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Abstract

Objectives: To measure the strength of agreement between the concepts and

records retrieved from a computerized patient database, in response to physician-derived
questions, using a semantic terminological model for clinical findings with those concepts and
records excerpted clinically by manual identification. The performance of the semantic
terminological model is also compared with the more established retrieval methods of free-text

search, ICD-10, and hierarchic retrieval.

Design: A clinical database (Diabeta) of 106,000 patient problem record entries containing 2,625
unique concepts in an clinical academic department was used to compare semantic, free-text,
ICD-10, and hierarchic data retrieval against a gold standard in response to a battery of 47

clinical questions.

Measurements: The performance of concept and record retrieval expressed as mean detection
rate, positive predictive value, Yates corrected and Mantel-Haenszel chi-squared values, and
Cohen kappa value, with significance estimated using the Mann-Whitney test.

Results: The semantic terminological model used to retrieve clinically useful concepts from a
patient database performed well and better than other methods, with a mean detection rate of 0.86,
a positive predictive value of 0.96, a Yates corrected chi-squared value of 1,537, a Mantel-Haenszel
chi-squared value of 19,302, and a Cohen kappa of 0.88. Results for record retrieval were even
better, with a mean record detection rate of 0.94, a positive predictive value of 0.99, a Yates
corrected chi-squared value of 94,774, a Mantel-Haenszel chi-squared value of 1,550,356, and a
Cohen kappa value of 0.94. The mean detection rate, Yates corrected chi-squared value, and Cohen
kappa value for semantic retrieval were significantly better than for the other methods.

Conclusion: The use of a semantic terminological model in this test scenario provides an
effective framework for representing clinical finding concepts and their relationships. Although
currently incomplete, the model supports improved information retrieval from a patient database
in response to clinically relevant questions, when compared with alternative methods of analysis.
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Clinical data in computer systems have to be accurate
if they are to support patient care, research, and health
service management, but despite this there is little
published literature devoted to measuring this in
electronic health care records.' Inaccurate data can
lead to an underestimate of disease prevalence, with
potentially serious consequences for monitoring the
success of health care interventions and detrimental
effects on decision support protocols and alert sys-
tems.”
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The retrieval of meaningful information is dependent
on data being entered in an organized way, and to
maximize the benefit of electronic health care records,
an underlying structure is required.’ If data are col-
lected in free text, the text has to be converted to com-
puter-understandable codes and structures to extract
meaningful data.* It is postulated that the content of
the electronic health care record should be provided
by a clinical terminology in which concepts and their
relationships are formally expressed.” Clinical Terms
Version 3 (The Read Codes) (CTV3)® is a clinical ter-
minology in which concepts are represented accord-
ing to their meaning (semantically) with reference to
standard structured hierarchies of component values,
e.g., anatomy and micro-organisms (semantic termi-
nological model). The use of this formal semantic
model for describing the intrinsic characteristics (at-
oms) of concepts in CTV3 has parallels in other
schemes such as LOINC’ and the cross-references
available in SNOMED International.® The model em-
ployed by GALEN uses GRAIL to express sanctioned
associations between primitive concepts.” Similarly,
SNOMED RT uses the KRSS description logic to formally
express relationships.”” Thus, there is an emerging
convergence of approaches toward the use of a con-
cept-based clinical terminology with an underlying
formal semantic terminological model (STM).

There has been little reported work on the effect of
different search methods on the efficacy of data re-
trieval from clinical records. However, significant ef-
forts have been invested in initiatives in the U.K. with
the development of CTV3," in Europe with the
GALEN-in-Use project,'” and in the United States with
the development of SNOMED RT." These initiatives
have confirmed that considerable resources are re-
quired to create and maintain such products, and they
are all based on the assumption that a clinical termi-
nology will bring improved data quality. There is,
therefore, an urgent need to investigate whether the
use of semantic-based terminologies will deliver any
practical advantages over simpler existing systems.

This study explores the hypothesis that the use of an
STM improves the quality of information retrieval in
response to a battery of physician-derived questions
from a clinical database. The Diabeta patient data-
base,” populated with the CTV3 terminology, has
been used to compare retrieval using an STM (seman-
tic differential retrieval) with more established ap-
proaches. The experiment measures the strength of
agreement between the concepts and records retrieved
from the database using the STM with those concepts
and records expected clinically by manual identifica-
tion. The performance of semantic differential re-
trieval is also compared with more traditional meth-

ods, including free-text searching, class retrieval using
the CTV3 hierarchy table," and the framework of the
International Classification of Diseases and Related
Health Problems, 10th revision (ICD-10)."”

Clinical Terms Version 3

Clinical Terms Version 3 was developed during the
Clinical Terms Project to provide a common termi-
nology for electronic health care records.”'"'*” The
structure of CTV3 provides a formal framework for
representing the meaning and relationship of clinical
findings and procedures, allocating each unique clin-
ical concept a Read code.”'* Each concept code is la-
beled with a unique unambiguous preferred term
and, where appropriate, synonyms. Concepts are for-
mally arranged in a hierarchy in which those of more
narrow meaning appear as “types of” concepts of
more general meaning (subtype hierarchy), e.g., bac-
terial meningitis is a subtype of meningitis (Figure 1).
Concepts are also mapped, where appropriate, to
ICD-10 and the U.K. surgical procedure classification
OPCS-4." These cross-mappings have been subject to
independent quality assurance and practical evalua-
tion in use since 1994 and are, therefore, considered
to be of high quality.

Semantic Terminology Model

The design of CTV3 employs object-attribute-value
triples stored in a template file as a mechanism for
defining each core clinical concept in relation to more
primitive value concepts, e.g., anatomy, pathological
processes, and micro-organisms.”" This feature allows
the semantic definition of concepts according to their
meaning (Figure 1). The model describing the formal
relationship between the core terminology and their
constituent values (atoms) is referred to in this paper
as the STM (semantic terminology model) to distin-
guish it from alternative models describing the struc-
ture of the record and models of health care. A de-
tailed but provisional STM has been developed within
CTV3, describing disorders.” This has been extended
in this study to provide at least partial representation
of other findings, including symptoms and signs (Fig-
ure 2).

The provisional STM defined 44.7 percent of the Dia-
beta concepts completely, with the 55.3 percent re-
maining concepts containing at least one additional
nonrepresented characteristic.” Incomplete definitions
included concepts such as Osteogenesis imperfecta, Scle-
roderma variant, Osteopetrosis, and True hermaphrodite,
whose semantic definitions are not amenable to full
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Core clinical concept Value concept

Meningitis

Figure 1 Concepts in Clinical Terms
Version 3 are placed in a pure subtype
hierarchy. The structure also allows
the formal definition of concepts ac-
cording their meaning (semantic def-

I Pathological processes | inition); thus, Bacterial meningitis is

ya) represented by [Site]: Meninges;

[Pathological  process]:  Infection;

Viral meningitis Bacterial meningitis [Causative agent]: Bacteria. NOTE: The
triangle represents a subtype relation-

Site [‘;,';ﬁnges Semantic ship utilizing the notation of the Uni-

Definition fied Modelling Language (UML), the

Pathological process Infection Object Management Group (OMG) in-

dustry standard (Rational Software

Causative agent s fgcggoration, Cupertino, California,

representation using the present STM. Characteriza-
tion of these might be achievable from consideration
of more detailed aspects of their embryologic, cellular,
and molecular origins, but this would require consid-
erable specialist clinical input, which might not be
consistently applicable to other areas.”” The definition
of other classes of concepts, such as Cicatricial junc-
tional epidermolysis bullosa is highly dependent on the
extensiveness of purely descriptive elements that do
not currently exist in the supportive hierarchies.

Despite this level of incompleteness, 818 of these par-

tially defined concepts had unique definitions that did
not coincide with others. Thus, within the clinical da-
tabase examined (Diabeta), the STM provides either a
complete (1,175) or unique (818) semantic definition
for 76 percent (1,993) of findings, with a residual 24
percent (634) of concepts having incomplete defini-
tions that are shared with other concepts.”

Diabeta Database

Diabeta is a computerized clinical record system that
has been developed and used with ongoing modifi-

Attributes Value concepts
Site’ ['Anatomy | e.g. Liver
Pathological process | Pathological processes | e.g. Infection
Morphology | Gross morphology | e.g. Abscess - lesion
Histology [ Histology | e.g. Adenocarcinoma
Causative agent Organism e.g. Bacteria
% Substance e.g. Ethanol
Figure 2 Abridged representation of Physical agent &.9. Mechanical force
the provisional semantic terminological i TR TreT Urinati
model identifying the main characteris- Function [ Physiological function __ | e.g. Urination
tlgs of clinical ﬁr}dmgs expressed as a’F— Associated finding [ Ginical findings | .g. Hypothyroidism
tributes and applicable value concept hi-
erarchies, with examples. The section Number | Numbers of lesions | e.g. Singte lesion
mark (§) indicates that the expression of
laterality is applied via anatomy. Episodicity | Episodicities | e.g. Multiple episode
Occurrence [Temporal periods | e.g. At night
Course | Courses | e.g. Acute
Grade [ Grades | e.q. Severe
Interpretation [ Interpretations | e.9. Reduced
Measure [ Measurable | e.g. Blood sugar level
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cation since 1973 at St. Thomas’ Hospital, London
(part of The Guys’, King’s College, and St. Thomas’
Hospitals Medical and Dental School).” It is used for
supporting the management of patients attending the
medical outpatient department, many of whom have
diabetes mellitus.” The original system (Diabeta 1) al-
lowed, at every encounter between the patient and
clinician, the recording of clinical findings as “prob-
lems” using a locally created list of reusable free-text
term strings. The system thus allowed the collection
of a large corpus of clinically relevant terms without
any potential restraint of a fixed terminology. This da-
tabase has been converted to a new database of pa-
tient problem records (Diabeta 3), in which every un-
ambiguous clinical finding term string has been
matched to an applicable term in CTV3. During the
translation process between the existing Diabeta da-
tabase and CTV3, any clinically important concept or
term that was found to be absent was incorporated
into the next release of CTV3 and was thus available
for the analysis experiment. Consequently, the created
Diabeta test database represents a valuable corpus of
clinically derived concepts.

The experimental Diabeta database contained 12,696
different term strings (accounting for 106,000 “prob-
lem” record entries) mapped to 3,049 unique terms
associated with 2,625 unique Read-coded concepts.
Mappings to ICD-10 were available for 2,301 concepts
(87.7 percent). Those concepts without an ICD-10 map
fell into two groups: observations that are not specifi-
cally included in ICD-10, e.g., alcohol consumption
and persistent microalbuminuria, and classes of con-
cepts based on anatomic regions not accommodated
by the axes in the classification, e.g., limb complica-
tion and limb infection.

Study Objectives

A key function of a terminology is the support it pro-
vides for the retrieval of information from a clinical
system.* In practice, the interrogation of a clinical da-
tabase, to answer a specified question, usually in-
volves two main steps:

B Creating a list of concepts for retrieval (in response
to a posed question)
B Retrieving records containing these identified con-

cepts

The kernel of the problem is to measure how well the
concepts (and records) retrieved in response to a clin-

*A system in this context refers to the hardware, software and
terminology populating the database.

ical question match the expectation of the clinician
who posed it. The objective of the study was to mea-
sure the strength of agreement between the concepts
and records retrieved using an STM from a comput-
erized patient database with those concepts and
records expected clinically by manual identification in
response to physician-derived questions. It tests the
hypothesis that the use of an STM for clinical findings
improves the performance of data retrieval in com-
parison with the more established retrieval methods
of free-text search, ICD-10, and hierarchic retrieval.

Methods

Clinical Question Battery

A survey was performed to gather a battery of clinical
questions relating to clinical findings that a clinician
might want to ask the Diabeta clinical information
system. Fifteen copies of a questionnaire were distrib-
uted to all grades of medical staff in two clinical ac-
ademic departments. Eight completed forms were re-
turned, which collectively suggested 47 unique
questions relating to clinical findings (Table 1). These
questions were then formulated into database queries
using the four alternative methods of retrieval.

Methods of Retrieval

A table of the Diabeta clinical term strings mapped to
CTV3 was created in an Microsoft Access database to-
gether with their frequency in records in the system
and the concept (Read code) to which they had each
been mapped (e.g. diabetes mellitus| 7463| C10..). A
separate table was created, containing the default
ICD-10 maps for each concept (Read code) using the
mapping table from the October 1997 Read Codes re-
lease. Another table expressed the semantic definition
of each concept with reference to the attributes ex-
pressed in the STM (Figure 3).

The semantic definition table contained an entry for
each concept with a separate column for every attrib-
ute. The applicable values (atoms) for each concept
were entered in the appropriate column field (Figure
4). The database design dealt with the uncommon cir-
cumstance in which a concept had an attribute con-
taining more than one value by replicating the line for
each value (e.g., Vulvovaginitis has a separate row for
the attribute [Site]: Vulval structure and Vaginal struc-
ture).

These resource tables were then used to retrieve con-
cepts and records in response to each of the 47 clinical
questions. The principle adopted was that a user
would want to retrieve the chosen clinical concept and
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Table 1 m

Battery of Questions Collected from a Survey of
Physicians, and Their Frequency of Occurrence

Question Frequency

—_

Absent foot pulses

Alcohol consumption

Amputations

Cataract

Chronic pancreatitis

Diabetes treated with diet alone

Diabetic autonomic neuropathy

Diabetic hand syndrome (diabetic
cheiroarthropathy)

Diabetic ketoacidosis

End-stage renal failure

Erectile dysfunction

Frozen shoulder

Gastric paresis/autonomic bowel dyfunction

Hyperlipidemia

Hypertension

Impotence

Infection

Insulin-dependent diabetes mellitus

Insulin-treated diabetes mellitus

Ischemic heart disease

Limb amputation

Limb complications

Limb infection

Macrovascular complication [IHD, PVD]

Major limb amputation

Microvascular complication [retinopathy +
nephropathy]

Myocardial infarction

Necrobiosis lipoidica

Nephropathy [diabetic nephropathy]

Neuropathic foot ulcer

Neuropathy

Obesity

Painful neuropathy

Peripheral vascular disease

Persistent microalbuminuria

Pregnancies

Pregnancy complications

Problematic hypoglycemia

Proteinuria

Retinopathy

Smokers

Stroke

Tumor of pancreas

Ulcer of foot

Ulcers [skin]

Unsuccessful diabetic pregnancies

Vascular foot ulcer

e SV
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any subtypes of that clinical concept, e.g., Gallstone
chronic pancreatitis was retrieved when searching for
cases of Chronic pancreatitis. The concepts and records
of the experimental Diabeta database were identified
and flagged for each question and stored in 47 sepa-
rate tables using each of the following four ap-
proaches:

Free-text Retrieval

Free-text searching was performed using standard Ac-
cess query methods to find phrases containing the re-
quired string, which has previously been found to be
effective.” For example, record entries of Frozen shoul-
der were retrieved by searching for all strings contain-
ing («froz+) (where » is a wildcard representing any
characters). Multiple searches were allowed to iden-
tify alternative expressions of the same concept; for
example, both (+IHDx) and (sischaemic heart) were
used to identify records of Ischaemic heart disease.

ICD-10 Retrieval

The ICD-10 categories required for retrieval for each
question were identified with reference to the ICD-10
(volume 3) index. A single ICD-10 code or list of codes
was constructed and its appropriateness to the clinical
question validated by an independent clinician. The
ICD-10 code (or codes) were then used to retrieve a
unique list of Read-coded concepts that were relevant
to the question, to identify the concepts with appli-
cable maps, e.g., L92.1 for cases of Necrobiosis lipoidica.

Hierarchic Retrieval

The October Read Version 3 browser® was used to
identify the Read-code node of the hierarchy required
for each question. For example, Myocardial infarction
(Read code X200E) was identified as the superordinate
node marking the hierarchy of concepts required, in
response to the question “Find all types of Myocardial
infarction.” A unique descent from this identified node
was then performed using the “descent” functionality
of the Version 3 browser. Occasionally, more than one
Read code descent was needed to retrieve the con-
cepts required to answer the clinical question, e.g., Is-
chaemic heart disease and Peripheral vascular disease.

Semantic Differential Retrieval

Semantic retrieval was performed by exploiting the
“atoms” of concepts in the STM and the formal struc-
turing of the underlying primitive values that have a
strict subtype arrangement.” For example, to find all
“disorders affecting the limbs,” a list of concepts was
created that had a semantic definition containing
[Site]: Limb structure, or a subtype of Limb structure
(Figure 5). In the example shown, this would result in
the retrieval of two concepts, Toe infection ([Site]: Toe
structure) and Ulcer of foot ([Site]: Foot structure). The
described STM of clinical findings contains a large
number of attributes, and a more complex query
might involve the differential retrieval of concepts
that have more than one characteristic in common (se-
mantic differential retrieval). For example, to retrieve
all “limb infections,” a list of concepts was created
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Figure 3 Relationship be-
tween the four methods of
retrieval, the original Dia-
beta clinical finding term

ICD-10
retrieval

IcD-10
map

|

- . 106,000 .
string and' the Clinical record f’ab:t:t Clinical Terms Hierarchy Hierarchical
Terms Version 3 concepts entries ree te; 1 Version3 (2,625 | | retrieval
. . . term strings ’ table
(with their mapping to ICD- (12,696) l

10, hierarchical position rep-
resented in the hierarchy ta-
ble, and semantic definition)
in the experimental data-
base.

that had a semantic definition containing [Site]: Limb
structure or a subtype and [Process]: Infection (Figure
6). In the example shown, this would result in the
retrieval of a single concept, Toe infection, but not Ulcer
of foot (as its semantic definition does not contain the
[Process]: Infection).

Gold Standard

To evaluate the retrieval performance of a terminol-
ogy, comparison against a gold standard is needed.
The creation of such gold standards in medical infor-
matics is recognized as problematic.” Ideally, such a
standard should represent the (perfect) “truth” about
the population against which the performance of the
information resource can be compared. In the evalu-
ation of the performance of a terminology, the gold
standard is the complete subset of concepts from the
terminology that all clinicians (with perfect knowl-
edge) would expect to retrieve in response to a par-
ticular clinical question. Thus, a separate gold stan-
dard is required for each discrete clinical question
(and relating to the version of the terminology at the
time of the query).

An initial flagged list of concepts was created that one
would expect to be retrieved from the total 2,625 con-
cepts in the database, in response to each question
posed. The quality of these was then independently
assured by a second clinician, who had a good knowl-
edge of the contents of the original Diabeta database.
A 10 percent sample was then further validated by a
third clinician, to create the final gold standard list of
concepts expected to be retrieved from the database
for each of the 47 questions.

A table was constructed for each question and search

Free fext
retrievat

Semantic
definition

Semantic
differential
retrieval

method for all concept database tables (141 fields) and
record database tables (168 fields). These tables con-
tained those concepts and records that were expected
for each question and those that were actually observed
for each method (Figure 7).

Statistical Analysis

The choice of the statistical method for the evaluation
of the retrieval performance of a clinical terminology
requires careful consideration.” The retrieved con-
cepts and records are nominal data, dictating the use
of 2 X 2 continency tables as the most appropriate
method to compare the observed retrieval with that
of the gold standard."” Individual derived measures
and means of performance across all 47 questions
were calculated and expressed by the mean detection
rate (TP/(TP + FN)) and mean positive predictive
value (TP/(TP + FP)). The likelihood of the associa-
tion was estimated using the Yates continuity-cor-
rected chi-squared test. This test was chosen because
it provides a more robust estimate of the exact prob-
ability (compared with the chi-squared test) where the
expected and observed numbers are relatively small,
e.g., when the clinical questions are specific and gen-
erate only small frequencies of retrieved concepts
(e.g., Frozen shoulder).

The Cohen kappa (k) has been used as an index of the
strength of agreement (between the observed retrieval
and the gold standard) against that which might be
expected by chance.” A value of +1 indicates perfect
agreement, and some authorities consider a kappa
value above 0.4 as evidence of useful agreement, but
this threshold obviously depends on the clinical appli-
cation and may need to be set at a level higher than
0.8 for the evaluation of retrieval performance.”’
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| Pathological process |

Acute left ventricular failure
Aortic valve disease

Biadder calculus

Calculus of kidney

Clear cell carcinoma of kidney
Dermatitis herpetiformis
Ectopic preghancy

Empyema

Enlarged tonsil

Fracture of vertebra

Gangrene of foot

Ingrowing great toe nail
Medulioblastoma of
Myocardial infarction

Otitis media

Paroxysmal atriai fibrillation
Pituitary-dependent Cushing's
Pituitary-dependent Cushing's
Prepatellar bursitis
Proliferative diabetic

Rectal abscess

Reiter's disease
Schizophrenia

Tuberculosis of hip joint
Tumour of caecum

Viral meningitis
Vulvovaginitis

Vulvovaginitis

Figure 4 An extract of the semantic definition table from the experimental database, illustrating its use of a separate column for each attribute. The atoms

Left ventricular structure
Aortic valve structure
Urinary bladder structure
Kidney structure

Kidney structure

Skin of body region

Intrauterine conception structure

Pleural structure
Tonsillar structure

Bone structure of spine
Foot structure

Nail of great toe
Cerebellar structure
Cardiac internal structure
Middle ear structure
Cardiac conducting system
Adrenal cortex

Pars anterior of pituitary gland
Prepatellar bursa

Retinal structure

Rectum structure

Joint

X

Hip joint structure
Caecum

Meninges structure
Vulval structure

Vaginal structure

Pathological process
Pathological process
Pathological process
Pathological process
Malignant neoplastic
Autoimmune
Pathological process
Infection

X

Traumatic
Pathological process
Pathological process
Malignant neoplastic
Pathological process
Inflammation
Pathological process
Metabolic

Metaboiic
Inflammation
Pathological process
Infection

Infection
Pathological process
Infection

Neopilastic

Infection
Inflammation
Inflammation

[ Histology -~ | Causative agent|  Function | Associated findisg | Course |

”Morpholgg"
X X
X X
Calculus X
Calcuius X
Mass - lesion Clear cell carcinoma
X X
Malposition of X
Fluid collection X
Structural expansion ‘x
Fracture - lesion X
X Gangrene
X X
Mass - lesion Medulioblastoma
X Infarction
X X
X X
X X
X X
X X
X X
Abscess X
X X
X X
X X
Mass - lesion X
X X
X X
X X

XX X X X X X

Microorganism
X
Mechanical force

X X X XX X X X X X

Bacteria
Microorganism
X
Mycobacterium
X

Virus

X

X

Cardiac

xX X X X X

Pregnancy

X
X
X
X
X
X

‘Blood flow

X
Cardiac

XX X XX X

Mental function
X

X X X X

X

XX X X X X X X XX X X X X

Heart irregularly
X

X

X

Diabetes mellitus

X X X X X X X X

for each concept are indicated by an entry of the appropriate value in the applicable attribute field. (Only a subset of attributes is shown.)

Acute

XXX X X X X X X X X X X X

Paroxysmal

XK.oX XX X X XX X X X X
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To express the collective results for all retrievals and
produce a summary index of the overall performance
of a terminology, means of the derived indexes from
the 2 X 2 contingency were used. In addition, the
Mantel-Haenszel chi-squared test was quoted, which
also pools the results of the individual subsets using
the following formula:

s (|2a — 2E,| — 0.5)
XmH = SV,

where a is the observed value, E, is the expected value
of a, and V, is the variance of a.

The Mann-Whitney test was used as a measure of the
significance of association because it provides a more
conservative estimate, as the assumption that the data
always come from a normal distribution may not al-

Query: All diseases affecting the limbs (and parts of)

Concept Site Process Morphology  Retrieved
Toe infection | Toe structure Infection - v
Rectal Rectum structure Infection Abscess
abscess
Calculus of Kidney structure - Calculus
kidney
Ulcer of foof | Foot structure Inflarmmation Ulcer v

XalZ8 Limb structure
XalZ9 Lower limb structure
XafX Foot structure
Xaltt Toe structure

Figure 5 The specification of a query to retrieve all
disorders affecting the limb includes those disorder con-
cepts having a semantic definition [Site]: Limb structure
or part of limb structure. (An extract from the anatomy
value limb structure hierarchy is illustrated.)

Query: All diseases affecting the limbs (and parts of) and due to infection
Concept Site Process Morphology Retrieved
Toe infection | Toe structure Infection - v
Rectal Rectum structure Infection Abscess
abscess
Caiculus of Kidney structure - Calculus
kidney
Ulcer of foot | Foot structure Inflammation Ulcer

XalZ8 Limb structure
XalZ9 Lower limb structure
XafX Foot structure
Xaltt Toe structure

Figure 6 The specification of a query to retrieve all
disorders caused by infection and affecting the limbs in-
cludes those concepts having both a semantic definition
of [Pathological process]: Infection and [Site]: Limb struc-
ture or part of limb structure. (An extract from the anat-
omy value limb structure hierarchy is illustrated.)

False positive
(FP)

True positive True negative
(TP) s (TN)

False negative

(FN)

Figure 7 Venn diagram showing the relationship be-
tween the population of concepts observed by data re-
trieval (C°), with respect to the actual (gold standard)
expected population (C"), and the total population (N);
and the true positive, false positive, false negative and
true negative populations forming the 2 X 2 contingency
tables for each question in the experimental database.

ways be true. For example, the very fact that a ques-
tion may (by design) retrieve concepts sharing one or
more particular characteristics suggests that it is safer
to assume that the data are nonparametric.

Results

A 2 X 2 contingency table was constructed for each
of the 47 questions for all four methods relating to
both concept and record retrieval (although free-text
retrieval related only to records). These individual
contingency tables related the actual numbers of con-
cepts and records observed by each method compared
with those expected (by the gold standard). The num-
ber of concepts expected to be retrieved ranged from
1 to 219 (from a total of 2,625 concepts); the number
of records expected ranged from 0t to 4,231 (from a
total of 106,000 records).

The mean detection rate of semantic differential re-
trieval was significantly better for both concept (0.86)
and record (0.94) retrieval (Table 2). The use of the
ICD-10 framework was slightly better than hierarchic
retrieval, with free-text retrieval having the lowest de-

tZero records were retrieved for the question concerning the
concept Diabetes treated with diet alone as the status of the patient
whose record contained this entry changed during the interval
between the original extraction of the Diabeta database and the
subsequent retrieval experiments.
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Table 2 m

Statistical Values for Free-text, ICD-10, Hierarchy, and Semantic Analysis for Concept and Record
Retrieval in Response to the Battery of Clinical Questions

Free Text ICD Hierarchy Semantic
Concept retrieval (N = 2,625):
Mean detection rate (SD) NA 0.68 (0.35)** 0.66 (0.32)* 0.86 (0.26)
Mean positive predictive value (SD) NA 0.79 (0.27)* 0.93 (0.19) 0.96 (0.08)
Mean Yates value (SD) NA 955 (695)* 1034 (752)** 1537 (783)
Mantel-Haenszel chi-squared value NA 11,467 10,013 19,302
Mean Cohen kappa value (SD) NA 0.64 (0.30)* 0.73 (0.30)** 0.88 (0.21)
Record retrieval (N = 106,000)
Mean detection rate (SD) 0.61 (0.34)* 0.81 (0.32)* 0.79 (0.32)* 0.94 (0.20)
Mean positive predictive value (SD) 0.82 (0.32)* 0.83 (0.29)* 0.95 (0.20) 0.99 (0.03)
Mean Yates value (SD) 57,969 (36,932)* 73,454 (33,154)* 79,520 (34,870)** 97,774 (23,962)
Mantel-Haenszel chi-squared value 987,190 1,243,364 1,277,119 1,550,356
Mean Cohen kappa value (SD) 0.65 (0.33)* 0.75 (0.32)* 0.83 (0.30)* 0.94 (0.19)

NotEe: Comparison of semantic differential retrieval is included with other methods. NA indicates not applicable. The performance
of semantic retrieval with other methods is calculated using the Mann-Whitney test with P values expressed as P < 0.001 (indicated

by a single asterisk) and P < 0.01 (indicated by a double asterisk).

tection rate (0.61). The detection rate is a useful indi-
cator in assessing the ability of the retrieval method
to identify all relevant concepts (avoiding false nega-
tives), in contrast to the positive predictive value,
which is a valuable indicator of the retrieval of false
positives. This latter index again shows that semantic
differential retrieval performs better than ICD-10, hi-
erarchic, or free-text searching, although this does not
reach significance in comparison with hierarchic re-
trieval.

The large mean Yates corrected chi-squared and Man-
tel-Haenszel chi-squared values confirm the expecta-
tion of a strong association between the focused set of
concepts and records retrieved compared with the
gold standard, in the context of a large total popula-
tion. The strength of association indicated by the
mean Yates chi-squared is significantly greater with
semantic differential retrieval for both concepts and
records, with ICD-10 and hierarchic retrieval being of
intermediary status and free-text retrieval again fair-
ing least well.

The calculated means of the Cohen kappa for all
methods of retrieval were greater than 0.4 (empirically
stated as evidence of useful agreement).”** Cohen’s
kappa value for concept (0.88) and record (0.94) se-
mantic retrieval were significantly better than for the
other approaches and were above the benchmark of
0.81 (considered by some as almost perfect™), indicat-
ing that high levels of retrieval accuracy from clinical
records are achievable.

The evaluation of data retrieval can be tested against
technical markers such as speed, but from the clinical

perspective, although these usability issues are im-
portant, it is more vital to evaluate whether an infor-
mation system can accurately answer the spectrum of
questions that might be posed. The lack of reported
work on the effect of different search methods on the
efficacy of data retrieval from clinical records' is sur-
prising, considering the large investment in terminol-
ogy development in the United Kingdom and
abroad'’™"? and the assumptions that data storage in
computers will deliver sufficiently accurate informa-
tion to underpin health service planning and decision
support.” The effort required by terminology devel-
opers to semantically define concepts is considerable
and has been quoted as varying between 4.6 and 20.5
minutes per concept.” The recent commencement of
the cooperative development of SNOMED Clinical
Terms (SNOMED CT)*' heralds yet another massive ef-
fort embracing the principle of an underlying STM to
provide reference functionality. This study provides
the first practical evidence of the utility of such an
approach in providing enhanced and accurate data re-
trieval from clinical records.

The clinical questions required retrieval of informa-
tion from multiple perspectives. The multi-axial di-
rected acyclic graph structure of CTV3° offered a mod-
erately good mechanism for retrieval. This finding
mirrors experiments using the cross-references of
SNOMED International, which enabled the attainment
of good detection rates and positive predictive val-
ues.” The performance of hierarchic retrieval in the
study, however, was dependent on the expressed re-
lationships between concepts in CTV3. Theoretically,
if all possible relationships were expressed within the
hierarchy, retrieval using this approach would be as
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good as any other method. The lack of some hierar-
chies representing a particular clinical perspective
(e.g., “limb disorders”) led to a number of false neg-
atives, resulting in reduced performance (indicated by
poor detection rates) in response to some clinical
questions, e.g., retrieval of “limb complications.” Cre-
ating an exhaustive list of all potential clinical per-
spectives could rectify hierarchy omissions, but these
may be difficult to predict and would eventually
cause an unwieldy “explosion” of large numbers of
relationships. The performance measures indicate
that, although the semantic method had significantly
better detection rates compared with hierarchic re-
trieval rates, the positive predictive values were more
comparable. This result reflects the formality of the
pure subtype hierarchy and its success in providing a
robust mechanism to avoid false positives.

While the disorder hierarchy present in CTV3 was un-
able to support retrieval of “limb disorders,” the se-
mantic method was able to exploit the more complete
value hierarchy. The anatomy chapter of CTV3 utilizes
the notion of “structure,” which encompasses both the
whole and “part of” descriptions of that site to ensure
that the subtype structure is maintained.” This anat-
omy hierarchy contains the concept “limb structure”
with applicable class members, allowing the creation
of a semantic differential retrieval of all concepts hav-
ing a definition [Site]: Limb structure or a type of limb
structure (Figure 5). Thus, although the complete clas-
sification of “core” disorder concepts may not be pos-
sible (or desirable), the complete multiple classifica-
tion of the underlying primitive values is essential. It
is only with the exhaustive polyhierarchic arrange-
ment (complete multiple classification) of primitive
values that retrieval from the multiple perspectives
that are clinically required is assured.

Evidence from examination of the raw free-text entries
in Diabeta 1 suggests that clinicians may not always
record the concepts they require with sufficient se-
mantic pedantry. For example, the term “Paget’s dis-
ease” may have a clear meaning in the context of a
patient’s record juxtaposed to an entry of Mastectomy,
but following retrieval of the concept, outside this en-
vironment, it acquires ambiguity as to whether it is
Paget’s disease of the breast or Paget’s disease of the
bone. The study also revealed some discrepancy in the
interpretation of the semantics of the question posed
between the standard setter and the retrieval per-
former. This discrepancy was the main reason for the
suboptimal performance of semantic differential re-
trieval in 13 of the 47 questions posed. For example,
the meaning of the question “retrieve all cases of di-
abetic cataract” might be interpreted to include all
cases of “cataract” (and its class) associated with di-

abetes; or only cases where the disorder of “diabetic
cataract” was explicitly recorded. The rules of data
entry can thus affect the result of the retrieval; e.g., if
all cataracts in patients with diabetes mellitus are re-
corded as Cataract but retrieved as Diabetic cataract, no
cases would be found. This experience identifies the
important association between of the semantics of
data entry and data retrieval and suggests that cau-
tion may be necessary before wholesale adoption of
the principle of separation between the interface and
reference features of terminologies that has been sug-
gested.

The use of ICD-10 as a retrieval tool was compara-
tively effective as a method for retrieving data, a find-
ing recently supported by an investigation of the cod-
ing and retrieval of stroke patients.” Retrieval with
ICD-10 performed less well when questions fell out-
side its scope, e.g., levels of alcohol consumption, or
required detail not present in the restricted number of
categories available, e.g., absent foot pulses. Overall,
the performance of ICD-10 as a retrieval tool was
good when it was used within its scope. The method
of free-text retrieval fared less well, despite this ap-
proach having previously been shown to be effec-
tive* The performance may have been improved
with the use of more sophisticated natural language
processing tools,” ™ and there have been reports of
better detection rates in limited studies.”

The collected battery contained clinical questions from
a diversity of perspectives, and the STM supported
semantic differential retrieval from these various
viewpoints significantly better than the other meth-
ods. The indications of the experiments on the Diabeta
database are that good detection rates and Cohen'’s
kappa values are achievable (despite the STM being
incomplete), and the success supports further invest-
ment in exploring this approach. The success of the
STM for retrieval was achieved by the flexibility of
approach this afforded; however, this was at the ex-
pense of its being more complex to use. The method
required the analyst to have a good understanding of
relational databases and the resource tables (such as
the hierarchy table) in CTV3. These operational issues
could be improved by the fashioning of clinically in-
tuitive human-computer interface designs.

Conclusion

The investigation has demonstrated a number of key
points (see sidebar). It has shown that the use of an
STM significantly improves information retrieval
from a clinical database in response to physician-de-
rived questions, in comparison with free-text, hierar-
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Key Points

» The formal definition of concepts according
to their meaning in a terminology (semantic
terminological model) provides the
potential for more accurate and flexible
data retrieval.

* The International Classification of Diseases,
10" Revision, provides a useful framework
for data retrieval when the question posed
is within its scope.

e The recording of free text in computerized
records, while useful for individual patient
notes, is less amenable to information
retrieval.

» High detection rates and levels of
performance of information retrieval from
electronic health care records in response
to clinically relevant questions are
attainable.

e The performance of semantic differential
retrieval is dependent on complete formal
sub-type classification of its constituent
atoms.

e The complete semantic definition of health
care concepts, while desirable, may not be
possible; but this may not practically
compromise data retrieval performance.

® The semantics of concept definition at data
capture (interface functionality) needs to
equate to that of data retrieval (reference
functionality) to support accurate per-
formance.

chic, and ICD-10 approaches. This indicates that an
STM provides a useful framework for the represen-
tation of clinical findings and that there is merit in the
current approach of defining health care concepts se-
mantically. The study has also indicated that alterna-
tive methods of analysis will give different results, de-
pending on the purpose for which they have been
designed. Greater understanding of the design and
scope of ICD may help with the appreciation of its
merits as well as its restrictions as a statistical tool for
data analysis.

The experiment used a clinical database that was ori-
ented toward the collection of data from patients with

diabetes. These patients, with their diversity of com-
plications and associated comorbidities, make the Dia-
beta database a valuable test bed for retrieval exper-
iments. It is likely that the principles identified in this
study are applicable to data represented by a termi-
nology in other health care environments, but this will
need confirmation.

The corpus of concepts in the disorder chapter of
CTV3 is large, and the extent to which these have
been completely semantically represented has been
shown to be dependent on the specialist area.”” For
example, concepts describing mental health, neuro-
logic, and dermatologic conditions are less amenable
to complete characterization. Further effort is required
to model these areas and to test whether such spe-
cialist extensions can be developed and be mutually
compatible with a global STM for clinical findings.
Finally, although the use of an STM as the basis for
retrieval appears to be valuable technically, further in-
vestigation is required into the development of intu-
itive user-friendly interfaces and the practicability of
its use by clinicians.

The authors thank Steve Carey at St. Thomas’” Hospital for tech-
nical support in extracting data from the Diabeta database, the
clinicians who contributed to the formulation of the battery of
clinical questions, and Henri Brown for additional quality as-
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of Mathematics, University of York, for statistical advice.
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