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1. Introduction
Information Extraction and Classification of
clinical data are current challenges in natural
language processing with an increased
demand for enhancing the accuracy of
information extraction. We present a cascaded
method to deal with three different extractions
from clinical data:
1.Extraction of medical problems, tests, and
treatments.
2.Classification of assertions made on medical
problems.
3.Relations of medical problems, tests, and
treatments.
The outputs of this system are used for
evaluation in all three tiers of the Fourth
i2b2/VA
Shared-Task
and
Workshop
Challenges in Clinical Natural Language
Processing 2010.

Three different methods (rule-based, CRF, SVM)
were designed and tested, all of them based
For extraction of medical problems, tests, and
on the same ideas of using a lexicon as a key
treatments, seven feature sets were used
feature to classify the assertions made about
for each unigram in the CRF training:
medical problems. The comparison was made
1. Bag of words with context window size of
on the best 10-fold cross-validation results of
three words.
rule-based, CRF and SVM approaches. Best
2. Lemma, part of speech, chunk from the
performance was obtained by using CRF
GENIA tagger.
methods.
3. Gazetteers and lexical resources (UMLS,
MOBY, SCT).
4. Abbreviation, acronym, misspelling
expansions.
5. Number of tags (for each token has been
recognized as a number, we add a feature
with value “number” to distinguish from
plain word token).
6. Text to SNOMED Convertor (TTSCT)
7. Medication extraction system’s results.

3. Concept annotation

Table 3. Scores for Challenge test data and the
training set for Assertion classification.

2. System Architecture

5. Relation Classification
There were nine features used in the SVM to
classify the relationships between medical
concepts:
1. Three words before the first concept.
2. Three words after the second concept.
3. Words between the two concepts.
Table 1. Final scores for concept annotation for the4. Words inside of each concept.
Challenge Test set, 10-fold CV of the training set5. The type of each concept from the groundand baseline.
truth.
6. The Assertion type of the PROBLEM concept.
4. Assertion Classification
For the ASSERTION classification task, the7. Concept types between two concepts.
organizers provided the ground-truth for8. Medication extraction result.
concept annotation. Consequently, the9. Lexicon.

Figure 1. System architecture

Tokenization
Each line (sentence) in the clinical record is
split
into
tokens
using
white-space
tokenization.
Lexical Verification
Lexical verification for each token includes
expansion
of
abbreviations,
acronyms,
checking against gazetteers and the lexical
resources of UMLS, MOBY, SnomedCT, then
resolving misspellings and unknown words. All
the results of this process are saved in a
Lexicon Management System (LMS) for later
use in feature generation. The LMS is a
system developed to store the accumulated
lexical knowledge of our Laboratory and
contains categorizations of spelling errors,
abbreviations, acronyms and a variety of nontokens. It also has an interface that supports
rapid manual correction of unknown words with
a high accuracy clinical spelling suggestor plus
the addition of grammatical information and the
categorization of such words into gazetteers.
Self-validation of the training data
We identify this as a process of reflexivevalidation or alternatively 100% Train and Test.
The purpose of this validation is to find the
errors in the gold standard itself and the
weakest points in our computational methods.
Errors in the gold standard were corrected
manually so that the model would not learn
from incorrect examples. Errors generated by
the computational methods were analyzed and
the methods improved where possible.

boundary of PROBLEM could be used as a
feature for the CRF re-classifier. Six
lexicons were manually built corresponding
to six properties of PROBLEM (PRESENT,
ABSENT,
POSSIBLE,
CONDITIONAL,
HYPOTHETICAL, NOT ASSOCIATED).
Each lexicon contained some words or
phrases which could contribute to the
classification of the assertion. Only four
feature types were created for the
ASSERTION CRF:
1. Bag of words with a context window size of
three words.
2. Lexicon source.
3. Negation identifier.
Table 4. Scores for Challenge test, training set and a
4. PROBLEM boundary.
baseline model for relation classification.
The assertion of each problem was based on
6.
Future
work
information in the sentence it belonged to.
Generally, the assertion is decided by theWe introduced a general NLP system architecture
nearest word in a lexicon before a which is easily adapted to different
PROBLEM, where the name of the lexicon requirements in Clinical Information Extraction
becomes the type of ASSERTION. Priorities and Classification by choosing relevant feature
of assertion types were also considered, sets.
where a new ASSERTION type is assignedIn future work, more feature sets could be added
only if it has a higher ranking than the such as a sentence parse tree. Finally, this
current type. If there was no word in any system’s pipeline will be developed into an
lexicon, the default ASSERTION type was Experiment Management System so that
assigned as PRESENT, and there was no researchers could efficiently select various
lexicon compiled for the PRESENT feature sets from a feature list and run the
assertion.
experiment for multiple NLP tasks.
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Table 2. The highest scores for Rule-Based, CRF and
SVM methods for extracting Assertions from the
training set.

