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Abstract

Surgical clinical research often utilizes information within operative notes including data about the supplies, tools,
and techniques used for a given procedure. We have previously demonstrated that compared to general English
semantic frames, surgical operative notes contain semantic frames with additional or different arguments and that
additional verb senses. In this study, we investigated the use of an unsupervised approach for inducing semantic
frames for surgical action verbs. Our results demonstrate that semantic frames induced from domain corpus using
unsupervised approach cover most of the domain semantic frames created by human experts.

Introduction

Information contained in operative notes such as techniques, supplies (e.g., mesh type, prosthetic), or other surgical
parameters (e.g., pneumoperitoneum pressure) used are critical to the conduct of surgical clinical research aimed
improving evidence-based medical practice. Semantic frames for surgical action verbs form an indispensible
foundation for the creation of operative note information extraction (IE) systems to automatically extract the
associated knowledge within the large amounts of operative notes stored in Electronic Health Record (EHR) systems
[1-3]. Previous studies show that existing semantic general English resources have limited coverage of surgical
actions, and surgical action verbs often involve special semantic arguments [4, 5]. These domain-specific semantic
frames can be used to build a robust Semantic Role Labeling (SRL) system to extract surgical information from
operative notes. In this study, we propose an unsupervised approach for inducing semantic frames for surgical action
verbs from Stanford-typed dependencies as well as syntactic and semantic arguments.

Method

A multinomial Dirichlet Process Mixture Model (DPMM) clustering model[6] was built to induce semantic frames
from a corpus of 3,000 laparoscopic cholecystectomy (ICD-9-CM Procedure code 51.23) operative notes. As shown
in Figure 1, the 3,000 operative notes were first pre-processed to extract surgical action sentences out from each note
and then to generate deep parse trees of all these action sentences. For each top surgical action verb, all sentences
with the verb in a deep parse tree were collected. The collected action sentences were then parsed by the Stanford
Dependency parser[7] afterwards. Initial semantic frames were constructed for each sentence of an associated
surgical action verb with arguments collected from the dependency parse as well as the constituent parse of the
sentence. To augment clustering performance, we used Unified Medical Language System (UMLS)[8] semantic
types collected by using MetaMap[9] mapping of the head nouns in the Stanford Dependency parse instead of the
original head noun in the argument (e.g., “dobj:Proedure” and “dobj:Agent”) for clustering. Clusters with large
numbers of instances were examined by human experts to identify domain-specific-frames.

Result

The final clustering model was built with hyper-parameters o and § set to 1.0. For 30 verbs performing clustering on
a median of 1,189 sentences (45 - 9462) for verb instance, we found that on average, for each verb the clustering
algorithm discovered 2 frames. Compared with average frames discovered in general English (average of 15.2
frames per verb)[6], action verbs in operative notes present fewer usage patterns. We evaluated the sensitivity of our
approach for discovering domain specific semantic frames on a manually annotated corpus for the top 30 action
verbs. Table 1 shows that the model automatically generated 73 frames while human annotators created a total of 40
frames. The 31 modified frames generated by the model included all the 11 modified frames generated by human
annotators. Two of the new frames that were discovered with manual annotation were discovered by the model.
Overall, 93% of the modified/new frames generated by human annotators were discovered by the unsupervised
model.

Conclusion
This study demonstrates that an unsupervised approach can be used to effectively discover domain-specific semantic
frames from un-annotated corpus for top surgical actions from operative notes. Future work will include discovering
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domain-specific frames for a broader range of surgical actions performed on a broader set of operative notes and to
apply these newly discovered frames in for SRL modeling.
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Figure 1. Pre-processing, dependency parsing, instance collection and Multinominal DPMM clustering

Modified New New
Frames Source Total .
Frames Frames Semantic roles
Human annotated semantic frames 40 11 3 12
Multinominal DPMM induced semantic frames 73 31 2 21

Table 1. Semantic frames induced by Multinominal DPMM clustering vs. human annotated semantic frames
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