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ABSTRACT

The increasing use of electronic health
records (EHR) has allowed for an unprecedented
ability to perform analysis on patient data. By
training a number of statistical machine learning
classifiers over the unstructured text found in
admission notes and operating procedures, pre-
diction of a surgical procedure’s outcome can be
performed[2]. We extend an initial bag-of-words
model to a bag-of-concepts model, which uses
cTakes[1] and UMLS to extract medical terms
and concepts from medical notes. We also ex-
tend cTakes to improve the knowledge extrac-
tion. Lastly, we propose a knowledge exchange
component, which allows physicians to provide
feedback on outcome results to further tune the
underlying classifier.

SYSTEM OVERVIEW

CHALLENGES

• Expert knowledge integration into classifier.
• Higher quality feature extraction.
• Representation of feature dependencies.
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FEATURE EXTRACTION

We use knowledge extraction as a preprocessing step to vectorize EHR
for use in the other stages. This phase extracts medical concepts in broad
categories of Problems, Tests and Treatments using the cTakes system. The
following feature extractions enhancements are a work-in-progress:

• Numeric Test Results: Extracted numeric values are correlated with their
test concept and discretized to fit into bag-of-concepts model.

• Section Selectivity: History of Present Illness, Physical Examination and
Assessment and Plan are extracted based on their medical importance.

• Sparseness of Features: Ontology collapsing on the ICD-9 tree to increase
concept frequency for better training of classifiers.

OUTCOME PREDICTION

Using supervised learning, we take the results of the Feature Extraction
phase and the known outcome to train a set of classifiers. We compared
two models of feature representation: bag-of-words and bag-of-concepts. The
metrics of evaluation were accuracy and transparency of the classifier for hu-
man comprehension.

• Bag-of-Words: Every word is considered as a feature.
• Bag-of-Concepts: Every medical concept is a feature.
• Classifiers: We shortlisted Naive Bayes and Nearest Centroid based on

the metrics above. Accuracy results are in the figure to the right.

KNOWLEDGE EXCHANGE

Due to the inconsistencies that may arise from extraction errors or sparse
data, we propose to incorporate expert knowledge as a method to improve
the model further. By soliciting knowledge from experts, feature quality and
classification accuracy can be boosted. To this end, these expert-in-the-loop
interactions will manifest themselves in two phases: model building and test-
ing.

We present the top-k features to the medical experts who give feedback
based upon their real-world experience. The feedback is integrated as new
training instances for active learning of the classifier.
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