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Although prewously only the beneﬁts of medl-

cines were of interest, recently the safety of
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INTRODUCTION

The safety of medication use should be a prior-
ity, to prevent medical accidents by ensuring
the appropriate use of correct medications. In
our previous study, we analyzed medical near-
miss case data collected by the Japan Council
for Quality Health Care and found that similari-
ties in name or appearance tend to induce con-
fusion (1). The Japanese Ministry of Health, La-
bour and Welfare (MHLW) has made it
compulsory for pharmaceutical companies to
display a bar code on the label of ethical medi-
cines in an effort to eliminate medication er-
rors. Declaration no. 0915001 of the Pharma-
ceutical and Food Safety Division required the
printing of a bar code on packages for injection
medicines and biological medicines as of Sep-
tember 2008,! and aimed at having bar codes
printed on dose packages for oral medicines
and external medicines in the next several years.
Recently, MHLW announced the results of an
investigation of the progress in adoption of the
bar code display (2). However, few studies have
investigated how health care professionals per-
ceive the bar code system, since its utilization is
currently not obligatory.

The aim of this study is to show the mentality
of health care professionals regarding the bar
code required by the declaration. We focus on
two perspectives: how health care professionals

deal with the bar code on packages, and if they
recognize its importance and expect to use it.
First, we investigated how health care profes-
sionals deal with medicine packages on which
bar codes are printed. Though the bar codes
are expected to help ensure identification and
confirmation of the medicine, they occupy a
portion of the label and may conflict with the
visibility of items traditionally printed on the la-
bel. For this reason, we need to identify the op-
timal layout that includes the bar code. Second,
we investigated if health care professionals were
aware of the importance of the declaration at
an early stage (from the perspective of utiliza-
tion of the bar code system) and how they ex-
pect to utilize the bar code (from the viewpoint
of scanning locations and the timing of imple-
mentation).

In this article, we show the results of analyses
applied to data obtained via a questionnaire.
We identified a relationship between respon-
dent attributes, responses related to the desir
able layout of the label, and the awareness of
the declaration.

TARGET DATA AND TOOLS

In our analysis, we used response data from a
questionnaire titled, The Questionnaire Survey
About the Bar Code Display on the Labels of In-
jection Drugs conducted from January to March
2007. The questionnaire was printed on paper
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FIGURE 1

Options offered to re-
spondents as the way to
hold an ampoule for scan-
ning. An ampoule can be
held at the top, right side
up (upper left); at the top,
upside down (upper right);
pinched between top and
bottom (lower left); or
held at the bottom (lower
right).

FIGURE 2

and consisted of 11 questions concerning the
ideal layout of a label on ampoules and percep-
tion of the bar code declaration. We received
responses from 566 health care professionals,
including 258 pharmacists (248 hospital phar-
macists) and 259 nurses (239 hospital nurses)
from eight locations in Japan, including Hiro-
shima, Gifu, Kanazawa, Kobe, and Nagoya. To
investigate perceptions of health care profes-
sionals about utilizing the bar code printed on
labels, we focused on pharmacists and nurses
who directly deal with medicine packages. We
excluded physicians because their primary mis-
sion is to prescribe appropriate medicines, not
to deal with medicines directly.

To identify the ideal layout of the ampoule la-
bel on which the bar codes are printed, we fo-
cused on the following factors:

1. The way an ampoule is held to scan it with a hand-
held-type bar code reader (Figure 1). We assumed

Options for position of the
bar code: the top of the la-
bel (left), the center of the
label (center), and the
bottom of the label (right).
The medicine name print-
ed on thelabel is “F > 7
JVESES Omg (AM-
POULE injection 50mg),”
which is fictional and pre-
sented as an example.

Kimura et al.

that the bar code is scanned in pharmaceutical
departments and general wards.

2. The ideal position of the bar code (Figure 2) and
the direction of the product name (Figure 3) on
the label.

3. Awareness of the declaration to display bar codes
on labels of ethical medicines, and categories of
ethical medicines that need to display the bar
code with the expiration date and manufacturing
number, which are currently optional.

4. The place to scan the bar code and timing of im-

plementing bar code use in the hospital.

METHODS

DECISION TREE ALGORITHM

To determine the relationship between respon-
dent attributes and the preferred way to utilize
the bar code, we utilized a commonly used deci-
sion tree algorithm. The algorithm recursively
finds the condition of explanatory variables
that effectively classifies the data so that they
form the groups in which the objective variable
has a similar value. The result shows the princi-
pal condition that determines the value of the
objective variable. Let us illustrate this algo-
rithm briefly based on the sample data shown in
Figure 4. We can see that the value in the
Bought column is equal to Y if the age is less
than 29.5 and that it is not related to gender. If
we set the value in the Bought column as an ob-
jective variable, and the age and gender as ex-
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planatory variables, we obtain the decision tree
showing that the condition of age is principal.

CLUSTERING ALGORITHM

To find groups of data with similar values, we
utilized a two-step clustering algorithm. This al-
gorithm first finds definite groups of small size
(subclusters) and then merges them into resul-
tant groups (clusters). The number of clusters is
determined based on the Bayesian information
criterion, which is usually used for model selec-
tion. Applying this to the columns Age and
Bought in the sample data from Figure 4, we
find two clusters (Figure 5). Cluster 1 refers to
the group of data with age no more than 29 and
Y under Bought, and Cluster 2 refers to the
group of data with age more than 29 and N un-
der Bought.

The software for the decision tree algorithm
and clustering algorithm was a module of Clem-
entine 8.6, the data-mining software released
by SPSS Inc.

DISPLAY OF BAR CODE AND PRODUCT
NAME

To find the preferred relationship between re-
spondent attributes and direction of the prod-
uct name, we applied the decision tree algo-
rithm by setting the product name direction
(from top to bottom or vice versa) as an objec-
tive variable and the way to hold an ampoule for
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FIGURE 3

scanning, position of bar code, job title, gender,
and length of job experience as explanatory
variables. This analysis will show which of the
variables is the most relevant for determining

the preferred direction of the product name.

AWARENESS OF THE DECLARATION AND
UTILIZATION OF THE BAR CODE

We applied the decision tree algorithm to ex-
tract the relationship between attributes of re-

Options for direction of
the product name, which
can be printed from top to
bottom (left) or from bot-
tom to top (right).

FIGURE 4

Sample data (left) and
sample decision tree

(right).

FIGURE 5

Sample output of a two-
step clustering algorithm.

Drug Information Journal

352



652

MEDICAL

INFORMATION

spondents and awareness of the declaration to
display bar codes on ethical medicine labels.
The objective variable was awareness of the
declaration, while the explanatory variables
were job title, gender, period of job experience,
and number of beds in the hospital at which the
respondent works. This clarifies the type of
health care professionals who are not aware of
the declaration, who are the objective to be en-
lightened on its significance.

To gauge the trends in opinions of health care
professionals concerning where the bar code
display should be utilized in a hospital, we ex-
amined the relationship between respondent
attributes and the location where they pre-
sumed to scan the bar code. We applied the de-
cision tree algorithm by setting the scanning
location as an objective variable and job title,
gender, length of job experience, and number
of beds as explanatory variables. Since there are
many options for scanning locations, they are
not suitable as objective variables in a straight-
forward way (decision tree algorithms can only
have one objective variable). To resolve this dif-
ficulty, we extracted the selection pattern of the
scanning location via a two-step algorithm and
set the resultant clusters as an objective vari-
able.

IMPLEMENTING USE OF THE BAR CODE
Since it is optional to display the bar code with
the expiration date and manufacturing number,
we first extracted the selection patterns of med-
icine categories that display those bar codes us-
ing a two-step algorithm. To view the trend ho-
listically, we classified the size of the hospital
where respondents work into three categories
(<300 beds, 300-500 beds, and >500 beds),
and the length of work experience into two cat-
egories (>5 years or <5 years). Subsequently, we
applied the decision tree algorithm to view the
relationships of the above clusters to respon-
dent attributes. Since the volume of data in-
cluded in each cluster was not sufficiently uni-
form after application of the above procedure,
we balanced the size of clusters without chang-
ing the distribution of the value of each vari-
able.

Kimura et al.

The respondents had four options for the
time of implementation: (a) in 2007, the year
when ethical medicines with bar code displays
came onto the market; (b) after September
2008, when the bar code was displayed on all
injection drug labels; (c) from 2009 to 2011, the
target period in which to display the bar code
on internal or external medicines; and (d) at the
time when their hospital employed a system for
implementing the bar code. After balancing the
data volume, we applied the decision tree algo-
rithm to extract the relationships between tim-
ing of implementation to respondent attributes.

RESULTS

DISPLAY OF BAR CODE AND PRODUCT
NAME

Applying the decision tree method, we found
the following trends. Respondents who hold the
bottom of the ampoule or pinch it between top
and bottom during the scan tended to prefer
the product name to be displayed from bottom
to top, which is presently the method adopted
for more than 90% of injection drugs. Nurses
who hold the top of the ampoule tended to pre-
fer the name to be displayed from top to bot-
tom. Conversely, pharmacists who hold the top
with the ampoule right side up tended to prefer
the name to be displayed from bottom to top,
while those who hold the top with the bottom
up tended to prefer the name displayed top to
bottom (Figure 6).

This can be summarized as the pharmacists
tending to prefer the name printed from the
side closest to them to the side away from them.
Taking into account that the bar code reader is
the handheld type, we can interpret this result
as a preference to read the product name from
the side of the bar code reader when they hold
the scanner with their right hand. On the other
hand, nurses who hold the top of an ampoule
seem to prefer the name to be printed so that it
can be easily seen when they draw the injection
into the syringe. If this is true, this indicates the
possibility that nurses should confirm the med-
icine after they cut the top of the ampoule and
does not assume that they should check it using
the bar code in advance.

353



A Survey of Bar Codes on Ampoule Labels MEDICAL INFORMATION 653

The direction of product name
— FIGURE 6
HAFdy % n
Frombottomtofop ~ 46.996 266
Q mmzbom 433?: 2;2 Relationship between di-
a3t 100000 566 rection of product name
' = and other factors.
The position of barcade -
151.1:=10.084
I |
Center, the upper siiie; the lower side Umwvllered
J=F1 7-F1
AFHY % n palr=1"] % n
Frombotomtotop 50769 264 | | Frombotiomiotop  4.348 2
i Fromloplobotom  46.538 242 % Fromfoptobotom  6.552
| d 2692 14| [# unonswered 89030 41
[ 2t ng3 | | e 87 4
=
How fo hold
ak= 0001
I 1
Hold the bottom of an ampoule; Hold top of an ampoule (right side up);
multiple choice; pilmh top and botom hold top of an ampoule (i ulpsido down); unanswered
/=F3 J—F4
p2laml)) % 0 HFHY % n
Frombotomfofop ~ 68.148 9 Frombottomfotop ~ 44.675 172
i Fomloplobotom 28148 38 B Fromfoptobotiom 52987 204
B unanswered 3704 5 - d 2.338 9
St 2852 135 oF 68.021 385
=
Profession
1s1.E= 0.008
1
Hospital nurses; nurses (other) Hospital pharmacists; other; pharmacists (other)
|
J=F9 J=F10
AFHY % n pilp =1 % n
- Frombotomtotop 35542 59 Frombottomfofop  51.598 113
i Fromioptobotiom  60.843 101 & Fromioptobotiom 47032 103
] nswered 3614 b L] d 1.370 3
[ et 039 6 | est 38693 219
e T =
How fo hold
r&k= 0.004
I |
Hold fop of an ampoule (rightside up) Hold top of an ampoule (upside down); unanswered
L oo I — ’
/= K15 : /=16 :
paba=1)) % n i ba=1] % n |
Frombotiomfotop 63492 40 i Fombotlomtotop 46795 73 |;
& Fomiopiobotiom 36508 23 {4 Fromloplobotiom 51282 80
] d 0.000 0 8 unanswered 1923 3
ot 3 68 B 7561 156 )
................................ =

AWARENESS OF THE DECLARATION AND
UTILIZATION OF THE BAR CODE
The resultant decision tree showed that only

and whether the respondent was aware of the
declaration (Figure 7). Since the chi-square val-
ue was 73.29 and the P value was less than 0.01,
there is a significant difference in awareness of
the declaration depending on career. This sug-
gests that only directors of pharmacies, who are

pharmacists with more than 5 years’ work expe-
rience tended to be aware of the bar code dec-
laration. Based on this result, we applied Pear-

son's chi-square test to the number of usually veteran pharmacists, were aware of the

respondents categorized by the following con- declaration
ditions: whether the respondent was a veteran Figure 8 shows that the patterns of scanning

pharmacist with over 5 years of job experience, locations are divided into six clusters: “only in
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FIGURE 7

Relationship between
awareness of the declara-
tion and career attributes
of respondents.

FIGURE 8

Clusters of bar code scan-
ning locations. The verti-
cal axis shows the percent-
age of respondents who
selected each location.

FIGURE 9

Relationship between
scanning location clusters
and respondent profes-
sion. The vertical axis
shows the number of re-
spondents belonging to
each cluster.

the pharmaceutical department” (cluster 1, 127
records), “in all but the outpatient depart-
ments” (cluster 2, 108 records), “in the general
wards” (cluster 3, 41 records), “in the pharma-
ceutical department and general wards” (clus-
ter 4, 86 records), “in all but the pharmaceuti-
cal department” (cluster 5, 38 records) and “in
all departments” (cluster 6, 112 records). Let-
ting the clusters be the objective variable and
applying the decision tree algorithm, we found

Kimura et al.

that nurses tended to select cluster 1, while
pharmacists tended to select cluster 2. Figure 9
shows the number of respondents belonging to

each cluster for pharmacists and nurses. Focus-
ing on cluster 1 and cluster 2, we again applied
the chi-square test to the data of hospital nurs-
es and hospital pharmacists, and found a sig-
nificant difference (P = 0.0034).

This result suggests that health care profes-
sionals other than veteran pharmacists are cur-
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FIGURE 10

Clusters of medicines re-
quiring display of bar code
with expiration date and
manufacturing number.
The vertical axis shows the
percentage of respondents
who selected each group of
drugs.

FIGURE 11
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rently unaware of the declaration and that the
pharmaceutical division is where the bar code
will be utilized most immediately. However, to
prevent any confusion of ampoules, it is desir
able to understand the significance of the bar
code and utilize it not only at the time of dis-
pensing a prescription, but also at all subse-
quent phases.

IMPLEMENTING USE OF THE BAR CODE

We obtained two clusters of medicines requir
ing display of bar codes with an expiration date
and manufacturing number: biological prod-

ucts and narcotics (cluster 1, 33 records) and
all controlled medicines except prescription
drugs and ethical drugs, which need no pre-
scription (cluster 2, 13 records; Figure 10). The
resultant decision tree shows that cluster 1
tended to be selected when the number of beds
is fewer than 300 or when respondents were
nurses working at a hospital with more than
500 beds, while cluster 2 tended to be selected
in other cases (Figure 11). We can therefore see
a tendency for relatively large hospitals to limit
the use of bar codes to medicines for which lot
information is important, since it is difficult to

Relationships between re-
spondent attributes and
clusters of medicines re-
quiring bar codes with ex-
piration and manufactur-
ing dates.
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deal with a large number of medicines with vari-
ous kinds of bar codes.

Regarding the time of implementation, Figure
12 shows that veteran nurses and young phar
macists tended to respond “at the time when
the hospital employs a system for implementing
the bar code,” though veteran pharmacists re-
sponded, “from 2009 to 2011." In addition, vet-
eran pharmacists tended to hope for earlier im-
plementation if they worked for a relatively
large hospital that was university affiliated, na-
tional, or local public. This shows that veteran
pharmacists tend to consider it realistic to uti-
lize the bar code within a reasonable time after
it has become somewhat popular. The result
might also suggest that nurses and young phar-
macists perceive the timing of implementation
passively.

SUMMARY AND DISCUSSION

We applied data mining techniques with a focus
on the decision tree to relate respondent attri-
bute data to response data concerning the bar
code display to ensure safety in the use of am-
poules for injectable preparations. We also dis-
cussed preferences in the display of labels with

the bar code, and data on health care profes-
sionals’ awareness of the declaration. The re-
sults show the following tendencies:

o Pharmacists prefer a product name that can be
easily read when they scan the bar code, though
nurses prefer the name to be printed from top to
bottom. This suggests a difference in the condi-
tions for using the ampoules between pharmacists
and nurses. The difference may be that pharma-
cists focus on the identification of medicine dur-
ing a scan at the timing of compounding, while
nurses focus on identification at the time of injec-
tion preparation and presume not to use the bar
code.

¢ Only veteran pharmacists were aware of the decla-
ration obligating the bar code to be on the label of
ethical medicines. Nurses expect that the bar code
will be scanned only in the pharmaceutical depart-
ment.

e Pharmacists in large hospitals expect medicines re-
quiring bar codes with expiration date and manu-
facturing number to be limited to biological prod-
ucts and narcotics, though nurses expect the bar
codes to apply to most controlled medicines.

¢ Young pharmacists and nurses expect to utilize the
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bar code at the time when the hospital implements
the system, though veteran pharmacists expect to
utilize it at a reasonable time after the bar code has

become somewhat popular.

Overall, we can see a difference in response
patterns between pharmacists and nurses, pre-
sumably caused by the conditions under which
they deal with ampoules. There might also be a
gap in perception of the purpose of the bar
code system between them. The bar code is ex-
pected not only to confirm medicines but also
to guarantee traceability during distribution.
Though pharmacists might understand the im-
portance of the bar code system as an extension
of the distribution system, it is possible that
nurses merely regard it as an additional check
system.

It is also notable that the information neces-
sary for understanding the significance and ef-
fectiveness of the bar code is not shared with
nurses and young pharmacists. This may be why
they have not considered the utilization of the
bar code concretely. To deliver medicines to pa-
tients safely, it is preferable to scan the bar code
at multiple points to increase traceability in a
hospital. From this point of view, it is possible
that young pharmacists and nurses do not have
the perspective of incorporating multiple-point
scanning into the safety system of a hospital
and regard it as an optional system to identify a
medicine. If so, the bar code system will be less
effective in ensuring safety.

Taking the responses of veteran pharmacists
into consideration, we can see that relatively
large hospitals that were university affiliated,
national, or local public have already developed
the bar code system independent of the decla-
ration submitted by MHLW. As for other hospi-
tals, we can expect that the bar code system will
be introduced in a few years.

It is obviously necessary for authorities and
pharmaceutical companies to widely enlighten

MEDICAL

all health care professionals, not only pharma-
cists, concerning the objectives and impor
tance of the bar code system, and also offer
them an image of its practical use. Understand-
ing the objectives and building the scanning
into an appropriate workflow will allow the
proper administration of a highly reliable medi-
cation delivery system.

NOTE

1. The Pharmaceutical Affairs Act defines biological
medicines as products made from organisms oth-
er than plants that require particular attention
from a health care perspective. The declaration
gives weight to tracking these medicines because
of their risks, such as infection. Additionally, there
are some kinds of controlled medicines, such as
narcotics, addiction-forming medicines, psycho-
tropic medicines, drastic and poisonous medi-
cines, and so on. In general, a prescription is nec-
essary to use ethical medicines, though there are
some ethical medicines that do not need prescrip-

tion.
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