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Abstract 

Information needs in clinical practice take the form of 
specific questions about a given clinical situation, and are 
best satisfied by concise and specific information retrieval. 
We sought to develop a comprehensive set of generic 
queries for information retrieval from electronic medical 
information resources. We collected one hundred and ten 
real-world questions asked at the point of care in a variety 
of settings, and from these developed a set of generic 
queries of which each of the real-world queries could be 
shown to be a special case. To provide allowed values for 
each of the concept terms in the queries, we defined generic 
nouns as unions of UMLS semantic types, and specified 
which of these were appropriate to each query. We have 
begun to use the set to index reference texts from general 
and subspecialty medicine, and found it capable of full text 
indexing in the clinical domain. We hypothesize that the 
query set can serve as a basis for more specialized query 
sets, and that it will remain generalizable to other 
electronic medical resources, indexing tasks, and non-
UMLS controlled vocabularies. 
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Introduction 

Electronic clinical information resources continue to grow 
in availability, and are an increasingly important reference 
for practicing clinicians. On-line resources previously 
consisted primarily of citation information or abstracts, such 
as Medline. Full-text information is now widely available 
on the Internet, including medical reference texts, the full 
text of major journals, and online content designed 
primarily for the Web. With the increased complexity of 
available information, clinicians require new methods of 
full-text information retrieval. 
 

A key determinant of an information retrieval system’s 
performance is the user’s ability to convert their information 
need into a query understood by the system. Systems using 
Boolean linkage of search terms have been shown to be 
poorly utilized by many users [1], although several semi-
automated or automated systems have been developed [2]. 
Natural language query systems are intuitive to use, but 
translating meaning into a structured query is difficult to 
accomplish with accuracy and completeness. An 
intermediate approach is to define a set of generic queries 
that specify the relationships among search terms, with the 
user providing values for the terms to complete the query. 
 
Several authors have explored combining search terms with 
semantic relationships in information retrieval [3-8]. Miller 
and colleagues [3] enumerated 34 semantic relationships 
between generic concepts within the domain of liver 
disease, and used these relationships to classify a test set of 
Medline abstracts. They demonstrated the potential for 
semantic relationships to partition the clinical literature. 
Cimino and colleagues [4] reported the analysis of 40 
complex user questions posed to reference librarians, which 
they used to develop 37 generic queries with a “noun – 
relation – noun” structure. They used the relational 
information encoded in the query structure to construct 
generic Medline search strategies, using MeSH subheadings 
to express the relationships between search terms. Ely and 
colleagues [8] performed an observational analysis of the 
information needs of 103 family physicians in an outpatient 
setting. They collected 1101 specific questions, which they 
grouped into 69 generic categories. They reported the 10 
most common in the form of generic queries containing one 
or two concepts and a semantic relationship. 
 
In contrast to prior work, we sought to develop a query 
model suitable for both full-text indexing and retrieval, 
requiring a more compact query set to keep the indexing 
task manageable. We empirically developed a set of generic 
queries [Figure 1], using unions of UMLS semantic types to 
define allowed values for each query concept. We have 
used the queries in the system of Berrios and colleagues 
[9-11] for semi-automated indexing and information 
retrieval for full-text information resources. During 
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indexing, a domain expert identifies sentences or 
paragraphs as answering one or more of the generic queries, 
and the system automatically proposes values for each 
query concept. The indexer then specifies the appropriate 
values. During retrieval, a user selects a generic query 
appropriate to their question and provides the noun 
concepts for their search. The search engine then directs the 
user to the appropriate items of information by matching the 
user’s query to the full-text indexing [12].  

Materials and Methods 

We collected one hundred and ten consecutive questions 
asked by physicians in the course of patient care. To obtain 
information needs from a variety of settings, questions were 
collected in outpatient, inpatient, and critical-care academic 
internal medicine. Questions were eligible if they could not 
be answered by any of the physicians participating at the 
point of care, resulting in an information need that could be 
addressed to a clinical knowledge base (regardless of 
whether a search was actually undertaken). Questions were 
then grouped by the type of information need expressed as 
judged by a domain expert in clinical medicine. The 
resulting categories defined the range of possibilities that 
the generic queries would encompass. 
 
We then defined a set of generic concepts for the search 
terms in each query, and thus the allowed values for each 
principal concept. We defined each generic concept as a 
union of semantic types from the Unified Medical Language 
System’s semantic network, using the Protégé ontology 
modeling software [13]. We then combined the defined set 
of query types with appropriate unions of these dynamic 
concepts, producing a set of generic queries.  
 
To test the completeness and specificity of the query model, 
we implemented the query model in the system of Berrios 
and colleagues to index the full text of sample chapters from 
widely-used reference texts in general [14] and subspecialty 
[15] medicine. Indexing was at the paragraph or sentence 
level, and the indexer was allowed to judge which sentences 
were sufficiently significant to merit indexing. Indexers 
tested the query set’s completeness (whether a query could 
be found which matched each unit of information) and the 
difficulty of choosing the appropriate query. 

Results 

We produced a query model consisting of thirteen generic 
queries for clinical information retrieval [Figure 1] that was 
sufficient to encompass the one hundred and ten real-world 
clinical questions. We found that four generic concepts, 
“Manifestation”, “Investigation”, “Pathology”, and 
“Therapy”, were sufficient to express the required 

relationships within our query model. We then enumerated 
the UMLS semantic types which in the judgement of a 
domain expert in clinical medicine were sufficient to define 
the generic concepts [Figure 2]. 
 
Our preliminary evaluation of the query set has been 
experiential and qualitative. When used by a group of 
clinicians uninvolved with the development of the query set 
to index a sample chapter from a standard medical reference 
text [14], the queries were sufficiently descriptive to present 
minimal difficulty in selecting the appropriate query for 
indexing. Multiple indexing of complex sentences was 
occasionally necessary. The query set as a whole was 
sufficiently complete in its coverage of the clinical 
information to index the large majority of sentences.  
 
When used to index a sample chapter from a subspecialty 
medical reference text [15], the query set again appeared 
sufficiently expressive and comprehensive to index the large 
majority of the material. In a small number of specialized 
situations, such as the operational details of a procedure, a 
query could still be found to index the information but with 
a less complete fit. 
 
In three cases (items 4, 6, and 7 in Figure 1), we defined 
synonym queries for each parent query (items 4.1, 6.1 and 
7.1, respectively). A synonym query is derived by 
substituting the value “any or none” for one or more 
concepts (i.e. using existential qualification for the 
concept.) Indexers use only the parent queries, and during 
retrieval the synonym queries match their corresponding 
parents. We modeled these three synonym queries because 
they were considered among the most common likely to be 
asked by a clinician user, and would represent an important 
addition to the search interface. 

Discussion 

The key trade-off that emerged in our development was 
between the specificity of each individual query and the 
comprehensiveness of the entire query set. As each query is 
made more specific – that is, encompassing a smaller 
number of potential clinical questions – the query set needs 
a larger number of queries to remain comprehensive. Highly 
specific generic queries are likely to improve search 
precision through more focused searches.  However, a very 
large query set makes the task of selecting the appropriate 
generic query for indexing or searching increasingly 
difficult, and may decrease search recall by making it more 
likely the searcher and indexer will disagree as to which 
query a unit of indexed information relates. The 
determination of appropriate query granularity remains a 
judgement between specificity 
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1. What is the definition of X?  
X = {manifestation, investigation, pathology, therapy} 

  

2. What are the risk factors for X? 
X = {manifestation, pathology}  

  

3. What is the etiology of X? 
X = {manifestation, pathology} 

  

4. Can X cause Y? 
X = {manifestation, investigation, pathology, therapy} 
Y = {manifestation, pathology} 
  

4.1. What is the differential diagnosis of Y? 
  

5. What distinguishes X from Y? 
X = {manifestation, pathology} 
Y = {manifestation, pathology} 

  

6. How can X be used in the evaluation of Y? (including diagnosis and follow-up) 
X = {manifestation, investigation} 
Y = {manifestation, investigation, pathology, therapy} 

  

6.1. How can Y be evaluated? 
 

7. How can X be used in the treatment of Y? 
X = {therapy} 
Y = {manifestation, investigation, pathology, therapy} 

  

7.1. What are the treatments for Y? 
  

8. How can X be used in the prevention of Y? 
X = {therapy} 
Y = {manifestation, pathology} 

  

9. What are the performance characteristics of X in the setting of Y? 
X = {manifestation, investigation, therapy} 
Y = {manifestation, investigation, pathology, therapy} 

  

10. How does X compare with Y in the setting of Z? 
X = {investigation, therapy} 
Y = {investigation, therapy} 
Z = {manifestation, investigation, pathology, therapy} 

  

11. Is X contraindicated by Y? 
X = {investigation, therapy} 
Y = {manifestations, investigation, pathology, therapy} 

  

12. What are the sequelae and prognosis of X? 
X = {manifestation, pathology} 

  

13. What are the physical properties of X? 
X = {pathology, therapy}  
 

 
Figure 1 – Generic query model for clinical information retrieval 

 
and query number, and will vary as the query set is adapted 
to specific sub-domains or applications. 
 
To produce a query set with a tractable number of queries 
suitable to an indexing task, we have favored as few queries 
as is consistent with comprehensiveness and mutual 
exclusivity. In contrast to the prior work of others, we 

attained this compactness in part by using broad unions of 
semantic types to define the query concepts. Additionally, 
by using broadly defined relationships between concepts, 
we maintained the independence of each query from any 
specific sub-domain of clinical  
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Manifestation 
Finding 

Laboratory or Test Result 
Sign or Symptom 

Clinical Attribute 
Anatomical Abnormality 

Acquired Abnormality 
Congenital Abnormality 

 
Therapy 
Clinical Drug 
Medical Device 
Biologically Active Substance 

Neuroreactive Substance or Biogenic Amine 
Hormone 
Enzyme 
Vitamin 
Immunologic Factor 
Receptor 

Biomedical or Dental Material 
Pharmacologic Substance 

Antibiotic 
Element, Ion, or Isotope 
Food 
Behavior 

Social Behavior 
Individual Behavior 

Therapeutic or Preventive Procedure 
 

 
Investigation 
Diagnostic Procedure 
Laboratory Procedure 
 
Pathology 
Anatomical Abnormality 

Acquired Abnormality 
Congenital Abnormality 

Gene or Genome 
Invertebrate 
Bacterium 
Fungus 
Virus 
Rickettsia or Chlamydia 
Hazardous or Poisonous Substance 
Behavior 

Social Behavior 
Individual Behavior 

Injury or Poisoning 
Pathologic Function 

Cell or Molecular Dysfunction 
Disease or Syndrome 
Mental or Behavioral Dysfunction 
Neoplastic Process 

Experimental Model of Disease 

 
Figure 2 – Generic noun concepts, defined as unions of UMLS semantic types 

 
medicine. We nonetheless found the generalized queries 
were effective for indexing full-text medical references, 
although inevitably some questions will remain outside any 
explicitly enumerated model of queries. By limiting our 
query set to questions asked in the context of patient care 
decision making, we have not modeled queries regarding 
epidemiology, statistics, medical economics, clinical 
information retrieval itself, or other sub-fields closely 
related to clinical medicine. We hypothesize that our query 
set can itself be used as a basis for more specialized query 
sets, with more narrowly defined queries and more complex 
semantic relationships. For example, it could be tailored to 
individual medical specialties, specific patient care settings, 
or for differently trained user groups. We are presently 
developing software tools to facilitate these adaptations. 
Expanded use of synonym queries may be an important 
method for increased search specificity by narrowing the 
focus of search queries and the scope of the noun concepts, 
without complicating the indexing task. 
 
We defined four superclasses of UMLS semantic types to 
describe the allowed values for each term in the generic 
queries. By using the UMLS semantic network we benefit 
from its continuous refinement and expansion, and can use 
automated text processing systems like that developed by 
Berrios and colleagues [9-11] to partially automate the 

selection of indexing terms. In order to allow all possible 
correct values for each term, it was necessary to include a 
large number of UMLS semantic types. Because of the 
generality of the UMLS semantic types, some 
Metathesaurus concepts will be inappropriately included as 
allowed indexing terms. For example, to include “oxygen” 
as a type of “Therapy,” it was necessary to include 
“Element, Ion, or Isotope,” the semantic type of  “oxygen” 
but also of many other concepts that are inappropriate to the 
type “Therapy.” These semantic type superclasses will 
allow us to adapt the model to other controlled vocabularies 
that use semantic typing. Additionally, by modifying the 
ontology of semantic type superclasses, the query set can be 
adapted to specific sub-domains or applications. For 
example, a subset of the types in the superclass “Pathology” 
could define a superclass “Pathogenic Organisms,” 
subsuming the appropriate UMLS semantic types. 
“Pathogenic Organisms” could then be used in a 
specialization of the query set appropriate to the Infectious 
Diseases domain. 
 
We are additionally expanding the available specificity for 
indexing and searching by defining sets of “restriction 
terms.” These are terms that are not themselves part of a 
query statement, but restrict the context in which the query 
applies. For example, “Children” or “Pregnant Patients” can 
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restrict a query according to patient category,  “Emergency 
Medical Technician” or “Physician” by audience, or 
“Clinic”, “Hospital”, or “Primitive Setting” by the 
circumstances of care. Many of these restriction terms and 
their classification are not modeled in the UMLS semantic 
network. Restriction sets can be created, shared, and 
adapted across specialized query sets according to the needs 
for which they are developed. 

Conclusion 

We have empirically developed a set of generic queries for 
clinical information retrieval which preliminary studies 
suggest is sufficiently comprehensive for full-text indexing 
and retrieval. The queries use unions of UMLS semantic 
types to define the allowed values for each dynamic 
concept, providing for semi-automated selection of indexing 
terms and for continuous enhancement of the available 
vocabulary. Future work will include further testing on a 
variety of electronic clinical information databases, the 
specialization of the query set according to clinical domain 
or audience, and the adaptation of the local semantic types 
to other controlled vocabularies. 
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