The Digital Transformation
of Seoul National University
Bundang Hospital

DIGITAL HEALTH CASE STUDIES EDITION 07



Acknowledgments: We, the IDB team, would like to express our gratitude to all the individuals who participa-
ted in interviews and provided valuable information for the development of this document. Our appreciation
also extends to the SNUBH team for their efforts in organizing the interviews and conducting the necessary
research.

Authors: Seyoung Jung, Ho-young Lee, Haeun Lee, Ilha Yune, Da Som Me Park, Luis Tejerina, and Donghyun Kang.

Design: www.souvenirme.com

Copyright © 2024 Inter-American Development Bank (“IDB”). This work is subject to a Creative Commons license

CC BY 3.0 IGO (https://creativecommons.org/licenses/by/3.0/igo/legalcode). The terms and conditions indicated in
the URL link must be met and the respective recognition must be granted to the IDB.

Further to section 8 of the above license, any mediation relating to disputes arising under such license shall be
conducted in accordance with the WIPO Mediation Rules. Any dispute related to the use of the works of the IDB
that cannot be settled amicably shall be submitted to arbitration pursuant to the United Nations Commission on
International Trade Law (UNCITRAL) rules. The use of the IDB’'s name for any purpose other than for attribution, and
the use of IDB's logo shall be subject to a separate written license agreement between the IDB and the user and is
not authorized as part of this license.

Note that the URL link includes terms and conditions that are an integral part of this license.

The opinions expressed in this work are those of the authors and do not necessarily reflect the views of the
Inter-American Development Bank, its Board of Directors, or the countries they represent.



https://creativecommons.org/licenses/by/3.0/igo/legalcode

SNUH® 8 |pB

BUNDANG HOSPITAL

The Digital Transformation
of Seoul National University
Bundang Hospital

P Qi
@
DIGITAL HEALTH CASE STUDIES >< EDITION 07




<>. ................................................................................

CONTENTS

................................................................................ O
EXECUTIVE SUMMARY ...ttt es e ss et et ess s esensenens 6
T. INTRODUGTION. ...ttt ettt ettt et s e ese et e s enseneesenseneas 7
2. SNUBH’S ORIGINS AND DEVELOPMENT ... 10
3. CONSOLIDATING DIGITAL TRANSFORMATION: THE CREATION
OF BESTCARE 2.0 ... ettt ettt et eae s s ens s ens s enenes 16
4. ACHIEVING RESULTS THROUGH DIGITAL TRANSFORMATION
AT SNUBH ...ttt ettt ettt et eas s ese s esensesensesensenes 22
41. Close-Up Studies on the Long-Term Outcomes of the Digital
BT 015 (o] 0 =] 4[] o T RS S P S 25
5. HOW SNUBH'S DIGITAL TRANSFORMATION HELPED
IN COMBATING COVID T ...ttt 33
6. CONGCLUSION ...ttt ettt ettt es st ens et ess s ess s sensenens 36
BIBLIOGRAPHY ...ttt s et s et s ettt nsetennne 38

4 Digital Health Case Studies: Korea @



Cy ............

ABBREVIATIONS & ACRONYMS

AKI
cDSS
cDW
cl
CLMA
cp

cT
CTCs
DNR
EHR
EMR
ERD
HIE
HIMSS
HIS
ICU

MAE
OECD
ONC
PACS
PHR
R&D
RFID
RRS
SNUBH
SNUH
TFT
us

................................................................................ <>

Acute Kidney Injury

Clinical Decision Support System

Clinical Data Warehouse

Clinical Indicators

Closed-Loop Medication Administration

Clinical Pathway

Computerized Tomography

Community Treatment Centers

Do Not Resuscitate

Electronic Health Record

Electronic Medical Record

Entity-relationship Diagram for a Hospital Management System
Health Information Exchange

Health Information and Management System Society
Hospital Information System

Intensive Care Unit

Information Technology

Medication Administration Error

Organisation for Co-operation and Development
Office of the National Coordinator for Health Information Technology
Picture Archiving and Communication System
Personal Health Records

Research and Development

Radio-Frequency ldentification

Rapid Response System

Seoul National University Bundang Hospital

Seoul National University Hospital

Task Force Team

United States

Digital Health Case Studies: Korea @



The Latin America and the Caribbean region can
achieve an increase in average life expectancy
of up to three years while maintaining current
health and medical spending—if it can achieve
an efficiency in the health care sector compara-
ble to that of the average OECD (Organization for
Co-operation and Development) nation. Thanks
to its well-developed IT sector, the Republic of Ko-
rea has achieved a high level of digitalization in
the health care realm, improving the quality and
efficiency of various clinical services, especially
through the implementation of electronic health
record (EHR) systems.

The SNUH health care group consists of four
hospitals: SNUH, SNUBH, Gangnam Center, and
Boramae Hospital. Seoul National University Bun-
dang Hospital (SNUBH) is a national, multispecial-
ty academic medical center that integrates hospi-
tal care with research and education and has led
the foray into digitized health care by creating a
fully-fledged digital system at a sizable, reputa-
ble tertiary hospital in Korea. SNUBH is one of the
largest and most respected hospitals in the coun-
try, with 783 physicians, 1,603 nurses, 1,393 beds,
and 38 operating rooms.

For this case study, SNUBH conducted focus
group interviews to capture the first-hand expe-
riences of field-deployed staff members. The in-
terviews revealed the decision-making process for
and motives of the transition as well as the impli-
cations of the internal and external contexts and
key performance indicators chosen during the
project’s life cycle.

EXECUTIVE SUMMARY

BESTCare, the hospital’s interoperable EHR sys-
temisthe backbone of the digital transformation
of the hospital. Successful digital transformation
in SNUBH with the implementation of BESTCare
required both a top-down and bottom-up ap-
proach: decisive investment decisions by the lead-
ership and key inputs of end-users from the initial
phase onward. Short-term outcomes were not ex-
pected, as the benefits have grown gradually but
surely, eventually compounding improvements
in cost efficiency and clinical quality. Additional
periphery subsystems have been and can be de-
vised and used in a modular fashion and repur-
posed—which was a key feature that has proved
vital for rapid development in times of crisis, such
as during pandemics and the COVID-19 pandemic
in particular.

In addition, SNUBH has invested in rigorous eval-
uations of the various digital tools implement-
ed. The documented impacts of BESTCare, the
integrated EHR system and the various electronic
alert subsystems deployed for the quality and effi-
ciency of care are detailed in the close-up studies
in section 4.1.
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1. INTRODUCTION
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Korea's health sector has achieved a high
level of digitalization, quickly adapting
the globally growing IT and Communi-
cation infrastructure at the outset of the
21t century —more than 90 percent of
its medical institutions and, as of 2021,
100 percent of its tertiary hospitals used
EHRs (Park and Han, 2017; MOHW, 2021).!

As of 2019, there were about 120 EHR software
vendors in Korea, with the top 10 accounting for
nearly 90 percent of the EHR market. In tertia-
ry hospitals, 7.1 percent of the EHR systems are
self-developed, 50 percent are commissioned to
an EHR company, 32.7 percent are a joint prod-
uct of the hospital and an EHR company, and 10.2
percent are purchased from commercial vendors.
In secondary hospitals?, no EHR system has been
self-developed, 58.8 percent were developed by
software companies, 2.9 percent are a combina-
tion of self-development and partial support from
outside vendors, and 38.2 percent were purchased
from commercial vendors (HIRA, 2019).

SNUBH is part of the SNUH health care group,
which consists of four hospitals: SNUH, SNUBH,
Gangnam Center, and Boramae Hospital. Since
its successful opening as a digital hospital in
2003, SNUBH—a national, central, multispecialty

academic medical center that integrates hospi-
tal care with research and education—has led the
foray into digital health care. The hospital used
health IT as part of its efforts to improve quality
of care and created its own EHR system (BEST-
Care 1.0 in 2003 and BESTCare 2.0 in 2013), which
is one of the most sophisticated EHR systems in
the world.? As of June 2021, SNUBH was one of the
largest and most respected hospitals in the na-
tion, with 783 physicians, 1,603 nurses, 1,393 beds,
and 38 operating rooms. It also conducts over
7,000 daily outpatient visits and more than 80,000
radiological exams a month.

In 2006, SNUBH became the first hospital in
Korea to establish a health information ex-
change (HIE) system, to exchange information
within its network while simultaneously imple-
menting a real-time asset tracking system, and
closed-loop medication administration, utilizing
radio-frequency identification (RFID) and other
barcode technology. These changes led to great-
ly improved work efficiency and medication safe-
ty, along with other marked achievements as
showcased by the close-up studies introduced in
section 4.1.

SNUBH was also the first non-US medical insti-
tution to be accredited at Level 7 by the Health
Information and Management System Society
(HIMSS) in 2010, and it was recertified in 2016
and 2019. Furthermore, a clinical data ware-
house (CDW) is linked with SNUBH's hospital

T accordance with Article 3-4 of the Medical Service Act, titled “Designation of Tertiary Hospital,” the Ministry of Health and Welfare is responsible
for designating a general hospital that offers highly specialized medical services for the treatment of severe ilinesses as a tertiary hospital. To qualify
for this designation, a hospital must fulfill the following criteria: (1) maintain a minimum of 20 specialized departments, (2) function as an institution
that provides training for individuals aspiring to become medical specialists, (3) possess the necessary human resources, facilities, and equipment,
and (4) adhere to the standards stipulated by the Ministry’'s Ordinance.

2 Hospitals with between 30 and less than 100 beds. https:/journals.ww.com/md-journal/fulltext/2022/10140/current_status_and_trends_of_pulmo-
nary.120.aspx.

3 SNUBH is the first hospital outside of North America to achieve the HIMSS Stage 7 designation and was the only hospital in Asia to do so by 2010
(Mehler, 2010). By 2015, only 0.5 percent of hospitals in the Asia Pacific region (n = 770) achieved the HIMSS EMR adoption level 7. By 2017, only 5.3
percent of US hospitals achieved stage 7 (n = 5,498). SNUBH recertified its HIMSS stage 7 in 2016 and 2019. SNUBH's EHR became the first solution
certified by the Office of the National Coordinator for Health Information Technology outside of North America in 2015, and got numerous awards
including the HIMSS-Elsevier Digital Healthcare Award, the IT Innovation Presidential Award, and the SAP SAPPHIRE NOW IT Innovation Award.
Harvard Business Review mentioned SNUBH'’s EHR in the article “How Big Data Impacts Health Care” as a successful IT platform (Harvard Business
Review, 2016).
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information system (HIS),* which enables the hos-
pital to analyze data with ease. SNUBH also has a
training program through which about 300 peo-
ple from 20 nationalities participate annually in
the areas of internal medicine, general surgery,
obstetrics, and gynecology.

SNUBH'’s success in achieving the highest lev-
el of digital transformation can provide lessons
and recommendations for the rapid adoption
of EHRs in other countries. For example, the
role of the government can be important in the
promotion of EHR systems and digital hospitals
(IDB, 2019). Governments can provide financial re-
sources for digitalization projects, the regulations
required for the standardization of EHRs and in-
teroperability incentives to promote EHR imple-
mentation, and, most importantly, a long-term
commitment to the success of digital transforma-
tion. The private sector, however, can also lead in-
novation at the national level. In Korea, it was the
digital transformation of SNUBH that led to the
spread of EHRs and digital hospitals across the
country.

One downside of Korea's rapid digitalization of
health care has been the lack of interoperability
between the EHRs developed at individual hos-
pitals. The government has been aware of this
problem for quite some time and has been work-
ing to resolve the interoperability issue using pi-
lot programs and regulation of EHRs and HIEs.

In 2016, Korea legalized the creation of a nation-
al HIE to be used among medical institutions.
Because the EHR system employed at SNUBH
(BESTCare 1.0 and 2.0) has been designed to meet
international interoperability standards (HL7, DI-
COM for example) from the beginning, SNUBH
essentially established the framework for nation-
wide interoperability through its active role in the
decision-making process for the government’s
regulation of EHR systems and HIEs.

This paper offers SNUBH as a case study for
building a digital hospital and seven close-up
studies on the impact of the tools being imple-
mented to improve quality and efficiency in the
hospital. The information for the paper was gath-
ered through a focus group interview for field staff
tasked with the digital transformation of SNUBH
to get a glimpse of their first-hand experience,
opinions on the digital transformation process,
and lessons learned. Second, we gathered infor-
mation from internal studies that have been pub-
lished in international journals. These highlight
the long-term results of SNUBH's digital transfor-
mation. This paper shows that the digital trans-
formation of hospital management is not simply
a decision about technology, but rather one that
involves organizational and cultural elements,
strong leadership, and the commitment and ded-
ication of physicians, as explained in our flagship
document (Bagolle et. al, 2022).

4 An EHR system is the part of an HIS that contains medical records, such as past diagnostics and medications.
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2. SNUBH’S ORIGINS
AND DEVELOPMENT
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In the 1990s, Seoul National Universi-
ty Hospital (SNUH), the leading public
hospital in Korea at the time, decided to
build a new hospital in Bundang, a new-
ly planned city to the south of Greater
Seoul, to cope with the increasing de-
mand for health care in the region.

SNUH leadership decided that the new hospital
should be devised as a fully digital hospital to lead
into the 215t century. It was to be a slip-less, film-
less, paperless, and chartless hospital,® fully digital
to the core. The EHR project at the new hospital
was conceived to keep up with the growing speed
and size of data in an ever-increasing information
society. Doctors at SNUBH were keen to develop it
and began to consider how to incorporate IT into
health care processes.

Even before SNUBH, SNUH had introduced com-
puterized hospital processes in stages starting
in the 1980s. The most burdensome task, and the
most important to the hospital, was and still is in
the speedy and accuracy of processing bills and
payments. Financial management is a priority for
keeping the hospital afloat and was the first to be
tackled. Next was R&D: laboratory processes were
computerized by implementing advanced diag-
nostic equipment that automatically produced
lab results. Previously, diagnostic processes such
as blood tests were recorded manually, causing
huge workloads and bottlenecks in the process.
Then, the most important transformation for phy-
sicians was the establishment of an EHR system
to manage the clinical records that are the basis

SNUBH'’S ORIGINS
AND DEVELOPMENT

of health care. These records contain all necessary
information on a patient, such as a patient’s diag-
nostic, medication, laboratory testing, and surgi-
cal history.

Starting in the late 1990s, SNUH worked to im-
plement a home-grown EHR system. The hos-
pital worked with one of the most prominent IT
companies in Korea for this purpose, but the com-
pany failed to produce the results that the doctors
had expected for two years in a row because of
a communication failure between the computer
engineers and the physicians. Software engineers
at the IT company could not understand hospital
processes nor transform the way doctors do their
jobs to create an integrated HIS. Therefore, SNUH
leadership decided to create its own IT company,
ezCaretech, to facilitate communication between
medical professionals and IT developers. The vice
president of SNUH also served as the president
of ezCaretech. Employees in the Center for IT and
Services at SNUH were transferred to the newly
established IT company. For SNUH leadership, it
was better to retain its software employees who
had the experience of introducing and installing
the picture archiving and communication sys-
tem (PACS) and order communication system
in the hospital in the past. These employees also
understood hospital processes much better than
external developers. Moreover, to secure excellent
employees who were experienced with HISs, an
independent company was more useful for pro-
viding better work conditions and material re-
wards. This decision might have been influenced
by SNUH having been established as a university
hospital under the Ministry of Education, leading
its employees to hold a public servant status with
a relatively fixed salary range. Nearly 87 percent of

5 Slip-less means physicians’ orders are transferred to a pharmacy or lab through a computer network. Filmless refers to the digital process where
x-ray, CT, and mid-infrared images are recorded, retrieved, and read electronically. Paperless means all the hospital documents are stored elec-
tronically and shared by authorized personnel. Chartless means that all care processes are recorded according to international standards, such as
SNOMED-CT. SNUBH spent extra money to purchase medical equipment that is compatible with its EHR and PACS (picture archiving and com-

munication system).

n

Digital Health Case Studies: Korea @



SNUH's IT software engineers transitioned to ez-
Caretech, a private entity, where they could enjoy
enhanced material rewards, acknowledging the
considerable risk they undertook in developing
the new hospital system.

The actual preparation for the creation of
SNUBH began in November 2001, when the
Opening Preparatory Committee, composed of
32 members, began to work 18 months before
the planned opening in March 2003. The com-
mittee hired 40 physicians and 70 nurses in 2002.
At this time, SNUBH leadership organized a task
force team (TFT) that would work with ezCaretech
to create the EHR system. The team was staffed
by rather young medical personnel who were
tech-savvy and willing to embrace radical chang-
es toward instituting a digital HIS, and a professor
in the Department of Psychiatry who had used an
EHR system in a US hospital was designated as
the TFT leader. The newly hired physicians, most
of whom were quite young and 30 of whom came
from SNUH, were required to participate in the
EHR development process. The leaders of SNUH
wanted to hire medical staff who were tech-savvy
and willing to embrace a new HIS to reduce re-
sistance to change. The premise was that they
would participate in the EHR development pro-
cess and be willing to embark on a journey to cre-
ate the first EHR system in Korea. The TFT initially
consisted of 15 doctors and 50 software engineers,
but when the coordination problem between the
physicians and software engineers persisted un-
til just two months before the opening of SNUBH,
the TFT leader reinforced the TFT by adding 35
additional doctors to achieve the agreed-on solu-
tion by matching one physician with one software
engineer, thus facilitating the completion of the
EHR system. The first function of this EHR, which
is now known as BESTCare 1.0, was porting over all
paper-based records to a digitized format.

Professors at SNUH were not offered any financial
incentives or promotion opportunities to move to
the new SNUBH, and most professors at SNUH
were already working on several projects with
many assistants. Moving to a completely new

work environment and preparing for the opening
of the departments in a new hospital could have
prevented the successful implementation of their
ongoing projects, which was required to ensure
continued financial support for their research. In
most cases, one professor per department moved
to SNUBH. When SNUBH opened, most of the
physicians were in their forties, which was rather
young for medical school professors. The only in-
centive, if any, was the power of freedom to de-
sign and manage their departments in the new
hospital according to their vision of medical care.
A new department head would be in charge of
designing the care processes, purchasing medical
equipment, hiring new medical staff, and setting
up specialized clinics. For example, Dr. Ha® the
head of the TFT, instituted Korea's first open ward
system. Before this, psychiatric patients had been
admitted to locked wards. The open ward system
was found to work well for patients, so all psychi-
atric departments at other medical schools in
Korea followed suit.

The TFT led the EHR development process. Phy-
sicians in the TFT explained to ezCaretech soft-
ware developers what they needed to monitor
results. When ezCaretech employees produced
prototypes or drafts of how a service would be
implemented, the TFT reviewed them and asked
for revisions if they were not satisfied. This process
was not easy and created conflict, even in this
purpose-built company. Another point of conflict
was how to incorporate the different tasks of each
department into an integrated framework for the
EHR system. In 2000, most EHR systems on the
market were for specific departments or func-
tions, such as EHR systems for internal medicine,
surgery, and outpatient departments or intensive
care units (ICUs). No EHR system covered all areas
of hospital care, and it was very difficult to com-
bine different care procedures from different de-
partments into an integrated system. For exam-
ple, a detailed record of tests and examinations
is crucial for the internal medicine department,
while the surgery department is much more con-
cerned with radiology and the documentation of
surgical processes.

6 Kyoo-Seob Ha, professor at the Department of Psychiatry, is the former head of the EHR TFT at SNUBH. Section 3 of this paper is based on a July
5,2021, interview with Professor Ha conducted by the SNUBH research team.

12
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Implementing an EHR system involves
changing work processes, but every de-
partment prefers its own version of work
processes.

To coordinate different ideas into a framework that
everyone agreed with was the most difficult part
of the implementation process. This was resolved
by the ruthless pursuit of an agreeable solution on
the part of the TFT, which was strongly backed by
the hospital leadership. This approach was possi-
ble because all the members of the TFT shared a
strong bond and took on the job as their own.

When the TFT was formed to create SNUBH'’s
EHR system, the first thing they did was per-
suade senior members of the university hospi-
tal of the usefulness of EHR systems. They em-
phasized that it was not difficult to use EHRs, and
once they were used to them, it would be much
easier and more convenient than filling out forms
by hand. This perspective was important during
the late 1990s because there was no pervasive
understanding of the need for or the possibility
of digitalization in patient care processes. Many
physicians thought that the standardization of
the care process, which required the implemen-
tation of an EHR system, was impossible. There
were many different approaches to care, and
many physicians thought that a standardized for-
mat for care was a sign of ignorance and incom-
petence. Moreover, physicians tend to be very
independent-minded and not easily persuaded
when it comes to the subject of how to provide
care to patients, and these views need to be re-
spected. No one should challenge their indepen-
dence and autonomy as experts in their field of
care. In Korea, those in senior positions carry more
influence over junior members of the faculty,
which reflects the traditional culture of seniority
still prevalent in the country. This culture of in-
dependence with seniority means that without
the support of medical staff, especially its senior
members, the introduction of an EHR system
would be almost impossible.

13

The support of the senior faculty members of
SNUBH was crucial when the first rehearsal, held
just a month before the opening of the hospital,
failed in many aspects, especially in hospital man-
agement functions. Some professors were doubt-
ful of the EHR and demanded a return to the old
work processes using papers and charts, and oth-
ers were worried about the financial burden that
the possible postponement of the opening might
cause. SNUBH had hired many physicians and
nurses starting a year before opening, and a large
sum of money in salaries had to be paid if it failed
to open on time.

In a departmental heads meeting, two of the
most senior professors came to the rescue of
the troubled EHR TFT by quelling the opposition
and giving a green light to the project. This was
possible because the heads of the departments
that attended the meeting were from the same
medical school at Seoul National University, and
they shared a strong senior-junior relationship—a
dynamic that was particularly strong within the
medical school, where seniority meant superior-
ity and authority. The move also proved that the
two senior members had a strong belief in the
TFT. The TFT had been working hard and was
committed to the success of the EHR project, and
their efforts were recognized. This is when, as a
last resort to resolve the communication prob-
lems, each physician was assigned one software
engineer as a partner, and they had to come up
with agreed-upon solutions at every step of the
decision-making process.

The partners worked day and night, study-
ing hard to overcome challenges that arose
and visiting US hospitals using EHR systems to
learn how they worked. Just one month before
SNUBH’s scheduled opening, the TFT fixed the
problems they had discovered at the rehears-
al, allowing SNUBH to open on time. The system
launch was an extraordinary feat given that the
doctors in the TFT had no prior knowledge of soft-
ware development. Dedication, concentration,
and collaboration were the driving forces behind
the construction of the EHR system.
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When SNUBH opened, its president made it clear
that all hospital processes would follow the TFT
guidelines. Support of the nurses proved to be an-
other major factor in the successful implementa-
tion of the new EHR system. The nurses liked that
the EHR system reduced their workload, and thus
their time and energy. The extra time and energy
could then be used to provide better patient care.
“Though physicians play a key role in diagnosing,
ordering, and surgery, it is nurses who spend a
whole day with the patients and enter the data
into an EHR system.””

After the opening of SNUBH, the implementa-
tion of the EHR system contributed to enhanc-
ing the quality of care by providing various types
of care information (such as the ICU readmission
rate, complications rate, and operation waiting
time) that could be retrieved from the CDW. Ini-
tially, physicians were given incentives to create
clinical indicators (Cls) for measuring and mon-
itoring the medical quality of care. The depart-
ment performance as measured by these Cls af-
fected budgetary allocations to each department,
which could be used to buy equipment that the
department wanted or for any other specific pur-
pose, so tech-savvy young physicians were active
in devising Cls for their departments. The num-
ber of Cls, thus increased from 19 in 2005 to 335

in 2012. The use of Cls and other indicators led to
“better patient safety, improved health care quali-
ty, and increased efficiency of hospital administra-
tion” (Yoo et al., 2014).

Because satisfying the needs and demands of
the physicians is vital to ensuring the successful
introduction of an EHR system, there is no such
thing as a one-size-fits-all EHR system. An EHR
system needs to be user-friendly by reflecting the
demands of the physicians and nurses using it.
For example, at SNUBH it was important to de-
velop an EHR system that assisted physicians in
making diagnoses and issuing orders quickly. The
first step toward the adoption of any EHR system
is ensuring the medical staff's confidence in its
ease of use. No matter how good an EHR system
is, it will be useless if medical staff find it difficult
and uncomfortable to use or if it provides little
help in improving the quality of care.

BESTCare was developed so that the
medical staff at SNUBH liked working
with it, so it appealed to staff and re-
duced the resistance to its adoption.

7 Quote from the interview with Professor Ha, conducted on July 5, 2021, by the SNUBH research team.

14
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Open full digital general hospital (609 beds)

Bestcare 1.0 implemented

Implementation of health information
exchange (HIE) system

Implementation of real-time asset tracking

Implementation of CLMA (Closed Loop
Medication Administration)

2008 Design of next generation HIS system

Implementation of next generation
PACS system

HIMSS Analytics Stage 7

Implementation of DR system
Adoption of desktop virtualization

Open mobile EMR, dashboard

Open Next Generation HIS (BESTCare 2.0).

Patient Guide & Bedside Station

HIS implementation in KSA
(Kingdom of Saudi Arabia)

ONC* Certified Health IT

RTLS asset tracking system

Re-validated HIMSS Analytics Stage 7

HIS implementation in USA

USA, SureScripts Certification

CILEL LT

Source: updated from Yoo et al (2012), Yoo, Hwang and Jheon (2016).

Notes: EMR = electronic medical record; HIE = health information exchange; HIMSS = Health Information and Management System Society; HIS =
health information system; ONC = Office of the National Coordinator for Health Information Technology; PACS = picture and archiving communi-
cation system. The ONC provides the Health IT Certification Program in the United States.
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2 3. CONSOLIDATING DIGITAL

TRANSFORMATION:
THE CREATION
OF BESTCARE 2.0

In 2010, SNUBH looked at the past five
years of trend data on yearly requests for
next-generation EHR improvements and
concluded that the existing architecture
harmed the speed and soundness of
BESTCare.

The big question was whether the medical infor-
matics team should continue maintaining the
system or strategically devise a new technical
solution for a more advanced system.

BESTCare 1.0 was based on .NET infrastructure,
which was inherently limited in its throughput.
In a way, BESTCare 1.0 was a reflection of the way
SNUH did things in the predigital world, so many
of the data tables were poorly mapped, such as
electronically implemented Cls or medication
administration systems. As data accumulated, a
more efficient system was needed to quickly ac-
cess and visualize patient’s history. In recognizing
the shortcomings of BESTCare 1.0, the chief infor-
mation officer and executive directors decided

17

to develop the next generation, known as BEST-
Care 2.0. The TFT team received a lot of support
and funding from SNUH to upgrade to the next-
generation EHR system.

In preparation for the 2.0 system implementation,
SNUBH received an on-site consultation from a
global firm from September to November of 2010
about the hospital’'s strategic IT directives and
approaches, the outlines of which are shown in
Figure 2. Topics of the consultation included spe-
cific IT environments, business directions, internal
capacities, and future key roles.

BESTCare 2.0 needed to have proper, consensual
leadership. Therefore, strategic planning meetings
for consultation and information were conducted
continuously from September 2010 to April 2011
All four hospitals of the SNUH healthcare group:
SNUH, SNUBH, Gangham Center, and Boramae
Hospital were potential users of the newly devel-
oped BESTCare 2.0 system and were part of the
consultation. A feasibility study was also done by
the same firm, done through 29 metrics, grouped
into 16 categories and three overall stages.
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External Factor Analysis

IT Implication

Internal Factor Analysis

Development and Delivery
of Patient-centered Service

Connection Between Strategic
Framework and IT Deployment

Advance Patient-centered
IT Systems

Strengthen Contents and
Channels of Medical Information

Strengthen Synergy
Between Hospitals

Lead the Advancement of
New Healthcare Technologies

Establish Internal and External
Cooperation Structure

Strengthen Patient Service
Competitiveness

Strengthen Attracting
Potential Customers

Maximize Synergy Effect
Between Hospitals

Improve
IT system

Establish Infrastructure for New
Technology Application

Strengthen Strategic
Capabilities of IT

Strengthen the Balance of
Public and Profit Gains

Prompt Response
to Government Regulations

Enhance Specialization
Between Hospitals

In order to respond to the changing internal and external environment, Seoul National University Hospital plans to
1) lead the advancement of new technologies in healthcare, 2) expand balancing of public/profit gains, 3) advance in
IT infrastructure, and 4) maximize synergy effect between hospitals.

Source: own work by the SNUBH.

By the early 2010s, through the consensus of all
four hospitals, a direction and blueprint for the
next EHR was decided. The head of Medical In-
formatics (chief information officer) for each of
the four hospitals joined in quarterly meetings.
Also present were the chief financial officers, chief
operating officers, and chief R&D officers. Each
hospital accounted for the needs of their institu-
tion from the bottom up, gathering the requests
and advice of all staff and faculty. Resources
were divided and task forces formed, as shown in
Figure 3. The next-generation system would also
benchmarked upon global standards, such as
HIMSS.
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The new hospitals did not have some of the ad-
vantages that SNUBH had. Starting from a clean
slate, not depending on previously developed data
tables that were poorly mapped, was very helpful
for SNUBH, when it was created. Because there
was No previous paper based system many, espe-
cially younger employees, easily and gladly picked
up the digitized systems. On the other hand, pre-
established hospitals whose resources may have
been 20 to 30 years old had a very hard time con-
vincing and assimilating their employees, includ-
ing the older doctors, to drop the paper and pen
and pick up the mouse and keyboard.
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https://www.himss.org/

Vice President/Head of HIS

Steering Committee

CIO Council

Chief Information Officer Practitioner Faculty Conservative

Boramae Medical

Gangnam Medical

Center

Center

Chief Information Director Informatics Designated
Officer (CIO) Center Faculty
28 professors » UX Mobile » HIE
Chief Operating Head Medical 41n':llr[\s/|es » Modeling‘ ) » Integration Head of
Officer (COQ) Information » Standardization Test Marketing
» CDW/CI » P
Chief Research PM/Director » Security » System I/F .
Development Officer of Informatics » CDSS » General anager
Center » CP/CPG Management
Research Conti laborati
Head of ontinuous collaboration
Faculty Miilic(;l with development team
! . & research team
Head of Informatics Information
Administration
Department Head
o of Inf . Project Leader » Nursing » Rehabilitation
Head of In Qrmatlcs » Pharmacy » Insurance
Operations Head » Records » Public Health
Administrator » Nutrition » HR

» Diagnosis » Finance/
» Nuclear Medicine accounting
» Radiography » Education

» Pathology » Budget
Practitioner Practitioner Practitioner » QA » Marketing Practitioner
Faculty Faculty Faculty » PLUS » Facility Faculty

Source: own work by the SNUBH.
Note: Head-level positions and subordinate C-suite positions for the four hospital centers of SNUBH are shown.
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From project launch to implementation of
BESTCare 2.0, the development took 1.5 years.
The official figures for the cost of development of
BESTCare 2.0 indicates 24 billion Korean won (ap-
proximately 20 million US dollars), however this
figure does not include all the expenses associat-
ed with individuals involved in the development
but not formally part of the development team—
given that project development necessitated
widespread institutional participation. To get a
better idea of the level of effort that is not contam-
inated by differences in inflation and wage levels
between the time of system development and
the present day, the total hours per month need-
ed was 1,260 for full-time physicians and 2,300 for
full-time IT engineers.

The project was largely separated into
four stages:

'@! Analysis
R ;
Design
Oy

& Implementation

Testing
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The first stage, analysis, outlined the tasks for
each role, the project’s scope, and formalized de-
tailed requirements. The second stage was the
design stage, which detailed the requirements
and architectural outline of the development
standards. This stage also included the design for
the service side, along with data modeling, data
migration plans, and basic user interface and user
experience outlines. The third stage, implemen-
tation, was mainly concerned with the actual mi-
gration of data. Last, the testing stage oversaw
various tests from specific modules to compre-
hensive integrated testing and the formalization
of proper procedural guidelines and protocols. All
four stages equally contributed to the develop-
ment of the final product as we know BESTCare
2.0.

By the time BESTCare 2.0 was released in 2013, a
substantial volume of patient data had accumu-
lated in BESTCare 1.0. This made the system up-
date crucial for rapid and correct diagnoses and
medicinal orders. In addition, a logical interface in
the form of a dashboard was constructed, where
all the important patient information could be
seen in a single glance. The update included data
standardization to enable the use of accumulat-
ed data for research. This feature convinced many
professors who were initially skeptical of using the
EHR system to find it convenient and beneficial
for patient care and research.
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TABLE 1:
BESTCare 2.0 Project Stages

Sept. - Oct. 2011 (2 months)

ReSUIts at « Initiate launch briefings.
° ¢ Determine requirements for each role.
the AnaIySIS ¢ Determine ongoing tasks and interface.
stage # Project implementation plan, scope

comparison table.
¢ Documented definitions and statements
of requirements.

Nov. 2011 - Jan. 2012 (3 months)

¢ User requirements, additional performance
results summary.

¢ Formalize and refine requirements.

¢ Formalize architecture and determine

development standards.
+ Design service side. Resu Its at
¢ Data modeling. the Design
# Establish data migration protocols.
+ Basic and detailed user interface blueprints, Stage

basic and detailedservice-side blueprints.

¢ Logical and physical ERD (Entity-Relationship

¢ Diagram for a Hospital Management System),
formalized entities jargon dictionary, domain
dictionary; formalized common code

¢ Formalized architecture, user experience style
guide, development environment guide.

Feb. — Oct. 2012 (9 months)

+ Data migration planning and activation.
¢ Data modeling.
# User interface design and development.

Results at the

Implementation + Application design and development.
¢ Modular testing.
Stage ¢ Source code.

¢ Report on modular testing results.
+ Data transfer mapping definitions.
# Data transfer results analysis.

Nov. 2012-Mar. 2013 (5 months)

+ Integrated testing.
o Trial testing.
o Parallel testing.

# System overload testing. Resu Its at

¢ User training. °

# Integrated testing and trial run protocols. the TeStlng
# Integrated testing and trial run results. stage

¢ Data implementation results.

¢ User manual.

¢ Administrator manual.

¢ Implementation and emergency procedures
protocol.

Source: own work by the SNUBH.
Notes: The project was divided into four phases: 1) Analysis, 2) Design, 3) Implementation, and 4) Testing.
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ACHIEVING RESULTS
THROUGH DIGITAL
TRANSFORMATION
AT SNUBH



Sfﬁz-' 4. ACHIEVING RESULTS

23

THROUGH

DIGITAL

TRANSFORMATION

AT SNUBH

How Was Success Defined?

The leaders of the development and im-
plementation of BESTCare 2.0 defined
the near-term success as the launch of
the system. Determining the efficacy of
the new EHR system was possible only a
few years after its implementation.

The key metrics were a reduction in time spent
on asset management, patient safety accidents
in closed-loop medication administration (CLMA),
and other error rates. A summary of other results
published in international journals is shown in
Figure 4 and a more detailed discussion of is
shown in section 4.1.
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. FIGURE 4:
: Summary of SNUBH'’s Digital Tran

sformation studies

Antimicrobial Prescription Intervention Program

Electronic Alerts with Automated Consultations
Promote Appropriate Antimicrobial Prescription

(PLOS ONE, 2016)

Clinical |

Appropriateness use of antimicrobial

( )

@ Effective therapy rate + 7.5% INCR.
© Optimal therapy rate » 26% INCR.
) De-escalation therapy rate » 86% INCR.
& Intravenous oral switch 2 7.1% INCR.

ndicator

Clinical Benefit of Electronically Implemented
Clinical Indicators Based on a Data Warehouse

(International Journal Medical Informatics, 2014)

Close-Loop Medica

(

 Surgical Antibiotic Admin rate
© Avg. Hospitalization Days

) ICU Mortality Rate

& ICU Re-hos. Rate

)

» 90% DECR.
» 73% DECR.
» 18% DECR.
» 8% DECR.

Clinical Benefit & Effectiveness

tion Administration

Analysis of a Large-scale
Closed-loop Medication Administration
System using RFID and Barcode

(Health Information Research, 2015)

Acute Kidney Inj

(

Prevention of MAEs

1. Patient Mismatch 0.73%

2. Drug Discontinuation 0.32% MAEs

3. Data Discrepancy 0.14% » Rate 1.22%
4. Drug Overdose 0.03%

ury Alert System

Impact of Electronic AKI Alerts with Automated
Nephrologist Consultation on Detection
and Severity of AKI

(American Journal of Kidney Diseases, 2017)

Effect of Early Consultation

(

& AKI Overlooked Rate
& AKI Incident Rate
& AKI Recovery Rate

)

» 67% DECR.
2 14% DECR.
2 44% DECR.

Clinical Pathway

Analyzing the Actual CP
Applications using BESTCare CP Support System

(Health Information Research, 2015)

(

CP Standardization/Adaptability

» CP Application Rate: 75%

* Considering order code,
date, and format

Rapid Response System

Successful Implementation of a Rapid Response
System in the Department of Internal Medicine

(American Journal of Kidney Diseases, 2017)

Health informa

ICU Patients Care using RSS

(

@ LOSin ICU
& Survival in ICU
& Duration of Intubation

)

» 37% DECR.
» 14% DECR.
» 10% DECR.

tion exchange

Can a health information
exchange save healthcare costs?
Evidence from a pilot program
in South Korea

(Park et al, 2015)

Sources: Kim et al.,, 2016; Park et al., 2018; Yoo et al., 2014 ; Yoo et al., 2015 ;

Lower costs for charges for clinical
laboratory tests (54%), pathological
diagnosis (76%), function tests (73%),
and diagnostic imaging (80%)

Hwang et al., 2016 ; Park et al., 2015.

Note: AKI = acute kidney injury; CDSS = clinical decision support system; CP = clinical pathway; ICU = intensive care unit; MAE = medication admin-
istration error; RFID = radio-frequency identification; RRS = rapid response system.

i
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4.1.) Close-Up Studies on
the Long-Term Outcomes
of the Digital Transformation

4.1.1. Close-Up 1| Antimicrobial Prescription
Intervention Program (Kim et al., 2016)

To address what was perceived as a notable gap in
addressing the prompt administration of appro-
priate antimicrobials, SNUBH initiated a program
of electronic alerts and automated infectious
disease consultations that was implemented for
appropriate antimicrobial prescriptions to treat
bloodstream infections in 2011. The intervention
combined the work of infectious disease and IT
specialists.

The key feature of this program has been inte-

grated pop-up message alerts, which give the
identification and antimicrobial susceptibility test

. FIGURE 5:

(ID/AST) results with a note about whether a con-
sultation with an infectious disease specialist is
needed. The pop-up mMmessages are generated for
all categories of ID/AST results for attending physi-
cians and allow them to make their own decisions
on the use of antibiotics, after which they could
directly consult on the results with infectious dis-
ease specialists. The use of EHRs has enabled fast-
er and more accurate communication between
physicians.

Because of this intervention program, attending
physicians were no longer required to open the
test results section of the EHR to view the results.
The program also greatly reduced unnecessary
antibiotic use and increased the proportion of
optimal therapy in nonoptimal episodes: the pro-
portion of effective and optimal therapy increased
by 20 percent, and the median time to effective
therapy was shortened by 19.5 hours in the same
period.

. Flow Diagram of Electronic Alerts and Automated Consultations

Pop-up
mesage

“Do you
want to
BN consultto

Choosing
the
patient
in the list

Reporting
of ID/
AST result

diseases?”

the division
of infectious

Automated
consultation with or
without additional

input of text

Pop-up mesage
disappeared

No
decision

Pop-up mesage

Electronic alert

Source: adapted from Kim et al (2016).
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not disappeared

.

Automated consultation
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4.1.2. Close-Up 2 | Acute Kidney Injury Alert
System (Park et al., 2018)

Many studies have addressed the necessity of im-
proving acute kidney injury (AKIl) outcomes, and
its risk factors and prognosis have been widely in-
vestigated (Dreischulte, Morales, Bell, and Guthrie,
2015; Garg et al.,, 2014; Mehta et al,, 2016). There is a
consensus that early detection of AKI is crucial to
improved patient outcomes. However, there are
certain ways to electronically monitor the status
of a kidney in real-time, which SNUBH has imple-
mented through an electronic AKI alert system
that fully integrates with the electronic health
record (or EHR) system and includes an automat-
ed nephrologist consultation about the detection
and severity of the AKI.

The AKI alert system automatically generates
direct consultations for attending physicians

. FIGURE 6:

with the nephrology division. The AKI alert sys-
tem asks a physician the severity of the AKI and
takes them to an automatically generated consult
note in the EHR or has them choose one of three
options:

1. Request a consultation with a more detailed
description from the nephrology division.

2. Request a consultation later.

3. Decline to consult the nephrology division.

With the AKI alert system, early consultations
with nephrologists increased by 21.4 percent. The
likelihood of AKI recovery was improved in the
alert group by 24.7 percent, while overlooked AKI
events decreased by 1.6 percent after early AKI in-
tervention and implementation of this specialized
management system using AKI alert message.

. Sample of an Automatically Generated Nephrology Consultation

. Request in the AKI Alert System

AKI events every
midnight

AKI event:

Serum creatinine

i concentration
elevation of at
least 1.5-fold or
0.3 mg/dL

§ O Mild
X Moderate
) Severe

Source: Adapted from Park et al (2018).
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[] Request a consultan
with a detailed description
[J Request a consultation

later
[ Not consult the nephrology
division
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The EHR-based AKI alert system altered the be-
havior of clinicians, increased the involvement
of specialists, and improved AKI outcomes. Ear-
ly nephrology intervention significantly improved
patients’ prognosis and rate of recovery from AKI,
patients in the alert system exhibited a higher re-
covery rate (80.3 percent) compared with those
receiving standard care (55.6 percent), and the
alert system showed a consistent association with
AKI recovery across all tested subgroups. Notably,
the benefits were more pronounced in patients
who had relatively preserved kidney function, had
been admitted to nonsurgical departments, had
no history of cancer, and were female.

4.1.3. Close-Up 3 | Clinical Indicators (Cl)
(Yoo et al., 2014)

A Cl is any measure, process, or outcome used to
judge a particular clinical situation and indicate
whether the care delivered was appropriate and
whether its measurement led to improvements in
the quality of medical care (Huston, 1999; Shortell
etal,1995). However, the proper managementand
maintenance of Cl data has been difficult because
of the manual input required for its collection and
allocation. SNUBH has devised an automated
implementation of a data-warehouse-based Cls
system to carefully evaluate clinical benefits and
performance for quality-controlled medical care.
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The data warehouse consists of a clinical Data
Warehouse (CDW), operational data storage, and
a data mart, and the inclusion of the electron-
ic Cls in the data warehouse does not interfere
with the EHR system’s operations. Financial in-
formation, patient information, and medical data
including diagnoses, prescriptions, tests, medical
records, and nursing records are automatically
updated daily from the operational EHR database
to the data warehouse. In addition, online analyt-
ical processing was also implemented to devel-
op functions to search, analyze, and visualize the
data. SNUBH then created four types of electronic
indicators: Cls, performmance indicators, safety in-
dicators, and patient experience indicators. Those
indicators are decided on monitoring the perfor-
mance of the operational EHR system.

The system helped end-users access the mon-
itoring data and immediately use it to improve
their quality of care, work efficiency, and pa-
tients’ safety. For example, optimal dosages of
preoperative antibiotics were improved by giving
feedback on preoperative antibiotic prescription
through continual monitoring, which led to an
optimal selection of which preoperative antibiot-
ics to prescribe. Also, the overall ICU mortality was
reduced by 2.1 percent, and the average length of
hospitalization was shortened by 5.8 days.
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. FIGURE 7:

The Architecture of SNUBH'’s Clinical Indicator System,

: Based on a Data Warehouse

<
. Retrieval
Direct Care for Research &
Free-text
Nursing e Data Retrieval
Analysis
Treatment
Supportive COERES (%
Care Clinical
Indicators
Administration ETL Sy
Satisfaction
\V Memory Platform — T
Insurance ( \ 6Sigma
Quality of &
Other medical Records |
= B Clinical Pathway
G 3 Indicators —y
< % 2 Memory 9,
=l S Insurance o)
EMR Analysis
.

Source: Yoo et al (2014).

4.1.4. Close-Up 4 | Clinical Pathway
(Yoo et al., 2015)

Effectively managing inpatients during hospital-
ization by providing a multidisciplinary treatment
plan and step-by-step execution of clinical activi-
ties for a particular diagnosis is known as a clinical
pathway (CP). As one of the leading digitized hos-
pitals, SNUBH has conducted a study to confirm
the conformance rate of CP usage through EHR
log data from its tertiary general university hospi-
tal setting.
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This study required the analysis of application
and matching rates of clinicians’ orders with pre-
defined CP order sets based on data from 164 in-
patients who received appendectomies out of
all the patients who were hospitalized for almost
a year. Then, EHR log data was collected on pa-
tient information, medication orders, operation
performed, diagnosis, transfer, and CP order sets
using the process mining technique.
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The average value of the actual application rate
of the prescribed CP order ranged from 0.75 to
0.89. The application rate decreased when the
order date was factored in along with the order
code and type. Among CP pre-operation, intra-
operation, post-operation, routine, and discharge
orders, orders pertaining to operations had higher
application rates than others. Routine orders and
discharge orders had lower application rates.

This analysis of the application and matching rates
of CP orders suggests that it is possible to increase
these rates by updating the existing CP order sets
for routine discharge orders to reflect data-driven
evidence. In this case, the CP adoption rate with
BESTCare was as high as 89 percent when consid-
ering only the order code, and at least 75 percent
when order date and type were factored along
with the order code. The study does not compare
adoption with a non-EHR comparison group, but
it shows that it is feasible to improve the applica-
tion and matching rates of the CP solely by using
EHR log data.

4.1.5. Close-Up 5 | Closed Loop Medication
Administration (Hwang et al., 2016)

Proper administration of medication is
one of the most vital processes in patient
care.
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About 1.5 million Americans go through injuries
caused by medication errors every year, of which
25 percent could have been prevented (Institute
of Medicine, 2007). To mitigate this error at all care
stages, SNUBH devised a closed-loop medication
administration (CLMA) system to determine the
risk factors and rate of alerts frormn medication ad-
ministration errors (MAESs). The risk factors consid-
ered for MAE alerts included administration time,
order type, medication route, the number of med-
ication doses administered, and factors associat-
ed with nurse practices, done through a logistic
regression analysis.

All medication administrations in the general
wards were automatically recorded in real-time
using radio-frequency identification (RFIDs),
barcodes, and portable point-of-care devices.
The MAE alert logs were recorded for a full year in
2012 to gather the data for an in-depth trial anal-
ysis. The database was not trivial in size, with a to-
tal of 2,874,539 medication doses recorded from
up to 30,232 patients. Of these, there were 35,082
MAE alerts identified (approximately 1.2 percent of
total medication doses), most of which occurred
during nonstandard hours or as part of emergen-
cy orders and were dependent on the total num-
ber of medication doses administered per patient.
Other significantly related factors included medi-
cation route, assigned nurse's employment dura-
tion, and work schedule. All of these factors were
used to tweak the alert system and lower false
alerts to reduce MAEs for the safety of patient care.

Digital Health Case Studies: Korea @



. FIGURE 8:
: Schematic lllustration of the Medication Administration
. Process in the CLMA System

PROVIDER RISK FACTORS FOR MAE ALERTS

On admission to the hospital,
patients are fitted with a
wristband carrying a RFID tag

A barcode is attached
to all dispensed drugs
per packing unit

The nurse performs
a crosscheck between
the patient’s wristband and
barcode on the drug packing
using a POC device

Retry

Correct Incorrect

[ |

Details about the medication A warning message about
information are displayed the error is displayed on
on the POC devide screen the POC devide screen

The nurse carries out The error is recorded

medication administration automatically in
to the patient the error log file

The medication administratio The nurse should
process is recorded check the error
into HER automatically and correct it

Source: Hwang et al (2015).
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4.1.6. Close-Up 6 | Rapid Response System
(Lee et al., 2014)

Unforeseen patient deaths are some of
the most difficult situations to respond
to in a clinical setting.

To mitigate this, SNUBH has devised a rapid re-
sponse system (RRS) to prevent unexpected pa-
tient deaths from clinical errors, especially in the
fast-paced environment of ICUs. For example, the
RRS was used to identify and respond to patients
with early signs of clinical deterioration in non-
intensive care units, admitting them to the ICU as
necessary. To assess the activity and outcomes of
an EHR-based RRS for hospitalized patients in in-
ternal services, a total of 4,849 alert lists generated
from 2,505 patients were analyzed. Of those, RRS
was activated in 58 patients. 44.8 percent of those
patients admitted to the ICU, and a “do not resus-
citate (DNR)" order was initiated by the RRS physi-
cian in 12.1 percent of those RRS activated patient.
It was also found that low oxygen saturation was
the most commmon criterion for RRS activation.

Overall, ICU admission via the RRS resulted in a
significantly shorter length of stay in the ICU than
that with conventional admission (6.2 days ver-
sus 9.9 days, a 37 percent decrease). This finding
is important because long-term stays in the ICU
are adversely related to health outcomes because
of the increased risk of infections, other complica-
tions, and even mortality (Lee et al., 2014).

An additional finding was that patients admit-
ted via the RRS and the conventional methods
had similar disease severity, but the former had a
slightly lower likelihood of organ failures. This sug-
gests that the early detection of at-risk patients in
general wards and early intervention via the RRS
can prevent the development of organ failure.
Also, the RRS might lead to a short length of stay
in the ICU as well as possible improved clinical
outcomes in long-term observation.
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4.1.7. Close-Up 7 | Health Information
Exchange System (Park et al., 2015)

Many institutions and national governments
have tried to proliferate and expedite the pro-
cess of adopting HIE technology. As a common
IT infrastructure, HIE can directly improve the
quality and efficiency of many clinical facilities by
allowing users on-demand access to health care
information generated by all other providers. The
Ministry of Health and Welfare funded a 3-year pi-
lot program at SNUBH from 2007 to 2010 to assess
the impacts and effectiveness of HIE in health
care utilization and costs of patient episodes at a
tertiary referral hospital environment.

Over a 17-month duration from June 2008 to Oc-
tober 2009, a total of 1,265 HIE cases and 2,702
non-HIE cases have been studied from referred
patients of 35 HIE and 59 non-HIE subtertiary clin-
ics, respectively, to the SNUBH. This study exam-
ined nine measures of health care utilization and
the magnitude of clinical information exchanged
in four categories. Cost savings were calculated
through linear regression models with dummy
variables for HIE participation and patient classifi-
cation codes controlling the case-mix differences
between HIE and non-HIE cases.

The result showed that the mean total charges
and mean number of orders were significant-
ly lower in the HIE group than in the non-HIE
group. By improving physicians' access to past
Cis, thereby reducing diagnostic test utilization
and health care costs, the total charges incurred
by the HIE group were lowered by approximately
13 percent, while their charges for clinical labora-
tory tests, pathological diagnosis, function tests,
and diagnostic imaging were more than halved,
at times up to 80 percent. (Park et al, 2015). The
government emphasized the inequitable benefit
distribution between providers and payers (the
payer benefits but the provider pays for the tech-
nology), as well as between tertiary hospitals and
referring clinics. To rectify this imbalance, incen-
tive mechanisms were recommended to com-
pensate providers for implementing an interoper-
able HIE system.
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In 2009, a new Medical Information Exchange
System (MIES) was developed by SNUBH and
the Center for Interoperable EHR of Korea
(CIEHR) based on exchange standards. On its
launch, this system allowed seamless access to
heterogeneous systems. By adhering to interna-
tional standards for information exchange, it not
only enhanced connectivity for domestic medical
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institutions but also extended accessibility to inter-
national medical establishments (Han et al., 2010).
Since its launch in 2009 with SNUBH'’s 35 clin-
ics, this HIE network has expanded by 2022 to 61
tertiary-level hospitals with 7,500 clinics—which
covers all the tertiary-level hospitals in Korea, mak-
ing the HIE network nationwide (MOHW, 2022).
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5. HOW SNUBH'’S DIGITAL
TRANSFORMATION HELPED
IN COMBATING COVID-19

At the outset of the COVID-19 pandemic,
Korea was taken by surprise.

To prevent the medical system from collapsing in
early 2020 when cases spiked dramatically, com-
munity treatment centers (CTCs) were established
starting in March 2020 across the country to take
care of patients with mild symptoms awaiting
hospital admission and those who seemed to
be recovering. As part of these triage efforts, the
faculty of family medicine team, dispatched from
SNUBH led the CTCs to help create a digital field
hospital to manage COVID-19. SNUBH'’s IT pre-
paredness played an essential role in designing
and creating a fully functional digital field hos-
pital in short time maximizing the few resources
to develop an architecture of telemedicine where
intensivists and primary care doctors could mon-
itor patients in the CTCs (Jung, Hwang, Lee and
Baek, 2020).

The CTC digital hospital was built in a short period

thanks to SNUBH's advanced IT, and digitaliza-
tion was important for three main reasons:
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1. To minimize direct contact with patients.

2. To keep and record all the data and infor-
mation electronically and incorporate it into
EHRs.

3. To implement a telemonitoring system to in-
teract effectively when necessary.

With BESTCare 2.0, SNUBH's EHR system, all pa-
tient data is integrated bidirectionally through
an electronic monitoring system. At the CTCs,
the system was utilized as an information hub to
gather all the medical information from patients,
including personal health records, and clinicians
were able to communicate with the patients
through video calls.

At the same time, a SNUBH personal health re-
cord solution called Health4U, which monitors
a patient’s vital signs (blood pressure, pulse rate,
body temperature, etc.) was used in the CTCs.
Moreover, physicians were able to analyze the
symptoms they were seeing in their CTC patients,
as well as from the risk alerts identified from the
complaints registered via electronic surveys that
SNUBH built to integrate the patient's survey re-
sult automatically into BESTCare.
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. FIGURE 9
. The Telemedicine Architecture for CTCs Supported by SNUBH
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Source: Jung, Hwang, Lee and Baek (2020).
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6. CONCLUSION



%Digital transformation of SNUBH through

the implementation of BESTCare 1.0 and 2.0
required both a top-down and bottom-up
approach. It required a decisive investment
decision by the high-level decision-makers,
as well as key inputs of the end-users at in-
ception. Continuous support from leadership
was essential as it was understood that results
would not be shown in the short term. The
composition of the team was a key factor in
building a common understanding between
health personnel and IT personnel of what
was required from the system, matching IT
and health personnel one to one enabled
the team to overcome obstacles at a critical
time. Another important lesson is the need
to redesign processes independently of the
paper-based approach, a lesson that was
learned for the development of BESTcare 2.0.
Also important is listening to the users so that
the designs end up facilitating their work and
make it easy to use the system. Finally the
system should create value for the users, en-
abling the use of the data for research was a
key factor in EHR adoption in the SNUH group.

Q{> The effects of SNUBH’s digital transforma-
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tion can be assessed through the gradual
improvement in the hospital’s cost efficiency
and clinical quality. In the last decade SNUBH
was able to perform various studies of the
different features that make up BESTcare 2.0.
showing objectively that the system has en-
abled improvements in both quality and effi-
ciency. These features, enable data-powered
real-time preventive interventions, which was
an unfeasible endeavor in the former print-
out-based analog era of hospital systems.
Each feature allows for easy reutilization and
repurposing. lllustrated by SNUBH'’s response

7. CONCLUSION

to the COVID-19 situation, the widespread es-
tablishment of the CTC field hospital became
achievable through the modularity and re-
purposing of modules within the integrated
EHR ecosystem. This adaptability facilitat-
ed a rapid response tailored to the specific
circumstances.

Q> SNUBH’s close-up studies also show several

areas of verifiable long-term benefits of the
EHR system. Given that digital transforma-
tions cannot be expected to return numerous
short-term gains, it is nonetheless clear that
persistent, long-term investments toward
fully digital hospitals yield long term returns,
including in ways that are not foreseeable at
the time a digital transformation is undertak-
en. It is important to invest in such studies to
make sure there is a return on the investment
in terms of quality of care and to ensure con-
tinuous support for the project.
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