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ABSTRACT

Purpose: We assessed the effects of a bar-code assisted medication administration system
used without the support of computerised prescribing (stand-alone BCMA), on the dispensing
process and its users.

Methods: The stand-alone BCMA system was implemented in one ward of a teaching
hospital. The number of dispensing steps, dispensing time and potential dispensing errors
(PDEs) were directly observed one month before and eight months after the intervention.
Attitudes of pharmacy and nursing staff were assessed using a questionnaire (Likert scale)
and interviews.

Results: Among 1291 and 471 drug items observed before and after the introduction of the
technology respectively, the number of dispensing steps increased from 5 to 8 and time
(standard deviation) to dispense one drug item by one staff personnel increased from 0.8 (0.9)
to 1.5 (0.12) minutes. Among 2828 and 471 drug items observed before and after the
intervention respectively, the number of PDEs increased significantly (P<0.001). ‘Procedural
errors’ and ‘missing drug items’ were the frequently observed PDEs in the after study.
‘Perceived usefulness’ of the technology decreased among users who participated for both
before and after questionnaires surveys (N=11; P=0.008; power=0.76). Among the
interviewees, pharmacy staff felt that the system offered less benefit to the dispensing process
(9/16). Nursing staff perceived the system as useful in improving the accuracy of drug
administration (7/10).

Conclusion: Implementing a stand-alone BCMA system may slow down and complicate the
dispensing process. Nursing staff believe the stand-alone BCMA system could improve the
drug administration process but pharmacy staff believe the technology would be more helpful

if supported by computerised prescribing. However, periodical assessments are needed to



identify weaknesses in the process after implementation, and all users should be educated on
the benefits of using this technology.

[Word count = 284]



INTRODUCTION

Drug administration is the final step in the medication use process and errors that occur at this
stage may directly harm the patient [1-3]. Therefore an additional defence, such as bar-code
assisted medication administration (BCMA), is needed to intercept drug administration errors
and to improve patient safety [4, 5]. BCMA systems have been shown to reduce drug
administration errors when used as a closed-loop system, where prescribing, dispensing and
drug administration processes are electronically linked [4, 5]. Computerised prescribing is a

pre-requisite for a closed-loop BCMA system but many hospitals do not have this facility [6].

Hospitals that do not have computerised prescribing may use a system known as the stand-
alone BCMA system [7]. This works by feeding the information on hand-written
prescriptions to the computer, and generating and attaching bar-coded dispensing labels to
each drug dispensed by the pharmacy. Therefore, implementing a stand-alone BCMA system

requires considerable coordination between the pharmacy and the ward.

Staff are known to resist new technologies, and changes to work flow and their roles [8]. If
users do not operate the technology correctly, technology-related errors may occur (9) and the
envisioned benefits of the technology may not be achieved. Simple and easy-to-use systems
that are perceived as useful may be more readily accepted [10, 11], which means that the
application of technological innovations are greatly reliant on user attitudes. The closed-loop
BCMA system has been studied in detail and implementation issues and workarounds have
been reported [12, 13, 14]. Koppel et al, found that most of these workarounds were due to
unexpected problems that were encountered by nurses when using the technology [12]. While
some have shown that implementing a closed-loop BCMA system did not increase the time

nurses spent on medication administration activities [15], others reported that nurse’s
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perception on time efficiency reduced with this intervention [16]. Therefore the system
design and the practicality of its usage are vital aspects to test before and after implementing
technological innovations. Stand-alone BCMA systems have not been studied as much as
closed-loop systems [4, 5, 12]. Bargren et al reported how a stand-alone BCMA system
affected the drug administration process but its effects on the dispensing process and users

have not been explored yet [7].

Our aim was to study a stand-alone BCMA system as it was introduced to a medical ward in
a university hospital in terms of its effect on the dispensing process, pharmacy staff and
nursing staff. More specifically, we aimed to study the timing and changes to the dispensing
steps, identify socio-technical (human factor related) and technical issues introduced by the
system to the dispensing process, assess changes in potential dispensing error (PDE) rates,
and assess the attitudes of pharmacy and nursing staff after the introduction of the

technology.

METHODS

The study setting

A stand-alone BCMA system was initiated in one medical ward (12 beds; 8-9 nurses) in a
tertiary-care hospital in Hong Kong. The hospital had a separate pharmacy that dispensed
drugs to in-patients. Most of the drugs were dispensed on a batch refill method, where drugs
for each patient were dispensed daily. Some drug items were dispensed to refill ward stocks.
Prescribing information on hand-written pre-formatted prescriptions were transferred to
computers, 2D bar-coded dispensing labels were printed (at one dedicated printer) and
attached onto each drug item dispensed by the pharmacy. Drugs that were dispensed by an

Automated Dispensing Machine (ADM) were directly dispensed, with a 2D bar-code printed
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on the packaging. At the bedside, the nurse matched the bar-codes on drug containers/packs
with that of the patient’s bar-coded wrist band and the prescription in the computer system, to
confirm the accuracy of the drug administration process. We included new prescriptions as
well as refill prescriptions in the study. A “‘drug item’ was defined as a chemical substance
that is used in the treatment, cure, prevention, or diagnosis of disease or used to otherwise
enhance physical or mental well-being of a patient. For example if ‘Paracetamol 500 mg
every 6 hourly’ was prescribed, it was counted as one drug item. Both oral and parenteral
drug items were included but were not analysed separately due to unavoidable practical
issues. Although drug items that required simple re-constitutions were included, bulk sterile

drug items that needed preparation in the pharmacy were not included in the study.

All pharmacy and nursing staff who were involved in the project had a brief training session
prior to the implementation. Drugs to other wards (except the study ward) were dispensed
manually (without the help of the technology). 16 pharmacy staff members were involved in

the project during the study period and included pharmacists and dispensers.

An uncontrolled before and after study design was used. We used a mixed method approach
that included direct observation, structured questionnaire and interviews to study the effects
of the stand-alone BCMA system on pharmacy staff and the dispensing process. Nursing staff
were interviewed to assess their views. Ethical approval was obtained from the Institutional

Review Board of the study hospital.

Direct observation study
We directly observed the number of dispensing steps, dispensing timing and potential

dispensing errors (PDEs) in the pharmacy, before and after implementing the stand-alone
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BCMA system. We also observed technical and socio-technical issues encountered by

pharmacy staff when using the technology.

The dispensing process was timed one month before and eight months after implementation.
The time taken by one staff member to complete the dispensing process of one drug item was
measured in minutes. The pre-implementation timing study included drug items dispensed to
all wards while the post-implementation timing study included drug items dispensed to the

study ward only.

Workflow changes and, socio-technical and technical issues encountered by pharmacy staff
when using the new system were directly observed eight months after the implementation
using a pre-specified data collection format. Issues related to using the system were recorded
under four main areas; technical problems, infrastructural problems, extra steps needed, and
assistance needed from others. The research pharmacist who was involved in the observation
was aware of the purpose of the study and used an un-disguised and non-interventional
approach to observe the dispensing process. Informed consent was obtained from all staff
members before shadowing them. The observations were carried out on 26 randomly selected

weekday mornings during a period of two months.

The final step of the dispensing process, when a senior dispenser cross-checks the prepared
drugs (ready to be dispensed) against the hand-written prescription, was observed by the
research pharmacist and errors (potential dispensing errors, PDES) detected at this stage were
recorded before and after the intervention. PDEs detected in the post-implementation study
were further categorised as ‘target PDEs’ (errors not related to the stand-alone BCMA

system) and ‘unanticipated PDEs’ (errors that occurred as a result of using the stand-alone
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BCMA system). In the before study, PDEs were observed on 36 observation days, which
included 26 common observation days where the performance of the new technology and
near misses were observed simultaneously, and 10 observation days where near-misses were
assessed exclusively. Therefore the number of drug items observed to assess near-misses was
greater than the number of drug items observed to assess other aspects of the 2D bar-code
technology in the before study. An identical number of drug items were observed to assess
the performance of the technology and near misses in the after study, because the two
respective observations were conducted simultaneously. Chi square (two-tailed) was used to

compare the number of PDEs observed in the before and after study.

The observations were done by one research pharmacist in order to avoid inter-observer

variability.

Questionnaire survey

An interviewee administered questionnaire was used to assess the attitudes of pharmacy staff
on using the stand-alone BCMA system, one month before and eight months after
implementing the technology. The reliability of a previously validated questionnaire [17] was
confirmed in the present context. 21 items that explained five constructs (*Attitude of output
and intention to use’, ‘perceived usefulness’, ‘perceived ease of use’, ‘job relevance’ and
‘external influences’) were retained. 19 of 21 items in the instrument had item-construct
correlations of >0.3 [18]. The Cronbach’s alpha for each construct was >0.70 and the overall
Cronbach’s alpha for the pre and post-implementation survey responses were 0.79 and 0.92
respectively. A five-point Likert scale was used for rating, in which a score of 1 indicated
“strongly agree” and a score of 5 indicated “strongly disagree”. Mean scores of responses (for

each construct) given by participants who took part in both the before and after questionnaire
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surveys (paired participants) were compared using Wilcoxon Signed Rank test. Responses of
participants who took part in either one of the surveys (un-paired participants) were
compared using Mann-Whitney U test. Bonferroni correction was made to control for type |
error and P<0.01 was considered statistically significant. The minimum sample size needed
to observe one unit change in the means of a given construct, assuming a standard deviation
of 0.50, alpha of 0.05, and a power of 0.80, for paired and un-paired comparisons were 6 and

8 participants per group respectively.

Interview study

Interviews were conducted among pharmacy and nursing staff using a pre-determined
interview guide and field notes were recorded [19] on site. A code list (a list of words that
explained the main aspects discussed by interviewees) was developed after 5 iterative
readings of the interview transcripts [19]. Using this code list, one independent reviewer and
the research pharmacist coded a sub-set of three transcripts. The codes were compared and
modified until both reached 90% agreement, defined as the “fraction of phrases that were
coded in an identical manner by both reviewers’ [18, 19]. The research pharmacist then coded

the remaining transcripts using the finalised code list.

RESULTS

Direct observation study

We observed 1291 and 471 drug items before and after the implementation of the stand-alone
BCMA system. The number of dispensing steps increased from 5 to 8 steps (Figure 1) and
the dispensing time (standard deviation) to dispense one drug item by one staff personnel
increased from 0.8 (0.9) minutes to 1.5 (0.12) minutes after the implementation. We did not

observe any deviations in the steps in the dispensing process, which were compulsory (Web
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only Table ). The staff involvement in each step did not change before and after
incorporating the 2D bar-code technology but two major changes in task responsibilities were
observed in the after study. Firstly, the job responsibility of dispensing staff increased
because they were required to enter more specific drug related information into the system.
Secondly, pharmacists were required to double-check the accuracy of data entry (made by

dispensers) and to stop data entry errors at this point.

Among the dispensing steps that required the use of the technology, technical issues occurred
and extra steps were needed when printing bar-coded labels (12 of 26 times the label printer
was operated) and when using the ADM (7 of 18 times the ADM was used) (Web only table
I). The directly related causes for these issues were ‘unfamiliarity of the system’, ‘lack of
knowledge’, ‘slips and lapses’ and ‘technical faults of the system’. Descriptions of these

issues are detailed in Web only Table III.

We observed 2828 and 471 drug items to identify PDEs in the before and after studies
respectively. There was a significant increase in the proportion of PDEs (P<0.001) after
implementing the bar-coding system (Table I). A post-hoc power calculation comparing the
total number of PDEs (taking into account the differences in sample sizes of the pre and post-
implementation studies) showed a 95% power for this increase. 73.3% of the total PDEs in
the post-implementation study were unanticipated. ‘Procedural errors’ and ‘missing drug

items’ were examples of unanticipated PDEs (Web only table IV).

Questionnaire study
A total number of 21 pharmacy staff responded to the survey (11 paired participants, 5 pre-

intervention only and 5 post-intervention only participants). The demographic characteristics
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of both paired and un-paired participants are shown in Table 1. The mean and median scores
of each questionnaire item and the comparison of mean scores before and after
implementation are shown in Table Ill. The mean score of the item *perceived usefulness’
increased among both groups but was statistically significant only among the paired
participants (P=0.008; power=0.76) after correcting for type 1 error. The mean scores of ‘job
relevance’ showed an increasing trend among both groups after the system was implemented

but was not statistically significant after correcting for type | error.

Interview study

16 pharmacy staff (12 completed both the interview and the questionnaire) and 10 nursing
staff were interviewed. The views expressed by pharmacy and nursing staff were related to
three key areas; efficiency, safety, and issues related to using the stand-alone BCMA system.

Some of their views are shown in Table IV.

Perceptions of pharmacy staff

Most pharmacy staff believed that the dispensing process was slower after implementing the
BCMA system (N=14). Participants attributed these time delays to increased number of steps
in the dispensing process, the need to enter more prescribing information at the point of data

entry and printing labels. Their responses are shown in Table IV (Comments 1-3).

Most participants thought that work was made more difficult or complicated after
implementing the technology than before (N=8). Issues mentioned by participants were
mainly related to hardware and software deficiencies, and technical defects. The dispensing
process using the bar-code system was only partially automated because some steps were

carried out manually. Participants perceived this set-up as a ‘complicated system’ and
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difficult to use (N=8). Some participants viewed that the absence of computerised prescribing
was a barrier for prompt updating of patient profiles when prescribing changes were made
(N=3). Most of the technical defects highlighted by pharmacy staff were related to label
printing (N=7) and the use of the automated dispensing machine (N=4) (Comments 4-8 of

Table IV).

Most pharmacy staff believed that the new system improved the safety in the drug
administration process and benefited the nursing staff and patients (N=8). Their perceptions
on the usefulness of the stand-alone BCMA system to reduce dispensing errors were mixed.
Some participants reasoned that dispensing errors reduced as a result of more thorough
checking (N=5) while others thought the new system did not benefit the dispensing process
without the support of computerised prescribing (N=8). Some of their comments (Comments

9-10) are shown in Table 1V.

Perceptions of nursing staff

Nursing staff commonly believed that the drug administration process was slower when using
the stand-alone BCMA system (N=9). Some also believed that the work load had increased
(N=4), and the process was more difficult and complicated when using the new system
(N=3). In fact, some nurses claimed that they had to do more work because they checked the
administration process manually and also used the 2D bar-code system (N=3) (Comments 11-

12 of Table 1V).

Issues that were highlighted by nurses focused on three main areas, current system
deficiencies, infrastructural and process related drawbacks and technical defects. Some

nursing staff thought that the system was too inflexible to the timing of drug administration
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(N=3) and when re-using remaining drugs from previous days (N=2) (Comment 13 of Table
IV). User-unfriendly computer screens, inability to detect the nature of the error once warned
by the system, delays in updating patient profiles, and difficulties in administering emergency
medication, were some of the other issues that were explained by the nursing staff

(Comments 14 and 15 of Table 1V).

Nursing staff also referred to infrastructural and staff deficiencies that caused difficulties
when using the system (N=6). Main concerns included, the hassle of transporting equipment
around, slow transmittance at work stations and coordination with the pharmacy department

(Comments 16-19 of Table V).

Most nurses believed that a stand-alone BCMA system could improve patient safety and was
useful to check the accuracy of the drug administration process (N=8) (Comments 20-23 of
Table 1V). However, a few emphasised weaknesses in the system that may overlook drug
administration errors (N=2) such as verifying only the bar-code on the label and not the

contents of the drug container (Comments 24-25 of Table V).

DISCUSSION

To our knowledge this is the first study to assess the effects of a stand-alone BCMA system
on the dispensing process. We found that implementing this system increased the number of
dispensing steps and dispensing time. Pharmacy staff encountered socio-technical (human
factor related) and technical issues when using the system. The safety of the dispensing
process decreased due to the introduction of unanticipated dispensing errors after
implementing the new technology. The ‘perceived usefulness’ of the stand-alone system

decreased among pharmacy staff, who believed the technology would be more helpful if
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supported by computerised prescribing. Nursing staff believed that the stand-alone BCMA
system, although increased the workload, was useful in reducing drug administration errors.
However, they acknowledged that technical, infrastructural and system related problems were

encountered.

There are some important implications to our study. A stand-alone BCMA system is a safety
measure that may be adopted by hospitals when using hand-written prescriptions [7].
However, work flow changes and unanticipated dispensing errors may occur in the pharmacy
as a result of this initiative. Incorporating safety systems are associated with increased work
and time [7, 20] even in processes indirectly related to the technology. Moreover, users may
get frustrated due to the unexpected issues they have to face. If they find ways around
difficult procedures, errors may occur and the envisioned benefits of the technology will be
lost [9, 12, 13, 14,18-25]. As users are known to readily accept health technologies they think
are useful and relevant to their job [10, 11], one important step to motivate users to adopt a
new system is to explain the improvement in patient safety resulting from their extra effort
[19]. Another is to conduct periodical post-implementation assessments of processes and user

attitudes to identify areas of difficulty that need further improvements.

Most issues observed in this study have also been reported with closed-loop systems and
hence may be anticipated by others who plan to adopt this technology. Similar to the stand-
alone system, Holden et al. reported that nurses perception on time efficiency decreased when
using a closed-loop BCMA system [16]. Difficulties in using bar-code scanners such as
malfunctioning scanners, failing batteries, unreadable bar-codes and uncertainty of wireless
connectivity [24, 26], logistic difficulties in carrying bar-coding equipment around to each

patient, clinically insignificant error messages [27, 28], and the difficulty of administering
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emergency medication were common to both closed-loop and stand-alone systems. Unlike in
stand-alone systems, updating changes in prescriptions is faster in closed-loop systems, but
Van Onzenoort et al found that delays in responses from computerised systems [26] were still
common. A particular danger in a stand-alone system is the possibility of affixing the wrong
bar-coded dispensing labels to the drug container. Although a closed-loop system is less
prone to such errors, the wrong bar-code label may still be attached if in-house re-packaging
is done [29]. Therefore, all users of BCMA technology should be warned against over-

reliance on the technology and should be advised to continue self-vigilance at all times.

Limitations and strengths

There are some limitations to this study. Firstly, we must acknowledge that the stand-alone
BCMA systems used in different hospitals may differ according to the vendor and the
hospital setting. However, most findings of this study are generalisable as they have also been
reported with closed-loop systems and will be useful to the majority of hospital
administrators. Secondly, the sample size differed in the before and after studies because the
pilot implementation took place in one ward only. There was a limitation when comparing
prescriptions of all wards (pre-implementation) against prescriptions of the study ward (post-
implementation) when timing the dispensing process and when assessing the number of
PDEs. This was unavoidable as the study design we used was an uncontrolled before and
after study. However, we believe that the comparison was valid because the study ward
treated patients across all specialties. Besides, one of our main messages is that the number of
PDEs increased as a result of new errors related to the 2D bar-code technology, and the
limitation in the study design would have minimal affects on this finding. Although, the
number of PDEs related to the bar-code technology increased significantly, some of these

errors may have been due to unfamiliarity of the system. Our study did not assess if these
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errors would decrease when users get more familiar with the system or when the system has
been better improved. Therefore these findings should be tentative. The closed-loop BCMA
system has been shown to reduce drug administration errors but there are no published
studies of the impact of stand-alone systems on error rates. We believe that this would be
important information to confirm the value of a stand-alone BCMA system and should be
addressed in future studies. Lastly, the number of participants included in the questionnaire
survey was relatively small, but we have already tried to survey all staff exposed to the new

system.

Our study also has several merits. We used three methods; direct observation, questionnaire
and interviews to study the effect of the stand-alone BCMA system. Results from quantitative
and qualitative methods were found to be complementary, thus increasing the reliability of
our findings. The post-implementation study was conducted eight months after the
intervention allowing users to familiarise with the intervention. PDEs were detected using a
direct observation method which is more accurate than reviewing medication charts or
incident reports [30]. The research pharmacist was familiar with the study participants and
conducted non-interventional observations on 26 days over a two-month period so that the

Hawthorn effect was minimised.

In conclusion, implementing a stand-alone BCMA system increases the number of dispensing
steps and dispensing time. Pharmacy staff believe the technology would be more helpful
if supported by computerised prescribing and nursing staff believe it is useful to reduce drug
administration errors. However, technical, infrastructural and system related issues are
encountered when operating the system. Hospital managers should plan ahead in anticipation

of these effects when introducing a stand-alone BCMA system to hospitals. Users need to be
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educated that the increase in the time and complexity of work associated with a stand-alone

BCMA system is worthwhile in order to improve patient safety.
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SUMMARY TABLE

What was already known on the topic

Closed-loop bar-code assisted medication administration (BCMA) systems are useful
to reduce drug administration errors

BCMA systems without the support of computerised prescribing (stand-alone BCMA
systems), may be used in hospitals that use hand-written prescriptions

Stand-alone BCMA systems cause considerable workflow changes to the drug

administration process

What this study added to our knowledge

A stand-alone BCMA system increases the length and time of the dispensing process
and may introduced unanticipated dispensing errors

Pharmacy staff believe the technology would be more helpful if supported by
computerised prescribing

Nursing staff perceive that the stand-alone BCMA system is useful to reduce drug
administration errors but they also believe that the system slows down the drug
administration process and technical, infrastructural and system-related issues are
encountered when using the technology

Hospital managers should note that a stand-alone BCMA system may affect the
dispensing process in addition to the drug administration process and therefore should

plan ahead to minimise these effects
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Table I. Comparison of potential dispensing errors (PDEs) detected before and after

implementing the stand-alone bar-code assisted medication administration system

Description Period of study
Before After
Number of prescriptions observed 1363 212
Number of drug items observed 2828 471
Overall PDEs, N (%) 12 (0.4%) 15 (3.20%)
Target PDEs, N (%) - 4 (0.85%)
Unanticipated PDEs, N (%) - 11 (2.34%)

*The ‘number of drugs observed” was used as the denominator for calculating percentages.

PDEs, potential dispensing errors
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Table 1I: Demographic characteristics of pharmacy staff who participated in the questionnaire

survey
Variable Paired participants Unpaired participants
Pre and Post Preonly  Postonly
(n=11) (n=5) (n=5)
Gender, %
Male 54.5 80.0 20.0
Female 455 20.0 80.0
Age category, %
21-30 9.1 20.0 60.0
31-40 54.5 60.0 40.0
41 -50 36.4 20.0 -
Highest education level, %
Additional training 18.2 80.0 75.0
Graduate 63.6 20.0 25.0
Postgraduate 18.2 - -
Current employment status, %
Pharmacist 27.3 - -
Senior dispenser 18.2 20.0 -
Dispenser 455 80.0 75.0
Other 9.1 - 25.0
Total number of years of experience in the profession, %
0 -5 years - - 40.0
6 — 10 years 9.1 20.0 20.0
11 - 15 years 455 60.0 20.0
16 — 20 years 18.2 20.0 20.0
Above 20 years 27.3 - -
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Table I1l: Comparisons of survey mean scores of the 5 constructs before and after the

intervention

Paired t tests (n = 11 participants paired by the summed scores of each construct)

Construct Pre-median  Post-median  Pre-mean  Post-mean P value*
(SD) (SD) (SD) (SD)

Attitude of output and 2.83 (0.44) 3.00 (0.72) 2.70 (0.44)  3.06 (0.71) 0.102

intention to use

Perceived usefulness 3.00 (0.36) 4.00 (0.88) 3.07 (0.36) 3.84(0.88) 0.008

Perceived ease of use 3.00 (0.39) 3.75 (0.78) 3.25(0.39) 3.64(0.78) 0.125

Job relevance 3.00 (0.69) 3.00 (0.88) 2.82(0.69) 3.45(0.89) 0.031

External influences 2.67 (0.54) 3.00 (0.85) 2.46 (0.54) 2.97 (0.85) 0.121

Student t tests (n =5 pre and n =5 post unpaired participants)

Construct Pre-median  Post-median  Pre-mean  Post-mean P value*
(SD) (SD) (SD) (SD)

Attitude of output and 2.67 (0.38) 3.17 (0.67) 2.80(0.38) 3.13(0.67) 0.346

intention to use

Perceived usefulness 3.00 (0.58) 4.00 (0.54) 2.92 (0.58) 3.88(0.54) 0.031

Perceived ease of use 3.00 (0.37) 3.50 (0.57) 3.05(0.37) 3.30(0.57) 0.390

Job relevance 2.00 (0.43) 3.67 (0.44) 2.27 (0.43)  3.47 (0.45) 0.013

External influences 2.67 (0.38) 3.33(0.30) 2.53(0.38) 3.13(0.30) 0.032

SD, standard deviation

*Comparisons are between pre and post-implementation means; P<0.01 is considered

significant due to the bonferroni correction
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Table 1V: Examples of perceptions of pharmacy and nursing staff who were interviewed

Comment Staff type-ID
code

Examples of perceptions on using the stand-alone BCMA system

Pharmacy staff

Efficiency

Comment 1 Pharmacy staff | “Need to input more data such as frequency, duration, need to check them
-G and verify....takes more time to input data.”
Comment 2 Pharmacy staff | “....more time consuming because you have to verify the label, print the
-J label etc. | need to stick the label carefully; otherwise the bar-code scanner
cannot read it.”
Comment 3 Pharmacy staff | “...Work load is a bit larger, because | need to pick the label at another
-L computer...”
Issues related to using the system
Comment 4 Pharmacy staff | “...not a closed-loop system. Therefore can’t get hold of changes in the
-B patient profiles quickly. Have to wait for the doctor’s updated prescription
to come down to the pharmacy for changes to be made...”
Comment 5 Pharmacy staff | “...sometimes there is a problem with the printing quality of the labels
-K ...they need to be re-printed”
Comment 6 Pharmacy staff | “..The ADM [automated dispensing machine], ..over the last six months, we
"B needed maintenance at least 3-4 times..”
Comment 7 Pharmacy staff | “..Machine does not work sometimes...takes time to find the problem..”
-G
Comment 8 Pharmacy staff | “..Increases a lot of work load..when the system is out of order there is a
“H disruption to work..”
Safety
Comment 9 Pharmacy staff | “...From the patients view..yes, better timing of drug administrations. No
‘D benefit in terms of dispensing because it does not improve efficiency, work

load and accuracy. ‘Not really [reduce dispensing errors], we need a scanner
to scan the details of the drugs that we dispense. There is still room for error
because the bar-coding system is not really connected to the dispensing
process....”

Comment 10 Pharmacy staff
-E

“..Yes [reduce drug administration error], more information is provided to
the ward. Dispensing errors are also reduced because the prescription is
verified by the pharmacist.”

Nursing staff

Efficiency

Comment 11 Nursing staff —
R

“Has made daily work much harder and time consuming”.

Comment 12 Nursing staff —
T

“...we have to coordinate with the pharmacy as well.”

Issues related to using the system

Comment 13 Nursing staff —

Q

“..It is hard to match the times of the 2D bar-code system....so we need to

withhold some drug nginistration...sometimes the 2D bar-code system




won’t work because of the double door system...”

Comment 14 Nursing staff- | “Sometimes there are drug bottles with contents remaining, but we cannot
U save it for next time because the system is not flexible......the drug name,
dose, frequency are not shown in the same screen... pharmacy is not close
to us..”
Comment 15 Nursing staff- | “... Sometime the doctor changes the dosage but it takes time to update the
U new dosage in the system...when you need to give a drug very fast the
system is too slow...”
Comment 16 Nursing staff- | “...We need to bring all the equipment to check records,.....not easy..”
\Y
Comment 17 Nursing staff — | “...Sometimes we need to use the scanner 2-3 times before it senses it..”
W
Comment 18 Nursing staff — | “..The ID on the patient’s wrist band wares off if the patient is there for a
4 long time..”
Comment 19 Nursing staff - | “...Loading is very slow because it has to go through many fire walls...”
U
Safety
Comment 20 Nursing staff- | “..2D bar-coding is a good thing. It is a good thing for patient safety...”
Q
Comment 21 Nursing staff- | “..Can ensure increased rate of accuracy....reduce wrong patient with wrong
S drug..”
Comment 22 Nursing staff- “..We pay attention to drug safety even manually..but bar-code may help. In
T the middle of the night the 2D bar-coding system is helpful because there is
only one nurse and no one to help..”
Comment 23 Nursing staff- “..Can check if it complies to the 3-checks and 5-rights”, “Yes, definitely
\% [improves patient safety]”
Comment 24 Nursing staff - | “...We check the bar-code on the label but this does not verify that the
w actual drug inside the plastic pack is the right drug...”
Comment 25 Nursing staff - | “....It will double confirm whether it is the right drug and right patient...but

z

if the strength is not correct it will not be detected”.
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Figure 1: Dispensing steps before and after implementing the stand-alone bar-code assisted

medication administration system

Before study (N = 1291 drug items)
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I = Indicates an additional step or a step that needed additional input by pharmacy staff

Note: The second step in the after study required the entry of additional prescribing information
by dispensers and hence was considerably different from the before study
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