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Abstract

Recognizing the anatomical location of actionable findings in radiology reports is an important part of the communica-
tion of critical test results between caregivers. One of the difficulties of identifying anatomical locations of actionable
findings stems from the fact that anatomical locations are not always stated in a simple, easy to identify manner.
Natural language processing techniques are capable of recognizing the relevant anatomical location by processing
a diverse set of lexical and syntactic contexts that correspond to the various ways that radiologists represent spatial
relations. We report a precision of 86.2%, recall of 85.9%, and F1-measure of 86.0 for extracting the anatomical site
of an actionable finding. Additionally, we report a precision of 73.8%, recall of 69.8%, and F1-measure of 71.8 for
extracting an additional anatomical site that grounds underspecified locations. This demonstrates promising results
for identifying locations, while error analysis reveals challenges under certain contexts. Future work will focus on
incorporating new forms of medical language processing to improve performance and transitioning our method to
new types of clinical data.

Introduction

Radiology reports, as well as a wide variety of other types of Electronic Health Records (EHR), contain a wealth of
spatial information expressed in unstructured natural language text. These reports largely describe findings (e.g., “ob-
struction”, “normal”, “cancer”) relative to the anatomical sites where they are found (e.g., “small bowel obstruction”,
“the pancreas is normal”, “lung cancer”). Further, radiology reports could add significant additional value to clinical
care when their unstructured information is extracted and represented in a structured form. Important among this un-
structured information are the actionable findings and the anatomical locations related to them. Medical informatics
systems have proven adept at utilizing structured information in uses such as visualization!!, decision support?3!, and
flagging alarm conditions !, all of which help improve patient care. The spatial properties of the actionable findings
in these reports is a significant piece of knowledge that helps detect, prevent, and resolve medical problems.

Radiology reports are inherently spatial by nature. A radiologist conducts a medical imaging exam and interprets the
image(s), conveying the important information to the requesting doctor®!. This entails expressing both normal and
abnormal findings. Many of these abnormal findings need to be spatially grounded in order to make a proper medical
diagnosis or to determine the best form of treatment. For instance, CT scans are commonly requested to investigate
the presence of tumors and the condition of bone fractures. Both of these findings can occur almost anywhere in
the body, such as the lung or brain for tumors or the skull or femur for bone fractures. Since both the requesting
doctor and radiologist understand that such findings need to be spatially grounded, the anatomical location is clearly
stated in natural language. What may be clear to a human reader, however, is not necessarily easy for an automated
system to identify. Often, the anatomical location is not within the same noun phrase or even the same sentence as
the actionable finding. This necessitates a method capable of recognizing long-distance spatial relations between an
actionable finding and its anatomical location such as in the following example:

(1) The [appendix]iocarion 1S seen medial and inferior to the cecum. It measures only 7mm in diameter. There are no
[inflammatory changes]rnping-

Furthermore, the anatomical location is not always presented as a concept mappable to an existing medical knowledge
base (e.g., the heart or lung). Often, a section of the anatomical part is given (e.g., the wall or membrane), or a nearby
anatomical part is given to provide spatial clarity (e.g., Ilymph nodes along the esophagus). Both the stated location
and the anchoring location (if it exists) must be identified in order to anatomically ground the actionable finding.
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To address these problems, we have developed a natural language processing (NLP) approach for identifying the
location of actionable findings. Our approach has two novel aspects not present in previous approaches to anatomical
location detection: (1) we recognize anatomical locations semantically related to actionable findings that cannot be
easily identifiable by a simple lexical or syntactic pattern, such as those specified in separate sentences, and (2) we
recognize underspecified anatomical locations (e.g., a part of an organ such as its base, wall, or lobe) and identify their
corresponding anatomical site (e.g., lung, bowel, or liver). We apply our method to locating inflammation and similar
abnormalities indicative of appendicitis. While the corpus we have created is tailored to appendicitis and its related
problems, our approach can easily be re-trained for different abnormalities in other kinds of clinical reports.

Background

Anatomical locations are commonly extracted by concept recognition systems. The best known of these is MetaMap !,
which is capable of recognizing both actionable findings and anatomical locations as well as normalizing those con-
cepts by mapping them to their proper entry in UMLS!®. The 2010 i2b2/VA Shared Task!”' included recognizing
several types of medical concepts (problems, treatments, and tests), the assertion status of medical problems, and cer-
tain types of relations between concepts. The 2011 i2b2/VA Shared Task %! included recognizing anatomical location
concepts, but did not include identifying spatial relations between concepts.

Several systems have been proposed to recognize common ways of expressing a finding’s location. The SemRep sys-
tem!!112131 is capable of recognizing location relations between concepts discovered by MetaMap. SemRep identifies
this relationship when two requirements are met: (1) the UMLS concepts allow for one concept to be the other’s
location (e.g., a concept that has a CATEGORIZATION relation with ‘Body Part, Organ, or Organ Component’ can
be the location of a concept that has a CATEGORIZATION relation with “Therapeutic or Preventative Procedure’),
and (2) a specified syntactic relation exists between the two concepts (e.g., “ablation of pituitary gland”). Similarly,
MedLEE >4 utilizes a grammar for detecting locations of clinical findings in combination with a concept regular-
izer. The system of Taira et al.!>! extracts frames which have location relations as one of the principle elements.
They incorporate some machine learning components based on rule learning and maximum entropy instead of relying
on medical ontologies. But similar to SemRep and MedLEE, they rely on very short-distance relations, essentially
building a probabilistic grammar.

Two primary limitations of these grammar-based approaches are that (1) they utilize a small set of hand-crafted (or
hand-verified) rules designed largely for precise identification (as many syntactic constructions are underspecified,
requiring wider context for achieving high recall), and (2) many anatomical location concepts are themselves under-
specified (e.g., Examples (7)-(11) below) and require an unambiguous anatomical grounding which often cannot be
captured by grammars, such as when the spatial groundings are in separate clauses or sentences (e.g., Example (1)).

Data

In order to study the efficacy of our method, we decided to apply it to a reasonably well understood problem with
a moderate amount of spatial underspecificity. Specifically, we selected appendicitis, which is often diagnosed with
radiological findings such as anatomical inflammation and thickening, both of which are possible throughout the
body and therefore need to be spatially disambiguated. After IRB approval, The University of Texas Southwestern
Medical Center’s EHR database (utCRIS-CRDW) was queried for CT reports from patients with an appendicitis-
related diagnosis (ICD9 540-543.99) and an abdominal CT scan. Since the diagnosis is associated with the patient,
not the CT report, many of the reports are un-related to appendicitis. De-identification software!!®! was run on the CT
reports and a random subset was manually evaluated to ensure the effectiveness of the de-identification. 7,230 reports
(25%) were provided for system development, with the remaining being reserved for future evaluation.

400 reports were selected for annotation by radiologists for the presence of appendicitis. These reports were studied
for the various ways in which radiologists expressed the presence of appendicitis. Notably, 25% of reports marked
as positive for appendicitis did not contain the word “appendicitis”. Instead, the radiologists determined the presence
of appendicitis largely using the presence of inflammation in conjunction with the inflammation’s anatomical ground-
ing. This suggests that spatially underspecified findings (such as inflammation) can add significant value if properly
grounded to their anatomical location. We next describe how our spatial relations are represented and annotated.
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infiltration
infiltrate

inflammation inflamed
inflammatory changes

thickening
thickened

enlarged

rupture | perforation
ruptured | perforated

Table 1: Terms associated with radiology findings for appendicitis. Each column represents a different class of finding.
Methods

A. Representation

After the evaluation of radiographic images, radiologists prepare a radiology report that includes the significant find-
ings made as a result of the image evaluation. In many cases, these findings are “actionable”, i.e. the findings indicate
that certain types of follow-up actions should occur, including therapeutic and/or surgical interventions or additional
diagnostic tests. Given a target problem (appendicitis in our case), a set of spatially ambiguous finding terms are
specified based on the common ways in which radiologists express symptoms or related problems. For the problem
of appendicitis, we have used the finding terms specified in Table 1. These finding terms form the basis of our rep-
resentation. Note that some of the following examples are not directly related to appendicitis, but are instead derived
from reports in which appendicitis is a suspected medical finding. Thus, the relations we learn help to determine the
likelihood of appendicitis based on the location of the findings from Table 1.

The LOCATION is an anatomical part that either contains the finding or is in close proximity to the finding. This can
be a direct relationship between a finding and an anatomical part as shown below:

(2) The [spleen]iocation 18 [enlarged]gnping, measuring 18.5cm in length...
(3) ...[periappendiceal]; ocarion [inflammatory changes]gnping-
(4) There are [inflammatory changes]pnping around the [appendix]iocarion-

Additionally, a finding may be linked to some related finding or process that has an unambiguous anatomical location.
In this case, we consider the anatomically distinct finding to be the location of the associated finding since it can easily
be mapped to its anatomical location with a resource such as SNOMED CT!71, Examples of this case include:

(5) ...suggestive of [perforated]gping [appendicitis]y ocarion-
(6) ...a [perforation]gnping Of [diverticulitis]rocarion-

Since appendicitis is uniquely associated with the appendix and diverticulitis is typically associated with the colon,
radiologists often omit an explicit anatomical location of the finding (e.g., perforation in the above examples) and
thus labeling these problems (appendicitis and diverticulitis) as the LOCATION is therefore sufficient. As can be seen
in the examples, the LOCATION is often specified with a common syntactic construction, typically a simple noun
phrase or a prepositional phrase with a spatial preposition (e.g., “around”, “in”’). However, the LOCATION is often
underspecified and does not uniquely identify a specific anatomical part. The finding must then be associated with a
second, unambiguous anatomical part (often in a different sentence). We refer to this unambiguous anatomical part
as the ANCHOR, as it provides an absolute grounding for the finding’s LOCATION. We have observed two common
cases where ANCHORS are necessary. The first is when the specified LOCATION is relative to, or forms a part of, some
other anatomical part. The second involves non-unique anatomical parts such as lymph nodes, which are found all
throughout the body. Examples of both of these cases include:

(7) ...[bowel] ancror demonstrates normal caliber and no [wall]p ocarion [thickening]pinping-

(8) ...[inflammatory changes]pping in the [fat]yocarion around the [appendix]ancror-

(9) ...[colon] anchor 18 not dilated and does not show any [mesenteric]; ocarion [Inflammation]gnping-
(10) ...[enlarged]gnping [lymph nodes]iocarion are seen in the [chest]anchor-

(11) ...[thickening]gnping at the [tip]Locarion Of the [cecum]ancror-

In each of these cases, both the marked LOCATION and ANCHOR are necessary to determine the most specific, unam-
biguous location of the finding as possible. For instance, in Example (8) the inflammation is not found in the appendix,
but in the nearby fat. Simply extracting “fat” as the LOCATION would limit the types of action that could be applied
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Figure 1: Architecture of our method. Radiology reports and a set of finding terms are processed in a pipelined
classifier structure followed by heuristic post-processing modules.

because fatty inflammation in different parts of the body could indicate different underlying problems or necessitate
different solutions. Conversely, extracting just “appendix” as the LOCATION could alter the medical diagnosis as well,
as an inflamed appendix is more indicative of appendicitis than inflammation in the nearby fat. We therefore extract
both the LOCATION and ANCHOR in order to properly represent the finding location and provide spatial information
that is as complete as possible.

B. Annotation

Our manual annotation process focused on a small list of abnormal findings consistent with appendicitis such as
inflammation and thickening. The complete list of finding terms is shown in Table 1. All of these terms can occur
throughout the body in different anatomical locations, so whenever they are used a specific anatomical grounding is
usually present. Every instance of these terms in the corpus of CT reports described above were retrieved and 1000
instances were selected at random for annotation. We formally define our types for the purpose of manual annotation:

Definition: A LOCATION is the syntactically closest anatomical part stated by the radiologist as the finding’s location.
Definition: An ANCHOR is the syntactically closest unambiguous anatomical part for a given finding, provided the
LOCATION itself is an ambiguous anatomical part.

Two human annotators (the first two authors) manually labeled the LOCATIONs and ANCHORs as described above.
This process took less than one human day. The annotators were limited to 3-sentence windows around the finding
term. This window was used because (1) in almost every case the LOCATION (and ANCHOR, if necessary) could be
found within this window, and (2) it is very unlikely for an automatic algorithm to detect longer-distance relationships.
After initial annotation, the two annotators resolved many of the inconsistencies in their labeling in order to form
a more homogeneous annotated data set. Based on these annotations, we decided to approach this problem using a
supervised classification framework.

C. Classification Framework

The architecture of our method is shown in Figure 1. After the selected finding terms are identified in the radiology
reports, three machine learning classifiers are used for anatomical grounding. All three are implemented using the Lib-
LINEAR support vector machine library '8!, The first classifier, which we refer to as the LOCATION identifier, decides
which token in the 3-sentence window around the finding term is the best head (i.e., last) token of the LOCATION. Only
the highest confidence LOCATION, as decided by the classifier, is selected. The second classifier, which we refer to
as the Has-ANCHOR classifier, performs a binary classification to decide whether the LOCATION needs an additional
ANCHOR. If the Has-ANCHOR classifier decides an ANCHOR is necessary, the third classifier, which we refer to as
the ANCHOR identifier, selects which token in the 3-sentence window around the finding term is the best ANCHOR
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Figure 2: (a) Example syntactic dependency tree; (b) Example syntactic parse tree.

head token. Next, if the selected LOCATION or ANCHOR is used in a conjunction, we add additional LOCATIONSs and
ANCHORs. Finally, these single-token LOCATIONs and ANCHORs are expanded to multi-tokens (collocations) when
appropriate by utilizing medical lexicons. For more details on how conjunctions are handled and how multi-token
LOCATION and ANCHORs are expanded, see Post-processing below.

D. Features

Each of the three classifiers has its own unique set of features to help the classifier learn its intended task. A large
set of features were considered in our experiments, with the exact sets of features for each classifier being chosen
by automatic feature selection techniques!'”). Thus, the chosen features are reflective of the types of information
necessary to learn each of the individual tasks.

LOCATION features:

1. The candidate LOCATION word (e.g., “nodes”).

2. The morphological lemma of the candidate LOCATION (e.g., “node”).

3. Both the candidate LOCATION word and the finding term’s lemma. This helps identify LOCATIONS that are
more likely to be found with specific findings (e.g., an enlarged appendix is more likely than an enlarged liver).

4. Both the candidate LOCATION word and the next word (to the right).

5. The number of tokens between the finding and candidate LOCATION. This helps the classifier favor tokens
closer to the finding

6. The path from the finding to the candidate LOCATION following the grammatical dependency structure ",
This structure forms a tree over the sentence tokens and contains relations such as NSUBJ (grammatical sub-
ject), DOBJ (direct object), and AMOD (adjective modifier). For instance, the feature value for “[inflamma-
tory changes]pnping are seen within the right lower [quadrant]; ocarion” Would be NSUBJPASS-PREP-POBJ, as
“changes” is the passive subject of “seen”, which has the preposition modifier “within”, whose object is “quad-
rant”. See Figure 2(a). The advantage of this feature is that it represents the syntactic relationship between the
finding and candidate LOCATION, thus allowing the classifier to recognize common linguistic constructions.
No dependency path exists between tokens in separate sentences, and paths with more than 10 edges in the
dependency graph are ignored due to sparsity issues.

7. The path along the syntactic parse tree!>!!. The path for the above example would be NP-S-VP-VP-PP-NP. See
Figure 2(b). This captures less information than the dependency path but still indicates common linguistic
constructions. Again, no syntactic path exists between tokens in separate sentences, and paths with more than
25 edges are ignored.

8. The parts of speech for the tokens between the finding and candidate LOCATION. For the example above, this
feature’s value would be VBP-VBN-IN-DT-RB-JJR!. If more than 10 tokens are found between the finding and
candidate LOCATION, this feature is ignored.

9. The syntactic direction from the finding to the candidate LOCATION within the syntactic parse tree. This indi-
cates if the finding syntactically dominates the LOCATION (e.g., “[inflammation]gyping in the [appendix]iocarion”)
or vice versa. If neither dominates the other, this feature is ignored.

!For a description of each part of speech tag, see http://www.ling.upenn.edu/courses/Fall_2003/ling001/penn_treebank_pos.html
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Has-ANCHOR features:
1. The morphological lemma of the selected LOCATION.

The part of speech of the selected LOCATION.

The selected LOCATION word and the previous word.

The selected LOCATION word and the next word.

The part of speech of the next word.

Whether or not there is a finding from the list in Table 1 closer to the selected LOCATION than the finding under

consideration. This tends to indicate an ANCHOR is not needed.

The parts of speech for the tokens between the finding and selected LOCATION (see LOCATION Feature 8).

8. The class of the finding. This corresponds to the columns from Table 1. This is a useful feature because different
types of findings are more likely to require an ANCHOR than others.

9. Whether or not the previous token is in a lexicon of diseases (mined from SNOMED CT) associated a specific
anatomical part. Often the token before the LOCATION is actually the ANCHOR, and this feature recognizes a
special case of this pattern.

AN

=~

ANCHOR features:

1. The morphological lemma of the candidate ANCHOR.

2. The previous word.

3. The words between the selected LOCATION and candidate ANCHOR. If there are more than 10 tokens between
the finding and candidate ANCHOR, this feature is ignored.

4. The words between the selected LOCATION and candidate ANCHOR with casing removed (e.g., “Normal” be-
comes “normal”).

5. The number of tokens between the selected LOCATION and candidate ANCHOR.

6. The dependency path (see Feature 6 from the LOCATION features above) from the finding to the candidate
ANCHOR. Paths with more than 5 edges were ignored.

7. The number of dependency edges between the finding and candidate ANCHOR. This helps the classifier favor
closer tokens.

8. The sentence distance and direction from the finding to the candidate ANCHOR. For instance, the feature’s value
is “0” if they are in the same sentence. If the candidate ANCHOR is in the sentence after the finding, the feature
value is “+1”. If it is two sentences before the finding, the feature value is “-2”.

E. Post-processing

The three classifiers select exactly one LOCATION token and at most one ANCHOR token. Post-processing then
performs two additional tasks: (1) create additional LOCATIONS/ANCHORs when a selected LOCATION/ANCHOR is
used in a conjunction, and (2) expand each LOCATION/ANCHOR to include additional tokens when necessary.

The first task is designed to recognize when multiple LOCATIONs and/or ANCHORs are present. The most common
means for a radiologist to state this is using a conjunction (e.g., “[inflammatory changes]gnping 10 the [cecum]y gcarion
and [appendiX]iocarion”). We first recognize conjunctions using the sentence dependency parse. The dependency
relation CONJ connects two tokens that are connected by a conjunction. We merge these conjunction pairs to find
groups of two or more tokens that belong to a conjunction. Possibly due to the fact that the syntactic parser performs
poorly on clinical text (as it was trained on newswire text), we limit conjunction pairs to those that are separated by at
most two tokens. Otherwise the poor precision of the conjunction dependency relation negates any additional benefit
to recall. Then, all tokens connected to a selected LOCATION by such a short-distance dependency are also identified
as LOCATIONs. Additionally, new ANCHORs are identified in the exact same manner.

In order to recognize multi-token LOCATIONs and ANCHORS (e.g., “terminal ileum”, “right lower quadrant”), we uti-
lize lexicons generated from two ontologies: FMA 22l and SNOMED CT!'7, FMA (Foundational Model of Anatomy)
contains anatomical terms, while SNOMED CT (Systematized Nomenclature of Medicine—Clinical Terms) contains a
wide assortment of clinical terms, from which we extract findings that have unambiguous anatomical locations using
the finding site relation. Both lexicons contain tens of thousands of terms. When a selected LOCATION or ANCHOR
token is part of a multi-token term found within one of these lexicons, it is expanded so long as it does not overlap
with another annotated LOCATION or ANCHOR.
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LOCATION ANCHOR
P R F, P R F,
Word Baseline 40.40 | 39.65 | 40.02 || 33.20 | 31.17 | 32.15
Dependency Baseline 68.60 | 67.32 | 67.95 || 45.18 | 50.46 | 47.68
Ground Truth Locations 83.00 | 77.92 | 80.38
End-to-end 86.90 | 85.28 | 86.08 || 73.65 | 68.46 | 70.96
+ conjunction 86.20 | 85.88 | 86.04 || 73.77 | 69.84 | 71.81

Table 2: Results on 1000 manually annotated instances of findings from Table 1. Results are shown with both ground
truth LOCATIONS and automatically annotated LOCATIONs (End-to-end).

Evaluation

We evaluated our NLP method on the set of 1000 appendicitis-related finding instances manually annotated with
LocATIONs and ANCHORs. To measure how our classifiers work on unseen data, we performed 10-fold cross valida-
tion and measured precision, recall, and F;-measure. We performed experiments to evaluate the performance of each
individual classifier as well as full end-to-end evaluations both excluding and including our post-processing heuristics.
Since the classifiers only mark a single token, the initial evaluations only consider the final token of the LOCATIONSs
and ANCHORs. The results from these experiments are shown in Table 2.

For comparison, we consider two baselines with minimal feature sets. The first baseline (“Word Baseline”), simply
chooses the LOCATION and ANCHOR based only on the word string. The second baseline (“Dependency Baseline”),
chooses based on the dependency path, effectively learning the most likely linguistic constructions. Both baselines
perform much worse than our proposed method. Notably, our method achieves over twice the precision and recall on
both tasks when compared to simply choosing the most likely word.

Of the three classifiers (LOCATION, Has-ANCHOR, and ANCHOR), the ANCHOR identifier is the greatest source of
error. This is largely due to ANCHORS being more distant (relative to the finding) than LOCATIONs. While the
examples given above involve only a single sentence for clarity, 14.5% of ANCHORS in our data are found outside the
finding’s sentence, while only 3.4% of LOCATIONs are found outside the finding’s sentence. Additionally, there were
an average of 3.4 tokens between a LOCATION and its finding, while the ANCHORSs were an average of 8.3 tokens away
from their finding. This largely explains the discrepancy of scores between the LOCATION and ANCHOR classifiers,
but we provide an in-depth analysis on the types of errors for each classifier in the next section.

The conjunction post-processing module was designed to increase recall without significantly impacting precision.
For LOCATIONS, gains in recall were offset by corresponding losses in precision, resulting in no improvement in
LOCATION identification. For ANCHORs, however, conjunction processing slightly improved precision and improved
recall by 1.4 points, contributing to an overall gain in F;-measure of 0.85 points.

Discussion

The results of our method show significant promise. Given a relatively small number of manual annotations, our ma-
chine learning-based classifiers are able to effectively learn how to automatically identify LOCATIONs and ANCHORSs.
Furthermore, they significantly outperform the baselines. The poor performance of the baselines suggests that this
task is complex and requires the effective fusion of numerous resources. On the other hand, the success achieved with
such a limited number of annotations (by NLP standards) points to the generalizability of our method.

The automatically chosen LOCATION features indicate that LOCATION identification is largely a syntactic recognition
task (i.e., recognize which syntactic constructions are typical for LOCATIONSs). This is not surprising, as our decision
to separate LOCATION and ANCHOR identification was motivated by the observation that spatially ambiguous findings
(such as those in Table 1) are usually given a syntactically clear spatial position (the LOCATION), but this was often
underspecified and needed a more semantic grounding (the ANCHOR). This suggests that our LOCATION identifier will
prove adept at recognizing cases with common syntactic constructions but would have trouble when rarer syntactic
constructions (as well as rarer LOCATION terms) are present. This observation was largely found to hold during
an error analysis of our method. One immediately obvious path to improvement is to annotate more data. As stated
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above, our annotators spent less than 1 day annotating these spatial relations. Our goal, however, was not to achieve the
highest possible score, but rather to see how well our method generalizes on a relatively small number of annotations.
Our method’s success on this small amount of data suggests it could easily be re-trained for different abnormalities
and other types of clinical reports.

The most common type of error for the LOCATION identifier is to select the ANCHOR token as the LOCATION. Two
such examples of this are (GOLD indicates ground truth while SELECTED indicates system output):

(12) ...low density [wall]EO0 ' [thickening]rinping Of the distal [esophagus]PELECTED

(13) There are [inflammatory changes]gnping Surrounding the [anterior aspect] E’(()’CLETI on Of the proximal [cecum] Eg%‘ffﬁgg

Another common type of error was to select a different token with approximately the same meaning as the labeled LO-
CATION. In the following example, “periappendiceal” is related to the appendix (literally meaning near the appendix),
and was marked by the human annotator instead of “appendix” simply because it was directly modifying the finding
term:

(14) The [appendix]PELECTED jg dilated with [periappendiceal ]SO0 ' [inflammatory changes]giping---

Both of these types of errors suggest the method performs better than the results in Table 2 may indicate, as the selected
location is either equivalent to (in the second case) or simply less specific than (in the first case) the gold LOCATION.
A more serious type of error involves locations rarely seen in the data:

(15) Views of the lung [bases]PELECTED reveal [lingular] P92 [infiltrate]rpive-

(16) Soft [tissue]PELECTED [thickening]pinping at EJ [junction]SOLD .
Other errors involve mistaking a nearby finding’s LOCATION with that of the current finding:

(17) No [gallbladder] L. - [wall]PELECTED thickening or adjacent [inflammatory changes]rinping are noted...

In this case, “wall” is the LOCATION and “gallbladder” the ANCHOR for the “thickening” finding, but the “inflamma-
tory changes” finding does not have an ANCHOR, only the LOCATION “gallbladder” (“adjacent” is a spatial proximity
indicator, not an anatomical part). Given a perfect syntactic parse structure, it could be recognized that “wall” only
modifies “thickening”, while “adjacent” refers to the proximity of “gallbladder”. However, syntactic parsers are not
trained on clinical data and thus perform poorly relative to their targeted domain. The classifier is then forced to rely on
surface-level features such as the token distance, thus making “wall” appear to be a better candidate than “gallbladder”.

The Has-ANCHOR classifier performs quite well with an accuracy of 92.7%. The data set is quite balanced (50.6% of
LOCATIONS require ANCHORS), so the classifier achieves 42 points over the baseline of always predicting an ANCHOR
is necessary. As seen in the Features section, this classifier largely functions by learning what LOCATION words
need ANCHORs and the contextual information it relies on is largely based on a 1-token window around the selected
LOCATION. Since all of the features used for LOCATION identification were tried and only the helpful ones were kept,
it can be assumed that the features that capture linguistic constructions (such as those based on the dependency parse)
provide little value. The only feature of this type used in the Has-ANCHOR classifier is the parts of speech between
the finding and selected LOCATION.

As might be expected from the features, with little contextual information to fall back on, the Has-ANCHOR classifier
performs poorly on rare LOCATION words:

(18) There are [inflammatory changes]rnping around the distal [right ureter]pocarion- [Plancror

Since the most common case is that an anchor is required (50.6% to 49.4%), the classifier defaults to requiring an
ANCHOR. Additionally, there are some LOCATIONs which are spatially unambiguous but marked with ANCHORS to
provide further specificity. In these cases the Has- ANCHOR classifier has trouble with LOCATIONs that do not always
have ANCHORs:

(19) [Inflammatory changes]rnping are seen in the [right lower quadrant]y ocarion around the [cecum]ancyor-

In our data, “right lower quadrant” is marked as a LOCATION 18 times, with 7 of those cases requiring an ANCHOR, so
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unless the context is properly represented the classifier will always select that no ANCHOR is needed. While features
were considered which capture the contextual information, these features proved harmful to the overall results.

As seen in Table 2, the ANCHOR identifier is the largest source of errors. However, an alternative assessment of
ANCHOR detection is to consider all LOCATIONs without ANCHORs (i.e., those that are unambiguous anatomical
parts) to also be ANCHORs. In this case, the end-to-end ANCHOR performance improves from 70.96 to 77.26. This
score is a realistic measure of how well our method detects anatomical locations of findings.

The chosen features for ANCHOR identification are similar to those for LOCATION identification with a few notable
differences. Like LOCATION identification, the candidate ANCHOR word and its syntactic relationship with the find-
ing are important. But due to our pipelined architecture (see Figure 1), we can include features based on the selected
LOCATION as well. Specifically, surface-level lexical features connecting the ANCHOR to the LOCATION were found
to work best, suggesting that content words (as opposed to grammatical relationships) play an important role in deter-
mining which token is a valid ANCHOR for a given LOCATION.

Given the number of words between ANCHORSs and their respective findings (and therefore the diversity of grammatical
relations between them), the largest source of errors for ANCHOR identification unsurprisingly involve guessing the
most common ANCHOR words instead of the specific anatomical part for the finding. Common examples of these
errors are:

(20) The [liver]$ELECTED gpleen, pancreas, and bilateral adrenal glands show now focal mass... Urinary [bladder]$9>
is partially distended with no calcification or [focal wall]p gcarion [thickening]gnping-

GOLD

(21) The [appendixJ3ELECTEP also show nondilated caliber, with no adjacent inflammation. [Colonic]§95P

ANCHOR °
diverticulitis is noted, with no [wall]y gcarion [thickening]pinping..-

In our data, both “liver” and “appendix” appear as ANCHORs far more often than “bladder” and “colonic”. Both
of these errors could be overcome with features that recognize syntactic scoping. Specifically, both examples use a
copular construction in which the grammatical subjects (“Urinary bladder” and “Colonic diverticulitis”, respectively)
dominate the rest of their respective sentences, and thus the findings should be associated with the subject instead of
an anatomical part from a previous sentence. Unfortunately, recognizing this semantic property using the available
syntactic resources is quite challenging and is thus left to future work.

Conclusion

We have described a natural language processing method for extracting the anatomical location of actionable find-
ings from radiology reports. Since many actionable findings in these reports are spatially ambiguous, the anatomical
grounding must be determined in order to allow for the proper medical representation of natural language radiology
data. We utilize two primary components: the LOCATION, which is the specific spatial position stated by the radi-
ologist, and the ANCHOR, which grounds spatially underspecified LOCATIONs. Our experiments on a set of 1000
manually annotated instances show promising results with an F;-measure of 86.04 and 71.81 on LOCATIONS and
ANCHORS, respectively. The most difficult LOCATIONs and ANCHORS to recognize are those far (token-wise) from
the medical finding term. Furthermore, many errors resulted from inaccurate syntactic parsing. If accurate syntac-
tic parses were available, many of the errors resulting from distant LOCATIONs and ANCHORS potentially could be
overcome. Unfortunately we are unaware of any freely available full syntactic parser trained on clinical text. For
future work, we plan to apply our spatial identifier to natural language medical tasks (such as the identification records
consistent with appendicitis) as well as adapting it to other clinical domains.
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