expected. In an accident at Yokohama City University
Hospital, a file containing individual information about the
patient was placed near the patient. The body of the patient
bore traces of past treatment inherent to the disease. The
accident occurred because all such information was over
looked. Thus, it seems necessary to support the work of
medical professionals by using a system that automatically
identifies patients, medicines and related medical articles.

Some hospitals have introduced a bar code system for pa-
tient identification. In such a system, a reader is moved
close to the bar code on the wristband type nametag of the
patient, and reading the bar code identifies the patient. It
may seem that patient safety is improved and nurse work-
loads are reduced in this way, but it should be noted that
new procedure requiring that a special equipment which has
not previously existed at the nursing site must be operated.
It is sensible that the patient is identified by the information
system, but there remains considerable room for improve-
ment.

In the brief of the author that in the introduction of in-
formation equipment into this area, it is not enough to real-
ize functional requirements: there should also be an effort to
reduce human error. An example is the hands-free ap-
proach, that is, if reducing human intervention, accidents,
supports a nursing procedure due to human error may be
prevented. A present, information technology is finding
wider applications in handling medicines and medical arti-
cles. If such a system is realized, it will be easy to identify
patients and medical articles in daily procedure, which will
contribute to improvement of the patient safety assurance.

TII. PROBLEMS IN MEDICAL USE RFID

RFID is effective system to maintain the safety level of
medical environment. RFID tag is small in size in gener-
ally. Hands-free operation and automatic identification are
possible in the medical use RFID system. However, there
are also following several problems to apply the system to
medical environment®.

(a). Characteristic for metal articles

(b) Suitable frequency band

(c) Method for identification

(d). Suitable coverage area

(e) Running cost
(a). Characteristic for Metal Articles

Most of RFID Tag cannot be identified to attach the
metal articles. Therefore, small metal articles like as mos
quito and some forceps cannot be identified. Anti metal tag
is also provided. However, the communication distance is
small in the anti metal tag. The communication distance is
evaluated by an experiment. In the experiment, five tags are
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evaluated. Two types are normal tag. Their diameters are
20mm and 60mm. Three types are anti metal tags. Their
diameter is 3mm, 15mm and SOmm. In the first step of the
experiment, communication distance is measured for each
tag. In the second step, steel disk was attached to each tag.
The steel disk is 100mm in diameter and 10mm in thick-
ness. After the treatment, communication distance is meas-
ured. Result of the experiment is shown in Fig. 2. In the
figure, horizontal axis shows type of tags. Vertical axis
shows communication distance. The distance of each tag is
normalized by result of first step experiment. In the figure,
it is distinct that the communication distance is reduced to
attach the steel disk to the tags. Especially, in the case of
20mm normal tag, communication and identification is
impossible. On the other hand, 3mm anti metal tag keeps
91 percent of communication distance. However, the abso-
lute value of each communication distance is small. Im-
provement of the distance for anti metal tags is indispensa-
ble. The absolute distance can be extended by improvement
of tag circuit. Especially, tuning of Q in resonance circuit
(tank circuit) is effective. By the improvement, some of
metal articles will be identified. The safety level rises by
using the improved anti metal tag.
(b). Suitable Frequency Band

Some frequency bands are provided for RFID system.
There are 125/135 kHz band, 13.56MHz band, 433MHz
band, 800/900 MHz band and 2.45GHz band. These bands
are managed under the law in each country. The frequency
map for Europe, Japan and US is shown in Fig. 3. Most of
frequency band are similarly in three areas. However, in
800/900 MHz band, situations are not same. In Europe and
Japan, this band is not useful for RFID, since most of the
band is used for another communications like as mobile
phone. Only in US, 800/900 MHz band is useful for RFID.
The tag for the frequency band is not used in worldwide.
The frequency convert is indispensable, if the tag used at
outside of the area. For example, a tag which is attached to
medical article in US, is not identified in Europe and Japan.
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For realization of effective medical use RFID tag, the band
has to be united in the world.

Another frequency bands also have some problems. For
example, 13.56MHz band is SW band. The ionosphere
effects SW band communication. Amateur communication
band is also located 433 MHz band. The equipments may
affect RFID communication, since the equipments may
construct by hand made. 2.45 GHz band is also used by
microwave oven and several wireless systems for PC. Their
signals may affect RFID communication. On the other
hand, 125/135 kHz band is allocated only to marine wireless
communications and other limited uses, adverse effects or
incorrect operation due to electromagnetic noise can be
largely avoided using the frequency band.

(¢). Method for Identification

Bar code cannot be identified automatically, since the
code is printed matter. Bar code reader has to be close to
the object to read the code. However, In the RFID, identifi-
cation information is sent by wireless communications.
Hands-free automatic identification can be carried out, if the
reader antenna is located suitable position. Automatic iden-
tification of the tag is effective, since human error is re-
moved. However, manual identification like a treatment
with intentionally confirmation is also effective. For exam-
ple, it is considered that the manual check of procedure in
providing of medicine is indispensable. When a nurse is
engaged in treatment such as administering medicine in the
ward, the carried articles are placed near the antenna of the
bed side RFID reader, and the reader is operated, for exam-
ple by pressing a foot switch located under the bed. The
reader compares the RFID tag on the wristband of the pa-
tient and the tag information of the medicine in the identifi-
cation range. If a tag that does not satisfy the dependency
relation is found, an alarm signal is emitted.

(d). Suitable Coverage Area

Coverage areas of the RFID reader have to maintain the
suitable level in each application. Its characteristic depends
on reader output power and design of antenna. In generally,
the reader of high output power has broad coverage. Broad
coverage area is also realized by using effective reader
antenna.

In a small coverage RFID reader, an object that is located
far from the reader is not identified. However, misidentifi-
cation of some unrelated objects is prevented using small
coverage reader, since the identification area is narrow. Its
communication distance is also limited approx. 100 mm.
This type characteristic is suitable for manual identification
for RFID tag. In the type of antenna, misidentification can
be prevented. On the other hand, large coverage reader is
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Fig.4 Characteristic of large coverage RFID reader antenna



also necessary. Especially, in the case of hands free and
automatic operation, the system is required long-range char-
acteristic. Using broad coverage reader can solve it. An
example of antenna characteristic for broad coverage reader
is shown in Fig. 4. The antenna is designed for automatic
patient identification in surgical room. This antenna is set
around the surgical light. The distance between antenna and
patient is over 800 mm. In the figure, communication dis-
tance is maintained over 1200 mm in the center of the an-
tenna. The patient on a surgical table can be identified
using the system. This type of antenna is suitable in the
situation. However, it is necessary to notice misidentifica-
tion of unrelated objects.
(e). Running Cost

Bar code is printed matter. Therefore, it can be printed
by ordinary PC printer. It is generally considered that RFID
tag is more expensive than other information medium such
as the bar code. However, the cost of RFID tags is reducing
in present. For example, cost of myu chip for 2.45 GHz is
approx. 5 US cent. Another tag for 13.56 MHz is approx. 1
US $. On the other hand, it is supposed that an inpatient
consume approx. 20 tags related medicine (tablets and cap-
sules) and some types medical articles in every day. In the
same way, each outpatients also consume approx. 5 tags in
every day. Total amount of consumed tags are calculated
approx. 31,000 in one large sized hospital in every day. In
Japan, it is considered that the 30,000,000 tags are con-
sumed in domestic all medical facilities in every day. Its
amount is calculated 11,000,000,000 per year. It is enough
amount to reduce its cost. For example, total publication of
each major newspaper in Japan is 10,000,000 in daily.
Author supposes final cost of tags are fixed less than 1 US
cent for myu chip and 20 — 50 US cent for another tags. It
is not expensive to maintain the safety of the patient.

IV. Discussion

Anti metal tag is useful for application in medical envi-
ronment. Small communication distance of the tag can be
improved by suitable design of Q in the tag circuit. 125kHz
band and 2.4GHz band are recommended for medical envi-
ronment. In 125kHz band, confliction between another wire-
less communications can be reduced, since small number of
communications is located in the band. The tag circuit can be
made small in size to choice the 2.4GHz band. In Japan,
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0.4mm sized tag is realized. The tag can be included in each
tablets or capsules. Automatically identification is recom-
mended in most of medical environment. Supervisor in each
environment should manage manual identification of the tag.
Small and large coverage area RFID system is able to realize.
However, suitable system has to be used in suitable purpose.
The cost of tag can be reduced, if large number of tag is used.
In Japan, over 10 tablets or capsules are consumed in every
day.

V. CONCLUSIONS

If the medical use RFID system is realized, matching be-
tween patients and medical articles will be automatically
checked regardless of proficiency or number of nurses. The
increase in workload which is inevitable in the application
of the system is expected to be relatively small. From such
a viewpoint, the medical use RFID system is an effective
means in the present situation, where no essential improve-
ment such as substantial increase in nurse staffing is likely.
Most of RFID tags are small size and weight, and will not
disturb the daily life of the patient, even if it is attached to
the wristband or some other part of the body.

However, it is necessary to discuss the principal factors
of RFID as wireless communication medium. Without the
discussion, medical use RFID system cannot be effective
safety management system.
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Risk Management in Medical Environment as a System
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Ryosuke HOSAKA',  Katsuyuki KONDOH", Kazuhiko YAMASHITA®, Hiroshi INADA4
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! Shonan Institute of Technology, > Akita university,
: Tokyo Health Care University, * University of Hyogo
Abstract  RFID is effective system to maintain the safety level of medical environment. RFID tag 1s small in
size in generally. Hands-free operation and awtomatic identification are also possible in the medical use RFID

system. However, there are also several problems to apply the system to medical environment.  The problems
have 1o be solved for realization of risk management by RFID as a system.
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Possibility of Application of an Actived RFID in a Hospital
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Kazuhiko YAMASHIATA!,  Yumi IWAGAMI',

Shuichi INO® and Toru IFUKUBE?®
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! Tokyo Health Care University, ? Shonan Institute of Technolo

Abstract A management as articles and ubiety is gethering attention in various areas.  The other hands, a
manegement of patient information and medical agent is performed by RFID and bar-code in a hospital.  In the
operation spot, use effeciency and Jocation confirmation of surgical instruments become important. ~ And by the
manegement for insturments of medicine, not only location confirmation but also calculation of a ratio of operation
is important. ~ The aim of this study is examined a possibility of the use by RFID for management of a surgical
instruments in an operation room and a instruments of medicine as cardiography equipment.
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