
 

Abstract—Barcode technology has been widely employed in
medicine and healthcare industry. In this paper, it firstly
introduces the application of barcode technology in information
automation system oriented to blood banks and other
transfusion facilities. In the following, the label paradigm of
Codabar in Macao Blood Transfusion Center (CTS-Macau) is
examined through the comparison with ISBT 128, an
international barcode and labeling standard for blood and
blood products. And then, it tries to exemplify the supersedure
of Codabar by ISBT 128 via the implementation of barcode
labeling system at CTS-Macau. This paper is intended to serve
as a reference of implementing barcode technology in blood
bank automation system.

I. INTRODUCTION

barcode is a machine-readable symbol used to encode
information in order to automate a business process.

Barcode technology facilitates our life in depth. Firstly, it
enables machine to acquire data via scanning and
recognizing automatically, which can not only improve
working efficiency but also avoid errors from manual entry.
In the second, since information consists of simple lines and
space, it is easy to generate and print out barcode without
expensive costs. Moreover, benefited from the international
standards and specifications, barcode technology contributes
to information processing with participation in the whole
lifecycle of goods including delivery tracking and
information feedback. Consequently, the barcode technology
is especially welcomed and widely adopted in massive
industries such as retailing, publishing, posting and so forth.

In the case of medicine and health industry, more than
information processing efficiency, the barcode technology is
prevalent for its intrinsic ability of categorizing, tracking and
managing the life-critic medical materials such as pharmacy
and blood, etc. Further, with respect to blood and blood
components, it is especially appreciated in that blood
donation and transfusion services are generally conducted in
different places. Any negligence or oversight will possibly
result in the life-threaten medical accidence. Without barcode
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technology, there are no other better mechanisms or
eye-readable features of blood products for effective
administration and management. At the same time, with the
prevalence of computer and information technology in blood
bank environment, it is essential to label blood and blood
products for electric data processing systems.

Consequently, early in 1985, FDA (Food and Drug
Administration) and ABC (American Blood Commission)
published the guideline for uniform labeling of blood and
blood components, namely, ABC Codabar [1]. Then, ABC
coordinated its work on standardization of the uniform blood
label with ISBT (the International Society of Blood
Transfusion) for automation and data processing. That
eventually promotes the worldwide acceptance of barcode
labeling technology in the field of blood manufacturing and
blood transfusion, including the United Kingdom, Macau,
and so forth [2]. However, due to there is no official
international standard on barcode label format and layout,
variety of self-designed barcode labels maintained in
different countries and regions. Moreover, the intrinsic flaws
with respect to information capacity and security
performance make Codabar obsolete for contemporary
information processing. Therefore, since 1990s, ISBT has
been devoted to work out the international barcode and
labeling standard for blood and blood products, namely, ISBT
128, which is based on the barcode symbol of Code 128.
Nowadays, ISBT 128 has been approved as the new barcode
labeling regulation in USA [3] and recommended by other
countries [4]. Consequently, with the technical support of
INESC-Macau, CTS-Macau initiated the plan to implement
the new ISBT 128 barcode labeling system in its blood bank
automation system since 2004.

II. BARCODE TECHNOLOGY IN BLOOD BANK AUTOMATION

According to the barcode labeling guideline in blood banks,
the objective of uniform blood component label is to reduce
the danger of incompatible transfusions caused through
human errors via presenting important information in a clear,
logical and easily recognizable format. The barcode
technology is to provide such a symbol to promote such
accurate transfer of information and ease in tracking the
blood through all steps from donor to recipient when used in
a carefully designed electric data processing systems.
Consequently, implementation of barcode labeling
technology in blood bank entails information management
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and blood products tracking so as to reduce the chance for
human errors. In general, the participation of barcode
labeling technology, including barcode and labels, covers
most of divisions of blood bank from reception and collection
to lab, component, stock, and even the subsequent blood
distribution, information feedback of recipient, etc. The
function of barcode and labels will be examined according to
their different roles in the blood bank automation system –
AB+MIS© running at CTS-Macau.

A. Controlling Workflow

Given the biohazard of some blood components with
potential virus, the donation procedure should be controlled
rigorously in every step. Barcode labeling technology has
been proven effective to coordinate and control the workflow
of donation. In AB+MIS, once a donor comes to the donation
site, the donor number and donation number will be assigned
uniquely. Meanwhile, the donation number will be printed
out by barcode label printer. Then, benefited from the barcode
labels with unique donation number, the parallel processing
in subsequent procedure, such as testing and screening in lab,
manufacturing in components and validating in stock, can
fairly contribute to working efficiency.

B. Managing Blood and Blood Components

The barcode labeling technology comprising barcode and
readable text provides an effective means to manage the
confusable blood and blood products, which are usually
difficult to distinguish with human eyes. Firstly, the
machine-readable barcode labels enable information
automation so that the human errors could be excluded.
Therefore, besides efficiency, the information is more reliable
than manual inputting. In the second, the barcode label
including readable text promotes the capability of sorting and
settling for mass blood storage and administration. Finally,
acquiring and validating information without human
intervention improves the security of blood donation and
subsequent transfusion.

C. Tracking Donation and Transfusion

As stated in the beginning, besides its application in blood
management, barcode labeling technology works throughout
the circulation of donation and transfusion, which effectively
prevents the potential incompatible transfusion. In terms of
blood bank, the critical information about blood product,
including donation number, blood group, product name and
expiration date, has been printed out as the barcodes and
readable texts for blood bag. From blood bank to transfusion
service, the circulation procedure can be associated in virtue
of the machine-readable barcode labels. The usage
information in transfusion service can also be fed back to
blood bank with the unique donation number. Finally, in
transfusion services, barcode labeling technology should be
implemented as in blood banks. Not only for information
feedback, but also it is required for safe blood transfusion. For
example, in [5], the study evaluates a barcode patient
identification system for the administration of blood and
blood sample collection for compatibility testing. Moreover,
the barcode labeling technology is also introduced for patient
identification through matching the barcode information
with that in patient wristband.

III. CODABAR LABEL AT CTS-MACAU

Referring to the guideline published in 1985 for uniform
labeling of blood and blood components, CTS-Macau
implemented the codabar labeling and printing function in its
blood bank automation system – AB+MIS© with the technical
support from INESC-Macau. There are two integrated
on-demand barcode label printing modules: the first in the
section of reception is for workflow tracking and controlling,
and the second in stock is for the final label of blood product.

A. The Label of Donation

This barcode label, shown in Fig.2, is printed out for
donation tracking and workflow controlling. Once a donor
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Fig. 1. Barcode labeling technology in blood bank automation system
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arrives at the donation site, a unique donation number
associated with this donation will be assigned and printed out
as barcode labels. Then, the barcode labels will be distributed
to the sections of nurse, doctor, collection, components,
microbe, immunohematology, and stock, etc. The related
data in these sections, identified by the unique donation
number, will be submitted to blood bank automation system
for decision-making or information searching. Since the
donation number is verified through scanning and inputting,
it is effective to avoid the manual errors and improve the
working efficiency.

B. The Label of Blood Product

This label is generated for blood bag before storage. It
indicates that the blood product has been ready for
transfusion service. According to the guideline of ABC
Codabar, a blood component label should comprise the
critical information: blood donor grouping results (i.e., O+ in
Fig.3); the component name with appropriate qualifiers (i.e.,
Red Cells and keep at 2 oC ~ 6oC); the unique donation
number (i.e., 2403908); the expiration date (i.e., 12-08-2004);
and identification of the center collecting and processing the
blood and blood components (i.e., Centro de Transfusoes de
Sangue – Macau).

The guideline of ABC Codabar prescribes these data
should be barcoded respectively. However, considering that
mere 9 type of blood products and 8 type of blood grouping
results in CTS-Macau, they are co-barcoded with the
donation number. Hence the barcode “240390823”, in Fig.3,
can be scanned and decoded as following:

2403908: donation number;
24: Year;
03908: Sequential number.

2: product name (i.e., red cells);
3: blood group (i.e., O+).

Obviously, regardless of the trend of ISBT 128, such
barcode labeling paradigm is deficient to provide blood
donation and transfusion service once out of Macau area.
Therefore, CTS-Macau decided to upgrade its barcode
labeling system to ISBT 128 in the end of 2004.

IV. IMPLEMENTING ISBT 128 STANDARD

Besides the more secure barcodes by code 128, ISBT 128
prescribes the normalized label layout, data structure, and
technical specifications of barcode so as to provide an
internationally conformable standard serving for blood
donation and transfusion. As a result, the conversion from
codabar to ISBT 128 does not mean only substituting codabar
with code 128. The revisions in consideration preliminarily
include the supporting database, automation software,
printers and scanners, etc.

The first concern is to modify the data structure. In ISBT
128, not only the more donation information is incorporated
in the label, but also the data codes should be extended
because of the combination of donation information. For
instance, the blood group type has been compositely coded
with the donation type in ISBT 128. Secondly, since the more
donation information can be coded, during the process of
blood collection and validation, the more donation details

Fig. 3. The label of blood product

Fig. 4. The barcode label layout of ISBT 128

Fig. 2. The labels of donation
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and specifications will be recorded in the blood bank
automation system. Furthermore, hardware support should be
considered such as the barcode printer and scanner.
Fortunately, the barcode printers and scanners supporting
codabar are also applicable to code 128 in general.

To implement ISBT 128, the first is label design, and then
is barcode processing. In ISBT 128, the label has been
normalized from the size of label, barcode and text to their
layout. The barcode information includes “Donation
Identification Number”, “ABO/Rh Blood Groups”, “Product
Code”, “Expiration Date” and the optional data blocks
“Collection Date”, “Special Testing”. The layout diagram of
ISBT 128 label can be referred to Fig. 4.

As to the barcode data structures and contents, they are
detailed in the following table I.

Then, the texts in barcode label are generally printed in
sans serif typeface. According to their function, these texts
can be defined as the follows:

Eye-readable text: representing the data characters in
barcode and being printed immediately below the
barcode in left justification, such as “005190” for
expiration date;
Bar code text: the interpretation of the eye-readable
text, such as “09 Jul 2005” accordingly;
Additional label text: such as “CTS-Macau”.

Of course, besides label layout and data structure, the
additional considerations should be taken due to the
transformation from old codabar system to ISBT 128. For
example, before implementation, the viability has to be
carefully researched between upgrading the background
database, such as editing tables and converting donation data
in accordance with the new structure, and developing the
specific interface to deal with the information in codabar and
ISBT 128 simultaneously. If former, the data integrity should
be validated rigorously. Here the latter is preferred for data
security in AB+MIS© at CTS-Macau.

Finally, a functional blood product label complying with
the ISBT 128 standard has been shown vividly in Fig. 5.

V. CONCLUSION

In this paper, the barcode labeling technology is introduced
in detail for its application in blood bank automation systems.
The concern is to implement the ISBT 128 standard, a new
international barcode labeling standard for blood and blood
products, so as to substitute the widely used codabar
paradigm at present. Most of the relevant technologies and
implementation are exemplified in virtue of the blood bank
automation system – AB+MIS© at CTS-Macau.
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TABLE I THE DATA STRUCTURE AND CONTENT IN ISBT 128 LABEL

Barcode Data structure Data content

Donation

Identificatio

n Number

= pppp yy

nnnnnn ff K

pppp: Facility Identification Number;

yy: last two digits of the collecting year;

nnnnnn: series number in facility;

ff: flag characters;

K: Modulo 37, 2 keyboard check character

ABO/Rh

blood group

=% gg re gg: blood groups and donation type;

r: phenotype;

e: reserved for future usage

Product

code

=< oooo tds oooo: product description code;

t: donation type;

ds: unit division

Expiration

date

&> c yy jjj c: century of the expiration year;

yy: the year within the century;

jjj: Julian day of the year

Fig. 5. Illustration of the ISBT 128 blood product barcode label

545




