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Abstract

Background: Clinical termsmentioned in clinical text are often not in their standardized formsaslisted in clinical terminologies
because of linguistic and stylistic variations. However, many automated downstream applications require clinical terms mapped
to their corresponding conceptsin clinical terminologies, thus necessitating the task of clinical term normalization.

Objective: Inthis paper, asystem for clinical term normalization is presented that utilizes edit patternsto convert clinical terms
into their normalized forms.

Methods: The edit patterns are automatically learned from the Unified Medical Language System (UMLS) Metathesaurus as
well as from the given training data. The edit patterns are generalized sequences of edits that are derived from edit distance
computations. The edit patterns are both character based as well as word based and are |earned separately for different semantic
types. In addition to these edit patterns, the system also normalizes clinical terms through the subconcepts mentioned within
them.

Results: The system was evaluated as part of the 2019 n2c2 Track 3 shared task of clinical term normalization. It obtained
80.79% accuracy on the standard test data. This paper includes ablation studiesto evaluate the contributions of different components
of the system. A challenging part of the task was disambiguation when a clinical term could be normalized to multiple concepts.
Conclusions: Thelearned edit patterns led the system to perform well on the normalization task. Given that the system is based
on patterns, it is human interpretable and is also capable of giving insights about common variations of clinical terms mentioned
in clinical text that are different from their standardized forms.

(IMIR Med Inform 2021;9(1):€23104) doi: 10.2196/23104
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: as“diffuseinflammation” or “inflammation diffuse”. Asanother
Introduction example, a clinica note may mention “alergy to ferrous

Clinical terms mentioned in clinical notes are not aways in  Sulphate”, but the terminology may mention “allergy to ferrous
their standard forms as listed in standardized terminologiesor ~ Sulfate”. Although a resource such as UMLS includes many
ontologies. The use of synonymous words, abbreviations, Synonyms for clinical terms, it does not exhaustively cover

syntactic variations, morphological aternations, and spelling them. For example, neither of the 2 example mentions s listed
variations are some common reasons clinical terms may be " UMLS. In addition to the type of variationsindicated earlier,

mentioned differently in clinical notes [1]. For example, a mentions of clinical termsin clinical notes may have variations
clinical note may mention “diffuseinflammatory reaction”, but ~ Pecauseof thewriting conventions, or style of themedical center
a standard terminology resource such as Unified Medica O Smply because of typographical errors.

Language System (UMLS) [2] may list the sameclinical concept
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It is important, however, to map clinical terms mentioned in
clinical notes to their corresponding concepts in a standard
terminology for automated downstream applications, such as
coding, biosurveillance, or clinical decision support, aswell as
for enabling portability of information across different medical
centers. This task of mapping a clinical term mention to a
standard terminology is called clinical term normalization. It is
not trivial to automate this task because of all the possible
variations of clinical terms mentioned earlier. For example, we
found that in the test data set of the Medica Concept
Normalization (MCN) corpus|[3], only 62.37% of clinical terms
matched exactly to the clinical terms listed in UMLS. There
have been several approaches developed to automatically
normalize clinical terms. Some of them use string-matching
rules or approximations [4,5]. Other approaches cast clinical
term normalization as an information retrieval [6] task and
match clinical terms based on measures such as cosine similarity
between their words [7,8]. More recently, machine learning
methods have been employed for the clinical term normalization
task [9,10], including deep learning—based methods [11-13].
Machine learning—based approaches for normalization have
been shown to be more robust and accurate.

Previously, most clinical term normalization systems were
evaluated on the benchmark data set of SemEval 2014 Task 7
[14], which had been previously used for the shared task of
ShARe/CLEF eHealth Evaluation Lab 2013 [15]. However,
this data set was designed for the combined task of information
extraction [16] and clinical term normalization. In addition, it
was restricted to clinical terms of only “disease and disorder”
semantic type. Recently, a new corpus, called MCN [3], was
created exclusively for the clinical term normalization task,
which asoincludesclinical terms of other semantic types. This
corpuswas provided asthe data set for 2019 n2c2 Track 3[17],
ashared task for clinical term normalization. In this paper, we
describe our system that we had submitted for this shared task.
This system is based on our earlier work [9,18] in which edit
patternsto normalize clinical termswere automatically |earned
from the synonyms from UMLS. In this study, we extended
that approach to also learn word-based edit patternsin addition
to character-based edit patterns. We also extended it to learn
patterns from the training data besides learning from UMLS.
Previoudly, the approach had been evaluated only for the
“disease and disorder” semantic type using the SemEval 2014
Task 7 data set. In this study, we evaluated it on other semantic
types using the MCN data set. Besides the learned edit
pattern—based component, our system includes anew subconcept
matching—based component for normalization. Our system also
includes a disambiguation component to choose the best concept
for normalization in case there are multiple potential concepts.

Our system, UWM, achieved an accuracy of 80.79% on thetest
data set of the MCN corpus, which ranked sixth among the 33
system submissions and was behind by only 1.15% (absolute)
to the second ranked system (81.94%) and was well above the
mean (74.26%) and the median (77.33%) of all the participating
systems[17]. Thetop system scored 85.26% and used amassive
end-to-end deep learning architecture. An advantage of our
method, however, is that because it is pattern based, it is easy
to interpret how the system does normalization and it also
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provides insights into common variational patterns found in
clinical terms. It also does not require heavy computational
resources that are typically required for deep learning—based
methods.

The objectives of this study are (1) to develop a clinical term
normalization system using edit patterns learned automatically
from synonyms of clinical termsand improveit further through
subconcept matching and (2) to evaluate the system and its
componentsonthe MCN dataset of clinical term normalization.

Methods

This section describes our system for clinical term normalization
and the data set used for its evaluation.

Data Set

We used the MCN corpus [3], which was provided to the
participants of the 2019 n2c2 Track 3 shared task. This data set
consists of 100 discharge summaries, which is a subset of the
clinical notes that were originally used for the fourth i2b2/VA
shared task [19] and has now become a benchmark data set for
clinical named entity recognition. These clinical notes were
obtained from the Partners HealthCare and Beth Israel
Deaconess Medical Center. Inthe MCN corpusof 100 discharge
summaries, the spans of the concept mentions were manually
annotated with their concept unique identifiers (CUIs) from
UMLS (2017 AB version). The CUIs were restricted only to
the 2 vocabularies of SNOMED CT (US version) and RxNorm
(for medications), as present in the UML S Metathesaurus. The
conceptswere medical problems, treatments, and tests. The data
set was divided into training and test sets, each with 50 discharge
summaries; the training data set had 6684 mentions, and the
test data set had 6925 mentions. There were a total of 3792
unigue CUls. For the normalization task, the character spans of
the mentions in the discharge summaries were provided, and
the systems were required to identify their CUIs.

A few guidelines that were used for the annotation process of
this data set are worth mentioning. If a mention span could not
be mapped to any CUI, the annotators assigned multiple CUls
to that mention whenever possible. For example, “left breast
biopsy” could not be normalized to any existing concept in
SNOMED CT,; hence, the annotators instead annotated “|eft”
and “breast biopsy” to their respective 2 CUIs by identifying
the largest span that could be normalized [3]. For the
normalization task, the character spans of “left” and “breast
biopsy” were separately provided to be normalized
independently. Tieswere resolved during the adjudication stage
for consistency; for example, aternatively, one could have
annotated “left breast” and “biopsy”. Theoretically as well as
ideally, one could convert such compositional mentions into
their postcoordinated concepts in SNOMED CT [20,21], but
this was not done for this data set. The mentions for which the
above compositional concept annotation strategy did not help
were annotated as CUI-less. There were 2.70% (368/13,609)
CUI-less mentions in the entire corpus.

A mention could be over multiple spans, which was indicated
in the data set through multiple character spans but was assigned
a single CUI. For example, for the mention “left atrium is
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moderately dilated”, there will be two separate character
spans—onefor “left atrium” and one for “ dilated”—and hence
the clinical term to be normalized will be “left atrium dilated”
that will be assigned asingle CUI, given that the concept exists
in SNOMED CT.

We want to point out that although the MCN corpus as well as
the 2019 n2c2 task has been called “concept normalization”,
thetask is, in fact, “term normalization” because the terms are
being normalized and not the concepts. In the context of
SNOMED CT, concept normalization means normalizing a
concept toitsstandard formin SNOMED CT [22]. In SNOMED
CT, aconcept isrepresented in terms of its relations with other
concepts, and there is often more than one way to represent a
concept. Thus, concept normalization is a task in which a
SNOMED CT concept is represented in terms of its relations
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in a standardized, unique way [23]. Concept normalization is,
in fact, independent of any clinical term used to express the
concept. On the other hand, term normalization means
normalizing a clinical term to its standardized form in a
terminology. Hence, in this paper, wewill call thetask “clinical
term normalization” instead of “ clinical concept normalization”.

Clinical Term Normalization System

Given amention of aclinical terminaclinica text, the task of
clinical term normalization is to map it to its corresponding
concept in the terminologies of SNOMED CT or RxNorm by
assigning it the UMLS CUI or assigning it CUI-lessiif thereis
no such corresponding concept in the terminologies. Thissection
describes our system for clinical term normalization. Figure 1
gives an overview of this system.

Figure 1. Overview of the clinical term normalization system. CUI: concept unique identifier; UMLS: Unified Medical Language System.
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P type patterns
concepts?.
No
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An input clinical term is first lowercased because our entire
system works only with lowercased characters. Next, some
common words are removed which were known to have been
included in the mention spans because of the i2b2 complete
noun/adjective phrase annotation policy [19]. These common
words included “a’, “an”, “the”, “his’, “her”, “patient”,
“patient’s’, any”, “your”, “this’, “that”, and “these”. In addition,
characters“'s’, “'d", “-", ", “>", and “<” were also removed
from the mentions.

Exact Matching

Most mentions of clinical terms found in clinical text often
exactly match the clinical terms already listed in UMLS. In
addition, many clinical termsin thetest data of the MCN corpus
are common enough that they have already been mentioned and
annotated in itstraining data. Hence, as afirst step, our system
tries to exactly match the input clinical term with the already
annotated termsin the MCN training dataaswell asin UMLS.
To match in UMLS, all the English language synonyms of the
concepts that are present in SNOMED CT and RxNorm are
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efficiently using a hash table. In the Results section, we report
the accuracy of exact matching in only thetraining data, in only
UMLS, and together in both of these.

Although exact matching seems straightforward and onewould
expect it to always lead to the correct answer, sometimes the
sameclinical term exactly matches with more than one concept.
For example, “atria fibrillation” islisted asaterm for a“ disease
and syndrome” concept with CUI C0004238, anditisasolisted
as a term for “laboratory result or test” concept with CUI
C0344434. The latter is in the sense of a finding of
electrocardiogram. Hence, the exact matching process would
match both the concepts, thus leading to 2 possible CUIs as
output. Thistype of ambiguity of multiple possible output CUIs
commonly occurred in this data set, not just in the exact
matching step but also in the subsequent steps of the system.
Hence, weincluded a disambiguation component in our system
that is described later.

Automatically Learned Edit Patterns

If the input clinical term does not exactly match either in the
training dataor in UMLS, then our system triesto normalize it
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by editing it based on the common patterns of variations of
clinica terms that are learned automatically from known
synonymsof clinical terms. This method for normalization was
introduced in our previouswork [9], inwhich it wastested only
for the clinical terms of “disease and disorder” semantic type
for the SemEval 2014 Task 7 dataset [14]. For 2019 n2c2 Track
3, we adapted this method in 3 ways—first, in addition to
“disease and disorder” semantic type, now it also learns patterns
for al other remaining semantic types present in these data;
second, in addition to character-based patterns, now it also learns
word-based patterns; and third, in addition to UMLS, now it
also learns patterns from the training data to learn variations
that are specific to the given corpus. In the following section,
we describe this method and the adaptations.

Edit Patterns

This method is based on the observation that often the clinical
terms expressed in clinical notes have common variations from
their mentionsin standard terminologies; for example, they may
not mention “nos’ (not specified) at the end, they may mention
“neoplasm” instead of “tumor”, or they may have an extra“s’
for plural, or have aspelling variation such as“tumour” instead
of “tumor”, etc. Often, exact matching fails because of such
variations. The method is designed to automatically learn such
common variations from the synonyms of clinical terms from
a resource such as UMLS. Given a list of clinical terms and
their synonyms, for every pair of synonyms, the method
computes the Levenshtein edit distance [24] between them,
which is the minimum number of edit operations of insertions,
deletions, and substitutions that will convert one term into
another. For example, converting “glycemic” to “glycemias’
requires minimum of 2 edits—insert “a” after “i” and substitute
“s’ for “c”. Itis not the edit distance but the sequence of edits
that isimportant for our method. The sequence of edits can also
be obtained through the L evenshtein edit distance computation.
We call the sequence of edits along with the characters that
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remain unchanged as an edit pattern. For example, the edit
pattern that changes“glycemic” to“glycemias’ will be“BEGIN
SAMEgSAMEI|I SAMEy SAMEeSAMEmMSAMEi INSERT
aSUBSTITUTE c|sEND”. The pattern essentially says, “keep
the characters samettill ‘i’ then insert ‘a’ and substitute ‘S’ for
‘c’”. The “BEGIN” and “END” signify that the edit pattern is
applied from the beginning of the term and ends at the end of
theterm. However, this edit pattern can only convert “ glycemic”
to “glycemias’ that were already known to be synonyms and
henceisnot useful unlessit isgeneralized to match other clinical
terms. The method next generalizes the edit patterns.

Generalization of Edit Patterns

Given 2 edit patterns, their generalization is defined as the
longest contiguous common pattern that includes all the edit
operations. Thus, the generalization process generalizes over
“SAME”, “BEGIN", and “END” symboals. For example, given
the edit pattern from the previous paragraph and the edit pattern
“SAME a SAME n SAME e SAME m SAME i INSERT a
SUBSTITUTE c|s END”, which converts anemic to anemias,
the generdization will bethe pattern “SAME e SAME m SAME
i INSERT a SUBSTITUTE c|s END”, which says, “if ‘emic’
isat the end of aclinical term then convert it to ‘emias’™”. This
is shown in the top part of Figure 2. This generalized pattern
can now apply to other clinical terms, for example, it can convert
“ishemic” to “ishemias’. However, it will not convert
“arrhythmic” to “arrhythmias’ because the pattern expects an
“g" before “mic”. The generalized patterns can be further
generalized with other patterns using the same process of
determining the longest contiguous common pattern. For
example, once further generalized with “SAME t SAME h
SAMEmSAMEi INSERT aSUBSTITUTE c|[sEND”, thenew
further generalized pattern will be* SAME m SAME i INSERT
a SUBSTITUTE c|s END”, which will convert arrhythmic to
arrhythmias. Thisisillustrated in Figure 2.

Figure2. Anillustrative example of how the method generalizes edit patterns by finding the longest contiguous common pattern that includes al the
edit operations. In this example, it learns the edit pattern to convert clinical terms ending with “mic” to “mias’.
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However, thus continuing to generalize will lead to overly
general edit patterns, such as “SUBSTITUTE c|s’ that says,
“change every ‘c’ to ‘s’” that can change the meaning of a
clinical term. Hence, there needsto be away to gauge how good
an edit pattern is and whether it is useful or overly general. In
our method, this is done by counting the number of positives
and negatives corresponding to every edit pattern. To compute
these, the edit pattern isapplied to the given list of clinical terms
and their synonyms (eg, from UMLS). The number of times a
clinical term is converted into one of its synonyms is counted
as the number of positives. On the other hand, the number of
timesaclinical term is converted into another clinical term that
isnot itssynonym (eg, adifferent conceptin UMLYS) is counted
asthe number of negatives. If the converted termisnot aclinical
term or it does not match in the list of clinical terms, thenitis
not included in the count of either positives or negatives. After
computing the number of positives (p) and negatives (n), ascore
of p/(p+n+1) is assigned to the edit pattern, which isasimple
form of m-estimate formula [25]. This score captures how
accurate and how broadly applicable an edit pattern is in
converting a clinical term into its synonym. Adding one in the
denominator ensures that a pattern with a higher p will have a
higher score even when n is zero. The patterns that are overly
genera will have a low score because they will have a high
value of n. Good patterns will have a very high p value but a
very low nvalue. Itsscoreisused asthe confidence of alearned
edit pattern for normalizing a clinical term. We used a high
threshold of 0.9 for the score, and only edit patterns with scores
higher than 0.9 were included in the normalization system. We
found through cross-validation within the training data that the
method was not very sensitive to this threshold value, but it
needed to be high for a good performance. An efficient
algorithm to generate edit patterns using the method described
aboveisgivenin astudy by Kate[9].

We point out that the method to obtain edit patterns described
earlier will always also generate a reverse pattern for each
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pattern. For example, if it generatesapatterntoinsert“s’ inthe
end, then it will also generate a pattern to delete“s’ in the end.
This is because the synonyms are not considered in any order
when generating the edit patterns; hence, each pair will be
considered in both directions—generate the second from the
first and generate the first from the second. As a result, the
reverse of every edit pattern is also generated.

Applying Edit Patterns for Normalization

Givenaninput clinical term, an edit pattern isapplied asfollows.
First, the system checks if the edit pattern matches the clinical
term, that is, the clinical term is consistent with the presence of
al the“SAME”, “SUBSTITUTE", and “DELETE" characters
aswell aswiththe“BEGIN” and“END” symbols. For example,
the edit pattern “SAME m SAME i INSERT a SUBSTITUTE
c|sEND” matchestheclinical term “arrhythmic” becauseit has
“mic” intheend. Thisisillustrated in Figure 3. If the edit pattern
matches, then all its edit operations are applied at the matched
location (in case an edit pattern matches at multiple locations
within the clinical term, then each case is treated separately,
although this rarely happens for a good edit pattern). In the
previous example, “mic” will be changed to “mias’, hence
converting the original clinical term “arrhythmic” to
“arrhythmias’. Next, the system checks whether the resulting
term is present in UMLS (or in its relevant portion, eg, within
conceptsof SNOMED CT and RxNorm) as one of the synonyms
of the concepts. If so, the CUI of the corresponding concept is
returned as the output of normalization. If the resulting clinical
term does not match any synonym in UMLS, then the system
moves on to match the next edit pattern. If multiple edit patterns
match the clinical term, then al the corresponding CUIs are
returned asthe output; out of these, the best CUI islater selected
by the disambiguation component. Given that our system only
retains the edit patterns that have high scores, all the CUls
obtained by them are good potential candidates.

Figure 3. Anillustration of how the edit pattern “SAME m SAME i INSERT a SUBSTITUTE c|s END” converts the clinical term “arrhythmic” to

“arrhythmias’.

a r r h y t h m
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It should be noted that in this method, edit distance computation
isused to generate edit patterns and not smply to find the closest
term by edit distance because a closeterm by edit distance could
often mean an entirely different concept. For example, the edit
distance between “typical angina’ and “atypical angina’ isonly
one, yet the 2 clinical termsrefer to 2 very different and, in fact,
exactly opposite concepts. On the other hand, the edit distance
between “cardiac sarcoidosis’ and “heart sarcoid disease” is
12, yet they are synonyms. In our method, the edit pattern of

https://medinform.jmir.org/2021/1/e23104
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SAME m SAME i INSERT a SUBSTITUTE c|s END
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“BEGIN INSERT a’, which inserts “a” in the beginning, will
have many negatives and hence will receive a poor score. On
the other hand, the edit pattern that changes*“ cardiac” to “heart”
removes “0sis’ and adds “disease” will have many positives
and very few or no negatives and hence will receive a high
score. This shows that our method does not really depend on
edit distance but only uses edit distance computation to generate
edit patterns that are then generalized and judged for their
goodness based on their numbers of positives and negatives.
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Character-Based and Word-Based Edit Patterns

We described the method of learning edit patterns using
examples in which characters were inserted, deleted, and
substituted. However, sometimes, variations in clinical terms
are simply due to the use of different words, such as “heart”
instead of “cardiac”. Although these edits can al so be expressed
in terms of edits of characters, the generalization process over
multiple patterns may lose such a pattern. Hence, in addition to
character-based patterns, our method also directly learns
word-based patterns such as “SUBSTITUTE cardiac|heart”.
The method worksin exactly the same way asdescribed earlier,
except that words instead of characters are treated as units of
edits. In our method, words are tokens separated by whitespaces.
In our results, we show the contribution of both types of patterns.

Edit Patterns From UMLSfor Different Semantic Types

The clinical terms of different semantic types often exhibit
different variations. For example, substituting “assay” for
“measurement” isvery commonin clinical terms of “laboratory
procedure” semantic type, whereas substituting “ subcutaneous”
for “intradermal” is very common in clinical terms of “clinical
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drug” semantic type. Hence, to capture such patterns efficiently,
we applied our method of learning patterns separately to each
of the 35 different semantic types of UMLS, which were the
major semantic types of the clinical terms present in the MCN
data set determined using its training set. For example, the top
5 semantic typesin thetraining set were “ disease or syndrome”,
“pharmacol ogic substance”, “laboratory procedure”, “finding”,
and “therapeutic or preventive procedure’. For each of the 35
semantic types, the method considers the concepts of that
semantic typein UML Sand their listed synonymsand generates
edit patterns. The patterns are both character based and word
based, which are separately generated. We found that a
maximum of 5000 concepts for each semantic type were
sufficient to generate good patterns. Using more concepts did
not help because the common variational patterns are easily
learned from within that many concepts, and adding more
conceptswould only lead to additional learning of rare patterns
that would not apply in the test set. Table 1 shows a few
illustrative examples of learned edit patterns for 4 different
semantic types. Asthe semantic types of test clinical terms are
not given in the data set, edit patterns of all the semantic types
are applied during normalization.

Table 1. Illustrative examples of edit patterns automatically learned from UMLS for afew semantic types and automatically learned from the training
data. The first 4 and the last 2 edit patterns are word-based, whereas the remaining 4 edit patterns are character-based. The number of positives and

negatives of each pattern are also shown.

Learned edit pattern Positives ~ Negatives Comment
Clinical drug
SUBSTITUTE intradermal |subcutaneous 133 0 Change “intradermal” to “subcutaneous”
DELETE oral SUBSTITUTE tablet|tab 26 0 Change “oral tablet” to “tab”
Diagnostic procedure
SUBSTITUTE fibreopticifiberoptic 41 0 Spelling variation
DELETE magnetic DELETE resonance SUBSTITUTE imagingjmri 23 0 Change “magnetic resonance imaging of
SAME of SUBSTITUTE both|bilateral both” to “mri of bilateral”
L aboratory procedure
SUBSTITUTE kjc SAME 0 SAME c SAMEy SAMEt SAME e 54 0 Change “kocyte” to “cocyte”
BEGIN SAME h DELETE a SAME e SAME m SAME o 52 0 Change “haemo” to “hemo” at the begin-
ning of the clinical term
Neoplastic process
INSERT u SAME r SAME _space 1148 2 Example: “tumor of” - “tumour of”
SAMEaSAMEr SAMEcSAMEi SAMEnSAMEoSAMEmMSAME 26 0 Delete“s’ if the clinical term ends with
aDELETE seND “arcinomas’
Training data
SUBSTITUTE obsffinding 5 0 Change “obs’ to “finding”
INSERT on SUBSTITUTE o/elexamination 13 0 Change “0o/€” to “on examination”

Edit Patterns From Training Data

Theedit patternslearned from UMLS, asjust described, capture
the common universal patterns of variations in clinical terms.
However, there are often patterns of variationsin clinical terms
that are unique to the genre of clinical notes or to the particular
medical center from where the clinical noteswere obtained. To
learn these variational patterns, our method is also applied to
the supplied training data of the MCN data set. To do this, the
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mentions of the clinical terms in the training data are added as
additional synonyms of the UMLS concepts they were
normalized to. These concepts (total 2311 unique) along with
additional 3000 random UMLS concepts to drive the
generalization process were used to learn edit patterns by the
process described previoudly. In this case, wedid not distinguish
between different semantic types because there were not
sufficient examples of each semantic type in the training data
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for the learning process. In the results, we separately evaluate
the contribution of the edit patterns obtained from the training
data. Thelast 2 rows of Table 1 show 2 illustrative edit patterns
learned from the training data.

Of al the edit patterns thus obtained, only those with a score
above the 0.9 threshold were retained as mentioned earlier.
These were a total of 63,726 character-based and 22,832
word-based patterns. For a given input clinical term, each of
the patterns is then applied as described earlier. If more than
one CUIl is obtained through this process, then the
disambiguation component of the system (described later) is
used to select the best CUI to output.

Subconcept Matching

In case neither exact matching nor learned edit patterns could
normalize aclinical term, then our system triesto normalize it
using the subconcepts present in it. First, the method determines
all the subconcepts present in the clinical term. Thisis done by
considering al the subterms of the clinical term, which are all
the contiguous word subsequences in the clinical term (ie, all
n-grams), including of length one (ie, individual words). For
each subterm, the method then checksiif it matchesin UMLS.
The matched concepts are deemed to be the subconcepts of the
clinical term and are represented in terms of their CUIs. For
example, for the clinical term “nasal 02", the method will find
2 subconcepts corresponding to the subterms “nasal” (CUI:
C1522019) and “02" (CUI: C4541402). Next, the method looks
if there is any concept in UMLS that has exactly these
subconcepts present. The subconcepts of a concept in UMLS
are determined by finding the union of the subconceptsin each
of its listed clinical terms in the same way by considering all
its subterms. The UMLS concept of “oxygen administration by
nasal cannuld® has exactly the same 2 subconcepts
corresponding to the subterms “nasal” (CUI: C1522019) and
“oxygen” (CUI: C4541402). Hence, the clinical term “nasal
02" will be normalized to the UMLS concept of “oxygen
administration by nasal cannula’. Note that in this case, exact
matching would not have worked, and it isunlikely that an edit
pattern would have captured this variation becauseit isnot very
common. Additionally, note that the method overlooks other
subterms such as “administration by” and “cannula’, which do
not correspond to any conceptsin UMLS. If the clinical term
cannot be normalized even after this method is applied, then
the system outputs CUI-less.

Please note that this method is not the same as simple subterm
matching, otherwise “02” will not match “oxygen”. Instead,
this method performs subconcept matching, which automatically
considers the synonyms through the CUIs. One complication
in this approach isthat there could be multiple subconcepts (ie,
multiple CUIs) corresponding to a subterm. For example, “ 02"
in addition to matching the concept with CUI C0030054 (the
element oxygen) also matchesthe concept with CUI C4541402
(amilitary officer position). Hence, in our method, at least one
match between the 2 sets of CUIs is deemed as a match of
subconcept. In the abovementioned example, “ oxygen” matches
the CUI C0030054 (although it does not match the CUI
C4541402), and hence, there is a match of the subconcept.

https://medinform.jmir.org/2021/1/e23104
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Disambiguation

Each of the 3 normalization components described
previously—exact matching, learned edit patterns, and
subconcept matching—can lead to normalization to multiple
conceptsin UMLS. However, the normalization task, as set up
for the MCN data set, is expected to output only one concept.
Hence, the normalization system needs to disambiguate the
concept whenever a clinical term is normalized to multiple
concepts. We built a disambiguation component in our system,
which is based on patterns of semantic types of the conceptsto
be disambiguated. We observed that it was often the case that
when aclinical term was normalized to multiple concepts of a
few semantic types, then the correct concept was frequently of
one particular semantic type among them. Hence, we devel oped
a method to automatically learn such rules from the training
data. For al theclinical termsin the training datafor which the
system normalizes to multiple CUls, it considers all
combinations of different semantic types of those sets of CUls.
It then determines the combinations out of these for which the
correct CUI isalwaysof aparticular semantic type. For example,
it learned that whenever the multiple CUIs have semantic types
of “finding”, “health care activity”, and “organism function”,
the semantic type of the correct CUI was always “health care
activity”. A total of 56 such patternswere automatically learned
and were used during testing to resolve ambiguities. In case the
ambiguity could not be resolved (ie, none of the patterns
matched), then the first matched concept (effectively random)
was output by default.

Results

We experimentally evaluated the contributions of various
components of our system on the task of clinica term
normalization. All the results were obtained on the test data of
the MCN corpus as provided for the 2019 n2c2 Track 3. Asin
the shared task, the performance was measured in terms of
accuracy, that is, percentage of clinical terms that were
normalized correctly—either to the correct CUI or correctly to
CUl-less. There were a total of 6925 clinical terms to be
normalized in thetest data, of which 217 (3.13%) were CUI-less.
In the following, we first show all the results obtained while
using the disambiguation component. We later show how the
results are affected if this component is not used.

Table 2 showsthe results for the first component of our system
that does exact matching. It achieved an accuracy of 76%. This
shows that a large humber of clinical terms can be normalized
simply by exact matching. The next 2 rows of Table 2 show the
contributions of exactly matching clinical terms only in the
training data and only in UMLS. A large drop in accuracy can
be seen in both cases. This showsthat both the resources greatly
contribute toward the combined accuracy and that neither is
sufficient on its own to achieve good accuracy. Among the 2
resources, UMLS was found to be more important. However,
it is clear that there are sufficient variations in clinical terms
that are specific to this corpus and not present in UMLS. This
could a'so be partly because of the conventions adopted by the
creators of the MCN corpusfor marking mentionsin theclinical
notes.
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Table 2. Performance evaluation on the clinical term normalization task using only exact matching.

System Accuracy (%)
Exact matching (training datatUMLS?) 76.00
Exact matching (training data only) 57.91
Exact matching (UMLS only) 62.37

3UMLS: Unified Medical Language System.

In Table 3, we show the results of adding the normalization
component to the system that uses learned edit patterns. The
results when only character-based patterns and when only
word-based patterns are used are shown in the next 2 rows. In
thelast 2 rows, the results are shown when the edit patterns are

learned only from UMLS and when learned from the training
data (the latter also includes some terms from UMLS as
described before). All these results include exact matching
results (with both UMLS and the training data).

Table 3. Results of the ablation study for the method using different types of learned edit patterns.

System (includes exact matching) Accuracy (%)
All edit patterns 79.93
Character-based edit patterns 79.6
Word-based edit patterns 78.28

Edit patterns from UMLS? 79.88

Edit patterns from training data 78.56

3UMLS: Unified Medical Language System.

It can be observed from the table that learned edit patterns
helped in increasing the accuracy from 76% to 79.93%. This
also shows that the method of learned edit pattern generalizes
beyond “disease and disorder” semantic type, for which it was
originally developed and evaluated [9], and works for other
semantic types. From the next 2 rows of the table, one can see
that character-based patterns were more important than
word-based patterns. However, on its own, each type of pattern
also did well. This indicates that character-based patterns can
often express what word-based patterns can express and vice
versa. For example, deleting the word “nos’ can also be
expressed as del eting those 3 characters; and changing characters
“mic” to“mias’ can bedirectly expressed as changing theword
“arrhythmic” to “arrhythmias’ (although its number of positives
and negatives will be different). However, character-based
patterns can exhibit better generalization in some cases; for
example, deleting “s’ at the end to convert pluralsto singulars
can be learned easily in a character-based pattern, but
word-based patterns will have to learn that separately for each
word.

Thelast 2 rows of Table 3 show how the performance changed
when patterns learned only from UMLS were used and when
patterns learned from training data were used. The results
indicate that patterns learned from training data add to the
accuracy but only marginaly (from 79.88 to 79.93). The 2
illustrative edit patterns shown in the last 2 rows of Table 1
were learned only from the training data and could not be
learned from UMLS aone. However, patterns learned without
alarge part of UMLSled to alarger drop in accuracy (78.56%).

Theresults in Table 4 show the contribution of the subconcept
matching component of the system. Each result includes the
exact matching results. Subconcept matching by itself obtains
77.79% accuracy and in combination with edit patterns, it
increasesthe accuracy from 79.93% to 80.79%. This showsthat
this component is helpful, although not as important as edit
patterns. The accuracy of our full system was 80.79%, which
was the official accuracy of our system in the 2019 n2c2 Track
3 as evaluated and reported by the organizers.

Table 4. Results showing the impact of the subconcept matching component of the system.

System (includes exact matching) Accuracy (%)
Subconcept matching 77.79
Edit patterns 79.93
Edit patterns+subconcept matching 80.79

In Table 5, we show the performance gain obtained by
leveraging the training data. The result shown in the first row
was obtained when training data were not used either for exact
matching or for learning edit patterns. The second row shows

https://medinform.jmir.org/2021/1/e23104

the results of the full system in which training data are used for
both the purposes. It can be observed that using training data
greatly helps. This indicates that the clinical terms mentioned
inreal-world clinical notes frequently differ from how they are
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listed in UMLS. This could be because of linguistic variations
used in writing free text as well as because of conventions or
the style of writing clinical notes specific to agenre or amedical
center. The large drop in accuracy was mostly because of not

Table 5. Results obtained with and without using the training data.
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doing exact matching in the training data as was already
observedin Table 2. Not learning edit patternsfrom thetraining
datareduced accuracy by only asmall amount, aswas previously
seenin Table 3.

System Accuracy (%)
Without using training data 68.01
With using training data 80.79

All the results reported so far were obtained while using the
disambiguation component of the system. The difference in
performance because of this component isshownin Table 6 for
different normalization components and their combinations. It
can be observed that disambiguation consistently helpsin each
case but not by a large amount. The results obtained by
incrementally adding the normalization components with and
without the disambiguation step are graphically shownin Figure
4. To determine the upper limit for the disambiguation
component, the results obtained using oracle disambiguation
are shown in the last column of Table 6. In oracle
disambiguation, the system’s normalization for a clinical term
is considered correct if any one of the multiple CUIsit outputs
is correct. One can see that the gap between accuracies of the
system’s disambiguation and oracle disambiguation is very
large (from 80.79% to 85.5%). This showsthat when the system

normalizes a term to multiple CUIs, then one of them is
frequently correct, but it is not easy to determine which is the
correct one. We also found that if semantic types of al input
clinical terms are given, then the system achieves an accuracy
of 83.64% without oracle disambiguation (in this case, the
system ensures that the output CUI corresponds to the relevant
semantic type). This shows that most of the ambiguity is
between CUIs of different semantic types. For example, the
name of asubstance (eg, sodium) may correspond to the concept
of the substance as well as to the concept of its measurement,
and both will be of different semantic types. Similarly, many
clinical terms could be normalized to a concept of "disease and
syndrome" semantic type aswell asto a concept of "laboratory
or test result" semantic type that is used to determine that
disease.

Table 6. Performance evaluation measured in terms of percent accuracy with and without the disambiguation component?.

System Without disambiguation With disambiguation Oracle disambiguation
Exact matching 75.81 76.0 78.93

Edit patterns+exact matching 79.7 79.93 83.65

Subconcept matching+exact matching 77.62 77.79 83.31

Edit patterns+subconcept matching+exact matching  80.56 80.79 85.5

#The results of oracle disambiguation are also included in the last column for comparison.

https://medinform.jmir.org/2021/1/e23104

JMIR Med Inform 2021 | vol. 9| iss. 1|€23104 | p. 9
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL INFORMATICS

Kate

Figure4. Accuracy (%) of the system on the Medical Concept Normalization data set evaluated by incrementally adding the normalization components

with and without the disambiguation step.
82
81
80
79
78
77
76

Accuracy (%)

75
74

73
Exact Matching

B Without Disambiguation

Discussion

Principal Findings

We experimentally found that a majority of clinical terms can
be normalized simply by exact matching in the training data
and in UMLS. Both these resources contribute significantly
when normalizing using exact matching. Beyond exact
matching, we found that there are certain patterns common
among synonymous clinical terms. These patterns are both
character based and word based. We presented a method that
learns such patterns automatically and usesthemto edit clinical
terms to match their known synonyms. Finally, we found that
afew moreclinical terms can be normalized by extracting their
subconcepts and then matching these subconcepts.

The availability of training data was found to be critical in
obtaining good accuracy thus indicating that variations of
clinical termsfoundin clinical text could be specific to thetype
and source of clinical notesthat may not have been captured in
a genera resource such as UMLS. We also found that many
clinical terms in clinica text normalize to multiple clinica
concepts. Although there are certain patterns based on semantic
types that can help, in general, it is difficult to determine the
correct concept when a clinical term normalizes to multiple
concepts. Thiswas amajor source of error for our system. We
note that the postadjudication interannotator agreement of the
MCN data set was low (74.2%) [3], which also indicates that
human annotators also faced the problem of multiple possible
CUIs. It aso shows that this data set is far from perfect, and
automated systems will always have a certain amount of errors
when evaluated on this corpus.

Besides ambiguity, we found a few more common sources of
errors. Sometimes a clinical term mentioned in text would be

https://medinform.jmir.org/2021/1/e23104
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in an implicit shortened form whose complete form would be
inferable from its medical context to domain experts. For
example, the text would mention “balloon” and mean (and thus
normalize to) “baloon pump device”; similarly, it would
mention “rhythm” and mean “finding of heart rhythm” or
mention “alveolar” and mean “alveolar duct of lung”. However,
our system would normalize only the shortened forms to their
respective clinical concepts, thus leading to errors. Another
source of error wasthe use of related wordsinside clinical terms
that are not exactly synonyms; for example, the text would
mention “upper lung field”, but it would normalize to “upper
lobe of lung” or mention “airway protection” but normalize to
“arway management”. Some errors were caused by subtle
differences between concepts in SNOMED CT; for example,
our system would normalize “left lower abdomen” to “entire
left lower quadrant of abdomen”. but the correct answer was
the concept “ structure of left lower quadrant of abdomen”.

Limitations and Future Work

Asnoticed earlier, the disambiguation component of our system
has room for improvement. One limitation of our system isthat
it does not look at the surrounding context of the clinical term
in the clinical note and treats the task of normalization
independent of this context. Potentially, the context of aclinical
term can help in determining its semantic type, which can then
help in disambiguation. However, we a so note that determining
the semantic type of clinical termsis traditionally considered
as part of the information extraction task and not the
normalization task. For example, SemEval 2014 Task 7 required
both information extraction and normalization in which the
entitiesto be normalized were to befirst extracted from clinical
notes and were restricted to “disease and disorder” semantic
type. Hence, the semantic type of the clinical terms to be
normalized was aready known, which reduced potential
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ambiguities. We also note that one could aso modify the
evaluation process to allow multiple CUIs for clinical terms
when the corresponding concepts are equivalent or closely
related. Another possibility is to provide rules for preferring
one type of concepts over other types based on their semantic
typesor hierarchiesin SNOMED CT or based on other criteria.

The learned edit patterns were found to be good at capturing
sequential edits, but they could not capture if the edits were of
a different kind. For example, to normalize “ asthma—cardiac’
to “cardiac asthma’, one needsto jumble the words, something
that our edit patterns cannot capture (they will capture
substituting each word with the other but that will not generalize
to a pattern for jumbling the words that could match other
clinica terms). In the future, patterns that capture such
transformations could be learned from the data. Alternatively,
aword-based similarity measure could also be used asis done
in information retrieval [6]; however, it could aso lead to
incorrect normalization in other cases. Our method did not
handle abbreviations of clinical terms separately. It either
handled them through exact matching, if the abbreviationswere
mentioned as synonyms in UMLS or the training data, or
through edit patterns that automatically learned abbreviations
(eg, the edit pattern shown in the last row of Table 1). Given
the prevalence of abbreviations in clinical text, in the future,
using adedicated component for abbreviation identification and
disambiguation is likely to improve results [26].

Although our method may learn when aword can be substituted
by another word, it does not consider word similarity which
could potentially help in normalization. Incorporating word
similarity in our method as captured through a suitable word
embedding [27] will be an avenue for future work. The
ontological structureof SNOMED CT intermsof itshierarchies
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and relations could also be leveraged for the normalization task
in the future. For example, if the related concepts could be
identified from the clinical term, then this can lead to finding
the correct concept in SNOMED CT [21]. Edit patternsare used
in our method to represent when 2 clinical terms can be
normalized to the same concept. Another possibility for future
work isto use a deep learning architecture to represent when 2
clinical terms could mean the same concept. For example, the
neural network could take the edit pattern between 2 terms as
input and learn to output whether the 2 clinical terms are
synonymous or not. The network could be trained with the same
examples from within the UMLS and training data as done in
our approach.

Conclusions

We presented a system for the clinical term normalization task.
It uses edit patterns of both characters and words that are
automatically learned from UMLS and the training data. The
edit patterns capture how clinical terms can be edited to convert
theminto their synonymsto normalizethem. These edit patterns
are human interpretable and depict the common variations of
clinical terms used in clinical notes. Our system also used the
matching of subconceptsto normalizeclinical terms. Our system
achieved 80.79% accuracy onthe MCN test data set. Whenever
our system found multiple possible concepts to normalize a
clinical term, often one of them was correct, but it was not easy
to determine the correct concept as annotated in the data, which
accounted for somelossin accuracy. Through ablation studies,
we found that many clinical terms in the data set could be
normalized by exact matching in UMLS and the training data,
and normalization using learned edit patterns was the most
important component for normalizing the rest of the clinical
terms.

Conflictsof Interest
None declared.

References

1. LeamanR,KhareR, LuZ. Challengesin clinical natural language processing for automated disorder normalization. J
Biomed Inform 2015 Oct;57:28-37 [FREE Full text] [doi: 10.1016/j.jbi.2015.07.010] [Medline: 26187250]

2. Bodenreider O. The unified medical language system (UMLYS): integrating biomedical terminology. Nucleic Acids Res
2004 Jan 1;32(Database issue):D267-D270 [FREE Full text] [doi: 10.1093/nar/gkh061] [Medline: 14681409]

3. LuoY, SunW, Rumshisky A. MCN: a comprehensive corpus for medical concept normalization. J Biomed Inform 2019
Apr;92:103132 [FREE Full text] [doi: 10.1016/j.jbi.2019.103132] [Medline: 30802545]

4. LeeDH, LauFY, Quan H. A method for encoding clinical datasets with SNOMED CT. BMC Med Inform Decis Mak
2010;10:53 [FREE Full text] [doi: 10.1186/1472-6947-10-53] [Medline: 20849611]

5. Stenzhorn H, Pacheco E, NohamaP, Schulz S. Automatic mapping of clinical documentationto SNOMED CT. Stud Health

Technol Inform 2009;150:228-232. [doi: 10.1007/978-1-84882-803-2_12] [Medline: 19745302]
6. Manning C, Raghavan P, Schutze H. Introduction to Information Retrieval. New York, NY: Cambridge University Press;

2008.

7. TangB,WuY, Jang M, Denny JC, Xu H. Recognizing and Encoding Disorder Conceptsin Clinical Text Using Machine
Learning and Vector Space Model. In: Workshop of ShARe/CLEF eHealth Evaluation Lab. 2013 Presented at: CLEF'13;

September 23-26, 2013; Valencia, Spain.

8. LeamanR, Iamg Dogan R, Lu Z. DNorm: disease name normalization with pairwise learning to rank. Bioinformatics
2013 Nov 15;29(22):2909-2917 [FREE Full text] [doi: 10.1093/bioinformatics/btt474] [Medline: 23969135]

9. KateRJ. Normalizing clinical termsusing learned edit distance patterns. JAm Med Inform Assoc 2016 Mar;23(2):380-386.

[doi: 10.1093/jamia/ocv108] [Medline: 26232443]

https://medinform.jmir.org/2021/1/e23104

JMIR Med Inform 2021 | vol. 9 |iss. 1| €23104 | p. 11
(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(15)00150-1
http://dx.doi.org/10.1016/j.jbi.2015.07.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26187250&dopt=Abstract
http://europepmc.org/abstract/MED/14681409
http://dx.doi.org/10.1093/nar/gkh061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14681409&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(19)30050-4
http://dx.doi.org/10.1016/j.jbi.2019.103132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30802545&dopt=Abstract
http://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-10-53
http://dx.doi.org/10.1186/1472-6947-10-53
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20849611&dopt=Abstract
http://dx.doi.org/10.1007/978-1-84882-803-2_12
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19745302&dopt=Abstract
http://europepmc.org/abstract/MED/23969135
http://dx.doi.org/10.1093/bioinformatics/btt474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23969135&dopt=Abstract
http://dx.doi.org/10.1093/jamia/ocv108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26232443&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL INFORMATICS Kate

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24,

25.

26.

27.

Castano J, Gambarte M, Park H, Williams M, Pérez D, Campos F, et a. A machine learning approach to clinical terms
normalization. In: Proceedings of the 15th Workshop on Biomedical Natural Language Processing. 2016 Presented at:
BioNLP'16; August 12, 2016; Berlin, Germany p. 1-11. [doi: 10.18653/v1/w16-2901]

Luo Y, Sun W, Rumshisky A. A Hybrid Method for Normalization of Medical Conceptsin Clinical Narrative. In: IEEE
International Conference on Healthcare Informatics (ICHI). 2018 Presented at: ICHI'18; June 4-7, 2018; New York City,
NY p. 392-393. [doi: 10.1109/ichi.2018.00069]

Li H, Chen Q, Tang B, Wang X, Xu H, Wang B, et al. CNN-based ranking for biomedical entity normalization. BMC
Bioinformatics 2017 Oct 3;18(Supp! 11):385 [FREE Full text] [doi: 10.1186/s12859-017-1805-7] [Medline: 28984180]
Ji Z, Wei Q, Xu H. BERT-based Ranking for Biomedical Entity Normalization. AMIA Jt Summits Transl Sci Proc
2020;2020:269-277 [FREE Full text] [Medline: 32477646]

Pradhan S, Chapman W, Man S, Savova G. Semeval-2014 Task 7: Analysisof clinical text. In: Eight | nternational Workshop
on Semantic Evaluation (SemEval-2014). 2014 Presented at: SemEval'14; August 23-24, 2014, Dublin, Ireland p. 54-62.
[doi: 10.3115/v1/s14-2007]

Mowery DL, South BR, Christensen L, Martinez D, Velupillai S, Elhadad N, et al. Task 1: ShARe/CLEF eHealth Evaluation
Lab 2013. Semantic Scholar. 2013. URL: https.//www.semanticschol ar.org/paper/Task-1%3A-ShA Re%2FCL EF-eHeal th-
Evaluation-L ab-2013-Mowery-Velupillai/celfe92292cad61 70d5caa0d5f 50acabObfar293 [accessed 2020-12-16]

Wang Y, Wang L, Rastegar-Mojarad M, Moon S, Shen F, Afzal N, et a. Clinical information extraction applications: a
literaturereview. JBiomed Inform 2018 Jan; 77:34-49 [ FREE Full text] [doi: 10.1016/j.jbi.2017.11.011] [Medline: 29162496]
Henry S, Wang Y, Shen F, Uzuner O. The 2019 National Natural language processing (NLP) clinical challenges (n2c2)/open
health NLP (OHNLP) shared task on clinical concept normalization for clinical records. JAm Med Inform Assoc 2020
Oct 1;27(10):1529-1537. [doi: 10.1093/jamia/ocaal06] [Medline: 32968800]

Ghiasvand O, Kate R. Uwm: Disorder Mention Extraction From Clinical Text Using CRFs and Normalization Using
Learned Edit Distance Patterns. In: Proceedings of the 8th International Workshop on Semantic Evaluation (SemEval 2014).
2014 Presented at: SemEval'14; August 23-24, 2014; Dublin, Ireland p. 828-832. [doi: 10.3115/v1/s14-2147]

Uzuner , South BR, Shen S, DuVall SL. 2010 i2b2/VVA challenge on concepts, assertions, and relationsin clinical text. J
Am Med Inform Assoc 2011;18(5):552-556 [FREE Full text] [doi: 10.1136/amiajnl-2011-000203] [Medline: 21685143]
Kate RJ. Towards converting clinical phrasesinto SNOMED CT expressions. Biomed Inform Insights 2013;6(Suppl
1):29-37 [FREE Full text] [doi: 10.4137/BI1.S511645] [Medline: 23847425]

Kate RJ. Automatic full conversion of clinical termsinto SNOMED CT concepts. J Biomed Inform 2020 Nov;111:103585.
[doi: 10.1016/j.jbi.2020.103585] [Medline: 33011295]

Bhattacharya S. Introduction to SNOMED CT. Singapore: Springer; 2016.

SNOMED CT Terminology Services Guide. SNOMED Confluence. URL : https://confluence.ihtsdotools.org/display/
DOCTSG/ [accessed 2020-07-31]

Levenshtein V. Binary codes capable of correcting deletions, insertions, and reversals. In Soviet physics doklady
1966;10(8): 707-710.

Cestnik B. Estimating Probabilities: a Crucial Task in Machine Learning. In: Proceedings of the 9th European Conference
on Artificial Intelligence. 1990 Presented at: ECAI'90; August 6-10, 1990; Stockholm, Sweden p. 147-149.

Mowery DL, South BR, Christensen L, Leng J, Peltonen L, Salanterd S, et al. Normalizing acronyms and abbreviationsto
aid patient understanding of clinical texts: ShARe/CLEF eHealth challenge 2013, Task 2. J Biomed Semantics 2016 Jul
1,7:43 [FREE Full text] [doi: 10.1186/s13326-016-0084-y] [Medline: 27370271]

Wang, Liu S, Afzal N, Rastegar-Mojarad M, Wang L, Shen F, et al. A comparison of word embeddingsfor the biomedical
natural language processing. J Biomed Inform 2018 Nov;87:12-20 [FREE Full text] [doi: 10.1016/j.jbi.2018.09.008]
[Medline: 30217670]

Abbreviations

CUI: concept unique identifier
MCN: Medical Concept Normalization
UMLS: Unified Medical Language System

https://medinform.jmir.org/2021/1/e23104 JMIR Med Inform 2021 | vol. 9| iss. 1| 23104 | p. 12

(page number not for citation purposes)


http://dx.doi.org/10.18653/v1/w16-2901
http://dx.doi.org/10.1109/ichi.2018.00069
https://bmcbioinformatics.biomedcentral.com/articles/10.1186/s12859-017-1805-7
http://dx.doi.org/10.1186/s12859-017-1805-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28984180&dopt=Abstract
http://europepmc.org/abstract/MED/32477646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32477646&dopt=Abstract
http://dx.doi.org/10.3115/v1/s14-2007
https://www.semanticscholar.org/paper/Task-1%3A-ShARe%2FCLEF-eHealth-Evaluation-Lab-2013-Mowery-Velupillai/ce1fe92292ca46170d5caa0d5f50acab0bfa7293
https://www.semanticscholar.org/paper/Task-1%3A-ShARe%2FCLEF-eHealth-Evaluation-Lab-2013-Mowery-Velupillai/ce1fe92292ca46170d5caa0d5f50acab0bfa7293
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(17)30256-3
http://dx.doi.org/10.1016/j.jbi.2017.11.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29162496&dopt=Abstract
http://dx.doi.org/10.1093/jamia/ocaa106
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32968800&dopt=Abstract
http://dx.doi.org/10.3115/v1/s14-2147
http://europepmc.org/abstract/MED/21685143
http://dx.doi.org/10.1136/amiajnl-2011-000203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21685143&dopt=Abstract
https://journals.sagepub.com/doi/10.4137/BII.S11645?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.4137/BII.S11645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23847425&dopt=Abstract
http://dx.doi.org/10.1016/j.jbi.2020.103585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33011295&dopt=Abstract
https://confluence.ihtsdotools.org/display/DOCTSG/
https://confluence.ihtsdotools.org/display/DOCTSG/
https://jbiomedsem.biomedcentral.com/articles/10.1186/s13326-016-0084-y
http://dx.doi.org/10.1186/s13326-016-0084-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27370271&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(18)30182-5
http://dx.doi.org/10.1016/j.jbi.2018.09.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30217670&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL INFORMATICS Kate

Edited by Y Wang; submitted 01.08.20; peer-reviewed by L Chen, SMatos, SMadani; comments to author 22.09.20; revised version
received 31.10.20; accepted 18.11.20; published 14.01.21

Please cite as.

Kate RJ

Clinical Term Normalization Using Learned Edit Patterns and Subconcept Matching: System Development and Evaluation
JMIR Med Inform 2021;9(1):€23104

URL: https://medinform.jmir.org/2021/1/€23104

doi: 10.2196/23104

PMID: 33443483

©Rohit JKate. Originally published in IMIR Medical Informatics (http://medinform.jmir.org), 14.01.2021. Thisisan open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first publishedin IMIR
Medical Informatics, is properly cited. The complete bibliographic information, a link to the origina publication on
http://medinform.jmir.org/, as well as this copyright and license information must be included.

https://medinform.jmir.org/2021/1/e23104 JMIR Med Inform 2021 | vol. 9 | iss. 1| 23104 | p. 13
(page number not for citation purposes)

RenderX


https://medinform.jmir.org/2021/1/e23104
http://dx.doi.org/10.2196/23104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33443483&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

