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Abstract Nowadays surgical cases are recorded in the form of text. These texts contain a lot of
useful information for future analysis and data mining. Through the analysis of the structured
information such as time, region and typical symptoms of diseases extracted from a large number
of surgical texts, a hospital can grasp the overall trend of a certain kind of disease and gather
much useful information for illness diagnosis. Furthermore, for a certain patient it is also necessary
to analyze and understand the historical surgical records of the patient when determining the
current surgical plan for him. Especial for lung and thoracic surgery, it is of great importance and
practical significance to determine the specific information such as resection site, the number of
incisions and the extent of resection in the patient’s historical surgical text. Automatic extraction

of the structure information from historical surgical texts can save much time and effort for the
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doctor on reading and understanding the long surgical record, which is of great significance in the
medical field. This paper focuses on automatic extraction of the number of incision in thoracic
surgery cases. In order to solve the problem that the number of incisions is always not directly
described in the surgical cases and cannot be directly extracted, this paper converts the problem
of incision number extraction into the problem of text classification. Based on the idea of text
classification, the research is first carried out on sentences in the surgical records. Firstly, the
sentences describing incisions are extracted from the surgical cases (e. g. contains the word “incision”).
We then judge the incision number for each sentence based on a model built on bidirectional
LSTM (Long Short Term Memory) neural network and Attention mechanism. The word embedding
is taken as input and the output is the prediction of incision number. Finally, the total number of
incisions is counted by summing up the numbers extracted from each sentence. Considering the
hierarchical relationship between words, sentences and whole text, this paper further constructs
a hierarchical model suitable for incision number extraction which can be trained end-to-end. A
bidirectional LSTM network along with an Attention mechanism is constructed for extracting
information of each single sentence as a sentence layer, and the output of the sentence layer is
filtered and then taken as the input of a paragraph layer. A LSTM neural network is constructed
as a paragraph layer, which also utilizes an Attention mechanism. And the final output of the
paragraph layer is then reduced in dimension to obtain the classification result. The experimental
results show that the accuracy of both proposed incision number extraction model are as high as
98% , which beyond the traditional text classification models such as SVM (Support Vector
Machine) and the convolution models such as TextCNN. And the latter hierarchical incision num-
ber extraction model has better expandability and integrity, for there is need to separately predict
the incision number for each sentence and sum up step by step, but is trained end to end.

Keywords number extraction; text classification; LSTM; bidirectional LSTM; Attention mechanism
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Background

The problem discussed in this paper is related to the
fields of text extraction and data mining. Text extraction and
text information structuring has become a research hotspot in
the medical field. With the help of extraction of structured
information from medical texts, the doctors can effectively
save time and energy on reading and understanding the long
text, and spend more time on diagnosis and treatment plan
for the patient. But if only rely on manual extraction of
structure information from the surgical cases, it will consume
a lot of manpower and material resources.

An effective method for solving this problem is to design
rules based on regular expression or using entity extraction
algorithm based on CRF to realize automatic text extraction.
A common problem of these algorithms is that the method of
rule matching can only extract the key information in the
text, and it is difficult to quantify the information, and for
complex case description text, text matching rules are difficult
to design.

In order to solve this problem, we take the extraction of
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data analytics.

WEN Ji-Rong. Ph. D. , professor. His research interests
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the number of incisions in thoracic surgical cases as example,
using the idea of text classification to extract the number of
incisions. Through our classification model based on deep
learning constructed in this paper, we find that the accuracy
of extracting the number of medical text incisions can reach
98 % » and also has better performance in terms of data stability
than those methods based on rule designing or those traditional
SVM-based classification models.

The authors of the paper have done lots of research on
text extraction and natural language processing, like Web
entity extraction (please refer to [26]). They proposed a
novel framework called WebNLP which enables bidirectional
integration of page structure understanding and text under-
standing in an iterative manner in IEEE TKDE (please refer
to [27 ).
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