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Abstract \
Medication management in inpatient facilities is a crucial issue for patient safety. In inpatient
conventional drug management, a common problem relates to drugs prescribed and delivered to
patients being returned to the pharmacy without reason for the return. When reasons are given, they
are not often regularly and correctly recorded. Closed Loop Medication Administration (CLMA)
protects patient safety by managing all processes, including intake of the drug to the hospital's
stock, administering the drug to the patient, and disposal of unused drugs using technology. CLMA
is known to contribute positively to patient safety. However, there is no study on the effect of
CLMA on the return of non-administered drugs. This study aims to analyze the effect of CLMA
on drug return rates and investigate the data quality of reasons for drug returns. The research was
carried out in three inpatient clinics of a Turkish state hospital (Bolu Izzet Baysal Public Hospital)
where the CLMA was implemented in May of 2017. The data set obtained from the hospital
information system (HIS) is anonymized. The study showed a significant increase in drug return
rates after CLMA, and the data quality of drug return reasons is also significantly improved. These
results show that CLMA contributes positively to drug return rates and the data quality of drug
return reason records.
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Introduction

Closed Loop Medication Administration
System

Inpatient treatment processes involve
more significant risks for patient safety than
outpatient treatments (Agrawal, 2009). One
of the high-risk aspects of treatment relates to
drug safety (Vural,Ciftci and Vural, 2014).
There are different risks at every stage, from
the hospital's supply management to drug
administration to the patient (Toriner,
Kiligarslan and Erdemir, 2010). The Closed
Loop Medication Administration (CLMA)
model was developed to reduce these risks
(Bowles and Lu, 2007; Henderson, Lunak,
Markiewicz, Tobin et al., 2003). CLMA is the
management of all processes from the drug
intake to the hospital's stock, to the
administration or return and disposal of the
drug, using technology that prioritizes patient
safety (Bowles and Lu, 2007). CLMA can
facilitate the systematic and reliable
implementation of a wvery long and
complicated process (Skiba, 2006). CLMA's
basic workflow consists of the following
steps (Theal and Yang, 2016);

1. Stock Management:

a) Medicines are verified with technology
(barcode, RFID, etc.) and added to the
hospital's stock.

b) Stock is managed by monitoring the
name, type, amount, expiration date of the
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drugs and storing them under appropriate
conditions.

c) Expired drugs are disposed of using an
established procedure.

2. Order:

a) The physician
electronically.

3. Pharmacist Approval:

a) The pharmacist evaluates the details of
the prescription and approves it if
appropriate.

b) Approved drugs are packaged and labeled
(barcode, RFID, etc.) in the pharmacy as
a unit dose (tablet, ampoule, etc.).

c) The pharmacist verifies unit dose drugs
with the help of technology and sends
them to the patient's ward.

4. Medication Administration, Return, and
Disposal:

a) The nurse administers the medication to
the patient according to the five rights of
medication administration (right patient,
right medication, right time, right dose,
right route).

b) Drugs that are not administered to the
patient for any reason are verified with
technology (barcode, RFID, etc.) and
returned to the pharmacy, again as a unit
dose. The reason for the return should also
be recorded.

c) Drugs that are unusable for any reason are
disposed of according to a drug disposal
procedure.

orders medication
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Figure 1: CLMA process

As seen in Figure 1, almost every step
of the CLMA is carried out electronically,
incorporating the clinical decision support
system (CDSS). Besides, drug verification is
performed with the help of technology
(barcode, RFID, etc.). Thus, an error or
inconsistency in any one step will prevent
proceeding to the next step.

CLMA and Medication Safety

Medication errors are among the most
threatening factors for patient safety. A study
conducted by the American Pharmaceutical
Institute in the USA stated that more than 1.5
million people are harmed every year due to
medication errors (Ydntem, Guntdrkadn,
Tokem, 2019). In a patient safety report
published by the U.K. National Reporting and
Learning System (NRLS) stated that 9.6% of
security violations were medication errors
(Thomas et al.,, 2011). In another study
conducted in the USA in 2005, it was stated
that medication errors caused 218,000 deaths
and cost 130 billion dollars, while the same
study revealed that 400,000 preventable
errors harmed at least 1.5 million patients.
The U.K. National Patient Safety Agency
(NPSA) shows that errors occur primarily
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during the drug administration phase. 71% of
the severe or fatal harm in medication errors
consists of wrong posology, wrong
medication, and neglected or delayed drugs
(National Patient Safety Foundation, 2017).
Global studies suggest that for every 100
people admitted to a hospital, 6.5 patients will
experience drug interactions (Adverse Drug
Events (ADE) that can lead to death or
disability, reflecting similar results from the
USA, U.K., and Australia (Aygin and Cengiz,
2011). The most common causes of
medication errors continue to be the wrong
dose, wrong route, and wrong time (Hillin
and Hicks, 2010). Within the scope of
CLMA, these errors are significantly reduced
when the nurses apply the five-right rules at
the bedside with the help of technology
(barcode, RFID, etc.) (Wu, Kuo, 2005). In
one study, the contribution of warnings
received during drug administration to the
overall process in a closed-loop hospital was
examined. When the most received warnings
were examined, it was seen that 1.22% of the
system included false dose warnings (Hwang,
Yoon, Kyoung, 2016).

Medication Application is seen as one
of the healthcare processes with the highest
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error rates. Some studies observed that the
most common medication errors related to the
incorrect or incomplete entry of prescriptions.
(Hillin and Hicks, 2010). As part of the
CLMA process, e-order significantly reduces
these errors (Bates, Boyle, Vliet, Schneider,
Leape, 1995). It has been shown that CLMA
reduces drug administration errors and is a
systematic and safe complement to drug
administration, not only during the ordering
phase but also during drug administration to
patients (Bowles and Lu, 2007; Burkoski et
al., 2019).

CLMA increases the interaction
between the doctor and the pharmacist and
ensures that the prescription is verified by
both (Burkoski et al., 2019). According to a
study conducted by Bates et al., effective
communication between the physician and
the pharmacist during the drug order reduces
medication errors (Bates, Boyle, Vliet,
Schneider, Leape,1995). The literature states
that the double-checking method before drug
administration reduces the risk of medication
errors (Evans, 2009).

Aside from the clinical benefits,
CLMA also has some economic effects. A
very recent study on the effect of CLMA on
drug billing leakage showed that CLMA
decreased the drug invoice leakage from
4.4% to 0.5%, which represents a decrease of
83.8% (Eraltug et al., 2020).

Studies in the literature reveal various
benefits of CLMA regarding medication
errors. However, there is no study in the
literature about returned drugs that are

Copyright 2020 KEI Journals. All Rights Reserved

Medical Research Archives vol 8 issue 12. December 2020

Page 4 of 10

ordered but not administered to the patient for
any reason. Whereas unreturned and unused
drugs can lead to consequences that threaten
patient safety, such as misuse or accidental
use of unsuitable medicines, as well as
financial losses. This study investigates the
effect of CLMA on drug returns and the
quality of drug return records.

METHODS

This study was carried out at Bolu
Izzet Baysal Public Hospital, which was
certified as Stage 6 according to HIMSS
EMRAM criteria on 12.05.2017. The data
obtained in the study were obtained from
three clinics (internal medicine, neurology,
and cardiology). The data belong to the year
before CLMA implementation (May 2016-
April 2017) and the year following CLMA
implementation (May 2017-April 2018) was
compared to analyze the change in drug
return rates. All patients from all age groups
and all genders were gathered anonymously
from the database, and returned drug records
were filtered separately.

The field names in the data set are as
follows: Drug name, number of unit dosages,
application date, return date, and return
reason. The calculation was done using
Microsoft Excel.

RESULT

The study showed numerical and
proportional changes before and after CLMA
implementation, as given in Table 1.

http://journals.ke-i.org/index.php/mra
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Table 1: Change in drug returns before and after CLMA
Before CLMA After CLMA
- Change
Clinic # of # of Return | #of f of Return | Change g
Returned Returned Rate
Drugs Rate | Drugs Rate
Drugs Drugs
Internal 42,804 1434| 3.35%)| 34,188 1,333|  3.9%| 055%| 16.4%
Medicine
Neurology 31,224 875| 2.80%| 28,632 1,036 3.6%| 0.82% 29.1%
Cardiology 8,448 289 3.42% | 10,476 507 4.8%| 1.42% 41.5%
Total 82,476 2,598 3.15% | 73,296 2,876 3.9%| 0.77% 24.6%

As seen in Table 1, the drug return rates
before CLMA are 3.35% in internal medicine,
2.80% in neurology, and 3.42% in
cardiology. On average, this rate is 3.15%. On
the other hand, the return rates after CLMA
were 3.9% in internal medicine, 3.6% in
neurology, 4.8% in cardiology, and 3.9% on
average. Thus, there is an increase in drug
returns in all clinics varying between 0.55%

and 1.42%, which corresponds to 0.77% on
average. Similarly, the increased return rates
vary between 16.04% and 41.5%. The study
suggests an increase of 24.6% in drug return
rates after the CLMA application.

Table 2 represents the distribution of return
reasons for unadministered drugs before and
after the CLMA application.

Table 2: Change in distribution of drug return reasons before and after CLMA

Return Drug Numbers
Reasons for Return Change Ratio
Before CLMA | After CLMA

Death 20 100 400%
Wrong Drug Entry 52 71 36.54%
Drug Stopped 285 924 224.21%
Referral to Intensive Care 401 771 92.27%
Discharge 556 910 60.78%
Treatment Change 1,274 101 -92.07%
Standard Deviation 460.66 429.42 -6.8%

As seen in Table 2, all the return reasons after
CLMA increased except "treatment change".
The standard deviation of the return reason
distribution has also decreased by 6.8%. This
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situation can be interpreted to mean that
nurses did not carefully record return reasons
before the CLMA application and that they
tended to select the "treatment change™ option
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over other options. The considerable change
in the return reasons suggests that the unit
dose packaging approach and step-by-step
process of CLMA increased the return rates
and increased the nurses' awareness to record
the return reason more carefully.

To compare the number of returns before
CLMA implementation with the number of
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returns after CLMA implementation, the
normality of the rate differences was
examined with Kolmogorov Smirnov and
Shapiro Wilk tests. Since the normality
condition could not be achieved in the test
result, the values before and after CLMA
implementation were analyzed with the
Wilcoxon test. (A = 0.05) was used for the
significance level.

Table 3: Pre-CLMA and post-CLMA refund rates comparison (3 clinics over 12 months)

N Mean(Median)xSS 4 p
_ *
Number of returns before CLMA 216 13,333 (0.00)+ 32,6865 2,376 0.017
Number of returns after CLMA 216 13,792 (3.00)+ 21,7948

*p<0.05

The comparison of the number of returns
before and after CLMA implementation was
made using a Wilcoxon test. Since there is a
test probability value (p <0.05), it is
understood that there is a significant
difference. Accordingly, the number of drug
returns after CLMA [13.792 + 21.7948] was
higher than the number of returns [13.792 +

21.7948] before the CLMA system.
According to the test, it is a claimable
indicator that CLMA increases the number of
drug returns.

Comparison of the number of drug return
reasons reported before and after CLMA (3
clinics, 12 months, six reasons) is given in
Table 4.

Table 4: Before and after CLMA drug return reasons

Return reason N Before CLMA After CLMA p
Mean (Median)£SS Mean (Median)+SS

Death 36 0.6(0.0) 3.3 3.9(0.0) +11.8 0.115
Incorrect Drug 36 1.4(0.0) +£3.0 2.0(0.0) 3.1 0.295
Drug Stopped 36 7.9(0.05) +13.9 25.0(19.0) +20.4 0.000**
Referral to ICU 36 11.1(0.0) +24.9 21.9(9.50) +28.6 0.009**
Discharge 36 15.8(2.50) +30.8 27.0(14.5) +26.8 0.050*
Treatment change 36 43.1(16.0) +59.2 2.9(0.0) +8.5 0.000**
*p<0.05 **p<0.01
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Comparing the returns before and after
CLMA, which are divided according to the
reasons for the return, it was determined that
there was no significant difference between
the reason of death and wrong drug entry (p>
0.05). There was a significant difference in
the reasons for the stop, referral, discharge,
and treatment change (p <0.05).

According to this;

* The average return after CLMA due to the
drug being stopped [25.0 (19.0) £ 20.4] is
higher than the mean return before CLMA
[7.9 (.05) = 13.9]. With CLMA, the number
of returns made because the drug was stopped
has increased.

» The average return after CLMA due to
referral [21.9 (9.50) £ 28.6] is higher than the
average return rate before CLMA [11.1 (.0) =
24.9]. With CLMA, the number of returns
made because the patient was referred to the
ICU has increased.

« The average return after CLMA due to
discharge [27.0 (14.5) *+ 26.8] is higher than
the average return rate before CLMA [15.8
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(2.50) £ 30.8]. With the CLMA system, the
number of returns made because the patient
was discharged has increased.

» The average return after CLMA due to
treatment change [2.9 (.0) = 8.5] is lower than
the average return rate before CLMA [43.1
(16.0) = 59.2]. With the CLMA system, the
number of returns made because the treatment
plan was changed has decreased.

The number of drugs may vary over the years,
so this was examined to see if this change
statistically affects our result. To compare the
ratio of the number of returns to the number
of drugs for a year before CLMA
implementation and the ratio of the number of
returns for the year after CLMA
implementation to the total number of drugs,
the normality of the ratio differences was
performed with the Shapiro Wilk's test. Still,
since the test result's normality condition
could not be achieved, pre-post ratio values
were analyzed using the Wilcoxon test. (A =
0.05) was used for the significance level.

Table 5: Number of returns/number of drugs rates before and after CMLA implementation

N Mean(Median)+SS Z p
Number of return /Number of drug 36 0.03353(0.03400) +0.02531 -2.153  0.031*
(pre-CMLA)
Number of return /Number of (post- 36 0.04450(0.03800) £0.02477
CMLA)
*p<0.05

Since there is a test probability value (p
<0.05), it is understood that there is a
significant  difference. Accordingly, the
percentage of returns before the CMLA
system is 33.5 £ 2.5%, and the percentage of
return after the CMLA system is 44.5 £ 2.4%.
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Therefore, it is understood that there is an
increase in the percentage of return after
CMLA implementation.
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DISCUSSION

The literature shows that CLMA
disciplines hospital information systems and
provides a significant decrease in the
incidence rates of failure to control physician
requests and patient identity and significantly
reduce medication administration errors
(Chandak, 2016). Besides, the CLMA
supports recording of the entire process from
stock intake of drugs to the hospital to the
delivery of drugs to the patient. Based on the
disciplined step by step process and unit dose
packaging approach, it can be suggested that
CLMA is capable of reducing wrong drug
entries and drug losses, which can prevent
drug waste. The increase in drug return rates
that we achieved in our study supports this
suggestion. Additionally, CLMA is also
capable of increasing the data quality of drug
return reasons on HIS.

Based on this study's outcomes, it can
be claimed that the implementation of the
CLMA application in inpatient facilities is
crucial not only for patient safety but also for
cost-savings. Thus, policymakers should
encourage CLMA applications in hospitals.

Even though there is no study about
drug return in the literature directly related to
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CLMA, studies show that increasing the
process discipline is positively affecting drug
management. In one study, the relation
between drug returns and automatic
dispensing machine (ADM) were examined.
(Deliberal, Barreto, Menezes and Bueno
2014). This study compares the ADM with
the central pharmacy. Here, the drug return
rate was high since the central pharmacy
sends medicines for 24 hours, and some of the
drugs are sent on demand. Thus, drug return
rates were relatively high. The study showed
that using ADM decreased drug return rates
since the pharmacy started to send the drugs
as unit doses and as ordered. In our case, the
pharmacy was sending the drugs as ordered
but not as a unit dose. But the unadministered
drugs were not returned to the pharmacy
regularly. The usage of CLMA disciplined
the drug return process and increased drug
return rates.

Another study claims that
standardizing the drug return reasons is
beneficial to drug management (Ling,
MeiLing, Yi, YuMei, 2013). This claim is
consistent with our study's result since
CLMA increased the data quality of drug
return reasons.
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