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Functions Necessary for Electronic Health Record Systems for

Regional Medical Network on Home Healthcare
KANEYASU Futaba AKIYAMA Masanori

Policy Alternatives Research Institute, The University of Tokyo

Recently, demand for home healthcare for relatively-severe disease has been increasing. There are three major reasons.
First, average length of hospital stay has been shortened. Secondly, there is not enough care for recovering patient. And the
third is that elderly patient who has multiple medical problems has been increasing.

In this study, we developed an electronic health record system for home care which was possible to share correct medical
information in real-time using smartphone. This system is based on cloud computing technology, and it helps cooperation
with people in all types of job category in home nursing such as hospital, a medical clinic, home-visit nursing station.

Evaluating this system, it worked in following respects. First, it has enhanced cooperation in medical, nursing and welfare
to share medical information and nursing report with high-security and individual certification. Secondly, those objective
data can be used for management of medical care, and it is useful for medical services because it shows change of patient
across the ages. And third, it provides a variety of contents and can relieve healthcare professionals from spending time on
double input of data for the record.

The future challenge of our research is to define common terms used on medical services and assessment, and to clarify a
care process management integrating healthcare and welfare in order to make effective use of this kind of system.

Keywords: Home Healthcare, Electronic Health Record, Welfare Informatics
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Masanori Akiyama M.D., Ph.D.

Professor, Policy Alternatives Research Institute, the University of Tokyo

Professor Akiyama, of the University of Tokyo Policy Alternatives
Research Institute, is trying to solve the problem of a rapidly aging

of Japanese society through IT. First, the On-Demand Bus is being
developed as a transportation mode for elderly people. It will prowde a
round trip commute to and from the hospital.

One current issue is long waiting times at major hospitals. If patients
can complete their appointment on the On-Demand Bus, it will reduce
waiting time. Furthermote, Professor Akiyama proposes a system that
notifies the patient of consultation time during a waiting time. If there is
a park near the hospital, patients can spend their waiting time there until
they get the notification from the hospital.

After the consultation and medical check-up, the On-Demand Bus will
take the patients to a shopping mall near the hospital, so they can know
the results of the medical check there. Things purchased at the shopping
mall can be paid for with only one On-Demand Bus riding card.

- If patients require a second examination ot follow-up, the On-Demand.
Bus can be used again. If not, the patients can go back home by taking the
Bus. Professor Akiyama’s system leads to patients have access to medical
care as well as encourages consumption of goods.
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IT Can Improve Healthcare Management for Patient Safety
- Minimizing risk of blood transfusion with Point-of-Act-System -

M. Akiyama !, A. Koshio '
! Policy Research Alternatives Institute, the University of Tokyo, Tokyo, Japan
(e-mail: makivama@pp.u-tokyo.ac.jp)

Abstract - The purpose of this study is ensuring patient
safety of blood transfusion by minimizing risk of transfusion
at the point of care through Information Technology. The
targets are ensuring five rights of transfusion, rights process
and right information by auto identification and traceability
of blood products. Auto identification and data capturing
system with RFID based on the Point-of-Act-System
(POAS). It provides real time right identification, process
management to ensure right medication and traceability
with serialized number in single item level. The system
designed based on process analysis and use case of
transfusion was successfully implemented in Red Cross
Hospital to prevent transfusion errors and ensure
traceability of blood products. By reading RFID at the point
of care, we can check database to look for adverse events of
blood products. We identified all 377 blood products and
acquired tracking data successfully. We can improve patient
safety and traceability with RFID.

Keywords - Healthcare management, Point of care,
Patient safety

I. INTRODUCTION

Many hospitals and blood centers have introduced
barcode and RFID systems for patients and blood
identification and they have contributed to reduce
incorrect blood products and transfusion [1-6]. However,
present identification of patient and blood with these
technologies doesn’t ensure all of ‘5 Rights’ for safe
medication. “5 rights” means right patient, right product,
right dose, right root and right time administration of
medication. 5 Rights are regarded as an essential factor
for ensuring medication correctness and Barcode and
RFID are fundamental technologies for achieving the
purpose. It is better strategy to keep transfusion safety that
blood transfusion system should move their focus from
patient identification to comprehensive 5 rights
identification. In addition, barcode and RFID have more
capabilities to improve patient safety through managing
process of activities and traceability of blood products as
well as ensuring 5 rights identification at the point of care.
Medication is not a single activity that is independent
from other activities but a process that consists of
connected a series of activities by various workers. It is
crucially important to keep good communication among
medical workers and ensure rightness of medication
process without any omissions and faults. This is another
area of contribution of barcode and RFID based
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administration system for patient safety that barcode and
RFID can contribute by capturing and documenting
accurate data of activities by medical workers that has a
capability to facilitate high quality communication based
on real-time accurate information. Good communication
based on real-time information prevents miscommuni-
cation and misunderstanding and can promote patient
safety. Traceability of drug and other materials is also
achieved with barcode and RFID administration and data
capturing at the points of production, transfer and
consumption. In medical setting traceability of materials
has been widely recognized as necessary piece for
enhancing patient safety. Traceability enables us to find
harmful drugs and materials with perfect information of
their original production points and path ways of transfers.

II. METHODOLOGY

The purpose of this study is ensuring patient safety on
blood transfusion by minimizing risk of transfusion at the
point of care with Information Technology and
implementing a system to conduce it. To minimize risk of
transfusion, there are three important components
achieved by identification and data capturing. First one is
securing 5 rights of transfusion by auto identification at
the point of care with right information. Right information
is basic factor for right identification and the information
should be update in real time based upon the change of
situations including clinical settings. Second is securing
right processes of transfusion. Skipping process of
transfusion including cross matching and incorrect
processes of transfusion might make transfusion harmful.
Third one is traceability that enables checking information
of adverse events of products that are prepared from same
bloods. In terms of blood transfusion safety, window
period. is important concept to be considered. Window
period is a term that test can’t find virus or other harmful
source after infection. The window period of Hepatitis C
Virus is 23 days by Nucleic acid based tests (NAT) and
82 days by Antibody test (AB test). There are risks that
infected blood products passing test during window
period would be distributed to hospitals.

The way to handle the risk that infected bloods would
be distributed is traceability of blood products by single
item level. If there is knowledge about when and where
these bloods were collected and produced, we can prevent
secondary infections by recalling blood products prepared
from same original immediately.



However, there is an issue to achieve perfect
traceability of blood products that is tradeoff between
public safety and privacy data protection in this situation.
In contrast to drug traceability, perfect traceability of
blood products is including highly private information
such as infectious information of donors and there is a
possibility to like the information to a specific name.
Collecting information on blood products has a possibility
to be a threat for donor’s privacy. Solution for this
tradeoff is also required to implement traceability system
and our target in this study.

1) Point of Act System: POAS captures complete
data on each medical action including 6W1H information
(When, Where What, Why, for What, to Whom and How)
conducted in the hospital. The units of data recorded by
the system are: Who—the implementer (the person who
initiated the order, or the person who carried it out), to
Whom—the patient, How—medical activities and
changes in them, What—materials used (pharmaceuticals,
medical materials and others), How much—amount of
materials used and number of applications, for What—
name of patient receiving medical services, When—date
the order was placed, implemented and discontinued and
the activities that were implemented, and Where—place
of implementation (department, hospital, ward, etc.). The
collection of complete data including 6W1H information
is an innovative source in understanding actual situations
directly without estimation or bias, and enables the
investigation of solutions to prevent error {7,8].

2) Complete data: POAS data is “Complete data”
that capture every action by real time and quite
accurately. This means the data captured by the system
has full traceability of drugs and materials and can be
used for analyses on healthcare management. Complete
data provide us great opportunity to analyze situation of
healthcare management, quality and safety without any
sampling methodologies to estimate original value. That
makes reliability of analyses higher. In addition, complete
data is especially useful for patient safety researches,
because complete survey is necessary to estimate medical
error and accident rate.

3) Process Management: Structure of POAS data
capturing is based on process management of each
medical action. Process management structure requires
every medical workers capture data at their point of
action. Without capturing data on completion of activities,
medical workers can’t do next activities on the medication
process. It enables POAS to acquire every result of
medical action and assure capturing complete data.

4) Settings: Our experimental project was enforced
in Iwate Red Cross Blood Center and Morioka Red Cross
Hospital as Tablel. We created the system for auto
identification and data capturing from blood collection in
the blood center to administration in the hospital with
POAS and RFID. The system put time stamp with the
data to ensure rightness of information and consistency of
process order in capturing data.

5) Single item management from production to
consumption with SGTIN: Serialized number was put on
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RFID to distinct each blood product with single item
level. Serialization of blood products is essential factor to
distinguish one blood from others uniquely. If a number
was used for more than two objectives, it makes difficult
to confirm an object uniquely.

6) Certification system for safe blood transfusion and
electrical data capturing with RFID: This system was
aimed to confirm 5 rights of transfusion at each point of
transfusion. 5 Rights in blood transfusion is right patient,
right blood, right unit, right root and right time. Right
blood in this setting includes five additional components
with checking product ID. At the point of checking, this
system certified types of product including Blood Red
Cell, plasma and blood plate, blood type appropriateness,
completion of cross matching, result of cross matching
and adverse event information of products from same
donor. In concrete, system that is possible to verify
information of infected blood products founded just 2
minutes before in other hospitals. Table I shows
comparison of verification component with other blood
transfusion systems. Exciting systems had focused on
Blood type certification and some systems had tried to
integrate transfusion system with blood test laboratory
system to check the results of cross matching at
laboratory.

Experimental project with the system described above
was implemented in Morioka Red Cross Hospital and
Iwate Red Cross Blood center. The experimental period is
from 30/07/2007 to 30/11/2007 for 4 month. Object
departments in Iwate Red Cross Blood Center are
department of Testing, Preparation and Delivery.
Objective departments and wards in Morioka Red Cross
Hospital are wards of digestive tract internal medicine,
General Medicine, Surgery and Testing Department. The
number of blood products used in these 3 wards is 75% of
total usage in all hospital. Though the object wards are
three, it is enough to investigate feasibility of the system
in these three wards. We operated 377 blood products
with RFID during the term.

TABLE

COMPARISON OF AUTO IDENTIFICATION WITH OTHER SYSTEMS

Exiting POAS
Administration System
System
Blood Type Certification Possible Possible
Completion of Cross . . .
Matching Partially Possible Possible
Checking results of (Nee!imalzj(:lsi;i:)ri:l Possible
Cross Matching procedures)
Checking adverse event
information by database Out of Focus Possible
located outside hospitals




III. RESULTS

A. Process management
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Fig. 1. Process of blood transfusion

We analyzed process of transfusion in Morioka Red
Cross Hospital and Iwate Red Cross Blood Center to
identification and track appropriately. Figure 1 shows
result of process analysis of a transfusion in time series.
Transfusion Process could be divided into two major
parts, blood center and hospital, based on the place. In
blood center, staffs in blood center collect blood from
donors and deliver it to department of preparation.
Department of preparation receive the blood and test
blood for screening whether the blood is appropriate for
blood products or not. Department of preparation prepare
the blood passed screening for products and form
products to deliver to hospitals. At this time, blood is
ready for use for blood transfusion and wait for requests
from hospitals.

On the other side, in hospital physicians order
transfusion for patients and nurses receive the order and
request blood products to department of testing. This
order was made junction with blood delivered from blood
center and department of testing in hospital operate cross
matching. If the result of cross matching shows
appropriateness for transfusion, the blood delivers to the
point of transfusion. And in a ward or operating room,
nurses or physicians administer the blood to patient. In
this sequential process, there are movements of places and
many actors engage to this process to operate transfusion.
Figure 1 shows normal process of blood transfusion in the
hospital. This is not only case to be treated by transfusion
system. We analyzed transfusion process in the hospital to
find every type of process to cover all case of transfusion.
Each process shaped into use case with UML and there
are 14 types of use case for transfusion process. Table II
shows 14 types of use case.

These use cases can be classified with 4 major
categories; Ordinary, Cancellation, Warning and ex post
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TABLE 11 .
COMPARISON OF AUTO IDENTIFICATION WITH OTHER SYSTEMS

Case

Usecase Name
Number

Clasgsification

Transfusion Operation {without stocks}

Transfusion Operation (with stocks)
Allocated Products to Stock
Cross unmatched

Ordinarily

Order cancelfed
Qrder cancelled after allocating blood

Cancell Scrap blood products

Requestcancelled

Qo= O [N |

9 Prohibition of usage in entering test results)

10 Prohibition of usage in starting transfusion)
1 Taking wrong products in deliver

12 Wrong patientin fransfusion

13 Wrong blood products in transfusion

14

Warning

ex post facto | [Usage after office hour

facto. In ordinary process, transfusion operation with
blood stocks and without blood stocks are regarded as
different use case, because interactions and movements on
information and products are different in each use case.
Similarly, in cancellation, the activities and information to
be interchanged are different based on the timing of
cancellation. Ex post facto means information was entered
after injection because they are used after office hour and
testing department was closed.

The important thing to achieved 5 rights transfusion
with IT is feasibility of the system and information. In
this system all certification was operated with just one
data capturing by the point of action. In verifying
information, system refers original data captured or
entered at the point of actions.

In this system, we can check completion of cross
matching without fail by process management technique.
In designing system, we analyzed process of medical
activity and described as nonreversible process that is a
series of medical activities.

B. Use Case analysis

We described all patterns of blood transfusion
process by process analysis methods. In normal
transfusion process, flow of process from physician’s
order to administration goes thought without hitch.
However there are other patters including emergency
cancellation and rejection of blood products. By
describing all patterns of use case, it is possible to
construct the system can handle all occasions without any
exception. This feature is especially important for
traceability. Use case 1 (Transfusion operation without
stocks) is the most common use case, because the blood
center is located on next to the hospital and they don’t
need to have a lot of stocks. Use case 2 is usually the most
common case in hospitals. In use case 1, three actors
including physician, technician, nurse and staff in blood
center operate the process. At first, physician makes a
decision on transfusion and order transfusion. Nurse
receives the order and delivers the order to testing



department. Technician starts preparation for transfusion
by request to blood center, because they don’t have a
stock in the hospital. Technician receives blood products
from blood center, operates cross matching and delivers it
to ward or operation room. Nurse operates the transfusion.

Our system was created based on these analyses on
process of transfusion with use cases. Every type of
transfusion except use case 14 was target to ensure
traceability of blood products. Figure 4 shows overview
of our system. In hospital, transfusion process was
managed by Transfusion management server and Hospital
information/CPOE server. In blood center, transfusion
process was managed by public server and donor server.
At he each point of process, actors read RFID to capture
data on 6WI1H and auto identification with PDA and
computer. Transfusion server connected to public server
in hospital through internet (VPN). This connection
makes possible to manage whole process from production
to bedside.

The ID on RFID was rewritten after preparation.
Information to link donor ID to product ID was securely
managed inside blood center and blocked physically and
nobody could refer to this server from outside. The
process of rewriting was also under process management
and the process can’t be processing without rewriting.

By connecting hospital system to public server in
blood center through internet, it is possible to certify
availability of blood products by original product database
including adverse event information in real time. When
nurse identified blood product at the point of care, PDA
checked adverse event information in blood center
database trough middle ware as well as patient
information and product information. All transaction for
identification to ensure 5 rights and right process was
completed within 2 seconds. If some infected blood were
found at other hospital and the information was putted in
public server, right after the time PDA warn usage of the
blood products prepared from same source. By this
system, nurses can check safety of transfusion from the
various points of view by just one reading RFID with
PDA within 2 seconds. It is effective to improve patient
safety and operation of nursing works.

C. Evaluation

We evaluated the system based on data captured by
this system. We proved that the system with the RFID tag
and SGTIN was able to manage the pharmaceutical drugs
at the single item level in real time, and improve patient
safety. For all 377 blood transfusions captured by this
system, data was perfectly collected and there is no
inconsistency on the data. For patient safety, it is very
important that the response of the information processing
is quick to operate the real system. We accessed the data
center in Nagoya City, central Japan, away at 900km from
the hospital in Morioka City in the Tohoku region, north-
east Japan, through the Internet line. As a result, the
processing time of the system was within 0.4 seconds, and
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thought to be a response enough by practical use also at
each stage. Moreover, both access times were the
responses within one second, and it was thought enough
though the access from the wholesale enterprise in
Morioka City was an access to the data center in Nagoya
City that used the connection of the Internet of a very
narrow band up to 402 kbps by Personal Handy-phone
System. To evaluate data captured by the system, we drew
the data as traceability graph. An example of traceability
graph is Figure 2. Horizontal axis shows time flow and
vertical axis shows flow of blood products from
production to consumption. There are two lines before
delivery. Left line shows blood product flow in blood
center. Before delivery, blood products don’t timed with
any special patients. Right line shows flow of transfusion
order by doctor. Followed by the order, a blood product
was matched with a transfusion order at the point of
delivery. From the point, Product ID is associated with
Patient ID. The advantage of describing traceability graph
is showing result of data capturing visually and easily. If
data capturing system worked correctly, data capturing
point is going right with process progressions. If the line
is going left, there are some problems on data capturing
such as ex post data entry, delay of the system and time
lag among systems.

The result of describing 377 traceability shows the
system ensures traceability for all blood products from
production to consumption. Certification at each process
was successfully done. During the experimental period,
there is no accident and medical mistakes on blood
transfusion. At the level of the business load, in the entire
work, each person in charge is skilled in a new system
and we improved the operating effectiveness of the person
in charge more than existing business. In terms of
checking prescription and mixing injection drugs, we
have double check system now. In near future, we can
make up single check system with RFID tag system for
backup.
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Fig. 2. Traceability Graph of Blood Products



Moreover, we proved the expectation of the effect of
the medicine of the abandonment amount reduction, and
contribution also improved management and the CO2
exhaust amount reduction of the medical institution.

As aresult of the operation switch verification at the
failure, we confirmed the operation switch was able to be
done promptly, and there was no big influence on the
hospital work. We expect that applicability of the RFID
tag is able to have the good effect of the batch reading in
the business of confirming a large amount of medicine.

IV. DISCUSSION

We constructed system with internet and RFID to
manage whole processes from production to consumption
of blood products to expand the capability of certification
system and ensure traceability. Many previously
published literatures have been tried to construct
certification system at the point of care for blood
transfusion or at blood center to make right
documentation of blood products for blood safety and
management [1-6]. Compare to these systems, this system
has several advantages that other systems don’t have. This
system ensures 5 rights of transfusion and right process
and information with real time original information. By
checking original data base through middle ware at the
point of care, the correctness of information for
certification is highly secured. This technique makes us
possible to check the original database to certify patient
information and blood products with electrical medical
records and computerized order entry system directly and
find adverse events information on blood products
through internet.

We tried to evaluate improvement on blood
transfusion safety and traceability with this system. The
number of medical accidents and incidents on blood
transfusion from April to June 2007 (before
implementation of the system) is zero and the number of
them during experimental period is also zero. This
information didn’t provide us evidence of improvement
on safety based on number of accidents. These data about
number of accidents were based on voluntary reports by
medical workers. Therefore, it is impossible to find any
accidents if they don’t report medical accidents. However,
administration systems have possibility to provide new
opportunity to evaluate and measure level of safety.
Warning logs by reading wrong patients and blood
products RFID means that there is a possibility that the
administration for the patient would be accident or
incident without administration system. The data captured
by the administration system has a potential to measure
the level of safety and comparison of the data between
before and after implementing interventions for patient
safety is our next target for researches.

Costs including work burdens of medical workers are
sometimes the highest obstacle to introduce health IT
system [9-10]. It is useful to investigate feasibility of the
system by evaluating change of time to finish each
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activity [11-18]. We investigated time to finish each
activity by collecting data observationally and computed
average length of time from around 10 observationally
data of each activity. We compared length of time to
finish each activity between using this RFID based
administration  system and using paper based
communication and documentation. We chose six
activities for comparison and six activities are blood
receiving, decussation testing and stock taking in the
blood center and delivering to wards, certification before
administration and recording administration in the
hospital.

For all 6 activities, the time to finish each work with
RFID is shorter than with paper based system. Works of
nurses and technicians would be also effective as well as
safer by introducing RFID based traceability system.
Especially time for administration of transfusion is
decreasing. This system has a possibility to improve
productivity of transfusion process as well as transfusion
safety.

Another way for identification and data capturing
used widely is barcode technology. RFID is superior to
traditional barcode technology in numerous ways [15,16].
RFID does not require line-of-sight, allows simultaneous
read of multiple tags, is able to store more information on
the chip, cab include sensors for condition monitoring
such as time and temperature, and enables automatic
identification and data capture [15]. In addition to these
operative advantages, RFID enable rewriting information
and it is significantly important to construct a solution for
privacy data protection and future extensions.

We investigated and focused improvement of
transfusion safety with auto identification and data
capturing system. In addition to these advantages, it also
has possibility to provide significant advantages on
hospital management and regional health system
management. The ways to storage blood products were
strictly regulated, because quality of blood products is
easy to change with affects from outside. Red blood cell
products must be stored inside refrigerators having a
function to record temperature and blood platelet must be
inside storage with vibration system. They require strict
methods to store and blood products delivered once were
regarded as consumption and sometimes wasted. Blood
products are scarce and valuable resource from human
blood, and waste of blood products might cause safety
and management problems in hospitals and regional
healthcare system. Traceability data can contribute to
solve these issues by visualizing data of distributed blood
products. That would enhance effective use of blood
products by connecting hospitals to blood center and
among hospitals.

V. CONCLUSION

In this study, we focused on identification and data
capturing for patient safety. Capturing data and alibi
management of materials including blood products leads



