of the most popular lifestyle-related diseases in Japan and the recent
version of the Hypertension Guideline consists of many more detailed narratives than other disease
guidelines, the clinical guideline of Hypertension in 2004, published by Minds (Medical Information
Network Distribution Service in Japan) [19], was selected as one of the trial guidelines for the
detailed analysis below. Moreover, although patient states, execution states, decisions, actions, etc.
are elements common to all guidelines, only decisions perform the role of intersection whereby
alternative results could change guideline execution. Therefore, we chose to use statements

containing decisions as the subjects of this study.

No less than two choices are typically involved in all decisions and each of them can be considered
as one logical rule, which is divided into a conditional side, containing data items that serve to
trigger the rule, and an executive side, containing diagnostic and therapeutic practices that serve as
recommendations of clinical guidelines. All logical rules were thus constructed and a health care
professional confirmed not only their accuracy but also the explicit definitions of data items on the

conditional side. If a certain data item was not defined unambiguously by the guideline, other
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clinical knowledge was referenced based on the context of the guideline. As most hypertension
patients do not have to be hospitalized, we selected outpatient clinic as the clinical scenario and
filtered out rules that could not be applied in that setting. After that, G data items needed to perform

the remaining rules were aggregated, exclusive of any duplication.

2. Investigation of the existence of G data items

All the H data items existing in the HIS of the University of Tokyo Hospital and that could be used
in outpatient settings were adopted for comparison to those extracted from the hypertension
guideline. Each G data item contains one G data variable and more than one G data value. A G data
item was judged to exist in the HIS only if its concept was represented by one H data item,
irrespective of the identity of the terms both sides used respectively as their names. According to the
principle of the above judgment criterion, we divided all the G data items into the following three
classes by determining how G data variables or G data values exist in the HIS: A) both one G data
variable and its values exist; B) one G data variable exists, but its values are not in the same form as

those of the identical H data item; C) neither one G data variable nor its values exists.

3. Levels of conversions for complementing G data items

Since there are G data items that could not be acquired directly from the HIS, it is indispensable to
determine how H data items could be converted into G data items. Herein we classified all
conversions for complementing G data items into four levels, based on the extent of difficulty of the
conversions: 0) no conversion, which means some data items and values can be used without any
change; 1) simple conversions, such as numerical calculations or synonyms, which use information
inside HIS; 2) complex conversions, such as concept relationships or pharmaceutical information,
which use clinical knowledge or other electronic sources outside of HIS; 3) impossible to convert,
which means some data cannot be acquired through any conversion. After conversion, all the G data
items were once more classified into ABC classes (see the previous section). We also enumerated the

authorities of level 1 and 2 conversions to confirm their validity.

4. Categories of logic for conversions

The logics of Level 1 and level 2 conversions for program design were analyzed in detail. We
categorized these two conversion levels into logic of conversion for class B and logic of conversion
for class C. The former contains logic of conversion for number and string because the data types of
H data values are either numbers or strings. The latter contains logic of conversion for synonym and
concept. Moreover, conversions for concept were further divided into two groups according to

whether or not the logic uses is-a relationship.
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5. Categories of G data items

In order to clarify to what extent G data items could be acquired from diverse categories after the
above conversions, we categorized them into general information, examination, treatment, diagnosis,
family history, disease condition, and causal relationship. General information, examination,
treatment and family history are objective data, and diagnosis, disease condition and causal

relationship belong to subjective data.

6. Comparison of G data items from three clinical guidelines

Finally, two other widely accepted clinical guidelines, Asthma guideline and Diabetes guideline,
were analyzed in the same way to determine whether a great difference among the results of the
three guidelines occurred. The results here refer to data coverage of HIS for executing

guideline-based decisions and the extent of conversion of H data items into G data items.

Results

The result of data extraction showed that 141 G data items were collected from the Hypertension
Guideline. These data items were classified into ABC classes. As a result, we found that only eight G
data items could be directly utilized for execution of guideline decisions. After all conversions, G
data items were again classified in the same way. The numbers of classified G data items before and
after conversions are comparatively tabulated (Table I), and the levels of difficulty of data
conversions are categorized (Table II). As the result shows, an additional 107 G data items could be

acquired through a variety of conversions.

53 data items were converted from class B into class A through level 1 conversions. For example,
whether or not total cholesterol concentration in the blood is abrormally high can be converted using
the digital values of the serum test of total cholesterol concentration; whether or not diabetic
nephropathy is being diagnosed can be converted using the string values of the current disease
names. Eight data items were converted from class C into class A through conversions at the same
level. For example, the value of Body Surface Area can be acquired using the Formula of DuBois,
which requires values of Height and Weight. Conversions at this level do not use electronic clinical

knowledge or other sources outside of HIS.

Five data items were converted from class B into class A through level 2 conversions. For example,
hypercholesterolemia is converted using the diagnostic criteria of hypercholesterolemia as
determined by the Japan Atherosclerosis Society and the value of total cholesterol from HIS. 41 data
items were converted from class C into class A through conversions at the same level. For example,

complications of the aged with hypertension are determined by this Hypertension Guideline and the
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values of diagnosed diseased names from HIS.

The authorities of level 1 and level 2 conversions were categorized to ensure their validity (Table III).
Only six of the conversions are unambiguously defined by the hypertension guideline, but all of the
conversions have been approved and are currently being applied in clinical practices. For example,
the conversion “junior high school students mean children are from 12 to 15 years old” is common
knowledge; the conversion “extraction of the value of IMT from carotid sonography report” belongs
to data processing as a sonography report is recorded in a narrative form. Although ICD-10 is one
sort of controlled clinical vocabulary, because it is only adopted in diagnosis for accounts, we still

regard it as information inside HIS instead of being defined by an institutional terminology system.

Logic for level 1 and level 2 conversions were categorized in detail as follows, and all of the typical

examples are listed in Table IV:

L. Logic of conversion for number: numbers of H data values are either converted into a
Boolean G data value or a string G data value. Example 1 and example 2 show their typical
conversion logic, respectively.

1L Logic of conversion for string: strings of H data values are either converted into a string G
data value or a Boolean G data value. Example 3 and example 4 show their typical
conversion logic, respectively.

III.  Logic of conversion for synonym: as synonyms of a G data variable exist in text on many
occasions, text processing is naturally needed for conversions. Example 5 shows the typical
conversion logic.

IV.  Logic of conversion for concept using is-a relationship: sub-concepts of G data variable are
required if the concept itself did not exist in the HIS. Is-a relationship is necessary to convert
sub-concepts into their super-concepts. Example 6 shows the typical conversion logic.

V. Logic of conversion for concept without using is-a relationship: G data values sometimes are
acquired from H data values through numerical calculation. Such relationships between G
data variables and H data variables are other than is-a relationship. Example 7 shows the

typical conversion logic.

Furthermore, G data items were categorized, and in each category the data items were divided
according to whether they are obtainable after the conversions (Table V). 87% (67/77) of the
objective data items could be acquired. However, exclusive of diagnosis data items, only 50%
(11/22) of the subjective data items could be acquired. Among those that were unobtainable, some

simple but important exams, such as blood pressure and pulse, could not be recorded in outpatient
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settings.

Two other clinical guidelines, diabetes and asthma, were analyzed in the same way. Numbers of data
items covered by the HIS before and after conversions, respectively, were obtained. All the results
from the three clinical guidelines were compared against each other (Table VI). For each of three
clinical guidelines, the coverage of G data items was remarkably improved by the use of conversions.
Although the number of data items of the diabetes and asthma guidelines is much less than those of

the hypertension guideline, their coverage rates are similar, both before and after conversions.

Discussion
The data items for application of decisions of the hypertension guideline published by Minds were

analyzed in detail. A total of 141 data items were extracted and confirmed, among which only 6% in
the HIS under study were in the form required for execution of the guideline. However, for the rest
of the data items, most (80%) turned out to be obtainable using a variety of conversions of G data
items from H data items. Sonnenberg et al. [18] analyzed the vocabulary requirements for
implementing high blood pressure and high blood cholesterol guidelines. Because their research is

similar to the first half of ours, both results are comparatively enumerated (Table VII).

Though we only identified data items partially, i.e., only those applied in the outpatient clinic and
only those used to execute decisions of the hypertension guideline, the total number is still larger
than that of the hypertension guideline studied by Sonnenberg et al., as they collected 133 data items
from the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation and
Treatment of High Blood Pressure (JNC7) [20]. One possible reason for the difference is the content
difference between the hypertension guidelines used in Japan and in the US, respectively. For
example, the clinical guideline of hypertension in 2004 in Japan includes the management of patients
suffering from both hypertension and several liver diseases; this is not included in INC7 because this
condition is rare in the US. Among the different conversion levels of data items, the observed
difference in the number of level 0 data items is much greater than the other three. A major reason
for this might be that our research used CPOE applied in outpatient settings whereas theirs employed
Logician’s EMR. For example, their EMR contains a lot of data items for blood pressure, but there
does not exist even one in the CPOE we adopted in our outpatient clinic. Furthermore, as their
research did not separate JNC7’s data variables from the other’s, we could not determine what

percentage of level 0 data items was extracted from JNC7.

Unlike Sonnenberg’s methods, we did not employ controlled clinical vocabularies such as UMLS to

determine definitions of data items, either from clinical guidelines or from HIS. Even if a Japanese
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version of UMLS or SNOMED-CT had been developed, we would still argue that they could not
provide adequate definitions to data items that work as conditions of guideline logical rules. Instead,
knowledge supplied by clinical guidelines and other external sources approved by official clinical
societies of Japan can be used to identify the concepts of those data items. However, as clinical
guidelines and other knowledge sources are being updated separately, there might be different
definitions of a certain data item between guideline developers and clinical societies. Therefore,
during editing of clinical guidelines, it is better to distinctly reference the external knowledge in the
clinical guidelines if any data item concept was not specifically interpreted by those clinical

guidelines.

The distinction between level 1 and level 2 conversions is mainly focused on the relative difficulty in
the extent of their programming, which is important for the actual system architecture. Most of the
programs for level 2 conversions require building a database containing medical knowledge or other
clinical information outside of the HIS, whereas the programs for level 1 conversions do not require
this. A typical example of a level 2-conversion database is that of pharmaceutical information
composed of drugs’ trade names, generic names, subclass names, class names and the relationships

among them.

Compared to subjective data items, a higher percentage of objective data items can be acquired after
various conversions. Therefore, subjective data items might be the main reason for the higher
percentage of level 3 conversions in our research than in Sonnenberg’s. On the other hand, although
EMR contains more subjective data items than CPOE, dafa items available from CPOE should be
given priority in conversions because the scenario of our research is the outpatient clinic. When
EMR and CPOE co-exist in one clinical institution, it is necessary to classify the resources of data
items in advance of integrating CIG into an institutional CIS, thereby insuring a robust
implementation of CIG. At this level, our analysis differentiated data items obtainable from CPOE

from those that were not existent in CPOE but might be available in EMR.

Conversion logic categories point the way to concrete prototypes of program designs. Consequently,
each category of conversion logic could be executable as components of a guideline-based decision
support system. While one G data item could be acquired using more than one conversion logic, we
select the one that is converted from an original H data item value. For example, Ayperpotassemia
could either be diagnosed by the value of serum potassium or acquired directly from disease names.
Both serum potassium and disease names are available in the HIS and both conversion logics are
feasible based on our analysis. In this case, we use the original value of serum potassium to decide

whether hyperpotassemia exists. That is, if it is possible to construct multiple logics for the same G
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data item, the most convincible conversion logic will be chosen.

Diabetes guideline and asthma guideline were analyzed in detail as well. However, the data items
exacted in both cases were much fewer than that of the hypertension guideline. The different
management contents between these chronic diseases may be the main reason for the difference.
Asthma patients do not have many complications; diabetes patients do have some complications, but
most of them are due to one reason, that is, a long history of diabetes. However, not only are patients
with essential hypertension prone to cardiovascular, renal and other diseases, but also patients with
cardiovascular, renal or other diseases have a high possibility of suffering from hypertension.
Another reason might be related to the specific guideline versions. While asthma and hypertension
guidelines were both published in 2004, the diabetes guideline was published six years ago (2000).
Generally speaking, each guideline should be updated yearly, corresponding to the rapid

development of clinical medicine.

The limited variation between the three coverage rates of data items, either before or after
conversions, suggests that irrespective of disease, most guideline data items can be acquired from the
HIS if the conversions are put into action consequently. According to Sonnenberg’s variable
dependency maps, this is because the HIS captures most of the data items that are independent of
others routinely. In addition, some data items are required for execution of multiple clinical
guidelines. 11 of 46 (24%) G data items from diabetes guideline also exist in those from
hypertension guideline. Examples include microalbuminuria and proteinuria. 8 of 38 (21%) G data
items from asthma guideline also exist in those from hypertension guideline as well. Examples

include puise and age.

Some clinical guideline modeling methodologies already have being applied in routine practice. The
typical example is SAGE [21]. It uses SNOMED-CT, LOINC and NDF-RT [22] as its standard
reference terminologies. Certain attributes of clinical concepts representing patient data, like
boundary value of hypercholesterolemia, are not unambiguously defined in those reference
terminologies, but VMR services can afford the value, and even the value’s data type and unit, to
complement its definition based on the patient data model of CIS. As we have demonstrated that
there is a wide gap between clinical concepts used in clinical guidelines and CIS, all of the
conversions between the two sides’ clinical concepts that were clarified by us might have been
completed manually before encoding a guideline knowledge base. Therefore, it is useful to separate
the conceptual data model from CIG and CIS. Expanding the functionality of controlled clinical
terminology, the conceptual data model would be designed to represent data items adequately

defined by clinical guidelines or other reference resources and required for guideline execution, and
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to support conversions of G and H data items.

In the future, after additional clinical guidelines are analyzed, a minimized group of data items from
CPOE could be determined that could be used to execute most guideline decision rules. Meanwhile,
conversions of H data items into the above minimized group of data items would be analyzed in
detail and categorized into a series of conversion logics. After that, it is possible to develop a
conceptual data model for both representing G data items and executing conversions to acquire their
values. Finally, concerning the question of how to complement data items still at level 3 after
conversions, additional interfaces between CIGs and the HIS need to be developed to request
physicians to input data values necessary to execute the decision rule they show interest in. And
concerning the question of how to complement data values missed because of unknown clinical
incidents or errors, interfaces used to input data values whose data variables exist in the HIS need to

be considered as well.

Conclusion

In this study G data items were compared with H data items, and our results showed that only a
minority of G data items could be directly provided by the HIS in the form suitable for execution of
CIGs. Comparatively, a majority of them could be acquired when conversions of H data items were
put into action. Therefore, it is clearly possible that CIGs integrated with HIS can be executed for
clinical decision support. Moreover, in order to automate these diverse conversions of data items,
construction of a conceptual data model, by which controlled clinical terminologies are extended, for

supporting CIGs to be applied with HIS, is a promising approach.
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