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Abstract. Clinical practice guidelines are important instruments to support clin-
ical care. We have analyzed guidelines according to their semantic relations in
order to generate a formal representation. We used the UMLS Semantic Network
as a basis for our analysis. We defined relations that will be used to automati-
cally identify the control flow described in guidelines for generating a computer-
interpretable format. A study showed that by using semantic relations we are able
to discover a large part of the control flow.

1 Introduction

Clinical practice guidelines (CPGs) are important instruments to provide state-of-the-
art clinical practice for the medical and clinical personnel [1]. It has been shown that
integrating CPGs into clinical information systems can improve the quality of care [2].
Amongmany services they can offer are: summarizing patient data; providing alerts and
reminders; retrieving and filtering information which is relevant to a specific decision;
and weighing up the pros and cons of clinical options in a patient-specific way [3]. For
integrating CPGs into such systems, the CPGs (i.e., documents in free, narrative text)
have to be translated into a computer-interpretable format. Various of such guideline
representation formats have been developed (see [4] for an overview and comparison),
but the translation process is still a large bottle-neck. It’s a complex and challenging
task requiring both medical and computer science expertise. Several methods have been
developed that describe systematic approaches (e.g., [5,6,7]) for guideline modelling.
Some of them use intermediate formats to break the complexity of the modelling task
into manageable tasks (e.g., the GEM format [8], the Many-Headed Bridge between
Guideline Formats (MHB) [9]).

A CPG can be translated into a computer-interpretable format by representing it
as an instance of an ontology. Thereby, concepts are identified and relations between
them are established. In this work we show what relations are necessary for identifying
text representing the control flow of a guideline.We thereby utilize the UMLS Semantic
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Network [10], which provides not only semantic types, but also relations between them.
Our hypothesis is that by using these relations we can identify activities to be performed
in a guideline document.

Modelling CPGs in a computer-interpretable and -executable format is a great chal-
lenge. Automatically identifying actions and processes that describe the control flow
can facilitate the modelling process by providing important information necessary for
the modelling task and by reducing the workload for the involved persons. Thereby, the
modelling process will still require manual interaction (e.g., to solve ambiguities and
inconsistencies and to add knowledge necessary for execution).

In the following section we give a short overview on knowledge-based methods
for guideline modelling and on using relations for identifying information. In Section
3 we explain the methods developed and resources used. Section 4 describes the the
evaluation of our methods and a discussion of its results. The final section contains our
conclusions.

2 Background

First attempts to computerised CPGs have been implemented in the Protégé environ-
ment [11]. Thereby, the class structure has been defined according to the representation
formalism (e.g., GLIF [12]). The according concepts are identified in the CPG and
assigned to the classes. All implementations use a model-centric approach where no
direct connection between the guideline text and the correspondingmodel is generated.

Other attempts have been made to support the modelling, maintenance, and share-
ability of computer-interpretable guidelines that rather stick on the original text repre-
sentation. Moser andMiksch introduced prototypical patterns in clinical guidelines that
can be used as means to reduce the gap between the information represented in clin-
ical guidelines and the formal representation of these clinical guidelines in execution
models [13]. They defined structure patterns, temporal patterns, and element patterns.
Serban et al. [14] defined linguistic patterns found in CPGs that can be used to support
both the authoring and the modelling process of guidelines. Furthermore, they defined
an ontology out of these patterns and linked them with existing thesauri in order to
use compilations of thesauri knowledge as building blocks for modeling and maintain-
ing the content of a medical guideline [15]. Peleg and Tu developed visual templates
that structure screening guidelines as algorithms of guideline steps used for screening
and data collection and used them to represent the guidelines collected [16]. To sup-
port guideline implementers in standardising and implementing the action components
of guideline recommendations, Essaihi et al. defined the Action Palette [17] — a set
of medical action types that categorises activities recommended by clinical guidelines.
The set of actions include: Prescribe, Perform therapeutic procedure, Educate/ Counsel,
Test, Dispose, Refer/Consult, Conclude, Document, Monitor, Advocate, and Prepare.
The intention is to develop commonly used services for each action type, thus easing
workflow integration. In [18] we proposed a method to identify actions in otolaryngol-
ogy CPGs using a subset of the Medical Subject Headings (MeSH) as a thesaurus.

In [19] SeReMeD is introduced. It is a method for automatically generating knowl-
edge representations from natural language documents. The documents that were ap-
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plied on this method were rather simple (i.e., X-ray reports). CPGs are substantial com-
plex documents and the modelling task is particularly challenging.

3 Methods

In order to define the relations necessary we used the UMLS Semantic Network (SN)
[10]. The SN offers amongst 135 semantic types also 54 semantic relationships between
these types and therefore acts as an upper-level ontology. Together, there are 6,752
different relations. We then proceeded in four steps:

1. AnalyzingCPG documents regarding actions and procedures to be performedwithin
treatment.

2. Detection of relations that describe the actions and procedures.
3. Augmenting the initial relation set by specialism and broadening of semantic types.
4. Generation of a dictionary for identifying the correct relation type.

We started by analysing a protocol (i.e., a local adaption of a guideline) for natural
birth that was derived from the guideline “Induction in labour” [20]. The document
describes the labor and delivery management for risk-free births and consists of 120
sentences. 48 sentences include actions to be performed.

We used the MetaMap Transfer program (MMTx) [21] to find relevant concepts in
the text and to assign a semantic type to each concept. In case an appropriate concept is
assigned more than one semantic type, we chose the most specific one if more general
were also applicable. If semantic types were not hierarchically linked, all remained as
possible semantic types.

Then, we looked for appropriate relations between semantic types. In 47 sentences
we detected 52 activities by means of 20 different semantic relations. For one sentence
(’In case of abnormal FHR, monitoring should be continuous.’) no relation could be
identified although the text implies an action (’monitoring should be continuous’). Table
1 shows all found relations together with the number of occurrences.

All relations containing the semantic type Professional or Occupational Group on
the left hand side are thereby incomplete relations. That means that not both semantic
types that are linked by the relationship are mentioned in the text. This is the result from
the fact that actions and activities in CPGs are related to tasks the health care personnel
has to perform (in our specific case: gynaecologists and obstetricians, who are assigned
the semantic type Professional or Occupational Group). As most of the actions address
these users directly, they are only implicitly referred to in the text. Furthermore, passive
voice is frequently used, which also allows omission of the agent of the action. See
Figure 1 for an example.

We also identified complete relations. See Figure 2 for an example.
The last four relations displayed in Table 1 are not contained in the SN. We gener-

ated these relations in order to be able to represent activities such as ‘Fetal heart rate
should be auscultated.’, where ‘fetal heart rate’ is assigned the semantic type Finding.

In the next step we augmented our initial set of relations by generalization, special-
ization, and broadening of semantic types. Thereby, we expanded a relation to semantic
types of the same Semantic Collection [22]. A semantic collection is a partition of the
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Table 1. Relations detected in the guideline document.

Semantic Type relationship Semantic Type Quantity
Professional or Occupational Group performs Health Care Activity 8
Professional or Occupational Group performs Therapeutic or Preventive Procedure 14
Professional or Occupational Group performs Diagnostic Procedure 2
Professional or Occupational Group performs Research Activity 1
Population Group performs Therapeutic or Preventive Procedure 1
Population Group performs Diagnostic Procedure 1
Professional or Occupational Group interacts with Population Group 4
Therapeutic or Preventive Procedure affects Mental Process 1
Health Care Activity affects Mental Process 1
Professional or Occupational Group uses Intellectual Product 1
Professional or Occupational Group uses Pharmacologic Substance 3
Pharmacologic Substance isa Pharmacologic Substance 1
Health Care Activity isa Health Care Activity 2
Therapeutic or Preventive Procedure isa Health Care Activity 2
Therapeutic or Preventive Procedure isa Therapeutic or Preventive Procedure 2
Diagnostic Procedure measures Clinical Attribute 1
Professional or Occupational Group analyzes Body Substance 3
Professional or Occupational Group analyzes Finding 1
Professional or Occupational Group analyzes Organism Function 2
Professional or Occupational Group analyzes Organism Attribute 1

Therapeutic or 
Preventive
Procedure

performs
Professional or 
Occupational

Group

Fig. 1. An action describing an incompletely formulated semantic relation.

Population
Group

Therapeutic or 
Preventive
Procedure

Findingperforms

Fig. 2. An action describing a completely formulated semantic relation.
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Table 2. Augmented relation set.

Semantic Type relationship Semantic Type
Group Health Care Activity
Professional or Occupational Group Therapeutic or Preventive Procedure
Population Group performs Diagnostic Procedure
Family Group Laboratory Procedure
Age Group Educational Activity
Patient or Disabled Group Research Activity

Age Group
Population Group

Professional or Occupational Group interacts with Family Group
Group
Patient or Disabled Group
Professional or Occupational Group

Therapeutic or Preventive Procedure
Health Care Activity affects Mental Process
Diagnostic Procedure
Laboratory Procedure

Intellectual Product
Pharmacologic Substance
Antibiotic

Professional or Occupational Group uses Clinical Drug
Drug Delivery Device
Manufactured Object
Medical Device
Pharmacologic Substance
Antibiotic

Therapeutic or Preventive Procedure uses Medical Device
Clinical Drug
Drug Delivery Device

Pharmacologic Substance isa Pharmacologic Substance
Antibiotic isa Pharmacologic Substance
Antibiotic isa Antibiotic
Diagnostic Procedure isa Health Care Activity
Laboratory Procedure isa Health Care Activity
Therapeutic or Preventive Procedure isa Health Care Activity
Health Care Activity isa Health Care Activity
Therapeutic or Preventive Procedure isa Therapeutic or Preventive Procedure
Diagnostic Procedure measures Clinical Attribute
Diagnostic Procedure measures Organism Attribute
Laboratory Procedure measures Clinical Attribute
Laboratory Procedure measures Organism Attribute

Body Substance
Finding

Professional or Occupational Group analyzes Organism Function
Organism Attribute
Clinical Attribute
Sign or Symptom
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semantic network consisting of semantic types with structural similarity. For instance,
the semantic collection ‘Group’ consists of the semantic types ‘Group’, ‘Age Group’,
‘Family Group’, ‘Patient or Disabled Group’, ‘Population Group’, and ‘Professional or
Occupational Group’. All these semantic types have the same semantic relations. Alto-
gether, there exist 28 semantic collections. We received 76 relations that can be used to
cover activities and processes described in a CPG (see Table 2).

To identify a relation we need to know the relationship between two semantic types.
As between two semantic types more than one relation can exist, we need to detect the
appropriate relationship (i.e., the type of relation, e.g., performs, uses, interacts with).
This is accomplished by means of the verbs in the particular sentence or clause. We
only have seven different relationships. We assigned the verbs appearing in the action
sentences to their particular relationship. Furthermore, we expanded our relationship-
verb assignment by synonymous verbs from an online thesaurus [23] (for an example
see Table 3).

Table 3. Verbs indicating a relation for relation type ‘perform’.

Verbs identified in the text Synonyms from thesaurus
do, perform, eat, reserve, offer, register,
maintain, evaluate, record, sign, use, con-
sider, repeat, relieve, avoid, provide, insert

execute, discharge, accomplish, achieve,
fulfill, start, complete, conduct, effect, dis-
patch, work, implement, require, undertake,
order, arrange, keep, continue, discontinue,
produce, install, load, push, drink, include,
recommend, report, increase, reduce, treat,
wait, initiate, carry out, carry off, ...

4 Evaluation

In order to show whether our semantic relations can be used also on other guideline
documents, we performed an empirical study. We therefore used the guideline “Man-
agement of labor” [24]. Although the guideline covers the same application area, it is
structured in a different way, uses different phrasing and wording. Furthermore, it con-
tains lots of background information and literature references and it is almost twice as
large (60 pages) as the document we used to define the set of semantic relations.

In a first step we had to identify all the actions and processes in the document that
would be necessary to model the control flow. This was done by an expert for modelling
guidelines using UMLS release 2010AA for identifying concepts and their semantic
types. He also made an initial suggestion of the relation applicable to the action. For
the whole document 95 sentences were identified containing actions or procedures to
perform.

We then applied the MMTx program to the whole document to identify concepts
and assign them semantic types. We further checked whether a relation between the
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semantic types exists that indicate an action and verified whether the verb that should
indicate the relationship was also available in our dictionary.

With our relations we could correctly identify 67 actions. 33 actions could not be
identified because the action was not expressed as a relation (e.g., grammatically in-
complete sentences) or because no UMLS concept could be identified and therefore, no
semantic type was assigned (see Table 5 for examples). In only two sentences actions
were identified that were not modelled by our expert. Thus, our method has a recall of
67% and a precision of 97% (see Table 4).

Table 4. Evaluation results.

COR INC POS ACT REC PRE
67 2 100 69 67% 97%

COR = number of correctly identified actions by the method
INC = number of incorrect identified actions by the method
POS = number of actions according to the key target template
ACT = number of actions identified by the method
REC = COR/POS
PRE = COR/ACT

Table 5. Examples for actions that could not be identified.

Sentence Reason
Monitoring of fetal heart rate. incomplete sentence

In the presence of preterm labor with bleeding, IV access is
essential.

no relation identified for ‘IV
access is essential’

Do not start active pushing as soon as patient is fully dilated. no UMLS concept found for
‘active pushing’

Management of labor dystocia is especially important in the
nulliparous woman to prevent unneeded Caesarean sections.

no relation identified for
‘management ... is especially
important ...’

In order to also include actions that were now erroneously omitted we have to con-
sider incomplete sentences (e.g., headings, table items, lists) as well as sentences that
contain an adjective instead of a verb to identify the relationship.

It is also to notice that the majority of relations appearing in the guideline are the
same in the initial relation set. Only 15 actions were identified by nine relations that
had been added to the initial relation set. These relations all contain semantic types that
belong to the same Semantic Collection as the initial relation.

By using our dictionary for detecting the relationship we are able to omit the wrong
identification of text that is not expressing an action. For instance, the sentence ‘Vaginal
examination is aimed at evaluation of cervical effacement ...’ would be tagged with the
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semantic type Health Care Activity for both ‘vaginal examination’ and ‘evaluation of
cervical effacement’. But the verb phrase ‘is aimed at’ could indicate an intention and
not the relationship ‘isa’, which is the only relationship between Health Care Activity
and Health Care Activity.

5 Conclusions and Further Work

This work presents a method to identify actions and procedures to be performedduring a
treatment which are described in a guideline document. We used relations of the UMLS
Semantic Network [10] to identify these actions in a guideline document. We defined
a set of relations that are relevant for these kind of documents. With these relations we
are able to identify a large part of activities that are contained in the control flow of such
documents.

By assigning semantic information to text and linking it using semantic relations
a further processing is facilitated. This can be used for guideline modelling into a
computer-interpretable formalism. Manual and semi-automatic modelling will bene-
fit from the information gathered by this method. Furthermore, this method can also
support the processing of new versions of guidelines by identifying new or different
relations.

Our next steps will be (1) the expansion of using the Semantic Network for identi-
fying other information dimensions, such as effects, intentions, or parameters; (2) the
definition and categorization of further relations to be able to differentiate between a
single action, a decomposition of an action, or a selection of one or more alternative ac-
tions; (3) defining special patterns to identify actions that are either not identifiable by
a relation or where the relation is identifiable by adjectives; and (4) a further processing
to (automatically) transform the guideline document towards a computer-interpretable
guideline (e.g., into theMany-Headed-Bridge (MHB) [9] formalism). This can promote
the application of computer-interpretable CPGs.
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the European Community’s Seventh Framework Programme (FP7/2007-2013) under
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