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Abstract. An unsolved challenge in biomedical natural language processing 
(NLP) is detecting ambiguities in the reports that can help physicians to improve 
report clarity. Our goal was to develop NLP methods to tackle the challenges of 
identifying ambiguous descriptions of the laterality of BI-RADS Final Assessment 
Categories in mammography radiology reports. We developed a text processing 
system that uses a BI-RADS ontology we built as a knowledge source for 
automatic annotation of the entities in mammography reports relevant to this 
problem. We used the GATE NLP toolkit and developed customized processing 
resources for report segmentation, named entity recognition, and detection of 
mismatches between BI-RADS Final Assessment Categories and mammogram 
laterality. Our system detected 55 mismatched cases in 190 reports and the 
accuracy rate was 81%. We conclude that such NLP techniques can detect 
ambiguities in mammography reports and may reduce discrepancy and variability 
in reporting. 
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Introduction 

The interpretation of mammography images is challenged by variability among 
radiologists, and the development of new methods to improve radiologist performance 
is needed [1-2]. An initial step to reduce radiologist variation is to standardize the 
vocabulary used in mammography reports. Therefore, The American College of 
Radiology (ACR) developed Breast Imaging-Reporting and Data System (BI-RADS). 
It is called a “system” because it contains several important components, including 1) a 
lexicon of descriptors, 2) a recommended reporting structure, including “Final 
Assessment Categories” with accompanying management recommendations, and 3) a 
framework for data collection and auditing [3]. Final Assessment Categories are 
summary codes that indicate the radiologist’s level of suspicion a malignancy is 
present: BI-RADS 0 Need Additional Imaging Evaluation and/or Prior Mammograms 
for Comparison, BI-RADS 1 Negative, BI-RADS 2 Benign, BI-RADS 3 Probably 
Benign, BI-RADS 4 Suspicious Abnormality, BI-RADS 5 Highly Suggestive of 
Malignancy, BI-RADS 6 Known Biopsy Proven Malignancy. BI-RADS terms have 
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also been developed to describe breast density, lesion features, impression, and 
recommendations, and the system has been revised and updated many times [3-6].  

While adoption of BI-RADS can help standardize the vocabulary and reduce the 
variation in mammography reporting, it is not a decision support system (DSS) for 
mammography, though others have used it as a key ingredient of DSS [3]. Several 
substantial efforts have been undertaken in creating DSS for mammography; however, 
few have been adopted in clinical practice, largely due to the challenge of not 
disrupting the workflow. DSS usually entail recording the mammography results in a 
structured reporting system or as a separate workflow, which is time-consuming. A 
potentially better approach would be to incorporate DSS directly into the workflow by 
inserting it into the radiology report generation process. Since radiology reports are 
created as unstructured text reports, in this strategy Natural language processing (NLP) 
techniques are needed to extract structured information from reports to provide the 
inputs to DSS. Therefore we are developing NLP methods to use to extract the BI-
RADS Final Assessment Categories from free-text mammography reports in order to 
provide input data to DSS to reduce variability in mammography interpretations. 

A particular challenge to using NLP for DSS is that separate BI-RADS Final 
Assessment Categories may not be reported for the left and right breast separately. In 
such cases, the laterality of the Final Assessment Category (i.e., which breast was 
reported to have a given category) is ambiguous. This can cause clinical confusion as 
well as hamper ability to use these reports in decision support systems. 

Our goals was to develop NLP methods to tackle the challenges of ambiguous 
descriptions of the laterality of BI-RADS Final Assessment Categories in 
mammography, as well as to extract them, to enable a future system to alert the 
radiologist if there is any ambiguity in reporting BI-RADS Final Assessment 
Categories. 

Method 

The BI-RADS terminology is a simple list and it has no information about 
radiology report structure. We constructed a “BI-RADS ontology” which contains 
mammography Imaging Observations (Conditions, problems, and etc.), Location 
(laterality, clock face location and etc.) and Report entities. 

Using the BI-RADS ontology, we created a text processing pipeline (Figure 1) 
which uses the ontology as a knowledge source for automatic annotation of the entities 
in mammography reports, as described below. Our pipeline performs the following 
tasks (Figure 1): (1) tokenization of words, numbers and punctuation; (2) part of speech 
tagging, (3) stemming; (4) matching tokens in the text to entities in the BI-RADS 
ontology; (5) report section recognition and segmentation, annotation of each sentence 
in each section and also detection of report title, (6) named entity recognition of BI-
RADS Final Assessment Categories. The title of a radiology report usually describes 
whether the left breast, right breast, or both breasts were imaged, while the Impression 
section describes the BI-RADS Final Assessment Categories and laterality (the 
category for each breast). Thus, the named entity recognition step is applied to the 
Impression section and both named entity recognition of laterality detection are applied 
to both the impression section and the report title. 
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Figure 1. The Pipeline. 

We built our system using the GATE (General Architecture for Text Engineering) 
NLP toolkit [4]. GATE is an open source framework and also provides several 
configurable processing resources which we assembled into a processing pipeline to 
parse words, numbers, and punctuation (Tokenizer) and annotate documents based on 
keyword lists (Gazetteer lists). In addition, GATE provides regular expression pattern 
matching engine called Java Annotation Patterns Engine (JAPE), which is a multi-pass 
regular expression parser tightly integrated with GATE’s document annotation 
representation.  

In addition to use GATE’s built in processing resources such as Tokenizer and 
stemmer, we implemented a series of custom regular expression-based rules using 
JAPE grammar, which matches tokens in the text to entities in the BI-RADS ontology 
using the Onto-Gazetteer. This module thus accomplishes ontological linkage of 
entities in the text to the ontology. For the section segmentation and named entity 
finder, we developed custom components by creating JAPE grammars. 

� Section Segmentation. Although radiology reports are free text, they are 
loosely structured in terms of sections, and each section has its own heading in 
most cases that can be used to unambiguously identify it. We developed a 
processing resource in GATE that recognizes section headings and uses them 
to segment the reports into sections. 

� Recognizing Named Entities. This was developed to capture BI-RADS Final 
Assessment Categories and the laterality information in impression sentences 
or report title then tag them as Assessment or Laterality named entities. The 
module uses the BI-RADS Onto-Gazetteer to tag all BI-RADS descriptors in 
the text. 

� Identification of Laterality. We created rules to associate BI-RADS 
Assessment Categories and the report title with laterality entity. 

� Data. We developed our system based on analysis of 35 example reports (5 
reports for each BI-RADS Final Assessment Category). These reports were 
not used in the evaluation of our system. To test our system, we created a 
corpus containing 190 radiology reports of mammography having a balanced 
representation of the different BI-RADS classification codes. In all reports in 
our database, each section had its own heading and the report title was the first 
sentence of the report.  
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� Evaluation. We compared the impression section, report title and BI-RADS 
Final Assessment Categories detected by our system with the gold standard. 
We also compared the laterality reported in the title of the report with the BI-
RADS Final Assessment Category reported in the report impression section. If 
they did not match, we reported those cases as ambiguous.  

Results 

Our preliminary report set contained 190 reports. The report title, impression section, 
named entities related to BI-RADS Final Assessment Categories, and laterality were 
detected perfectly in each report. In addition, laterality related the title was detected 
correctly for each report. Our system could not find any laterality information for BI-
RADS Final Assessment Category in only two reports.  

Out of all reports, 54 (28%) of reports were bilateral mammography reports and 
136 (71%) of them were unilateral mammography reports. Eight reports did not have a 
title; therefore, they did not have laterality specified for the entire report. 

In 87 reports, laterality of BI-RADS Final Assessment Categories were not defined, 
and in 45 reports laterality in title were not declared. In terms of ambiguity, in 55 
reports laterality information in title and BI-RADS Final Assessment Category did not 
match; thus our system correctly identified 45 of these cases of report ambiguity. Six of 
54 bilateral mammography reports only included BI-RADS Final Assessment Category 
for one of the breasts. In one report, although it was a left mammography report, BI-
RADS Final Assessment Category was given for right breast, so our system detected 
this ambiguity correctly. Overall, the accuracy of our system in detecting ambiguity in 
laterality of BI-RADS Final Assessment Categories was 81%. 

Discussion 

To allow concise and unambiguous understanding reports and to reduce variability in 
reporting, standardized BI-RADS Final Assessment Category codes (0 to 6) are used in 
routine radiology practice [5]. Although it is critical that the Final Assessment 
Category result in the correct action, recent studies showed that there is still intra- and 
inter-observer variability in mammography interpretations based on BI-RADS 
classification codes, and new researches are necessary to solve those problems [6]. 
Table 1. Laterality in title and laterality of BI-RADS final assessment classification crosstab. 

* Ambiguous cases 
182 14 33 48 87 Total 
54 13 5* 1* 35* Bilateral 
28  23  5* Right 
45 - 1* 41 2 Left 
11 - 1 6 4* Unilateral 
45 1* 3* - 41 Not Identified 

Total Both Right Left Not Identified Laterality in Title 
Laterality for BI-RADS Final Assessment Categories  
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In terms of ambiguities in mammography reporting, we only focused on detecting 
mismatches between the laterality of BI-RADS Final Assessment Categories. This is 
clearly only a small subset of all such ambiguities, but we believe our methods are 
extensible and can be expanded to detecting other ambiguities that may be specified in 
the future. To identify ambiguities in BI-RADS Final Assessment Codes and laterality 
in mammography reports, we developed an NLP system based on a rule-based 
approach. Since our system only recognizes one type of ambiguity, it will be necessary 
to add additional rules in the future to detect other possible ambiguities. 

Despite the apparent high accuracy of our system, our methods have several 
limitations. First, in all reports in our database, each section had its own heading and 
the report title was the first sentence of the report. Therefore, our method might not 
work well in other types of reports in which section headers are absent. In addition, 
although the regular expressions we used seemed to work well for detecting laterality 
and BI-RADS Final Assessment Codes, our approach is highly domain-specific and 
might not be generalizable to other applications without substantial revisions to our 
processing modules. On the other hand, since our system was developed in the modular 
platform of GATE, and we have encapsulated the domain-specific processing JAPE 
processing resources whose regular expressions are compact and human-readable, we 
believe such extensions are practical in the future. 

Conclusion 

We have developed a system to detect potential ambiguities in the laterality of BI-
RADS Final Assessment Categories. Our system detected 55 ambiguities in 190 reports, 
with an overall accuracy of 81%. Such NLP techniques to detect ambiguities in clinical 
reports may reduce discrepancy and variability in reporting. We are planning to extend 
this study to find and extract additional types of entities as well as to extract 
relationships among entities as well as the location of abnormalities reported in 
mammography, to provide the inputs to a decision support system that is linked to 
reporting. Ambiguity detection will be an important feature of such a system to provide 
feedback to radiologists. We will also be conducting a more complete evaluation in a 
larger corpus of reports. 
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