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Objectives: This study was conducted to develop a generalizable annotation tool for bilingual complex clinical text annota-
tion, which led to the design and development of a clinical text annotation tool, ANNO. Methods: We designed ANNO to
enable human annotators to support the annotation of information in clinical documents efficiently and accurately. First,
annotations for different classes (word or phrase types) can be tagged according to the type of word using the dictionary
function. In addition, it is possible to evaluate and reconcile differences by comparing annotation results between human
annotators. Moreover, if the regular expression set for each class is updated during annotation, it is automatically reflected
in the new document. The regular expression set created by human annotators is designed such that a word tagged once is
automatically labeled in new documents. Results: Because ANNO is a Docker-based web application, users can use it freely
without being subjected to dependency issues. Human annotators can share their annotation markups as regular expression
sets with a dictionary structure, and they can cross-check their annotated corpora with each other. The dictionary-based
regular expression sharing function, cross-check function for each annotator, and standardized input (Microsoft Excel) and
output (extensible markup language [XML]) formats are the main features of ANNO. Conclusions: With the growing need
for massively annotated clinical data to support the development of machine learning models, we expect ANNO to be helpful
to many researchers.
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l. Introduction

Medical records, such as doctor’s notes and nursing records,
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must be checked to ensure the quality of clinical research. It
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is difficult to fully understand patients’ various clinical situ-
ations and decision-making using only the available coded
information. Clinical documents have a variety of purposes,
such as recording significant observations or impressions,
treatment plans or activities related to patient treatment,
supporting communication and collaboration among medi-
cal staff, justification of payment claims, and use as legal
records [1]. The unstructured and narrative characteristics
of clinical documents are an efficient way for medical staff to
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make decisions.

However, these characteristics present obstacles for data
recycling, systems integration, model development using
artificial intelligence (AI), and designing clinical decision
support systems. Therefore, efforts are being made to extract
information from clinical documents in a structured form
for multiple purposes. In particular, as clinical research us-
ing machine learning (ML) and AI is rapidly expanding,
there is a demand for large-scale clinical data to train these
models. Because the amount of data required to train an ML
model is substantial, the task of annotation is large and time-
consuming [2]. Furthermore, due to the sensitivity of clinical
documents, personal information must be removed for use
in research. Therefore, a system annotating large-scale data
is essential to extract information or remove personal infor-
mation.

Several clinical document annotation tools have already
been developed to support the extraction of machine-read-
able data from clinical documents. The previously developed
Healthcare Data Extraction and Analysis (HEDEA) tool is
a Python-based tool for extracting structured information
from various clinical documents [3]. It supports the pro-
cessing of multi-center clinical documents based on regular
expressions and enables data integration by centrally identi-
fying patients. The annotator designed by Cedeno Moreno
and Vargas-Lombardo [4] uses natural language processing
to process words and then maps them to an ontology to in-
fer information. As a text span annotation tool, YEDDA [5]
emphasizes the manager’s role in improving post-annotation
data quality, especially in the annotation process. Anafora [6]
is designed based on a general-purpose cross-platform de-
ployment, which overcomes the limitations of existing local
applications. Many existing annotation tools [7-9] have been
developed, each of which has its advantages and disadvan-
tages.

However, in Korea, there has been no application for an-
notating clinical documents in which Korean and English
could be mixed in different ways. In addition, most existing
tools are system-dependent, biased toward a specific pur-
pose, or resource-intensive, making it difficult to use them
for various types of tasks. Therefore, to solve this problem,
we developed ANNO, a general annotation tool for informa-
tion extraction from bilingual clinical notes.

Il. Case Description

1. ANNO System Design
The main purpose of ANNO is to support the tagging of
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words needed by researchers in clinical documents contain-
ing various languages and groups of expressions to create
a gold standard set of Al-based predictive models using
methods such as ML and deep learning. In fact, performing
manual annotation is highly time-consuming and can result
in many errors. ANNO has been designed with several ma-
jor features to help perform these tasks. First, it was designed
to have a simple and user-friendly web interface so that hu-
man curators, who are the main users of annotation tools,
can access it easily. In addition, the type of word or phrase to
be annotated (“class”) can be freely configured as required by
the user. A user-created class (attribute) and the correspond-
ing regular expression set (value) can be reused by other us-
ers, thereby reducing the amount of work needed.

To support stable and ongoing annotation work, we de-
signed a function to store word combinations for each class
and manage them by user accounts. Considering that two
or more workers cross-validate annotations to correct er-
rors, usually through account management, the color of each
worker’s tag is different, which enables the annotation results
of one worker to be easily compared with those of another.
When a discrepancy occurs, it is highlighted.

In addition, the input file format was designed to use Excel-
formatted files by default, so that the corpus can be set to re-
ceive various text document structures from each institution.
If the row is a clinical document for each patient and an Ex-
cel file containing the text to be processed is uploaded into
a column, the operator can set the corresponding corpus as
the target by entering the column number in which the text
to be processed exists. For clinical documents with different
structures at different institutions, ANNO can be used freely
when manual decisions are made regarding column(s) of the
Excel file where the text should be parsed.

Because ANNO was developed based on a Docker con-
tainer [10], it can be installed and used stably regardless of
the operating system. Docker is a set of platforms as a ser-
vice that uses operation system-level virtualization to deliver
software in packages called containers. By using Docker, the
deployment and management of programs can be simplified
by abstracting various programs and execution environ-
ments into containers and providing the same interface.

Finally, ANNO supports UTF-8 (Unicode Transformation
Format-8 bit) encoding and is designed to enable free anno-
tation of clinical documents in which Korean, English, num-
bers, abbreviations, and special characters are mixed. The
output of ANNO is an XML (extensible markup language)-
based format, which contains information on the result class
annotated with the main corpus, the corresponding word,
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and the start and end positions of the word. This standard-
ized format supports data exchange and broad compatibility.
For a test run, we used several clinical documents from the
Seoul National University Hospital (IRB No. H-2001-053-
1093).

2. Defining the Annotation Workflow

As described above, ANNO is designed such that two or
more annotators each annotate and compare the results for
each class. If the results annotated by one annotator overlap
with another, the color coding of the corresponding word
or phrase appears differently. When the annotator classi-
fies a specific word found while reading the corpus into the
corresponding class and updates the regular expression set,
the corpus is searched using this updated markup set. The
results are highlighted and displayed in output form. Finally,
each annotator creates a list of files or documents that he or
she has reviewed, the regular expression dictionary created
while reviewing, and the annotated result file. To enable
cross-checking, we created a third-party annotator review
scenario. At this time, the third-party reviewer retrieves the
input file from the regular expression dictionary created by
two different annotators, checks the intersection, difference,
and union results of the sets made by two people for each
corpus, and corrects or accepts them to create the final gold-
standard set (Figure 1).

1) Functionality architecture

Software development can be challenging. There is a depen-
dency on the operating system environment, several pack-
ages and libraries, and other software components that are
required for software functionality. Installation, execution,
and maintenance while keeping the software stack up-to-
date are complex issues. Previously, virtual machines were
used to solve this problem. However, a problem was that vir-
tual machines used excessive resources of the main machine.

Lightweight Clinical Text Annotator

Although cloud computing can be chosen instead, it can be
inefficient for very light applications. In addition, within the
Korean medical community, there are concerns about the
danger of uploading patients’ personal information to the
cloud. We built ANNO using Docker to solve this problem.
With Docker containers, the operating system and applica-
tions are separated and dependencies on other applications
are removed; therefore, these variables need not be consid-
ered in software development and maintenance. Applications
can be run stably in different computing environments, and
rapid development and deployment are possible regardless
of the development environment. Figure 2 shows the system
architecture of ANNO developed using Docker.

2) User interface and output

ANNO was designed with a thorough consideration of the
convenience of the annotators. ANNO is accessed via the
annotator’s account, and functions such as class definitions
of what information should be extracted, stopping while an-
notating, and modifying the regular expression set can all be
performed by the annotator through the web. Individually
created regular expression sets are private; however, one can
choose to keep them private or provide access to other users.
When inputting a file in Excel format, one can select whether
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Figure 2. Overview of the system architecture of ANNO.
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to perform operations sequentially from step 1 or annotate
through random sampling, check through the preview, and
manually select data to annotate one by one. The user inter-
face and sample data for the first selection step are shown in
the upper portion of Figure 3. To develop a function that can
freely annotate words or phrases in various clinical docu-
ments and a function that supports cross-validation between
human annotators, we extracted data through SUPPREME,
a clinical data warehouse at Seoul National University Hos-
pital. Five types of clinical documents were used: first visits

Step 1.
Annotator

Step 1. (i4 YA M9 I N

Step 2. Select or create
Step 1. L& 2|2 E ME4 regular expression set

Value_contents

Step 3. Annotate and
update regular expression

>Record date: 2106-02-12

Campbell Orthopedic Associates
4 Madera Circle

Choose files to

annotate or upload.

Ay umacs | v vaans

Select a record to annotate
randomly or directly.
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for hospitalization, discharge records, surgery records, out-
patient first visits, and emergency records. After selecting
a record, if there is an existing regular expression set, the
operator can either import it and continue the operation or
create a new set and use it. Annotation results help to assist
the annotator by color-coding the words found in the origi-
nal document, as shown in the lower panel of Figure 3. The
found word is highlighted in blue, and the corresponding
class type is displayed as a colored box. Matching operations
performed by different annotators are displayed in red. In

Results of analysis
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845.41-58-4
February 12, 2106

Har is a 43 year old 6 214 pound gentleman who is referred for
consultation by Dr. Harlan Oneil. About a week ago he slipped on
the driveway at home and sustained an injury to his left ankl.
seen at Tri-City Hospital and was told he had a

s placed in an air splint and advised to be

bearing, and he is using a cane. He is here for

tory is notable for no ankle injuries previously.
He has a history of diabetes and sleep apnea. He takes Prozac
Cardizem, Glucophage and Amaryl. He is also followed by Dr. Harold
Nutter for an arrhythmia. He does not smoke. He drinks

minimally. He is a set designer at Columbia Pictures.
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Harl is a 43 year old 6' 214 pound gentleman who is referred for
consultation by Dr. Harm an oneu. About a week ago he slipped on
the driveway at home and sustained an injury to his left ankle.

He was seen at Tri-City [T Hospital and was told he had

fracture. He was placed in an air splint and advised to be

partial weight bearing, and he is using a cane. He is here for

routine follow-up.

Past medical history is notable for no ankle injuries previously.

He has a history of diabetes and sleep apnea. He takes Prozac

Cardizem, Glucophage and Amaryl. He is also followed by Dr. Har IZAIN NI
Nutter for an arrhythmia. He does not smoke. He drinks
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Figure 3. Interface of ANNO software.

v <RECORD name="Real record”>

Record date: 2106-02-12 Campbel| Orthopedic Associates 4 Madera Circle Omak, GA 28172 Habib Valenzuela, M.D.
Valdez, Harlan Jr. 845-41-54-4 February 12, 2106 Har is a 43 year old 6° 214 pound gentleman who is referred for
consultation by Dr. Harlan Oneil. About a week ago he slipped on the driveway at home and sustained an injury to
his left ankle. He was seen at Tri-City Hospital and was told he had a fracture. He was placed in an air splint and
advised to be partial weight bearing, and he is using a cane. He is here for routine follow-up. Past medical
history is notable for no ankle injuries previously. He has a history of diabetes and sleep apnea. He takes Prozac,
Cardizem, Glucophage and Amaryl. He is also followed by Dr. Harold Nutter for an arrhythmia. He does not smoke. He
drinks minimally. He is a set designer at Columbia Pictures. On examination today he has slight tenderness of the
left ankle about four fingerbreadths above the malleolus. The malleolus is non-tender medially or laterally with no
ligamentous tenderness either. Dorsal flexion and plantar flexion is without pain. There is no significant
swelling. There are no some skin changes with some small abrasions proximally. There is no fibular tenderness
proximally. No anterior pain is noted. No hindfoot, midfoot or forefoot tenderness is noted. | would like him to
use a tube sock with his air cast. He is using a cane for ambulation. His x-rays do not show a notable fracture
pattern today, and we will await the Radiology opinion. | would like him to stay in the air splint with the sock.
will see him back in six weeks for review at the Boxborough office. Diagnosis: Left ankle fracture.

Habib Yalenzuela, M.D. HY/kuntz Mmedical cc: Harlan Oneil, M.D. Harold

Nutter, M.D. Doctors Hospital North 64 Bruce St Omak, GA 72196 Habib Valenzuela, M.D. DD: 02/12/06 DT: 02/17/06 DV:

02/12/06 #+++++++ Not reviewed by Attending Physician #++#s+s+

<TEXT/>

v<TAG>
<PHI “DOCTOR™ id="P1" start="83" end="105" text="Habib Yalenzuela"/>
<PHI DOCTOR"™ i " start="385" end="397" text="Harlan Oneil"/>
<PHI “DATE" id="P3" start="13" end="23" text="2106-02-12"/>
<PHI “DATE™ id="P4" start="282" end="289" text="February 12, 2106"/>
<PHI HOSPITAL" id="P5" start="25" end="33" text="Campbell"/>
<PHI HOSPITAL"™ id="P6" start="511" text="Tri-City"/>
<PHI CITY" id="P7" start="T72" end= Omak " />
<PHI CITY" id="P8" start="78" end="86" te GA 28172" />
<PHI PATIENT" id="P9" start="161" end="179" text="Yaldez, Harlan Jr."/>
<PHI PATIENT" id="P10" start="169" end="172" text="Har"/>
<PHI

<PHI OCCUPATION" id="P12" start= end="983" text="set designer”/>
<PHI OCCUPATION™ id="P13" start="987" end="1004" text=
<PHI " id="P14" start="89" end="105" text="Habib Yalenzuela />
<PHI " id="P15" start="385" end="397" text="Harlan Oneil"/>
<PHI " id="P16" start="13" end="23" text="2106-02-12"/>

Columbia Pictures”/>

MEDICAL RECORD NUMBER™ id="P11" start="225" end="236" text="845-41-54-4"/>

<PHI ©id="P17" start="282" end="299" text="February 12, 2106"/>
<PHI “HOSPITAL™ id="P18" start="25" end="33" text="Campbell"/>
<PHI "HOSPITAL" id="P19" start="511" end="519" text="Tri-City"/>
<PHI “CITY" id="P20" start="72" end="76" text="Omak"/>
<PHI PATIENT™ id="P21" start="161" end="179" text="Yaldez, Harlan Jr."/>
<PHI PATIENT™ id="P22" start="169" end="172" text="Har"/>
<PHI MEDICAL RECORD NUMBER" id="P23" start="225" end="236" text="845-41-54-4"/>
<PHI ="OCCUPATION" id="P24" start="971" end="983" text="set designer”/>
</TAG>
</RECORD>
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Figure 3, we used sample clinical text.

Figure 4 shows the resultant file created after the annota-
tion. This file conforms to the XML standard encoded in
UTE-8. By arranging the original text and the annotated
result text together, the predictive model can be verified
immediately with one file while also performing additional
tasks, such as employing the use of an AI model. It is also
possible to check the class of the annotated result using tags,
the first and last words in a phrase, and the meaning of the
actual words.

To test the performance of ANNO, we annotated some
clinical documents to detect personal identifiers. Five types
of personal identifiers (patient name, doctor name, hospital
name, department name, and location) were annotated using
ANNO for 1,211 Seoul National University Hospital admis-
sion notes. The input was an Excel file, and the annotation
result was saved in the XML file format. Fifty-eight of the
1,211 items were excluded because an error occurred when
annotating them using ANNO, and the remaining 1,135
items were annotated successfully. An analysis of the 58 an-
notation errors showed that 29 cases (50.0%) were hospital
names which were a combination of a local name and a hos-
pital name, 16 cases (27.5%) were department names given
as an abbreviation in English, nine cases (15.5%) occurred
when hospital names contained person names, and four cas-
es (6.8%) were other cases. Among the 1,135 hospitalization
records annotated without error, we identified a total of 145
hospital names, 136 department names, 173 doctor names,
31 regional names, and 15 patients’ names, which were suc-
cessfully annotated.

I1l. Discussion

This paper introduced an annotation system to support the
development of Al models that can perform annotation for
each class and operator in free-text clinical documents and
continuously compare and analyze them. We propose a rule-
based approach to dealing with complex document struc-
tures and the diversity that exists between different organi-
zations, which can be done by inserting a set of keywords or
making updates as the curators conduct reviews. This system
allows freely setting classes, as well as sharing of classes and
regular expression templates belonging to the class, thereby
efficiently extracting data for each purpose. The input file
format is an Excel file, which is widely used in hospital re-
search data warehouses. The output file format is a standard-
ized and structured XML file format, which improves ease of
use.

Vol.28 ® No.1 e January 2022
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In addition, the accuracy of the gold standard set construc-
tion could be improved through the color-coding function
to check mismatches of the annotation results of various cu-
rators to build the gold standard set. Finally, it was possible
to install all host and client packages in a Docker container
without any operating system dependencies. In conclusion,
this system can be used as a useful program for various
institutions and individual researchers to establish a gold
standard set for de-identification and information extraction
of clinical documents, which are increasingly demanded for
ML and AI model development.
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