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Abstract

Objective: This study aims to evaluate the effectiveness of the clinical decision support system (CDSS) upgrade in the automated
unit-dose drug dispensing system (AUDDS), which comprises both the pre-review CDSS software of the automated drug unit-dose
dispensing machine (ADDM) and the pre-verify CDSS software of the medication detection machine (MDM). The ultimate goal of these
coordinated enhancements is to improve the overall dispensing efficiency of the AUDDS.Methods: A multidisciplinary collaboration
involving pharmacists and the AUDDS engineer was established to implement two upgrades: the rule-based pre-reviewCDSS software in
ADDM and the pre-verify CDSS software in MDM. The upgraded CDSS software of ADDM was configured to automatically identify
and intercept three categories of clinically inappropriate inpatient medication orders (IMOs) based on real-time patient data from the
hospital information system: duplicate IMOs, IMOs of excessive doses, and non-splittable IMOs. Upon detection, the CDSS software
in ADDM generates an alert to notify the managing pharmacist, who conducts a telephone consultation with the prescribing doctor
for timely resolution. The pre-verify CDSS software in MDM was upgraded to improve image acquisition and recognition accuracy
and reduce the error rate in automatically identifying mismatched unit-dose medication bags (UMBs). Results: Pre-post comparisons
revealed improvements in both workload and efficiency metrics and safety metrics. After the upgrade, total order volume (TOV) and
order volume per pharmacist (OVP) showed a 7.54% mean increase, and the monthly total number of pre-verified unit-dose medication
bags (MTN) revealed a 31.84% mean increase. The monthly volume of duplicate IMOs (MVDI) displayed a 11.62% mean reduction,
and the ratio of duplicate IMOs (RDI) displayed a 19.32% mean reduction. The monthly volume of IMOs with excessive doses (MVIE)
revealed a 35.20% mean reduction, and the ratio of IMOs with excessive doses (RIE) displayed a 41.78% mean reduction. The monthly
true-positive error rate (MTER) displayed a 16.29% mean reduction. However, the monthly false-positive error rate (MFER) was higher
after the upgrade. Non-splittable IMOs were rare in the study, so they were excluded from the comparison. Conclusion: This study
demonstrates that the upgrade was associated with improvement of the appropriateness of long-term IMOs and the dispensing efficiency
of AUDDS, thereby enhancing medication safety in hospital pharmacies.
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1. Introduction
Hospital medication management involves a complex,

multi-step workflow including prescribing, medication or-
der verification, dispensing, administration, and monitor-
ing. Each step of the workflow is susceptible to medica-
tion errors (MEs) [1,2]. ME, defined as preventable events
that may lead to patient harm, increased healthcare costs,
and mortality, represents a persistent and major challenge
in inpatient care. The research from Norway links MEs to
demanding nursing workloads and gaps in pharmacy com-
petency in nurses [3]. Moreover, medication-related inci-
dents account for the highest proportion of preventable pa-
tient harm [4]. Substantial evidence supports that the use
of clinical decision support systems (CDSS), alerts within
CDSS, automated unit dose drug dispensing system (AU-
DDS), and feedback on prescribing errors are critical strate-
gies to mitigate MEs [1,5,6,7].

CDSS extends to provide interactive support that sys-
tematically empowers health professionals, thereby facil-
itating superior clinical decisions and yielding multiple
gains in decision-making efficiency, patient safety, and
cost-effectiveness through workflow optimization [8,9]. A
key application in medication safety is the use of AUDDS
to produce ready-to-administer, patient-specific unit doses,
which represents a promising strategy to prevent MEs when
dispensing. This approach prepackages multiple medica-
tions into a patient-specific bag for specific administration
time, which provides convenience for medication manage-
ment of nursing staff and increases medication adherence
of inpatients [1,10,11]. The consolidation of AUDDS and
CDSS can enhance efficiency, but it also underscores the
critical need for robust pre-verification mechanisms to en-
sure the accuracy of medication orders before dispensing.

To address this critical need, this study implemented
an upgrade to the pre-review CDSS software of the auto-
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Table 1. The timetable for the upgrade.

Subsystem Pre-intervention cohort
Upgrade period

Post-intervention cohort
Implementation period Stabilization period

ADDM January to March 2025 April 2025 May 2025 June to August 2025
MDM February to April 2025 May and June 2025 July 2025 August to October 2025
ADDM, automated drug unit-dose dispensing machine; MDM, medication detection machine.

mated drug unit-dose dispensing machine (ADDM), along-
side an upgrade to the pre-verify CDSS software of the
medication detection machine (MDM), with the overarch-
ing goal of enhancing the efficiency of AUDDS and medi-
cation safety.

2. Materials and Methods
2.1 Study Establishment and Data Source

This study was conducted in the inpatient pharmacy
department of a tertiary A hospital. All oral inpatient med-
ication orders (IMOs) from the inpatient wards processed
through the AUDDS during the study periods were in-
cluded. IMOs of oral solid medications can be automati-
cally processed by ADDM (Xana-U4002W, TOSHO Inc.,
Japan) and dispensed into unit-dose medication; IMOs of
other oral medications are pre-reviewed by the CDSS soft-
ware of ADDM, then manually dispensed by the managing
pharmacist and reviewed by another pharmacist for final
dispensing.

An upgrade to the CDSS software (AP software V4.0,
XYDYMedical Technology (Beijing) Co., Ltd.) in ADDM
was implemented by the AUDDS engineer in April-May
2025, based on the demand of pharmacists. To evaluate the
effectiveness of this upgrade in ADDM, a pre-post com-
parison was employed. IMOs from January to March 2025
constituted the pre-upgrade cohort, while those from June
to August 2025 formed the post-upgrade cohort. The period
for the upgrade of CDSS in ADDM includes the implemen-
tation period (April 2025) and the stabilization period (May
2025).

The upgrade to the pre-verify software of MDM
(MDM 2.0, Global Factories BV, Gravenhage, Nether-
lands) was implemented by the AUDDS engineer in May-
July 2025, based on the demand of pharmacists. A pre-post
comparison was employed to evaluate the impact of the up-
grade. The period from February to April 2025 served as
the pre-upgrade cohort, and the period from August to Oc-
tober 2025 served as the post-upgrade cohort. The period
for the upgrade of CDSS in MDM includes the implemen-
tation period (May and June 2025) and the stabilization pe-
riod (July 2025). Both stabilization periods for ADDM and
MDM undergo small revisions. The timetable for the up-
grade is shown in the Table 1.

For a systematic comparative evaluation, monthly ag-
gregate data from the AUDDS were analyzed during the
study. The metrics are categorized as follows:

2.1.1 Workload and Efficiency Metrics
Total order volume (TOV): The total number of IMOs

processed by ADDM per month.
Order volume per pharmacist (OVP): The average

number of IMOs processed byADDMperworking pharma-
cist per month, calculated based on a standard daily staffing
of four pharmacists.

Monthly total number of pre-verified unit-dose med-
ication bags (UMBs) (MTN): the UMBs pre-verified by
MDM per month.

2.1.2 Safety Metrics (Derived From Long-Term IMOs)
Monthly volume of duplicate IMOs (MVDI):Monthly

volume of duplicate IMOs pre-reviewed by upgradedCDSS
software in ADDM.

Monthly volume of IMOs with excessive doses
(MVIE): Monthly volume of IMOs with excessive doses
pre-reviewed by upgraded CDSS software in ADDM.

Monthly true-positive error rate (MTER): the ratio of
error UMBs correctly identified by MDM to the total num-
ber of UMBs pre-verified by MDM per month.

Monthly false-positive error rate (MFER): the ratio of
error UMBs falsely identified by MDM to the total number
of UMBs pre-verified by MDM per month.

The following metrics are derived from the monthly
proportion relative to the initial long-term IMOs:

Ratio of duplicate IMOs (RDI): the ratio of duplicate
IMOs to initial long-term IMOs.

Ratio of IMOs with excessive doses (RIE): the ratio of
IMOs with excessive doses to initial long-term IMOs.

2.2 Upgrade of CDSS Software Within ADDM for
Pre-Review

The upgraded CDSS software of ADDM is a rule-
based screening tool that pre-reviews all IMOs processed
by AUDDS. Any IMO that fails automated pre-review trig-
gers an alert in the CDSS of ADDM, which prompts the
managing pharmacist to intervene before dispensing. This
alert initiates a structured workflow in which the manag-
ing pharmacist directly consults the prescribing doctor by
telephone. This consultation intends to review the clinical
rationale for the IMO that failed pre-review and collabo-
ratively determine whether to dispense the IMO or not. In
most cases, this consultation persuades the prescribing doc-
tor to correct the IMO as suggested by the managing phar-
macist. If the prescribing doctor decides that the original
IMO should be dispensed despite the alert, the managing
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pharmacist would ensure that the prescribing doctor pro-
vides a formal prescription for further dispensing.

Construction of the rule bank in the pre-review CDSS
software of ADDM is carried out by the pharmacists and
the AUDDS engineer based on the drug instructions and up-
to-date clinical guidelines. After the initial construction, 2
pharmacists were responsible for the accuracy verification
by reviewing the up-to-date drug instructions and clinical
guidelines. The rule-bank is mostly created based on the
drug instructions, which have legal effect.

Ongoing maintenance of the rule bank in the pre-
review CDSS software of ADDM is carried out by the man-
aging pharmacist every day. The update of drug instruc-
tions sent from the manufacturer will notify every pharma-
cist, especially the managing pharmacist of AUDDS, to fa-
cilitate the revision of the rule bank immediately. Phar-
macists in the inpatient pharmacy department revise the
rule bank in ADDM according to the changes in clinical
guidelines per quarter. However, the changes in clinical
guidelines are mostly learned from the prescribing doctor,
since they will prescribe IMOs according to up-to-date clin-
ical guidelines. These IMOs refer to the up-to-date clini-
cal guidelines that may be alerted by the CDSS of ADDM,
leading to the managing pharmacist learning the up-to-date
clinical guidelines and revising the database after a careful
discussion with the chief of the inpatient pharmacy depart-
ment. If the IMO refers to the up-to-date clinical guidelines
is proven correct, the rule bank in ADDM will be revised,
and the IMO will be appropriate in the CDSS of ADDM.

By those steps above, the CDSS of ADDM acquired
the ability to pre-review IMOs and identify the inappro-
priate IMOs. The upgraded rule-based CDSS software in
ADDM can automatically pre-review and generate alerts
for inappropriate IMOs based on real-time data from the
hospital information system (HIS), which can be divided
into three types: duplicate IMOs, IMOs of excessive doses,
and non-splittable IMOs.

2.2.1 Settings for Pre-Review of the Duplicate IMOs

The upgraded rule-based CDSS software in ADDM is
programmed to identify IMOs as duplicates if two or more
IMOs for a patient share the same HIS drug code and medi-
cation frequency. Upon detecting such duplication, an alert
is generated in the CDSS software before the automated dis-
pensing, pending mandatory review by the managing phar-
macist. The managing pharmacist can find the precise in-
formation about the alerted IMOs by clicking on the alerted
inpatient ward and the “duplicate IMOs” button, which is
necessary for the pharmacist-doctor consultation. Theman-
aging pharmacist can access a contextual decision menu by
right-clicking on the alert in the CDSS interface. This menu
presents the managing pharmacist with a binary choice to
either authorize or cancel the dispensing of the duplicate
IMO, ensuring that no duplicate IMOs are dispensed with-
out explicit clinical oversight. The long-term duplicate in-

patient medication orders are constrained, while the stat du-
plicate inpatientmedication orders can bemanually allowed
by the managing pharmacist for automatic dispensing.

2.2.2 Settings for Pre-Review of the IMOs of Excessive
Doses

The upgraded CDSS software in ADDM is pro-
grammed to screen all IMOs against a predefined max-
imum single-dose limit. This limit is configured in the
CDSS rule bank by the managing pharmacist based on of-
ficial manufacturer drug instructions and clinical guide-
lines, daily maintained by the managing pharmacist. Upon
detecting an IMO that exceeds the maximum single-dose
limit, the CDSS software generates an alert before dispens-
ing, which prompts the managing pharmacist to review the
IMO. The managing pharmacist can find the precise infor-
mation about the alerted IMOs by clicking on the alerted in-
patient ward and the “IMOs of excessive doses” button for
the pharmacist-doctor consultation. Themanaging pharma-
cist can then access a contextual decision menu by right-
clicking the alerted IMOs. This menu presents a binary
choice to authorize or cancel the dispensing of the alerted
IMO, ensuring that no IMOs of excessive doses are dis-
pensed without explicit clinical oversight.

2.2.3 Settings for Pre-Verification of the Non-Splittable
IMOs

The upgraded CDSS software in ADDM contains
the pre-review rules for non-splittable IMOs in the rule
bank. The CDSS rule bank identifies specific drugs as
non-splittable upon their entry into the ADDM. An alert is
triggered before dispensing when an IMO contains a non-
splittable drug, and its dosage deviates from the standard
package size, specifically when the prescribed dosage does
not align with the available package size (e.g., a prescrip-
tion for half a tablet). The managing pharmacist can find
the precise information about the alerted IMOs by clicking
on the alerted inpatient ward and the “non-splittable IMOs”
button, which is necessary for the pharmacist-doctor con-
sultation. Themanaging pharmacist can access a contextual
decision menu by right-clicking on the alert in the CDSS
interface to authorize or cancel the dispensing of the non-
splittable IMO.

2.3 Upgrade of the Automated Verification Software of
MDM

MDM pre-verifies the UMBs by capturing color,
grayscale, and color pictures of the drugs. These pictures
are compared in real time against reference medication im-
ages stored in theMDMdatabase, using the barcode printed
on each UMB generated by the ADDM for picture identifi-
cation.

When a mismatch is detected between the captured
picture and the MDM database, the MDM generates an
alert. The pharmacist can review the mismatched UMB in
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the MDM verification software (MDC,Medicine Detection
Checkout Client, V1.9.8.5, Global Factories BV, Graven-
hage, Netherlands) after the automatic pre-verification of
all UMBs of an inpatient ward is finished. The pharma-
cist can perform a real-time visual comparison between the
captured color picture and the stored reference picture in the
MDC software. If the pharmacist is unable to confirm the
match through this verification process, a manual compar-
ison is mandatory to identify the mismatched UMBs and
implement appropriate corrective actions before final dis-
pensing.

To enhance the accuracy of image acquisition and au-
tomated pre-verification, an upgrade for the image capture
function and pre-verify CDSS software (MDM-Detection,
V1.8.2.1, Global Factories BV, Gravenhage, Netherlands)
in MDM was implemented. The upgrade involved recali-
bration of the camera in MDM to improve the accuracy of
captured color, grayscale, and color pictures. Additionally,
the algorithm in automated verification software was opti-
mized to enhance MDM’s ability to recognize drug color,
texture, and imprint, with particular attention to contrast
and color variation, thereby improving overall verification
accuracy.

2.4 Statistical Analysis
All statistical analyses were conducted using Graph-

Pad Prism Software (V8.0.2, San Diego, California, USA).
Data is presented as line plots and mean ± standard devi-
ation (SD). Comparisons of continuous variables between
the pre-upgrade and post-upgrade cohorts were performed
using descriptive statistics analysis. Results of statistics
analysis are shown in Table 2.

3. Results
3.1 Enhanced Automated Dispensing Efficiency of ADDM
After Upgrade

Despite an overall increase in hospital workload, the
ADDM demonstrated enhanced dispensing efficiency af-
ter the upgrade. Under equivalent operation time, both key
workload metrics improved in the post-upgrade cohort.

Specifically, TOV increased from 343,065 ± 45,136
in the pre-upgrade cohort to 368,947 ± 7859 in the post-
upgrade cohort, representing a 7.54% increase in the aver-
age monthly volume. OVP increased from 85,766 ± 11,284
in the pre-upgrade cohort to 92,237 ± 1965 in the post-
upgrade cohort, corresponding to a 7.54% mean increase
(Fig. 1A). These findings indicate that the upgrade was as-
sociated with the improved efficiency of the ADDM under
the same working conditions, which contributes to the over-
all efficiency improvement of AUDDS.

3.2 Volume and Ratio of Inappropriate IMOs in Long-Term
IMOs Reduced After CDSS Pre-Review Upgrade

Both the volume and the rate of duplicate long-term
IMOs decreased in the post-upgrade cohort. MVDI de-

creased from 261.70 ± 21.03 (pre-upgrade cohort) to 231.3
± 27.30 (post-upgrade cohort), displaying a 11.62% re-
duction in average (Fig. 1B). RDI decreased from 0.647
± 0.091% (pre-upgrade cohort) to 0.522 ± 0.076% (post-
upgrade cohort), indicating a 19.32% mean reduction (Fig.
1C). These results indicate that the upgraded CDSS soft-
ware is related to the reduction of duplicate IMOs.

A similar reduction was observed for IMOs with ex-
cessive doses in the post-upgrade cohort. MVIE decreased
from 83.33 ± 8.505 (pre-upgrade cohort) to 54.00 ± 12.53
(post-upgrade cohort), revealing a 35.20% mean reduc-
tion (Fig. 1B). RIE decreased from 0.2073 ± 0.0404%
(pre-upgrade cohort) to 0.1207 ± 0.024% (post-upgrade co-
hort), which displayed a 41.78% mean reduction (Fig. 1C).
These results demonstrate that the reduction of inappropri-
ate IMOs is related to the pre-review CDSS software up-
grade.

However, non-splittable IMOs were infrequently ob-
served among overall IMOs. Because of their low occur-
rence, non-splittable IMOs were not suitable for statistical
analysis and were therefore excluded from the comparison.

3.3 Effectiveness of Upgraded Pre-Verify CDSS Software
on MDM and Improved Throughput of MDM After
Upgrade

Under equivalent operation time, the MTN increased
following the pre-verify CDSS software upgrade. Specifi-
cally, the MTN increased from 94,526 ± 63,059 in the pre-
upgrade cohort to 124,624 ± 5588 in the post-upgrade co-
hort, corresponding to a 31.84% increase in average (Fig.
2A). These findings demonstrate that the enhanced pre-
verify CDSS software improved the throughput of MDM,
which contributes to the overall efficiency gain of the AU-
DDS.

Following the upgrade, the MTER decreased from
0.1633 ± 0.01528% (pre-upgrade cohort) to 0.1367 ±
0.02309% (post-upgrade cohort), corresponding to a
16.29% mean reduction (Fig. 2B). However, the MFER
was higher after the upgrade. MFER is 7.067 ± 0.6616%
in the pre-upgrade cohort, while the MFER in the post-
upgrade cohort is 8.593 ± 0.8819% (Fig. 2C).

4. Discussion
In this study, the CDSS software of the AUDDS was

upgraded to improve the overall efficiency and enhance
medical safety. Upgrade of CDSS software in ADDM re-
duced the volume and proportional rate (relative to initial
long-term IMOs) of clinically inappropriate IMOs (the du-
plicate IMOs and the IMOs of excessive doses), and in-
creased the efficiency. In the post-upgrade cohort, RDI
displayed a 19.32% mean reduction, and RIE displayed
a 41.78% mean reduction. Similar trends were found in
the MVDI and MVIE. These findings suggest that IMOs’
prescribing is more appropriate with the pharmacist-doctor
consultation and the upgraded CDSS software in ADDM
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Fig. 1. Effectiveness of the CDSS software upgrade on ADDM. (A) Line plots of the TOV and OVP of the pre-upgrade cohort and the
post-upgrade cohort. Blue line: TOV; Orange line: OVP. (B) Line plots of the MVDI and MVIE in the pre- and post- upgrade cohort.
Blue line: MVDI; Orange line: MVIE. (C) Line plots of the RDI and RIE in the pre- and post- upgrade cohort, unit: %. Blue line:
RDI; Orange line: RIE. CDSS, clinical decision support system; ADDM, automated drug unit-dose dispensing machine; TOV, Total
order volume; OVP, Order volume per pharmacist; MVDI, Monthly volume of duplicate IMOs; MVIE, Monthly volume of IMOs with
excessive doses; RDI, Ratio of duplicate IMOs; RIE, Ratio of IMOs with excessive doses.

Table 2. The result of the descriptive statistics analysis.
Mean Range SD SEM CV

Metrics Pre-
upgrade

Post-
upgrade

Pre-upgrade Post-upgrade Pre-
upgrade

Post-
upgrade

Pre-
upgrade

Post-
upgrade

Pre-
upgrade

Post-
upgrade

TOV 343,065 368,947 308,394–
394,100

362,389–
377,658

45,136 7859 26,059 4537 13.16% 2.130%

OVP 85,766 92,237 77,099–
98,525

90,597-
94,415

11,284 1965 6515 1134 13.16% 2.130%

MVDI 261.7 231.3 240–282 200–250 21.03 27.3 12.14 15.76 8.038% 11.80%
MVIE 83.33 54 77–93 42–67 8.505 12.53 4.91 7.234 10.21% 23.20%
RDI (%) 0.6467 0.5217 0.5590–

0.7400
0.4340–
0.5660

0.09063 0.07592 0.05233 0.04383 14.02% 14.55%

RIE (%) 0.2073 0.1207 0.1640–
0.2440

0.0970–
0.1450

0.04041 0.02401 0.02333 0.01386 19.49% 19.90%

MTN 94,526 124,624 21,877–
135,103

118,701–
129,803

63,059 5588 36,407 3226 66.71% 4.484%

MTER
(%)

0.1633 0.1367 0.15–0.18 0.11–0.15 0.01528 0.02309 0.008819 0.01333 9.352% 16.90%

MFER
(%)

7.067 8.593 6.380–7.700 7.680–9.440 0.6616 0.8819 0.382 0.5092 9.362% 10.26%

SD, standard deviation; MTN, monthly total number of pre-verified UMBs; MTER, Monthly true-positive error rate; MFER, Monthly false-
positive error rate; SEM, Standard error of the mean; CV, coefficient of variation.

Fig. 2. Effectiveness of the CDSS software upgrade on MDM. (A) Line plots of the MTN of the pre-upgrade cohort and the post-
upgrade cohort. Blue line: MTN. (B) Line plots of the MTER in the pre-post comparative analysis. Blue line: MTER, Unit: %. (C) Line
plots of the MFER in the pre- and post-upgrade cohorts. Blue line: MFER, Unit: %. CDSS, clinical decision support system; MDM,
medication detection machine; MTER, Monthly true-positive error rate; MFER, Monthly false-positive error rate; MTN, Monthly total
number of pre-verified UMBs.

for IMO pre-review. Moreover, due to the increased hos-
pital workload, the TOV and OVP of ADDM are increased
under the samework conditions after the upgrade, which in-
dicates the time saving for pharmacists by simplifying the

workflow of the inappropriate IMO resolution. As to the
MDM, the upgrade also increased the MTN, reducing the
MTER. Conversely, the MFER increased after the upgrade.
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CDSS is widely recognized as the essential tool for
enhancing medication safety, preventing dispensing errors,
and reducing overall MEs in hospitals [11,12]. The pre-
ventable nature of a substantial proportion of MEs is un-
derscored by data from the European spontaneous reporting
system (EudraVigilance database): of 1750 reported med-
ication errors, 1300 (74%) were identified as preventable
drug-related problems [13]. The reduction of inappropri-
ate IMOs in our study lends indirect support to this con-
clusion. AUDDS, constituted by ADDM and MDM, is de-
signed for convenient medication distribution. AUDDS is
widely recognized as an intelligent technology for safer,
more efficient, and traceable drug administration in hospi-
tals [14]. AUDDS can enhance patient safety by preventing
drug dispensing errors while simultaneously offering con-
venience for pharmacists and nurses [15,16,17]. In addi-
tion, the involvement of pharmacists has proven to be a
highly effective strategy for improving medication safety.
Pharmacist-led interventions have been associated with a
32% reduction in potentially inappropriate prescriptions
[18]. Pharmacist-involved disease management can im-
prove medication adherence and reduce adverse drug reac-
tions (ADRs) [19,20,21]. Based on these studies, this study
constitutes a pharmacist-doctor consultation along with the
pre-reviewCDSS software ofADDM for a stricter IMOs re-
view, which improved the appropriateness of IMOs and the
efficiency of ADDM. While the upgrade of the pre-verify
CDSS software of MDM is not that successful. The im-
proved efficiency of the MDM is revealed by the increased
MTN and the reduced MTER after the upgrade. The rea-
sons we conclude for the increased MFER after the up-
grade are the frequent drug replacement resulting from the
National Drug Centralized Procurement Policy in the post-
upgrade cohort, and the increase in hospital workload. The
upgrade of MDM offsets these disturbances and achieves a
stable running state.

This study provides a reachable approach for improv-
ing the appropriateness of IMOs by constituting a rule-
based pre-review CDSS software in ADDM before the
automatic dispensing. The appropriateness of IMOs can
be improved by forming the CDSS software-pharmacists-
doctors axis in the hospital pharmacy workflow. The inap-
propriate IMOswere hard to find in the overall IMOs before
the upgrade, which consumed more time of the pharmacist
and may cause MEs. And if the inappropriate IMO is found
out by the pharmacist who is responsible for final dispens-
ing, this IMO has been packaged by ADDM as a single-unit
dose drug. It takes more time to correct it and put the drugs
back in ADDM, or discard these drugs for safety, which
causes drug waste. Upgraded CDSS software of ADDM
can save time for pharmacists, reduce the drug waste and
MEs resulting from inappropriate IMOs.

In the future, we will still work on the upgrade of the
AUDDS to further upgrade the CDSS software in ADDM
for better pre-review of the IMOs and reduce the MFER

in MDM. The rule bank in the CDSS software of ADDM
will be more specific for pre-review, and the AUDDS will
complete pre-review together with other CDSS software or
novel technology in the future. Moreover, the pre-verify
CDSS software in MDM will be upgraded to improve the
pre-verify function targets for the drugs with high false-
positive alerts to reduce the manual workload of the phar-
macist.

5. Limitations
The study is carried out as a monocentric study in a

tertiary A hospital with 3060 beds and over 80 wards. The
IMOs processed by the AUDDS and the inpatient numbers
are massive, so the CDSS software for IMO pre-review and
UMB pre-verification is necessary to reduce the manual
workload of pharmacists. The initial time investment of the
upgrade consumes 3 weeks, and the ongoing data mainte-
nance is carried out by the managing pharmacist every day.
Most updates of guidelines are learned from the prescribing
doctor, and the rule bank of the CDSS software in ADDM
is updated quarterly. The AUDDS is supervised by a man-
aging pharmacist during daily work. Although the study
provides an effective workflow to reduce the inappropri-
ate IMOs, the workload of hospital and the time investment
limited the generalizability of the study.

The unequal upgrade periods for the ADDM and
MDMmay affect the precision of the ADDM post‑upgrade
datasets since the post-upgrade cohort of ADDM contains
the upgrade periods of MDM. But this influence is slight.
Because the ADDM andMDMwork independently, the up-
grade of one subsystem had little influence on the work-
ing condition of the other system. Besides, the metrics in
the study can be divided into metrics of ADDM, includ-
ing TOV, OVP, MVDI, MVIE, RDI, RIE, and metrics of
MDM: MTN, MTER, and MFER. These metrics belong to
each subsystem and remain unrelated to those of the other
subsystem.

During the study, the hospital workload increases
rapidly, which leads to an increase in IMOs and UMBs.
While the seasonality of workload during the study is con-
trolled, as the pre-upgrade cohort and the post-upgrade co-
hort both contain national vacation, the workload remains
fluctuant. The difference and seasonality of workload are
the cofounding factors of the study. The results of the sta-
tistical analysis reveal that the upgrade is effective, but the
periods for the study are short and are influenced by many
disturbances, such as increased hospital workloads and fre-
quent drug replacement. As a study for the AUDDS ef-
ficiency assessment based on a small number of monthly
observations, it also lacks patient-level outcome data and
external validation, which limits the effectiveness of the
findings. Thus, the upgrade is associated with the improve-
ments of the IMO quality and overall efficiency of the AU-
DDS, rather than a strong correlation. The generalizability
of the study is limited.
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6. Conclusions
In this study, the upgrade of the pre-reviewCDSS soft-

ware in ADDMand the pre-verify CDSS software inMDM,
along with the pharmacist-doctor consultation workflow,
contributes to the improvement of the IMO quality and
overall efficiency of the AUDDS. The upgrades are re-
lated to the time saving of the inappropriate IMO resolution
workflow and the reduction of the proportion of inappropri-
ate IMOs in the long-term IMOs, enhancing medical safety.
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