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Abstract In Japan, the National Clinical Database (NCD)
was founded in April 2010 as the parent body of the database
system linked to the board certification system. Registration
began in 2011, and to date, more than 3,300 facilities have
enrolled and more than one million cases are expected to
enroll each year. Given the broad impact of this database
initiative, considering the social implications of their activ-
ities is important. In this study, we identified and addressed
issues arising from data collection and analysis, with a pri-
mary focus on providing high-quality healthcare to patients
and the general public. Improvements resulting from NCD
initiatives have been implemented in clinical settings
throughout Japan. Clinical research using such database as
well as evidence-based policy recommendations can impact
businesses, the government and insurance companies. The
NCD project is realistic in terms of effort and cost, and its
activities are conducted lawfully and ethically with due
consideration of its effects on society. Continuous evaluation
on the whole system is essential. Such evaluation provides
the validity of the framework of healthcare standards as well
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as ensures the reliability of collected data to guarantee the
scientific quality in clinical databases.
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Introduction

When evaluating healthcare quality, it is important to
consider the structure, process and outcome [1, 2]. How-
ever, Japan’s healthcare policies have so far been evaluated
mainly from the structural viewpoint of offering a system
that provides plentiful medical care, i.e., on the number of
institutions, physicians, specialists and nurses, on making
sure that even a sparsely populated area has a medical
facility and on ensuring that patients have access to spe-
cialists. This viewpoint of providing widespread medical
care has a historical background [3]. In Japan, the fair
distribution of medical resources has been politically
emphasized in the context of universal health insurance.
The equity of healthcare services in Japan is of interna-
tional value, but when the service quality is referenced, it is
important to systematically evaluate not only the structures
of the services, but also their processes and outcomes.

To facilitate such evaluations, all surgical societies
related to general surgery cooperated to establish the
National Clinical Database (NCD), which systematically
collects verified data in cooperation with various clinical
fields so as to achieve the social responsibility of providing
the highest quality healthcare possible in Japan [4, 5]. In
order to evaluate the practices and performance of spe-
cialists, a committee for each specialty has been set up, and
each of them identifies its framework for benchmarking.
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As the surgical societies pay for all of the development and
operating costs for the database, participating institutions
can use the database system for free. Thus, it is mandatory
for the institutions to participate in the benchmarking
project when applying for the board certification system.
Over 3,500 institutions were participating in the NCD in
September 2012, and over 1,200,000 cases’ data had been
registered in 2011. The NCD, in cooperation with the
specialist system, will provide important knowledge for
future clinical database design and usage [6].

Without a systematic evaluation based on objective
information, it is difficult for professionals to achieve
social accountability. However, the Japanese healthcare
system has been established through profit-sharing among
specific groups, including the revision of the fee-for-ser-
vice system, without fulfilling its social responsibility to
weigh social advantage and costs objectively [7]. This
system was formed on the basis of rapid economic growth
after World War II and a pyramidal population structure.

With the slowdown in economic growth and the coming
unprecedented aging society, it will not be possible to keep
the current system anymore. Under these circumstances,
reconfiguring the system only for a cost reduction will end
up affecting its fair accessibility and the quality of the
health care. First, whether the values of systematic evalu-
ations based on verified data in the NCD will be suitable
for the new society will be validated, and second, resource
allocation and the development of a system structure to
fulfill the values will be considered. The NCD was built as
a platform not only for medical providers, but also for
stakeholders, such as administrators, legislators and insur-
ers, to allow them to provide better healthcare and to seek
roles in collaboration. Using the nationwide platform, the
collaboration among the stakeholders in Japan will also
allow them to give useful suggestions to other countries
that will face aging societies in the near future. We herein
evaluate the significance and issues related to database
initiatives that impact various aspects of society.

Social significance and issues related to the database
initiatives

We herein evaluate the social impact of the clinical data-
base initiatives from the perspectives of utility, feasibility
and propriety standards [8]. The utility standard involves
understanding the values of those involved in the initia-
tives, as well as those affected by it, determining their
needs and evaluating whether services are offered that
address these needs. The utility standard is assessed from
the perspectives of (a) clarification of the central issue,
(b) comprehension of the values of those involved,
(¢c) comprehension of the process and outcomes and
(d) consideration of the impact that the initiatives have.
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The feasibility standard relates to verifying whether the
initiatives are realistic and economically reasonable. This
standard is discussed herein from the perspectives of
(a) political validity, (b) realistic progression, (c) project
management and (d) resource use. The propriety standard
relates to whether the initiatives are carried out lawfully
and ethically and whether they pay due consideration to
those affected by the results, as well as those involved in
the initiatives. The propriety standard is assessed from the
perspectives of (a) respect for basic human rights,
(b) transparency and information disclosure and (c) main-
taining balance.

The utility standard
The central issue

Just as the United States (US) Institute of Medicine iden-
tified the concept of “healthcare for the patient” as the
chief provision of the twenty-first century medical revo-
lution [9], patient-centric considerations are also an
important aspect of future healthcare. Reducing medical
costs is often a central policy issue in healthcare. However,
the primary aim of healthcare should be to provide the best
service to patients, rather than to curb medical costs [10].
High-quality healthcare services must be provided to
patients, and considering how to design and coordinate
practical approaches and the healthcare provision system,
such as that for remuneration, is important to achieve this
goal.

A key consideration when discussing the topic of
improvements in healthcare quality is to define, understand
and evaluate the quality that brings to fruition the values of
the patients. The existence of “specialists” in various fields
implies that a different result is expected when such spe-
cialists are involved in healthcare, compared with when
non-specialists are involved. Thus, to fully grasp the
quality of healthcare, the different effects that result from
specialist involvement must be explained from the patient’s
perspective. Also important is the understanding of how
each specialty is defined and the extent of their involve-
ment. This can be achieved through continuous measure-
ments and evaluations of the structure (e.g., human and
material resources, organizational structure and operational
management policy), the healthcare process (e.g., diagno-
sis/examinations, judging treatment indications, patient
transport and admission and surgery/treatments) and
healthcare outcomes (e.g., short-term mortality, complica-
tions, mid- and long-term prognoses and patient quality of
life) for each specialty. In this context, the central goal of
the NCD is to serve as the foundation for the development
of a system that provides long-term, high-quality
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healthcare by interfacing with the clinical setting in terms
of systematic data collection and practical analyses.

The value of the NCD to stakeholders
Patients and the general public

The benefits of the NCD for patients and the general public
include their ability to receive high-quality healthcare
through the improvement of the healthcare service
throughout Japan. This is achieved through directives by
the NCD for improvement, with the clinical setting at the
forefront. By reviewing the NCD data, patients can choose
facilities that suit their preferences, whether it be the pre-
sence of board certified physicians of a relevant field, or the
certification of a particular facility.

Health care providers

By unifying the standards of data management, health care
providers in clinical settings can compare their approaches
with peers throughout Japan and gain an understanding of
where they stand. A risk-adjusted analysis based on nation-
wide data allows for one to determine and provide feedback
on the information of the risks patients have beforehand. On
the basis of these objective data, health care providers can
then determine treatment indicators and obtain informed
consent. Standardized information can be reformulated as
case reports and shared at conferences. Moreover, the use of
the NCD at individual facilities can reduce the burden of
paperwork, for example, by providing clinical organizations
with access to data for applications of certification, such as
those required for board-certified physicians [11, 12]. By
adding additional items and using data from one’s own
facility, clinical research may progress more efficiently.

Participating institutions

Facility reports, in which the severity-adjusted clinical
performance of a facility is contrasted with nationwide
data, are periodically sent to the participating institutions.
These reports can describe the characteristics of each
institution and elucidate the issues that require solution.
Moreover, knowing one’s position among peers allows for
strategic planning and proper staff management. The mere
fact that a facility participates in a benchmarking project
that uses NCD data is in itself a means to ensure stable
quality as a facility [13, 14].

Clinical organizations

Maintaining a clinical database as per the unified standards
and definitions allows clinical organizations to improve

their understanding of the actual performance of various
fields, particularly when unified standards and definitions
exist. Not only do unified standards increase the repro-
ducibility of the collected data, they also ensure scientific
accuracy. The large sample size offered by the database
further paves the way for various types of research designs.
Moreover, accurate information, as well as insight into the
implementation status of various treatments and their
effects, allows clinical organizations to provide policies
and recommendations on the evidence-based board certi-
fication of physicians, their effective placement, improve-
ment of their work environments and setting remuneration
schedules. By serving as the driving force for efforts to
improve the quality of healthcare, clinical organizations, as
groups of specialists, can broadly appeal to the utility of
certified facilities and the significance of board certified
physicians to society, and at the same time, achieve
accountability to society.

International collaboration is important to evaluate the
quality of healthcare and produce meaningful results. The
aim of the collaboration is to compare the incidence rates
of diseases, the treatment trends and the outcomes and to
identify factors that explain the differences. The NCD was
developed in collaboration with the leadership of the
American College of Surgeons National Surgical Quality
Improvement Program (ACS NSQIP), which adopted a
similar goal of developing a standardized surgery database
for quality improvement and investigation. The core
members of the NCD joined the meetings and seminars of
the ACS NSQIP to discuss various issues related to a large
clinical database, including the data collection methods,
data feedback and public relations. In addition, the NCD
implemented the same variables as those of the ACS
NSQIP to facilitate future international cooperative studies.
This collaboration is expected to lead to potential global
benchmarking and further collaborative efforts to evaluate
and improve clinical practices.

Pharmaceutical/medical device companies

Research collaborations with clinical organizations will
allow pharmaceutical and medical device companies to
more rapidly carry out trials and post-marketing surveil-
lance of pharmaceutical products and medical devices.
Trials based on the NCD will decrease the costs associated
with clinical trials and provide opportunities to obtain
information on unregistered patients, thereby improving
the scientific quality of the research. Moreover, when
randomization is ethically difficult, data from the cases in
the clinical database can be used to generate a control
group, making it easier to determine the effects of inter-
ventions. For post-marketing surveillance, information on
the effects and use of medical devices and drugs is valuable
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for the development and promotion of more effective drugs
and devices.

Government and insurance companies

A lack of understanding regarding healthcare quality
indicators may result in the provision of low-quality care
that increases the overall costs because it results in
expensive postoperative adverse effects and higher rates of
complications and mortality. Previous studies have repor-
ted that decreases in the mortality rates and incidence of
adverse events through benchmarking activities can help
cut down medical costs [15, 16]. Therefore, taken together,
the coordinated efforts of the NCD, which carries out
clinically led benchmarking activities, may benefit the
government and insurers.

Processing and reporting results
Benchmarking reports

As discussed above, a report is periodically distributed to
participating facilities and provides data on each facility’s
severity-adjusted clinical performance in comparison with
the national data. The report is formatted in a way that
makes the patient characteristics evident. In the cardiac
surgery field, a web-based program already provides
feedback on severity-adjusted clinical performance [17].
Real-time feedback through the web provides an opportu-
nity to observe changes within facilities and shifts in
clinical performance instantaneously.

NCD and the board certification system

Data registered with the NCD can be used to design evi-
dence-based board certification systems. In addition to easy
tracking of clinical performance, source data acquisition
will also become easier, as the system streamlines the need
to apply for source data and its usage. Through appropriate
data registration, it will also be easier for facilities to
become certified or considered an “associated facility” by
achieving stable performance. With an effective certifica-
tion system, the clinical performance data required for the
certification process can be readily obtained, and perfor-
mance comparison and on-site audits using source data can
be conducted. For the most part, the current Japanese
system focuses on the clinical experience of board-certified
physicians. Coordinating with the NCD may enable these
organizations to operate on the basis of the parameters that
better reflect the clinical reality, including the severity-
adjusted clinical performance and the rate of use of
appropriate clinical treatments.
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Communication within the clinical settings

From various perspectives, including reporting the results of
the data analyses, status of database operations, policy mea-
sures through the NCD, improvements in entry items and
interfaces and supporting each facility’s efforts, the NCD and
facilities of various fields will need to share information and
communicate to operate at an advanced level. Periodic
meetings, such as symposia and scientific conferences, in
addition to the use of the web and e-mail, provide opportu-
nities to share information and increase awareness. Further-
more, the formation of region- or topic-specific groups will
promote NCD-related activities. These activities will enable
organizations to introduce and share the best practice rec-
ommendations in the participating clinical departments.

Progress reports to patients and the government

Periodic reports for patients and government officials will
ensure the impartiality of NCD-related activities. To this
end, the NCD has established a group of outside experts
(e.g., patients and specialists of law and information) to
provide such reports. Moreover, when outside organiza-
tions provide funding, conflicts of interest must be con-
sidered. When institutional support is required to provide
high-quality healthcare, policy recommendations must be
coordinated among the members of the government, leg-
islature and patients.

Considering various influences

In addition to prioritizing and appropriately designing
NCD benchmarking efforts in various disciplines, an
understanding of the overall clinical performance and the
temporal transition of clinical processes is important. For
instance, when a new treatment is widely used, the data-
base must be kept current to understand and follow the
impact of this treatment. For clinical performance evalua-
tions, if inter-facility differences in perioperative mortality
become small, the focus will need to be placed on a dif-
ferent complication with a larger disparity between facili-
ties, and initiatives that consider this new area of
investigation will be needed. Negative influences must be
considered as well. In other countries, different bench-
marking stances have had a major impact on patient
selection, for example, the treatment of critically ill
patients may be avoided, or patients may be discharged
early or transferred to different departments [I8, 19].
Continuous assessment of the impact of the NCD may help
to prevent such occurrences in Japan. When clinical
organizations offer recommendations to the government or
other institutions, the consequences and effects of these
recommendations must be monitored. This would allow for
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before-and-after comparisons of certified facilities with
regard to patient transfer and the impact of certification on
the clinical performance [20, 21].

The feasibility standard
Political validity

The NCD was established in April 2010 as a general
incorporated association in partnership with several clinical
organizations (http://www.ncd.or.jp). By participating as
members of various NCD divisions, leaders of various
organizations and those in charge of the board certification
system can continuously guarantee partnerships with the
leadership of various disciplines and the board certification
system. However, NCD operations are free from the
influence of other stakeholders, such as the government and
businesses. Although donations from businesses and gov-
ernment research grants can help fund NCD-related activ-
ities, these are used in a manner that secures the
independence of NCD operations.

Realistic progression

In order for NCD operations to continue successfully, it
may be beneficial for the various specialty divisions to
divide roles among themselves and to collaborate in per-
forming the day-to-day operations. Independent NCD
divisions are already in place for continuous coordination
with the board certification system in each field. The data
management and analysis secures the scientific quality of
the data and analysis, systems management ensures the
continuity and security of information systems and inves-
tigation of the legality and ethicality of activities aids in
securing resources and preparing budget plans.
Particularly important is the development of a system
that allows for easy data entry and reduces the burden on
those entering the data. To this end, case registration in the
NCD is based on an easy-to-use web system. The results of
a questionnaire survey of various clinical departments
registered with the NCD indicated that 63 % of respon-
dents entered information directly via the web while
referring to medical records (i.e., source data: Table 1), and
52 % entered information in real-time or immediately upon
finalization of the information without delay (Table 2).
Moreover, the survey revealed that data entry was per-
formed at common hospital computer terminals or on
individuals’ personal computers in most cases. In 3.1 % of
clinical departments, data entry was performed at an
operating room computer terminal (Table 3); however,
entering data onto the web while referring to source data
was difficult for some departments. Therefore, information

Table 1 The input method (multiple answers allowed, n = 2,123)

n %
Direct data entry via the Web while referencing 1,344 63.3
medical records
Data entry after first accumulating data in the 458 21.6

department’s database (e.g., FileMaker, Access)

Data are first written on case report forms (CRFs; data 438  20.6
entry manuals) and then registered

Departmental information systems, such as electronic 175 82
medical charts, are first revised to be compatible with
the NCD before data entry

Others 37 1.7

Table 2 Timing of data entry (n = 2,123; as of January 13, 2012)

n %

Register case information in real-time to the extent 503 24

possible
Register case information upon finalization of 598 28

information
Case information is collected and entered periodically 1,022 48
Table 3 Location of data entry (multiple answers allowed,
n = 2,123)

n %

Common terminal other than a hospital terminal 1,156 54.5
Personal computer 1,081 50.9
Hospital terminal outside the operating room 325 15.3
Operating room terminal 65 3.1
Others 50 24

was written on paper first and entered into the system later
(Table I). The Case Report Form developed by the NCD is
useful in such situations. ‘

In order to avoid the burden on physicians, the NCD
allows data entry by various medical staff members in each
department. NCD data entry privileges allow people other
than physicians to enter the data. Table 4 lists the data
entry workers utilizing the NCD as of January 13, 2012.
Although the department chair entered information in 58 %
of the departments, a medical information manager entered
information in 10.2 % and a medical administrative assis-
tant did so in 35.1 % of departments. Importantly, either
the department chair or a physician designated by the
department chair must approve each case for data entry
when somebody other than a physician enters the data to
secure the data accuracy. Before the initiation of the
database, tests were conducted in various relevant areas to
determine the user needs. As a result, an easy-to-use
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Table 4 Data enterer (multiple answers allowed, n = 2,123)

n Yo
Department chair 1,125 53.0
Department-affiliated physician (other than department 1,232
chair)

Department-affiliated resident 113 53
Physician affiliated with different department 7 03
Nurse 13 06
Medical information manager 216 10.2
Medical administrative assistant 745 35.1
Others 60 2.8

system with an error identification component was devel-
oped. Efforts to improve the system continue today in the
form of a questionnaire on the web that solicits comments
on how to improve the system.

Management plan

A database cannot operate on its own if no data are entered,
regardless of whether the system is ready for operation. As
its name suggests, a clinical database requires the entry of
technical and clinical information, which can be time-con-
suming. Securing funds for labor costs associated with data
entry for each department is no simple task in Japan.
Therefore, consistent with this, data are often entered by the
physicians themselves. In the NCD, data entry is performed
by workers of various backgrounds (Table 4). Continuous
sharing of high-quality data requires the securing of funding
and personnel to enter the data. In addition, the data must be
verified. To address this issue, NCD-registered hospitals
throughout Japan have been requested to provide continuous
support and understanding of the processes involved in
maintaining such a huge database. For example, large hos-
pitals may perform examinations that might not be carried
out at small-scale facilities. Therefore, data from such
examinations cannot be included as entry items in the
database. Thus, an important consideration is the verification
of whether entry items and the entry system are realistic for
each participating institution. Moreover, because the clinical
database documents medical treatments, database items and
options inevitably change with advances in surgery and
changes in treatment. Depending on when the entry items are
revised, the entered data may no longer be used; therefore,
frequent revisions without careful planning must be avoided.
This underscores the importance of entry item management.

Resource use

By unifying the standards and digitizing the medical record
systems in each participating facility, the costs related to
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data collection may be minimized. In addition, incorpo-
rating a program that extracts clinical information other
than that requiring a physician’s judgment into the database
would decrease the burden associated with data entry. In
this way, the clinical database may be most efficiently
developed in conjunction with developments in medical
record systems.

The propriety standard
Respecting basic human rights and consensus building
Ethical guidelines and study types

The NCD is grounded on the framework of observational
studies. Therefore, no additional tests or surgery, or even a
prolonged length of stay, are required for the institution to
participate, and the registration of patient information does
not influence the treatments. Projects that do not involve
documenting actual events are bound by the Ethical
Guidelines for Epidemiological Research developed by the
Japanese Ministry of Education, Culture, Sports, Science,
and Technology and the Ministry of Health, Labour and
Welfare [22]. For interventional studies, such as random-
ized-controlled trials, comprehensive registration in the
NCD may be desirable [23]. In such cases, a new review
based on the Ethical Guidelines for Clinical Research must
be conducted [24]. Even within the framework of obser-
vational studies, broadening registration details and tar-
geting certain disorders can change the nature of the
management and operation of clinical databases. Changes
that are particularly pronounced may warrant further ethi-
cal review, and project implementation may be reconsid-
ered in light of independent valuations.

Patient consent

The patient intentions must be respected when considering
the pros and cons of data registration. This can involve
obtaining explicit verbal or written consent from partici-
pants (opt-in) [23], or not obtaining consent, but accepting
a patient’s explicit refusal to participate (opt-out) [25].
Only when these conditions are satisfied can clinical dat-
abases adopt the opt-out system. A few points are worth
noting in this regard. First, clinical databases operate for
the purpose of medical and public health research [26].
Second, clinical databases operate under the principle that
the risk to participating patients is minimal [27]. Finally,
clinical databases must guarantee that patients are given the
opportunity to learn about the purpose of registration and
the type of information registered [28]. The NCD has
adopted the opt-out system and broadly discloses the
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purpose of registration and the type of registered infor-
mation. Moreover, to support the efforts of various clinical
departments, the NCD provides web-based templates and
explanatory material. However, when interventional stud-
ies (e.g., clinical trials) are conducted using the NCD
infrastructure, a sufficient explanation must be provided to
patients, and their explicit consent must be obtained.

Information security

The NCD data entry system is managed and operated via
the web. Occasionally, a tradeoff may exist between the
benefits of using the web and the associated risks, such as
information leakage. The NCD data entry system uses an
ID and password system, and the department chair of every
participating facility has the authority to issue IDs. Users
are notified about the password management policy; how-
ever, given that desirable security standards change as
technology advances, the possibility that the evaluation
standards at one point may not necessarily be valid in the
future must be considered. In such situations, clearly
articulating new policies on information management and
operations is important. By complying with the disclosed
policies, and the contents and measures therein, when
issues arise, information system managers and operators
can achieve a certain degree of accountability.

Use of personal information

Clinical databases must adhere to laws related to the pro-
tection of personal information. Various types of personal
information, including (1) identifiable non-anonymous data,
(2) identifiable anonymous data and (3) non-identifiable
anonymous data require different considerations. In addition
to patient information, the NCD includes information on
participating facilities, as well as the health care providers
involved in the treatment. Thus, the data management system
and data use must be carefully considered. The American
Association of Thoracic Surgery accepts analysis plans from
applicants, and rather than source data, it principally feeds
back the results of the analyses [29]. The Japanese Associ-
ation of Thoracic Surgery has adopted a similar policy.

In view of the sensitivity of such information, the parent
operating body of the NCD has established an ethics
committee comprising outside experts. This committee
includes members of the Japanese Surgical Society ethics
board, lawyers, patient representatives and experts on
information security. This ethics committee was requested
to consider the ethical propriety of the entire initiative, and
the progress of the review process was made public on the
Japan Surgical Society website [30]. Thus, rather than
merely undergoing a review, the contents of the discussion
were made public, clarifying for the public the measures

taken to address ethical issues. In addition, the NCD
requested that the participating facilities undergo a review
of ethical propriety regarding case registration in the form
of facility director approval or a review from the facility’s
ethics committee. Because some participating facilities
may not have ethics committees, the NCD made it possible
to submit to a review by the NCD ethics committee. Since
the review of ethical propriety must occur without delay,
an application template was designed for ethics committee
review and is available on the NCD website. As of January
2012, most participating facilities had received approval
from a facility director.

Transparency and disclosure
Data usage

It becomes necessary to accept/adopt a fair stance for data
usage. For example, in particular, covering up information
that would be disadvantageous for certain facilities or
businesses, or disclosing only advantageous information,
may lead to conflicts of interest. Transparency must be
guaranteed. Therefore, disclosure of information regarding
the standards for data usage and rule of publication are
important.

Publicizing the results of the data analyses

Further, the standards for publicizing the results of the data
analyses need to be established. When performing severity
adjustments, as in the US, where additional remuneration is
provided on the basis of a department’s clinical perfor-
mance, the details and how severity adjustment is carried
out must be disclosed [31]. In some cases, applicants who
wish to use data may retain the results as internal docu-
ments without publicizing them. It is difficult to determine
whether such decisions are made because secrecy would be
advantageous, or whether the results are simply not worthy
of public disclosure. However, certain standards need to be
in place from the perspective of fairness.

Maintaining balance
Unifying the standards for evaluating clinical performance

Standards must be applied for evaluating the clinical per-
formance of departments whose data are registered with the
NCD. For instance, when choosing “mortality rate” as a
clinical performance indicator, one facility may narrowly
define the mortality rate as intraoperative mortality,
whereas others may broadly define it as the 30-day post-
operative mortality. Some facilities may even exclude
periods in which an abnormally high number of deaths
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Table 5 Participating facilities/number of departments (as of April 5,
2012)

Facilities

n %o
Hokkaido/Tohoku 437 13.0
Kanto 942 279
Chubu 495 14.7
Kinki 650 19.3
Chugoku 252 75
Shikoku 142 42
Kyushu/Okinawa 454 13.5
Total 3,372

occur. Even with raw mortality rates, the meaning differs
between facilities that treat severe illnesses and those that
only treat mild ailments. Therefore, the clinical perfor-
mance must be fairly evaluated to avoid distrust among the
participating facilities. Balanced information sharing can
achieve this goal.

Faimess of participation

The NCD intends to improve the quality of healthcare
throughout Japan. Because data registration is a condition
for obtaining board certification, securing fairness is par-
ticularly important. In the US, many businesses pay mil-
lions of dollars each year to participate in clinical
databases. However, in payment-based systems, the fair-
ness of participation cannot be guaranteed, and coordina-
tion with board certification systems is difficult as well.
Given the large number of small facilities in Japan, pur-
chasing software for each department within a participating
facility is not economically feasible. The NCD data entry
software program was developed for use by all facilities
and is distributed for free. Therefore, since the beginning of
registration on January 1, 2011, more than 3,300 partici-
pating facilities have registered with the NCD as of April
2012 (Table 5).According to an administrative cross-
country study of medical facilities by the Ministry of
Health, Labour and Welfare, surgery under general anes-
thesia was conducted in 4,519 facilities in Japan [32]. The
number of registered facilities by the Japan Surgical
Society was 2,143 as of March 2012. [33] Therefore, a
large proportion of the Japanese facilities in which sur-
geries are conducted participate in the NCD.

Conclusions

The coordination of a nation-wide clinical registry, such as
the NCD in Japan, with board certification systems in

@ Springer

various medical disciplines will positively impact society
through their activities. The social implications of the
activities must be considered. By identifying and address-
ing issues that arise from analyzing data, the clinical setting
will drive improvements in healthcare quality. The central
theme of clinical database activities is the provision of
high-quality healthcare to patients and the general public.
Clinical research and evidence-based policy recommen-
dations based on the data from this database may positively
impact businesses, the government and insurers. Initiatives
may be evaluated to assess whether they are realistic and
reasonably economical in comparison with the previous
initiatives, in order to guarantee that they are conducted
lawfully and ethically and to ensure that they pay due
consideration to all the stakeholders involved. To ensure
this, the continuity and responsibility of activities require
continuous evaluation.
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Stool Color Card Screening for Early Detection of Biliary Atresia and
Long-Term Native Liver Survival: A 19-Year Cohort Study in Japan
Yan-Hong Gu, MD, MSc, PhD', Koji Yokoyama, MD®, Koichi Mizuta, MD, PhD*, Takashi Tsuchioka, MD, PhD®,

Toyoichiro Kudo, MD, PhD®, Hideyuki Sasaki, MD, PhD’, Masaki Nio, MD, PhD’, Julian Tang, PhD?,
Takayoshi Ohkubo, MD, PhD', and Akira Matsui, MD, DMSci®

THE JOURNAL OF PEDIATRICS + www.jpeds.com

Objective To evaluate the sensitivity and specificity of a stool color card used for a mass screening of biliary
atresia conducted over 19 years. In addition, the age at Kasai procedure and the long-term probabilities of native
liver survival were investigated.

Study design From 1994 to 2011, the stool color card was distributed to all pregnant women in Tochigi Prefec-
ture, Japan. Before or during the postnatal 1-month health checkup, the mothers returned the completed stool color
card to the attending pediatrician or obstetrician. All suspected cases of biliary atresia were referred for further ex-
amination. Diagnosis was confirmed by laparotomy or operative cholangiography for high-risk cases before the
Kasai procedure. Patients with biliary atresia were followed from the date of their Kasai procedure until liver trans-
plantation, death, or October 31, 2013, whichever comes sooner.

Results A total of 313230 live born infants were screened; 34 patients with biliary atresia were diagnosed. The
sensitivity and specificity of stool color card screening at the 1-month check-up was 76.5% (95% CI 62.2-90.7)
and 99.9% (95% Cl 99.9-100.0), respectively. Mean age at the time of Kasai procedure was 59.7 days. According
to Kaplan-Meier analysis, the native liver survival probability at 5, 10, and 15 years was 87.6%, 76.9%, and 48.5%,
respectively.

Conclusions The sensitivity and specificity of the stool color card have been demonstrated by our 19-year cohort
study. We found that the timing of Kasai procedure and long-term native liver survival probabilities were improved,
suggesting the beneficial effect of stool color card screening. (J Pediatr 2015; 1. - ).

iliary atresia is the most frequent hepatic cause of death in early childhood, with an incidence of 0.7 in 10000, 0.6 in
10000, and 0.5 in 10000 live births in the US, UK, and France, respectively.l"'% In Japan, the incidence is greater,
affecting approximately 1.0 in 10000 live births." Biliary atresia is characterized by a complete inability to excrete
bile as a result of sclerosing inflammation of the extra, and possibly intra, hepatic bile ducts.” Patients with biliary atresia
have 3 main clinical features: pale-pigmented stools, prolonged jaundice, and dark urine. Pale-pigmented stools appears within
the first month after birth for most patients, and 2-5 months for others."® Although there is strong evidence that biliary atresia
develops before birth and progresses after birth, its etiology remains unclear. The Kasai procedure’ commonly is used as a first-
line treatment for all types of biliary atresia.*”

Prognosis for patients with biliary atresia is primarily related to the patient’s age at the time of Kasai procedure and the anat-
omy of the bile duct remnant.*'” It is generally acknowledged that a Kasai procedure performed early, especially one that is
performed before the patient reaches 60 days of age, can improve the long-term native liver survival and reduces likelihood
of liver transplantations.”™’’ In Japan, 66.1% of living-donor liver transplantations performed for recipients younger than
18 years of age were attributable to biliary atresia.'”

Serinet et al'® highlighted the importance of screening for biliary atresia. The
concept of a stool color card for mass screening was introduced for the first time
to the local population in Tochigi Prefecture by Matsui and Dodoriki in early

1994, which resulted in early Kasai procedure (<60 days of age) in 2 of 3 patients
with biliary atresia.'” Since then, the stool color card had been distributed in the
prefecture until March 2011. Subsequently, the concept of stool color card for
mass screening was adopted and used in Taiwan in 2002 and resulted in earlier
referral of patients with biliary atresia nationwide."’

In this present study, we aimed to determine the sensitivity and specificity of
stool color card screening during the 19-year period, as well as its effect on the

JBAR  Japanese Biliary Atresia Registry
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timing of Kasai procedure and long-term native liver survival
in the Tochigi cohort.

Methods

Participants were all infants born to mothers living in Tochigi
Prefecture, situated about 100 km north of Tokyo (Figure 1;
available at www.jpeds.com), from August 1994 to March
2011. Infants born in Tochigi Prefecture to mothers who
lived outside of the prefecture before giving birth were not
included. Under the Maternal and Child Health Law in
Japan acted since 1965, all children in the country go
through the same postnatal health management.

The stool color card (3rd edition; Figure 2) was placed
within the Maternal and Child Health Handbook that was
given to all pregnant women by their respective local
government according to the Maternal and Child Health
Law in Japan. Before or during the infant’s 1-month health
checkup, the mothers were asked to fill in the
corresponding number of the image on the stool color card
(Figure 2) that most resembled the color of her infant’s
stool. The card was then submitted to the attending
pediatrician or obstetrician. A positive result was defined as
a stool color determined by the guardian that matched
either image 1, 2, or 3 before or during the infant’s 1-
month health checkup.

The Department of Pediatrics at the Jichi Medical Univer-
sity in Tochigi Prefecture (as the stool color card office),
Japan was notified of all positive cases as soon as possible
by telephone or fax. All stool color cards were collected and
sent to the stool color card office at Jichi Medical University
on a weekly basis. At the office, the cards were rechecked to
confirm whether all corresponding numbers were properly
recorded and that positive cases had been properly attended
to. At the initial phase (first 3 years), all staff was trained on
how to manage positive cases detected by the stool color card.

Verbal informed consent was obtained from all partici-
pants. The study protocol was reviewed and approved by
the Ethics Board of the National Center for Child Health
and Development.

Patients with Biliary Atresia and Long-Term
Follow-Up
For patients with positive stool color card results, the possi-
bility of other types of infantile cholestasis was eliminated by
a pediatric specialist or pediatric hepatologist through clin-
ical, biochemical, radiologic, histologic, and genetic investi-
gations when necessary. A final diagnosis for high-risk cases
was determined by laparotomy and/or by operative cholangi-
ography prior to Kasai procedure by a pediatric hepatologist
or surgeon. None of the false positive cases underwent any
invasive procedures. All patients with biliary atresia received
Kasai procedure at the soonest possibility performed in
accordance with the Japanese Society of Pediatric Surgeons
classification."

Patients with biliary atresia in Tochigi Prefecture received
Kasai procedure and were followed up regularly by their

2

respective hospital (across 8 medical centers). Long-term
follow-up was possible because all Japanese residents are
covered by at least 1 health insurance plan that allows access
to any necessary procedures post-Kasai procedure.'® In addi-
tion, pediatric patients with any of the 514 intractable
chronic diseases (including biliary atresia), defined by Minis-
try of Health, Labour and Welfare of Japan, are supported by
a medical aid program.'® Postsurgical procedures in Tochigi
Prefecture are consistent with those in other areas of Japan.
To ensure that no patient with biliary atresia in Tochigi Pre-
fecture was overlooked, the patient list in our study was
compared with that of the medical aid program covering
the 514 intractable chronic diseases.

For the investigation of native liver survival probabilities,
patients with biliary atresia in this study were observed
from the date of Kasai procedure until liver transplantations,
death, or October 31, 2013, whichever occurred sooner.

Statistical Analyses .

Four reference data sets were used: nationwide data during
stool color card screening between 1994 and 2011 from the
Japanese Biliary Atresia Registry (JBAR), nationwide data
before stool color card screening between 1989 and 1994
from JBAR,'” Tochigi Prefecture data before stool color
card screening between 1987 and 1992," and Tochigi Prefec-
ture data before stool color card screening between 1989 and
1991' (Table I). To quantify uncertainty, 95% Cls were
used. The records of approximately 80%-90% of
nationwide patients with biliary atresia diagnosed in
hospitals that are part of the Japanese Society of Pediatric
Surgeons were documented in JBAR. All patients with
biliary atresia in our study were registered in JBAR.
According to the Act on the Protection of Personal
Information, only statistical data and not individual data
can be used. Student ¢ test or one-sample ¢ test was
performed to compare age at Kasai procedure. Kaplan-
Meier analysis and the log-rank test were used to estimate
the native liver survival probabilities with age (in months)
as the time scale. IBM SPSS Statistics 21 (IBM
Corporation, Armonk, New York) was used for statistical
analysis. P < .05 was considered statistically significant.

For analytical purposes, all 34 patients with biliary atresia
were first considered as a whole (termed “all cases”), and then
as 2 separate groups: patients identified using stool color
chart and referred promptly (Table I).

There were 313230 live births in Tochigi Prefecture from
August 1994 to March 2011 (Figure 1). We collected the
stool color cards of 264071 infants, yielding a return rate
of 84.3% at the 1-month health check-up; 2014 showed a
positive result, and 26 of them were diagnosed with biliary
atresia. Finally, a total of 34 patients were diagnosed with
biliary atresia in Tochigi prefecture during the study
period. A patient with Alagille syndrome detected by the
stool color card (stool color corresponding to image 2) at

Gu et al
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Stool color card

If stool of a lighter color is produced two daysin a
row following the 1 month visit, please record the
number in the box and provide other necessary
information.

Date of completion
(Year/Month/Day)

Today'’s stool color was closest
to number ( ).

1 Child’s name

Child’s birth date

Mother’'s name
Current address
Postal code

Phone number

All rights reserved After completing the above information, please insert the
card into an envelope with an 80 yen stamp and mail it.

Figure 2. The 3rd edition stool color card used in Tochigi Prefecture from August 1994 to March 2011 consisted of 7 photo-
graphic images of stool color taken in both healthy infants and infants with biliary atresia. Images 1-3 denote abnormal stool

color, whereas images 4-7 reflect normal stool color.

1-month health checkup was excluded. At the 1-month
health checkup, the sensitivity, specificity, positive
predictive value, and negative predictive value were 76.5%
(26/34, 95% CI 62.2-90.7), 99.9% (313018/313196, 95%
CI 99.9-100.0), 12.7% (26/204, 95% CI 8.2-17.3), and
99.9% (313018/313026, 95% CI 99.9-99.9), respectively.
Incidence of biliary atresia was 1.1 in 10000 infants (34/
313230, 95% CI: 0.7-1.5).

Among the 34 patients with biliary atresia, 8 were missed at
the 1-month check-up (Figure 1). Of these patients, 2 (Patients
1 and 2) were in a neonatal intensive-care unit for more than a
month after birth. Because their overall condition was poor,
their guardians and the medical staff overlooked the presence
of abnormal stool color. These 2 patients received Kasai

procedure at 45 and 88 days of age, respectively. They did
not undergo liver transplantations until October 2013. For 3
patients (Patients 3, 4, and 5), their guardians used the stool
color card and reported pale-pigmented colored stool at the
1-month health checkup. However, no further examination
was performed by their respective pediatricians because the
infants did not present with visible jaundice. These 3 patients
eventually underwent Kasai procedure at 62, 77, and
109 days after birth, respectively. Subsequently, Patients 3
and 5 underwent liver transplantations at 5 and 12 months
of age, respectively. The guardian of 1 of the patients (Patient
6) failed to use the stool color card. The patient received
Kasai procedure at 97 days of age and underwent liver
transplantation at 72 months. One patient (Patient 7) did

Stool Color Card Screening for Early Detection of Biliary Atresia and Long-Term Native Liver Survival: 3

A 19-Year Cohort Study in Japan
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‘Table I Age at the time of the Kasai procedure in Tochigi cohort vs reference data, before and during stool color card
screeming o : e
During stool
Before stool color color card
card screening screening Tochigi stool color card cohort (August 1994-March 2011)
Patients identified
using stool color Patients with
card and referred type Il biliary
Year Tochigi JBAR JBAR All patients (N = 34) promptly (n = 30) atresia (n = 25)
Age at time
of Kasai
procedure, d
Mean or 1987-1992° 70.3 )
mean + SD 1994-2011 67.7 59.7 4 19.4*7 56.2 + 16.5%* 59.8 - 19.1%¢
(1994-2002) (67.8)
(2003-2011) (67.6)
Median (range) 1987-1992° 65.5
1994-2011 64.0 58.5 (18-109) 56.5 (18-88) 59.0 (18-109)
(1994-2002) (63.0)
(2003-2011) (65.0)
Number, %
(95% Cl)
<45 1989-1994'7 18.9
1994-2011 20.4 8, 23.5(9.3-37.8) 8, 26.6 (10.8-42.5) 6, 24.0 (7.3-40.7)
=60 1989-1991'8 34.0
1989-1994"7 40.5
1994-2011 45.1 19, 55.9 (39.2-72.6) 19, 63.3 (46.1-80.6)* 14, 56.0 (36.5-75.5)
>80 1989-1994'7 23.1
1994-2011 25.3 4,11.8 (0.9-22.6y11 1,3.4 2.3-15.6)1T 2, 8.0 (2.6-18.6 1T
>90 1989-1991" 13.0
1989-1994"7 151
1994-2011 16.2 2,59 (2.0-13.8y= ™ 0, 0.0~= ! 1,4.0 3.7-11.7)y= "3
\ A

*P=.023; 'P=.001; P = .000 vs JBAR data during screening (1994-2011), 1-sample ¢ test.

tP = .003; %P = .000 vs Tochigi data before screening (1987-1992), 1-sample ¢ test.

**P < .05 vs JBAR data during screening (1994-2011), TP < .05 vs JBAR data before screening (1989-1994), and P < .05 vs Tochigi data before screening (1987-1992).

not show abnormality at the 1-month health checkup. At
1.5 months of age, the patient’s guardian noticed pale-
pigmented stool and jaundice. The patient received Kasai
procedure at 76 days of age and did not undergo liver
transplantations. One patient (Patient 8) was not on our list
but was later identified through the medical aid list. The
patient received Kasai procedure at 66 days of age and did
not undergo liver transplantations until October 2013.
Therefore, with the exception of Patients 1, 2, 6, and 8, in
which the usage of stool color card failed, 30 of the total 34
patients showed stool color changes around the time of the
1-month health checkup.

Demographic Data of Patients with Biliary Atresia
Among the 34 patients with biliary atresia, 11 (32.4%) were
male and 23 (67.6%) were female. The numbers of patients
who had type I, II, and III biliary atresia were 5 (14.7%), 1
(2.9%), and 25 (73.5%), respectively. The type of biliary
atresia in 3 patients was unknown (8.8%). All patients with
biliary atresia received Kasai procedure (1 patient with type
I biliary atresia received hepaticojejunostomy, and all others
received hepatoportoenterostomy).

Age at the Time of Kasai Procedure

The mean age at the time of Kasai procedure was 59.7 days in
the 34 patients with biliary atresia (Table I). The percentage
of Kasai procedure performed before 60 days of age was

4

greater in patients with biliary atresia who were referred
promptly after reporting of positive colors. The percentage
of Kasai procedure performed after 80 days of age was
significantly lower in the Tochigi cohort (Table I). The
mean age + SD of Kasai procedure for the 8 patients with
biliary atresia who were missed at the 1-month checkup
was significantly later compared with the other patients
with biliary atresia (n = 26; 77.5 + 20.4 days vs
54.3 + 15.8 days; P =.002).

Long-Term Native Liver Survival Probabilities of
Patients with Biliary Atresia

As of October 2013, 17 patients received liver transplants
and 17 did not. One female patient died at 13 months
without receiving a liver transplant. Kaplan-Meier survival
analysis with the end point defined as liver transplant,
death, or alive as of October 31, 2013, showed the native
liver survival probability at 5, 10, and 15 years to be
87.6%, 76.9%, and 48.5%, respectively (Table II). The
median survival estimated by Kaplan-Meier analysis is the
earliest time at when the cumulative survival probability
reached 50% or lower. In this study, the median native
liver survival was 197.2 (95% CI 136.0-258.4), 207.9 (95%
CI 184.6-231.3), and 212.5 (95% CI 146.7-278.4) months
in all patients, patients who were referred promptly upon
reporting of positive color, and patients with type II
biliary atresia, respectively. There was no significant
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- Table II. Kaplan-Meier analysis of native liver survival at 5, 10, 15, and 20 years in the present study and previous reports
No. teams/ Rate of native liver survival % (SE), y
medical Stool color Study No.

Countries centers card Period design patients 5 10 15 20
Yokohama, Jagan’g 1 No 1970-1986 RCR 80 63.0 54.0 - 44.0
Sendai, Japan®" 1 No 1975-1980 RCR 60 60.0 60.0 58.0 -

1981-1986 50 68.0 60.0 51.0 -
us? 2 No 1972-1996  RCR 266 49.0 - - -
UK? 3 No 1999-2009 RCR 443 46.0 (95% 40.0 (95% - -

Cl 41-51) Cl 34-46)
France® 45 No 1986-2009 RCR 1044 40.0 (1.6) 35.8 (1.6) 321 (1.7) 29.6 (2.0)
France'® 27/45 No 1986-2002 RCR 695 37.9 2.0 324 (2.0 28.5 (2.3) -
Present study 8 Yes 1994-2011 Cohort
study

All patients with biliary atresia 34 87.6 (0.06) 76.9 (0.08) 48.5 (0.11) -

Patients identified using the stool color card and referred promptly 30 89.6 (0.06) 77.6 (0.08) 55.5 (11.1) -

Patients with type Ill biliary atresia 25 86.8 (0.07) 70.5 (0.10) 50.4 (0.12) -

v,

RCR, retrospective chart review in medical center(s).

In this study, the period of native liver survival was from the point of Kasai procedure until liver transplantation, death, or October 31, 2013, whichever occurred sooner.

difference across the 3 aforementioned groups mentioned
on the basis of the log-rank test (P > .05).

0 Discussion. o

We have conducted a 19-year Japanese cohort study for
screening of biliary atresia using the stool color card. The
high stool color card sensitivity and specificity achieved are
likely to have contributed to more patients with biliary atresia
being diagnosed earlier, leading to a timely Kasai procedure.
Accordingly, long-term native liver survival probabilities
were improved. Serinet et al'’ reported that if every patient
with biliary atresia were to undergo the Kasai procedure
before 46 days of age, 5.7% of all liver transplantations per-
formed annually in France in patients younger than 16 years
could be spared.

In our cohort, the 5-, 10-, and 15-year native liver survival
probabilities (Table II) were greater compared with studies
conducted in US,*' the UK,* and France,'®* where stool
color card was not used. Notably, the 5- and 10-year native
liver survival probabilities increased by more than 20%
during 1994-2011 compared with studies conducted in the
Japanese cities of Yokohama and Sendai where stool color
card was not used (Table II).'”*° The 15-year native liver
survival probability estimated by Kaplan-Meier analysis in
the Sendai patients was 51%-58% between 1975 and 1986
(Table II), which is greater than what we found in this
study. It might be attributable to the data being collected
from a single, highly specialized center, whereas our data
were collected from 8 centers.

There are 2 other reports of long-term native liver survival
rates in Japanese patients with biliary atresia. Notably, the
method for the calculation of native liver survival and/or sub-
jects selected in those studies was different from this study. In
our case, we did not consider whether jaundice appeared or
not after Kasai procedure. On the basis of JBAR data of
1989, Nio et al* reported the 5-year native liver survival
rate was 62.0% in 735 patients who did not undergo liver
transplantations, and 19 (2.6%) of patients were lost to

follow-up. The 10-year native liver survival rate was 52.8%
(57/108). The authors also found that when the Kasai proce-
dure was performed at age of <60, 61-90, 91-120, and
>120 days among patients with type III biliary atresia regis-
tered between 1953 and 2009 whose jaundice disappeared
after Kasai procedure, the 10-year native liver survival rate
was 74.4% (32/43), 74.5% (41/55), 100.0% (6/6), and
33.3% (1/3), respectively.'’

Although the stool color card has been adopted and used
in Taiwan,'* Argentina,” and Switzerland,” the outcome
was only reported in Taiwan, where the 5-year native liver
survival rate (without jaundice) was 64.3% (18/ 28).%7

According to JBAR data, the mean and median age at Kasai
procedure was not significantly different between the periods
of 1994-2002 and 2003-2011 (Table I), suggesting that the
management of patients with biliary atresia did not change
drastically over the years. Hence, the improvement of the
probability of native liver survival revealed in this study is
likely to be attributable to the younger age at Kasai
procedure as a result of stool color card usage.

Although data of patients who did not use stool color card
were available in JBAR, we could not access them because of
the restriction imposed by the Act on the Protection of Per-
sonal Information. As such, the associations between stool co-
lor card usage/early Kasai procedure and the probability of
long-term native liver survival cannot be statistically analyzed.

On the basis of our results in Tochigi Prefecture, the stool
color card was gradually introduced to 16 other autonomous
administrative divisions in Japan between 1999 and 2010.
However, only patients from 2 of the regions were followed
up. Nonetheless, the mean age of Kasai procedure after the
introduction of stool color card was found to be significantly
younger in those regions,”**’ demonstrating excellent repro-
ducibility and effectiveness of the stool color card.

In April 2012, a nationwide biliary atresia screening using
an updated edition of the stool color card was initiated. In
addition, a pilot study was launched in October 2013 in Bei-
jing, China. The new edition of stool color card consists of
digital photographic images to ensure quality control and
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greater reproducibility. A modified screening protocol has
also been devised. Instead of a single inspection point, the
stool color card is now being inspected at 3 intervals; 2 weeks,
1 month, and 1-4 months after birth, allowing us to identify
more patients with biliary atresia.

On the basis of our 19-year experience of stool color card
usage in the Tochigi Prefecture cohort, the effectiveness of
the stool color card, a non-invasive technique, was demon-
strated. In particular, the stool color card was beneficial for
patients with biliary atresia whose jaundice was not obvious.
However, we are aware that the distribution of the stool color
card in the community alone is not sufficient to achieve
earlier detection of biliary atresia. Proper usage of the stool
color card by guardians coupled with a sound knowledge
of biliary atresia among healthcare personnel is essential. &
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313 230 SCC delivered to pregnant women between August 1994 and March 2011 in Tochigi cohort

l

v

! 49 159 SCC not returned
(Considered as non-BA cases. Inclusion of all

264 071 SCC returned

BA patients was ensured by checking against

v the medical aid program list for all children

At one-month health check-up in Tochigi Prefecture)

8 false negative cases } i 204 SCC positive cases

1 Alagille

syndrome, non-BA
(excluded)

v 4

26 BA cases 1 177 non-BA cases

v .

34 BA patient, received KP

Figure 1. The flowchart for stool color chart screening. The numbers of participants, positive cases, false-negative cases,
patients with biliary atresia in the Tochigi cohort from August 1994 to March 2011, BA, biliary atresia; KP, Kasai procedure;
SCC, stool color card.
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