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ABSTRACT

Objectives This study aimed to develop and implement
robotic process automation (RPA) for identifying missing
codes during insurance claim post-review at a tertiary
hospital and to evaluate its feasibility and effectiveness
Methods As a single-centre, operational implementation,
an RPA system integrated with optical character
recognition (OCR) and electronic medical record (EMR)
platforms was developed using Blue Prism. The system
compared 532 surgical procedure codes with 21 cutting
device codes, automatically flagging discrepancies.
Accuracy and efficiency were compared with manual
review.

Results Between 1 and 31 May 2025, the RPA system
analysed 61 claim statements and performed 199 OCR
processes. The Google Cloud Vision API (application
programming interface) achieved 100% detection
accuracy without false positives, while Tesseract yielded
lower accuracy. The RPA reduced average processing time
from 120 (manual review) to 54 min, representing a 55%
efficiency gain.

Discussion RPA reliably automated repetitive, rule-
based administrative tasks, improving accuracy and
standardisation of insurance claim audits. Secure system
architecture ensured compliance with healthcare data
protection standards. User-centred development and
integration with EMR demonstrated feasibility in complex
healthcare workflows.

Conclusion Implementing RPA for insurance claim
post-review significantly enhanced efficiency and
accuracy, reduced administrative workload and provided
a scalable model for digital transformation in healthcare
administration.

INTRODUCTION

South Korea’s National Health Insurance
System (NHIS) is a mandatory single-payer
social insurance scheme that provides
universal coverage, funded mainly by insur-
ance premiums and supplemented by govern-
ment subsidies.'

Health insurance claims are jointly admin-
istered by the NHIS, which oversees premium
collection, funds managementand reimburse-
ments, and the Health Insurance Review and
Assessment Service (HIRA), which reviews
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Robotic process automation (RPA) has been widely
used in industries such as finance and manufactur-
ing to improve efficiency and reduce human errors.

= However, its application in healthcare has been
limited due to complex workflows, unstructured
electronic medical record (EMR) data and strict reg-
ulatory requirements.

WHAT THIS STUDY ADDS

= This study demonstrates the successful develop-
ment and implementation of an RPA system inte-
grated with optical character recognition and EMR
platforms for identifying missing codes in insurance
claim post-review.

= This system reduced processing time by 55%
compared with manual review and achieved high
accuracy, establishing a secure and standardised
automation model for healthcare administration.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The findings provide evidence that RPA can improve
operational efficiency, accuracy and standardisation
in healthcare administration.

= This approach may encourage broader adoption of
RPA in clinical and administrative workflows, sup-
port hospital revenue optimisation and enhance
understanding of the potential role of automation in

digital transformation of healthcare systems.

claims and assesses the appropriateness
of care. Reimbursement is predominantly
fee-for-service under a resource-based rela-
tive value framework. Healthcare providers
submit claims to HIRA for consultations,
diagnostic tests, procedures, surgeries and
anaesthesia. HIRA verifies claims to prevent
unnecessary or inappropriate services and
ensure proper reimbursement; reviewed
results are then transferred to NHIS for
payment processing. Although this frame-
work supports efficient resource utilisation,
it also creates administrative complexity for
hospitals. Detecting omissions and errors
in claims requires precise manual review
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of large datasets, which is time-consuming and labour-
intensive. Therefore, improving both the accuracy and
efficiency of the claims process is essential for optimising
hospital revenue while maintaining sustainable health-
care expenditures.

Robotic process automation (RPA) wuses software
robots to automate repetitive, rule-based computer tasks
such as data entry, form filling, file transfer and simple
decision-making.” RPA has improved efficiency, accuracy,
processing speed and labour utilisation across multiple
industries.” However, healthcare settings remain chal-
lenging because of complex workflows, privacy and secu-
rity requirements, and the need for integration across
heterogeneous systems. This study aimed to evaluate the
use of RPA tools to automatically identify and optimise
missing insurance claim codes at Chung-Ang University
Gwangmyeong Hospital, thereby improving operational
efficiency.

METHODS

Definition of the task

Most hospitals in Korea regularly submit claims to HIRA
twice a month. Some of them are returned or reduced
due to non-compliance with official notification stan-
dards or insufficient medical records. To prevent such
losses, prior to submitting the statements, the hospitals
conduct an internal ‘post-review process,” which is a final
audit to verify whether the claim statements comply with

G of Claim Stat: t
(Automatically generated based on EMR)

the National Health Insurance benefit criteria, relevant

official notifications and review guidelines. This audit is

critical not only for ensuring the accuracy and appropri-
ateness of insurance claims but also for maintaining the
quality of healthcare services. The key components of the

‘post-review process’ are as follows.

» Identification of missing claim codes: Screening for
treatment, procedures, medications and medical
materials that were actually performed or provided,
but were not reflected in the claim statement.

» Review of items not meeting reimbursement criteria:
Verifying that the essential requirements for claims,
such as diagnosis codes or test results, are met.

» Analysis of potential deduction risks: Proactively iden-
tifying and reviewing items with a high likelihood of
being denied reimbursement because of past deduc-
tion patterns or discrepancies between clinical records
and claims content.

These elements are screened by cross-referencing the
hospital’s electronic medical record (EMR) system. When
discrepancies or errors are identified, appropriate actions
are taken, such as correcting claims, supplementing
medical records or providing feedback to the clinical
department. The standardised post-review process is illus-
trated in figure 1. As this study did not involve human
participants, ethical approval from the Institutional
Review Board was deemed unnecessary.

l
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2. Review of Items Below Reimbursement Criteria
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of Errors

N Modification of Billing Details
Execution of
Corrective Actions Supplementation of Medical Records
Feedback to Departments

Finalization of
Claim Statement

Submission of Final
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Figure 1 The standardised post-review process for insurance claims. EMR, electronic medical record.
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Evaluation for automation feasibility

To assess the feasibility of automation, we evaluated
candidate tasks using four predefined criteria—struc-
ture, repetitiveness, clarity and stability—with detailed
definitions and operational examples provided in online
supplemental table 1.

Based on these criteria, the screening of the mapping
between surgical procedure codes and cutting device
codes (eg, burrs and saws) in the post-review process was
identified as highly suitable for RPA-based automation.
The task follows a clearly defined workflow based on stan-
dardised notification tables and does not involve unstruc-
tured data processing, variable process sequencing or
clinical judgements, all of which commonly hinder auto-
mation in healthcare systems. This ensured technical
and operational stability. The task was also prioritised
because omission of corresponding codes can result in
complete denial of reimbursement for high-cost medical
procedures.

The process involved rule-based comparison of 532
surgical procedure codes and 21 cutting-device codes.
As it is performed during the postreview stage—after
prescriptions are finalised and immediately before claim
submission—data variability is minimal, improving auto-
mation reliability. Compared with the pre-discharge
review stage, where prescriptions are frequently changed,
the postreview phase provides a more favourable envi-
ronment for RPA application.

In our institution, the EMR operates on a legacy archi-
tecture, in which surgical and cutting-device prescription
data are displayed mainly as rendered on-screen images
rather than structured text fields. Therefore, conventional
RPA methods (eg, direct extraction of text-field values or
user interface control-based access) alone were insuffi-
ciently reliable, and optical character recognition (OCR)
was required to extract machine-readable text from visual
information. Additionally, it is necessary to embed a refer-
ence table within the system that maps the surgical fee
codes and cutting device items, as defined by the Ministry
of Health and Welfare. A rule-based comparison logic is
needed to handle a total of 532 surgical procedure codes
and 21 cutting devices. Finally, the system must automat-
ically determine whether the code extracted through
OCR matches the reference table and flag any discrepan-
cies. It is particularly important to classify and notify the
discrepancies based on their causes, such as omissions or
code errors, using a dedicated guidance system.

Development environment

The automated system for screening missing codes
during the postreview process was implemented using
Blue Prism (Blue Prism Group plc., Warrington, UK).
Blue Prism provides a user-friendly development environ-
ment that allows frontline staff to participate directly in
development at relatively low cost, and it reliably supports
screen recognition-based automation, making it well
suited to institutional environments that rely on legacy
programmes. It was integrated with the hospital’s EMR

system to validate its applicability to real-world clinical
settings. The main development and execution environ-
ments are as follows.

» Operating system: Windows 10 64 bit.

RPA solution: Blue Prism V.7.1.

OCR engine: Tesseract, Google Cloud Vision APIL
EMR: CAUH-NURI (data extracted from prescription
screens using image-based capturing).

Data processing: Image-based OCR extraction and
reference table mapping algorithm applied.

vYvyy

v

Security

To implement RPA in healthcare institutions, it is essen-
tial to ensure the confidentiality, integrity and avail-
ability of patient information in accordance with relevant
regulations, such as the Health Insurance Portability
and Accountability Act (HIPAA), Personal Information
Protection Act, Medical Service Act and International
Organisation for Standardisation (ISO) 27799. To meet
these requirements, we applied a validated enterprise-
grade RPA architecture equipped with ISO 27001 and
System and Organisation Control 2 certifications.

The RPA session logs and system events are aggre-
gated on a centralised server, enabling real-time moni-
toring and auditing. The centralised governance module
provides data location control, making it particularly suit-
able for healthcare environments with strong on-premise
infrastructure requirements.

To mitigate Single Point of Failure risks, we imple-
mented a redundant log collection pipeline and adopted
Write-Once-Read-Many storage media. In addition,
protected health information masking rules were applied
to prevent logs from becoming a new source of sensitive
data.

All credentials were encrypted using the Advanced
Encryption Standard (AES)-256, and all data, both at
rest and in transit, were secured with AES-256/Transport
Layer Security (TLS) 1.2 or higher. In cases where legacy
medical equipment supports only TLS 1.0, re-encryption
is performed at the application programming interface
(API) gateway, thereby maintaining consistent encryption
standards across the entire architecture to protect patient
information. RPA security and governance are shown in
online supplemental figure 1.

Architecture

The complete system architecture is presented in table 1.
The automated system, designed using RPA technology,
integrates with the hospital’s EMR system, performs auto-
mated validation based on official notification criteria,
incorporates OCR processing and includes a notification
system.

RPA workflow

Figure 2 illustrates the RPA system workflow. The system
is designed to sequentially screen postreview targets
based on each electronic data interchange (EDI) code
using a predefined reference table that maps surgical
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Table 1 System architecture diagram

Layer Component Function Data I/0
User layer » EMR » View RPA results I: Alerts
O: Result
Process layer » RPA main process » Receive OCR results I: OCR text, EDI tables
» Object modules » Match against EDI code O: Processed results, classified items,
» Work queue » Handle exceptions exception logs
» Exception handler
Integration layer » API » Extract text from images I: EMR Images, EDI tables
» Notification system » Retrieve reference data O: OCR text, match results, result
» Send report report
Data layer » Image storage » Store source images SAVE: EMR Image, OCR outputs, EDI
» OCR result storage » Save data tables
» EDI code storage » Maintain logs
» Log storage
Infrastructure layer  » RPA server » Provide runtime environment System resources: Server, network,
» APl gateway » Ensure secure communication  authentication modules
» Security infrastructure  » Operate on-premise

API, application programming interface; EDI, electronic data interchange; EMR, electronic medical record; I/O, input/output; OCR, optical

character recognition; RPA, robotic process automation.

procedure codes with cutting devices. The system extracts
information from prescription screens and determines
whether the prescription matches the criteria defined in
the reference table. The process begins by loading the
reference table during the initialisation phase. For each
surgical EDI code, the system queries relevant patients,

captures their prescription screens and uses OCR tech-
nology to extract code information. The extracted data
are then compared against the reference table to ensure
that the treatment material codes match. In the case of
a mismatch or omission, the case would be flagged and
stored as an exception. Once all patients and EDI codes

Load Burr*Saw
Mapping Table

Y R
Patients?

Access Prescription

Screen

Capture Screen

OCR and MStehiwith

1l

C Classify Exception

EDI Codes?

Screening Complete

Generate and Send
Report

Store Logs and
Terminate

Data Extraction Table?

Figure 2 RPA flowchart. EDI, electronic data interchange; OCR, optical character recognition.
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have been reviewed, the system automatically generates
a report and sends it to the reviewer, completing the
process. This design aims to reduce omissions, errors and
inefficiencies commonly encountered in manual post-
review processes while also enhancing the accuracy of
claim audits. Our implementation incorporates transfer-
able patterns that can be applied across institutions and
jurisdictions, while also including several highly context-
specific elements. Further details are provided in online
supplemental table 2.

RESULTS

RPA implementation

The developed RPA system automatically performed
screening based on the presence of surgical procedure
codes related to cutting devices. All 532 surgical EDI
codes were entered into the system, which systematically
searched for each code. It identified patients with corre-
sponding prescription records and analysed the detailed
information through OCR processing. The configura-
tion of RPA objects and their processes is listed in online
supplemental table 3. The RPA is composed of 1 main
process and 10 functional objects, with each object
designed to handle a specific functional task during auto-
mation. This modular design enhances code reusability,
allowing for minimal modifications in the event of future
process changes or OCR engine replacements, thereby
improving maintenance efficiency.

Online supplemental table 4 summarises the key results
of the postreview process for missing code screening
conducted from 1 May to 31 May 2025. During this period,
61 claim statements were analysed. OCR processing was
performed 199 times on the surgical and cutting device
prescription screens. The extracted codes were compared
with the reference table to identify missing codes. It took
an average of 54 min to complete the full process and

deliver the report to the designated reviewer via email.
The report included the RPA execution date, EDI codes
recognised through OCR that 16 were classified as missing
after mapping with the reference table, and prescription
details that allowed identification of the prescriptions
associated with the missing items.

Accuracy evaluation

The accuracy of the RPA system was assessed by
comparing its results with the missing codes identified by
the reviewers, including both the consistency of the RPA-
detected codes with the reference set and the number of
false positives. Additionally, the differences in accuracy
were analysed based on the OCR engine used. These find-
ings are summarised in table 2.

Efficiency evaluation

To evaluate efficiency, we compared the RPA-based
screening with the traditional manual post-review
method for workflow structure and time require-
ments (table 3). The conventional approach required
six reviewers to screen 532 surgical codes, 21 cutting
device codes, with each reviewer spending approxi-
mately 20 min, amounting to a total of 120 person-
minutes. In contrast, RPA completed the same task
in approximately 54 min without human interven-
tion. Therefore, the efficiency gain of the RPA-based
approach is primarily attributable to reduced labour
input, while also offering the advantage of simplifying
the review workflow.

Hence, applying RPA to repetitive rule-based post-
review processes was highly efficient. Furthermore,
full automation eliminated the need for direct
reviewer involvement, thereby reducing workload
and enabling personnel to focus on high-value tasks,
such as audit analysis and decision-making.

Table 2 Comparison of OCR engine accuracy

RPA result (cases)*

Accuracy (%)

Case Actual missing cases Tesseract Google Cloud Vision Tesseract Google Cloud Vision
1 10 13 10 76.92 100
2 10 10 10 100 100
3 10 10 10 100 100
4 10 13 10 76.92 100
5) 10 10 10 100 100
6 10 10 10 100 100
7 10 10 10 100 100
8 10 0 10 0 100
9 10 13 10 76.92 100
10 10 13 10 76.92 100
Average 80.77 100

*RPA result (cases) indicates the number of missing cases detected (identified) by each OCR engine.

OCR, optical character recognition; RPA, robotic process automation.
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Table 3 Comparison between manual process and RPA process

Total process time Human involvement

Work method Total personnel Time per person
Manual process 6 people 20 min
RPA process 0 person -

RPA, robotic process automation.

DISCUSSION

We improved the operational efficiency of processing
insurance claims by using RPA to automate the identifica-
tion and optimisation of missing codes. By replacing the
manual tasks with RPA, the repetitive and detailed admin-
istrative tasks were simplified and standardised, reducing
the overall processing time by 55%. In addition, task roles
and environments improved, leading to increased task
satisfaction. The automation of healthcare administra-
tive tasks provides valuable insights into the future digital
transformation of healthcare.

Benefits of RPA

One of the biggest benefits of RPA is the improvement
in efficiency and productivity. With RPA, more tasks can
be processed with less labour and in less time, reducing
the wait time.” *'" Another advantage is the improve-
ment in accuracy. It effectively reduces the organisa-
tional costs by minimising human error associated with
manual operations and enhancing the quality and accu-
racy of the data, ultimately contributing to improved
productivity.” ¥ ¥ In addition, RPA improves business
processes due to increased transparency and standard-
isation. Because the processes performed by the RPA
strictly follow the rules set by the organisation, there is
little room for arbitrary human judgement, enhancing
procedural fairness and transparency.” "> Lastly, as RPA
reduces the time spent on simple and repetitive tasks, it
allows humans to focus more on unstructured tasks and
those requiring creativity. At the organisational level,
human resources can be allocated to high-value tasks and
new business development to promote innovation and
creativity.” 1

RPA in healthcare

Although RPA has been widely adopted in various indus-
tries, such as finance and human resources, its applica-
tion in the healthcare sector remains relatively limited.
This slow uptake can be attributed to the inherent
complexity and sensitivity of medical data, which make
the initial setup and integration of RPA particularly chal-
lenging. In addition, the healthcare domain is subject
to stringent regulatory requirements, necessitating
robust security measures when implementing automated
solutions. To address these concerns, we adopted an
enterprise-grade RPA architecture equipped with certi-
fied security features. A centralised governance module
was developed, enabling real-time monitoring and audit-
ability via a server-based aggregation system. This module

120 person-minutes Yes
54 min No

incorporates data encryption mechanisms to ensure the
protection of sensitive patient information.

Another key challenge lies in integrating the RPA with
core clinical systems, such as EMR. Most EMR systems
lack standardisation, and medical data are predominantly
unstructured. Furthermore, the healthcare environment
is characterised by a diverse workforce, including physi-
cians, nurses and administrative staff, each operating
under institution-specific workflows. Automation requires
a high degree of customisation, and tailoring RPA to indi-
vidual or institutional needs remains a complex task. To
overcome this problem, we developed an OCR-based RPA
system capable of extracting and processing text data
from image-based EMR screens, thereby enabling effec-
tive system integration. EMR systems vary widely across
institutions, and many hospitals continue to retain legacy
architectures because core clinical and administrative
workflows are already tightly and complexly interwoven.
Our institution’s EMR is also operated on a legacy archi-
tecture; surgical and cutting-device prescription data are
displayed as rendered on-screen images rather than as
structured text fields. Therefore, OCR was necessary to
obtain data in a format recognisable by the RPA. The high
OCR accuracy observed in this study can be attributed to
the standardised format and stable rendering character-
istics of the EMR prescribing screen, as well as to the fact
that the recognition targets consisted of limited code-
based and number-based strings, resulting in relatively
low variability in both screen layout and text content.
In addition, because UI updates are infrequent and the
same screen templates are used consistently in our EMR
environment, OCR-based RPA can operate in a stable and
robust manner. However, the maintenance burden may
increase when screen layouts change. To minimise the
impact of such changes, it is necessary to standardise key
screens and recognition regions rather than attempting
comprehensive full-screen recognition. Moreover, as
changes in rendering methods or the introduction of new
pop-up windows may affect OCR performance, comple-
mentary safeguards are required, such as header-based or
label-based region detection, code-format rule validation
(pattern mismatch detection), and exception-handling
strategies (eg, retry logic or prompts for manual review
when exceptions occur).

From a long-term maintenance perspective, the auto-
mation logic remains stably fixed, while EDI mappings
are separated and managed independently in reference
tables. This enables rapid response to policy updates or

6 Lee J, et al. BMJ Health Care Inform 2026;33:6101821. doi:10.1136/bmjhci-2025-101821

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1senb Aq 920z |udy 2T uo wod'[wg soewlojul//:sdny woly papeojumoq ‘9z0z Mdy g Uo TZ8T0T-GZ0Z-10ulwa/9eTT 0T St paysiignd 1suy :soewiojul 81ed % yiesH CINg



3

code additions/deletions by updating only the tables,
without modifying the core logic.

This process, which combines rule-based reconciliation
with OCR recognition patterns, can be reused and scaled
not only for other claim items but also for tasks in depart-
ments beyond insurance review. A bottom-up approach
to automation driven by the direct participation of front-
line staff is a critical success factor, as it enables end users
to rapidly automate recurring review tasks while allowing
maintenance to be led by the task owner. In the absence of
a thorough process analysis by end users, the effectiveness
of RPA is significantly reduced; conversely, user-driven
automated solutions tend to align more closely with real-
world operational needs and are positively associated with
improved employee well-being and resource utilisation.

During the development process, we systematically anal-
ysed the workflows of different staff members performing
the same task and established standardised procedures.
This allowed us to define the automation targets and
understand the process-specific characteristics. Contin-
uous communication and collaboration between field
personnel and the RPA development team were vital in
ensuring successful implementation.

Our findings suggest transferable design patterns for
healthcare RPA-feasibility-based task selection, logic—
data separation via reference tables, screen-level OCR
integration and robustness measures (ROI/anchor-based
extraction, format validation, rule-based reconciliation
and monitoring for drift). However, key context-specific
dependencies include the EMR screen layout, local
coding and mapping rules, and the postreview workflow
timing, which may vary across institutions. Accordingly,
generalisability should be interpreted in the context of
local insurance rules and EMR interface characteristics.

In conclusion, a user-centred approach that begins with
process standardisation and emphasises empathy for the
roles and perspectives of the personnel involved is a key
determinant of successful RPA integration in healthcare
settings.
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