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Abstract

Hospital medication errors are costly and contribute to patient mortality, morbidity, and
decreased health care quality. Errors result from poor systems design more commonly
than from healthcare staff performance. As such, a focus should be directed to process
design. This action research study examines the application of Lean Six Sigma to reduce
inpatient pharmacy dispensing errors in a Thai public hospital. Through the successful
application of multiple Lean Six Sigma tools, the implementation of Lean Six Sigma
reduced monthly dispensing errors from 29 incidents to 6 incidents over 14,000 total
inpatient days between March 2018 and November 2019, and improved patient safety.
Lean Six Sigma tools used in this study were cause-and-effect diagrams, spaghetti
diagrams, five-why analysis, project charters, brainstorming, control charts, and
hypothesis testing. This case study can improve hospital manager and medical director
awareness of Lean Six Sigma and its benefits relative to the prevention and reduction of
medication errors.

Keywords: Lean Six Sigma; Quality Improvement; Patient Safety; Medication Errors;
Pharmacy

Introduction

Although Lean Six Sigma (LSS) has found abundant application in healthcare
over the last few decades, it has not heretofore been used to reduce errors in a specific
area with potential life-and-death consequences: inpatient medication dispensing errors.
The present study aims to close that gap by demonstrating the value of LSS application
to reduction of in inpatient pharmacy medication dispensing errors in a Thai hospital. As
a by-product, rather than as an intentional result of this demonstration, application of
specific and commonly used tools and methods were found to contribute in LSS define—
measure—analyze—improve—control (DMAIC) phases where such methods have not
previously been used in medication dispensing processes, whether in inpatient or other
medication dispensing contexts.

Recent studies identify medication errors as a global issue. Patients should receive
correct dosages and concentrations of prescribed medication on time throughout the
treatment regimen. Medication process errors result whenever an error is made in
medication prescription, transcription, dispensing, administration, and/or monitoring
(Lisby et al., 2005; Baril et al., 2014). Prescription errors in the UK reportedly affect 12%
of primary care patients and 38% of patients aged 75 and older (World Health
Organization, 2016). Prescription administration error rates in Australia range from 15%
to 20% (Runciman et al., 2003), while 58% of prescriptions in Mexico contain errors,
predominantly due to dosage regimen and inappropriate drug selection (World Health
Organization, 2017).



In Thailand, despite several attempts to protect patients in hospitals, medication
errors remain a serious problem for patient safety mainly due to inadequate hospital
quality management systems (Limpanyalert, 2018). Correcting the consequence of
medical errors is costly. For example, in 2016, the National Health Security Office paid
an average of USD 7,200 per case to 885 patients and/or their families who had suffered
the undesirable consequences of medical error (National Health Security Office, 2016).
The seriousness of this problem in Thailand is sufficient to motivate an in-hospital case
study as a means of “doing good in real time”, while also learning what works, what
doesn’t, and what portions of solutions are applicable in other hospital pharmacies or in
other contexts.

Medication dispensing involves preparing and giving medicine to a patient, based
on a prescripton or medication order (Weant, Bailey, and Baker, 2014). Dispensing is
complex and errors can occur at any stage, from receiving medication orders/prescriptions
to supplying medication to a specific patient (James et al., 2009). If not detected in the
pharmacy department, errors may result in injury, death and/or economic loss.

Although pharmacists identify and correct the majority of errors before
dispensation, approximately 134,000 dispensing errors occur annually in English or
Welsh pharmacies (James et al., 2009). A global review of dispensing errors indicated
rates between 11.5% and 33.5% in Brazil, compared to 0.016% to 3.6% in the UK, USA
and France (Aldhwaihi et al., 2016). Lacking national data and medication error reporting
systems, dispensing error rates have not been reported in many developing nations,
including Thailand. Interestingly, the dispensing process within hospital settings (e.g.
inpatient service) is deemed to be more complex than that of non-hospital settings (e.g.
community pharmacy). When compared with a community pharmacy, hospital
pharmacists dispense through a more complex regimen which can lead to a high
occurrence of errors (Aldhwaihi et al., 2016). Continuous improvement methodologies
such as Lean and Six Sigma can be very useful in improving the dispensing process in a
hospital setting.

Lean and Six Sigma which integrated in the 1980s as Lean Six Sigma (LSS)
(George, 2003), can be used to drive continuous medication dispensing improvement
(Trakulsunti and Antony, 2018). LSS eliminates waste and reduces variation to improve
process performance. LSS implementation in healthcare, particularly in hospitals, has
reduced costs and improved quality of care, patient safety, and staff and patient
satisfaction (Edgeman, 2002; Cheng et al., 2015; Trzeciak et al., 2018; Ramori et al.,
2019; Bhat et al., 2020). One USA LSS application reduced medication administration
errors by more than 50 percent (van de Plas et al., 2017).

This case study is novel and important as no prior LSS studies have targeted
dispensing error reduction in public hospital inpatient pharmacy services. Instead,
medication error research has largely focused on reducing prescribing and administration
errors (Kaosayapandhu, 2013). Although medication dispensing error rates are generally
low, potentially lethal consequences motivate further research aimed at the identification
and implementation of pharmacy distribution system interventions and improvements
(Crane and Crane, 2006). This case study aims to examine the use and implemenation of
LSS and associated tools and techniques to address the following research questions:

(1) Is LSS suitable for reducing hospital medication errors?



(2) What are the benefits, challenges, success factors, and lessons learned from
implementing LSS to reduce medication errors?
(3) What LSS tools and techniques can be used to reduce medication errors?

Literature Review

A review of the current literature was conducted to evaluate current research
practices. First a general review of the literature on LSS in healthcare is provided,
followed by discussion of research more specific to the application of LSS in reducing
medication errors.

LSS in Healthcare

To improve process performance and reduce variation, LSS studies process flow
and identifies root causes of waste (Snee, 2010). Together, Lean and Six Sigma accelerate
process speed (Lean) and improve consistency (Six Sigma), delivering better outcomes
together than separately (George, 2002; Salah et al., 2010).

Studies show that LSS can improve complex processes and quality of care, patient
safety, and staff and patient satisfaction. Features differentiating LSS from previous
quality improvement approaches include: 1) the integration of human factors (e.g.
leadership and customer focus) and process improvement aspects (e.g. process capability
and process management); 2) improved bottom line results; and 3) a structured DMAIC
approach (Antony, 2011). While an LSS project begins with an understanding of
customers’ needs and the identification of factors that are critical to the patient (Burgess
and Radnor, 2013), the successful implementation of LSS requires leadership
commitment and engagement so that staff are appropriately supported, directed and
encouraged (Trakulsunti and Antony, 2018). In process improvement strategies such as
LSS, senior leaders are typically involved in the selection of strategic projects which are
aligned with the voice of the customer. This is facilitated by the used of the Hoshin Kanri
tool, a lean management tool (Edgeman, 2019). The participation of senior management
was never emphasized in the majority of previous quality improvement initiatives,
including TQM.

LSS is a widely adopted and well-documented process improvement
manufacturing methodology in use across all highly reliable and safe industries (e.g.
aviation, US Navy) (Dumitrescu and Dumitrache, 2011). The major benefits of successful
LSS implementation within the manufacturing domain include; increased profits and
financial savings, increased customer satisfaction, reduced operational cost and cycle
time and improved key performance metrics (Snee, 2010). Laureani et al. (2013) contend
that LSS can contribute as much to healthcare as it has to manufacturing. While the
Commonwealth Health Corporation successfully implemented LSS in 1998, LSS has
since been applied in other healthcare organisations, including, hospitals and healthcare
functional areas (Thomerson, 2001).

As in other industries, LSS implementation in healthcare has encountered many
barriers (Laureani et al., 2013), including large initial training investment (Taner et al.,
2007) and obtaining baseline process performance data (Antony et al., 2007). Despite
such barriers, successful LSS implementation in hospitals has delivered patient waiting
time reduction in a registration process (Bhat, Gijo, and Jnanesh, 2014), reduced medical
records department turnaround time (Bhat, Gijo, and Jnanesh, 2016), and reduced
medication errors (Esimai, 2005; Benitez et al., 2007; Antony et al., 2019). Four case
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studies using LSS to reduce medication errors noted many improvements including;
enhanced patient safety, increased patient satisfaction, reduced costs, and greater team
communication and improved team dynamics (Trakulsunti and Antony, 2018).

LSS in Reducing Medication Errors

Chan (2004) cites a Lean Six Sigma implementation strategy to deal with
dispensing errors in a Taiwanese pharmacy department. In this implementation, the
DMAIC (Define, Measure, Analyse, Improve and Control) methodology was applied. In
the define phase, the ‘voice of the customer’ was defined to understand the patients’
needs. During the measure phase, both historical and manually collected data were
examined in order to establish a baseline for the performance of the process. During the
analyse phase, process mapping tools were applied to the dispensing process, in order to
identify issues in the process. In the Improve phase, brainstorming techniques were used
to generate solutions; as an example, an automatic dispensing machine was used to reduce
dispensing errors. Lastly, in the control phase, a control chart was employed to sustain
improvements.

The successful implementation of LSS in this Taiwanese pharmacy department
resulted in a 30% reduction of dispensing errors (Chan, 2004). In another study Esimai
(2005) used LSS in a mid-sized US hospital to lower labour costs by $550,000 over a
five-month span, while reducing order entry errors from 0.33% to 0.14%. Similarly, the
application of LSS in a mid-sized US hospital reduced the number of missed doses and
other hospital inpatient pharmacy errors, resulting in savings of $82,650 annually
(Hintzen et al., 2009). The use of LSS in a US hospital setting resulted in hospital
transcription and order entry errors falling by 90% over a four month period (Benitez et
al., 2007). Conversely, the application of LSS in Norwegian public healthcare is currently
in its infancy (Antony et al., 2019).

In summary, successful LSS implementation has improved staff performance,
patient safety, overall satisfaction and hospital profitability, in addition to reducing
medication errors (Ching, 2013).

Research Case Study

This study is based in the inpatient pharmacy service of a large public 508 bed-
hospital under Thailand’s Ministry of Public Health. The inpatient pharmacy uses a daily
dose system to distribute medication via medication carts to 12 wards. It receives
medication carts at 10:30 am and 2:00 pm, enabling ward staff to collect medication carts
by 11:00 am and 3:00 pm, respectively. Five medication carts are received in the morning
and seven in the afternoon. Five pharmacy technicians prepare 24 medication carts, 12 of
which are delivered that day and the remaining 12 the succeeding day.

Research Methodology

The action research methodology was used in this study to improve the medication
dispensing process. The project team, comprising the inpatient pharmacy head, two
pharmacists, and three pharmacy technicians followed five action research stages:
problem identification, reflection, planning action, taking action and evaluation. During
the taking action phase, the project team followed the DMAIC methodology, applying
specific LSS tools in each DMAIC phase. Table 1 summarizes the DMAIC methodology
process. In addition, a questionnaire was used as a survey instrument to measure the



patient’s satisfaction with the quality of pharmacy services before and after the LSS
implementation. The survey was carried out pre and post LSS implementation with a
purposive sampling of 30 inpatients. The inpatients were chosen based on the following
selection criteria: 1) they had stayed in the inpatient wards for more than 24 hours and
were then discharged to their homes and 2) they were able to answer the questionnaire.

Define Phase

A project charter clarified team member roles and responsibilities and helped the
team to focus on the project goals. This charter captured basic project details, including
the problem statement, project scope, goal, and schedule (Figure 1). Process mapping
(Figure 2) and a spaghetti diagram revealed inpatient pharmacy dispensing process
improvement opportunities. As process mapping graphically represents process activities,
it aids the identification of existing process steps and unnecessary dispensing process
redundancy. The process map includes six main steps: 1) pharmacists receive and verify
medication orders; 2) medication orders are entered in the E-hospital system; 3)
medication order labels are printed; 4) pharmacy technicians collect and put medications
into dedicated medication cart drawers for each patient; 5) a pharmacist who did not enter
the order cross-checks medications; and 6) medication carts are delivered to the wards.
During the define phase, two main problems were identified:

(1) Pharmacists can enter medication orders incorrectly into the E-hospital system,
(2) Pharmacy technicians can select medications incorrectly.

As dispensing errors occurred daily, particularly during busy periods, the identified
process problems needed to be improved to reduce medicine dispensing process variation,
mitigate patient harm potential, and reduce hospital costs and financial risk.

Figure 1 Project charter

Project Charter
... ___________________________________________________________________________________________|

Customer(s) Customer CTQ

Inpatients Number of dispensing errors

Problem Statement Potential Benefits

Dispensing errors occurred daily especially in the
busy period in the inpatient pharmacy. The average
number of dispensing errors that cannot be
detected by the pharmacists between March 2017-
March 2018 were 23 errors. The dispensing errors
could lead to patient injury and death and
contribute to an increase in hospital costs.

Reduce dispensing errors, improve patient safety
and staff satisfaction

Goal Statement Project scope
The goal is to reduce the number of dispensing the pharmacies received the medication orders
errors in an inpatient pharmacy by 50%. until medication cards are delivered to different
wards
Phase Start Finish Team leader: Researcher
Define Apr 2018 May 2018 Team members:
Measure Jun 2018 Jul 2018 Head of Inpatient Pharmacy
Analyse Jul 2018 Aug 2018 Pharmacist 1
Improve Sep 2018 Dec 2019 Pharmacist 2
Control Jan 2019 Jan2020 Technician Pharmacy 1

Technician Pharmacy 2
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Figure 2. Medication dispensing process map

Measure Phase

The measure phase translates problems into measurable forms. Current process
data was gathered to establish the medication dispensing process baseline performance
(Gijo and Antony, 2014; Gijo et al., 2013). A data collection plan ensured collection of
appropriate and reliable data (Table 2). The team used dispensing errors as the measured
critical-to-quality (CTQ) characteristic, defining these as medication errors undetected by
inpatient pharmacy pharmacists. The number of dispensing errors was used to assess
dispensing process performance. Dispensing errors detected by the nurses had been
reported in the hospital risk management system over a period of 25 months. Since sample
sizes varied, error proportions were plotted on a P-chart. This chart showed an average
dispensing error proportion of approximately 0.0018 (Figure 3). The dispensing process
was out-of-control with one point falling beyond control limits and four points had a more
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than 1o from the average error proportion, highlighting lack of strictly practiced standard
operating procedures (SOPs).

Table 1 A data collection plan |

Metric Type of  Typeofdata Operational definition Source of data Collection
Measure method
(undetected) Discrete The errors that Using existing  Nurses report to
dispensing Output (counts of occurred at the end of data Hospital Risk
errors €ITOrS) dispensing process Management
which were undetected system

by the pharmacists

P Chart of Dispensing Errors
n
0.0035 -
0.0030 UCL=0.002945
£ 00025 |
=]
8
[
9 00020 A
o P=0.001803
= i
00015 - V V \/_/ \
0.0010 -
LCL=0.000661
0.0005 -

11 13 15 17 19 21 23
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-
(5]
[Fa]
]
1]

Tests are pertormed with unegual sample sizes.

Figure 3. P-chart of proportion of medication dispensing errors per month.

Analyse Phase

Potential causes of incorrect medication order entry and incorrect medication
selection were brainstormed, and visually portrayed using cause-and-effect diagrams
(Figures 4 and 5). Multi-voting prioritized the three most prevalent causes: interruptions
due to incoming medication orders from wards, misinterpretation of handwritten
medication orders, and being rushed. Similarly, leading causes of incorrect medication
selection were: interruptions from more medication orders, non-compliance with standard
medication selection procedures, and being rushed. Five-Why analysis was used to drill
into root causes of leading potential sources of each problem (Tables 3 and 4). The
Pharmacy Head served as team facilitator and repeatedly asked pharmacists and
pharmacy technicians why the problems had occurred until root causes were identified.
All responses were recorded.



Cause-and-Effect Diagram
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Figure 4. Cause-and-effect analysis of medication order entered incorrectly.
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Figure 5. Cause-and-effect diagram of incorrect medications selection.



Causes of incorrect 1 Why 2" Why 3 Why 4" Why 5% Why
enter of medication Potential solutions
orders
1.Too rushed Pharmacists Lack of screening  Lack of STAT Develop a guideline
received a high medication orders  medication for STAT
number of to identify delivery medications
medication orders  whether the guidelines. ordering process.

from wards.

medication orders
should be
immediately sent
to the inpatient
pharmacy service

or not.

2. Interruptions

There were more
prescription
orders from the

wards after the

Nurse did not

collect medication

orders and sent in

different round

Lack of criteria
for sending
medication

orders to the

Develop criteria for
nurses to deliver

medication orders

unit cards had after doctors’ inpatient

been dispensed to  ward round. pharmacy

the different service

wards.
3.Misinterpretation of Tllegible Copy of Nurses not Develop criteria for
handwritten handwriting of prescription checking the nurses to follow
medication orders doctors orders are unclear  legibility and before sending

(indistinct carbon
copies of
medication

orders).

not clarifying
medication
orders before
sending these
orders to the
inpatient
pharmacy

service.

medication orders to
the pharmacy

service.

Table 2. 5-Why analysis identifying root causes of entry of incorrect medication orders



Causes of incorrect 1t Why 2" Why 31 Why 4% Why 5% Why

enter of medication Potential solutions
orders

1.Too rushed Pharmacists Lack of screening  Lack of STAT Develop a guideline
received a high medication orders  medication for STAT
number of to identify delivery medications
medication orders ~ whether the guidelines. ordering process.
from wards. medication orders

should be

immediately sent
to the inpatient

pharmacy service

or not.

2. Interruptions There were more Nurse did not Lack of criteria Develop criteria for
prescription collect medication  for sending nurses to deliver
orders from the orders and sentin ~ medication medication orders
wards after the different round orders to the
unit cards had after doctors’ inpatient
been dispensed to ward round. pharmacy
the different service
wards.

3.Misinterpretation of Illegible Copy of Nurses not Develop criteria for

handwritten handwriting of prescription checking the nurses to follow

medication orders doctors orders are unclear  legibility and before sending
(indistinct carbon not clarifying medication orders to
copies of medication the pharmacy
medication orders before service.
orders). sending these

orders to the
inpatient
pharmacy

service.

Table 3. 5-Why analysis identifying root causes of medication orders entered incorrectly

Improve Phase

Once root causes were understood, the team brainstormed potential solutions to
minimize root cause effects, after which a two-month solution implementation plan was
prepared, inclusive of responsibilities and target completion dates. Solutions were as
follow:

1. Redesign the existing daily dose medication preparation process. All medication
carts for all wards were prepared on a day-by-day basis, with pharmacy technicians
no longer needing advance preparation of medication carts.
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2. Develop criteria for nurses to deliver medication orders. Pharmacists secured the
cooperation of ward nurses to collect all medication orders after doctors’ morning
and afternoon ward rounds. The inpatient pharmacy service staff then collected ward
medication orders.

3. Develop a STAT medication ordering process guideline. STAT medications must be
administered to patients within 30 minutes. Misunderstanding between practitioners
involved in STAT medication administration and dispensing resulted in some
patients not receiving medication on time, thereby elevating health risk. Since a high
proportion of STAT medication orders were sent to pharmacists, the team met with
the Pharmaceutical and Therapeutic Committee (PTC) to review and develop a
STAT medication ordering guideline for nurses and doctors to follow.

4. Develop standard practices for nurses to follow before submitting medication orders
to the inpatient pharmacy service, so that whenever a nurse encounters unclear,
incomplete and/or inappropriate medication orders, they must confirm medication
orders with the doctor who wrote the original order. After doctor verification, the
nurse corrects the medication order details before sending them to pharmacists.

Control Phase
To ensure sustained improvement, the following mechanisms were implemented:
1. Standard operating procedures development:

New daily dose medication preparation procedures were standardized and placed near
the pharmacy technicians’ workstation. SOPs provided detailed task descriptions, and
persons responsible. Inpatient pharmacy staff were trained to use SOPs. Implemented
SOPs were evaluated and updated monthly. The inpatient pharmacy head regularly
monitored staff to ensure SOPs were followed.

2. Statistical process control implementation:

A P-control chart was developed to monitor the monthly dispensing process, track
trends, and detect unusual process behaviour. After intervention implementation,
dispensing error proportions were calculated and the chart was updated on a monthly
basis. The P-control chart compared the proportion of dispensing errors before-and-after
LSS implementation (Figure 6). The average dispensing errors proportion was reduced
from 0.0018 to 0.0008. Data was collected over a 10 month period, a period determined
by limited hospital access during the completion of the action research and LSS
implementation. However, performance of the new process is known to be consistent over
time (Al Kuwaiti and Subbarayalu, 2017). A non-parametric statistical hypothesis test
was used to compare the number of dispensing errors before and after LSS
implementation. In this case study, a Wilcoxon signed rank test was used to compare pre
(Mean= 24.50, SD= 7.38) and post (Mean= 8.83, SD= 3.43) LSS implementation. Two
groups (n=10) of the number of dispensing errors before and after LSS implementation
were taken with a purposive sampling for the comparison. Use of purposive sampling
allowed the authors to access a particular data set. Results indicated that following LSS
implementation, dispensing errors were significantly decreased (Z = -2.61, p = 0.009).
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Figure 6. P-chart of dispensing errors before and after implementation

LSS Implementation Challenges

The main LSS implementation challenges resulting included resistance to change
and ineffective communication. Although, project team members received training in
LSS and its benefits prior to project commencement, remaining inpatient pharmacy staff
lacked awareness of how LSS could improve their routine work. Contributing to this was
inadequate information-sharing at all inpatient pharmacy levels. Further, pharmacy
technician agreement to routine task changes was difficult to secure, as technicians lacked
trust and they misunderstood the positive value of change and hence resisted learning new
methods, preferring adherence to historic routines instead.

Critical Success Factors for LSS Implementation

Three critical factors facilitated successful LSS implementation: leadership,
creativity and problem-solving skills, and middle management support and involvement.
Further, time and manpower contributed to the success of the LSS implementation.

Leadership: The Inpatient Pharmacy Head employed a transformational
leadership approach to encourage and motivate the project team and to drive LSS
initiative success. Key characteristics of this transformational leadership included
problem-solving involvement, motivation, open-mindedness, and encouragement.

Creativity and problem-solving skills: The use of creative ideas to generate
effective solutions and resolve problems was critical to success. This supports the
inherent value in selecting creative team members with appropriate problem-solving
ability to execute LSS projects.

Middle management support and involvement: Middle management support
consisted of several elements: understanding the need for and benefits of LSS, provision
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of appropriate project resources, and active involvement in all LSS deployment phases
(Psychogios et al., 2012). The Inpatient Pharmacy Head had substantial awareness of
LSS, was actively engaged and dedicated in all LSS phases, and provided sufficient time
for team members to execute the project.

Discussion

Research Question 1: Is Lean Six Sigma suitable for reducing medication errors in a
hospital environment?

Medication errors increase mortality rates, length of stay, and related costs
(Cheragi et al., 2013). Several studies have implemented large capital investment and
maintenance intensive information technologies including; barcode systems, automatic
dispensing machines and automated pharmacy carousel systems to reduce medication
errors (Halkin et al., 2001; Oswald and Caldwell, 2007). Such high cost solutions
sometimes limit implementation. For example, the general Thai hospital pharmacy
practice has not reached its best standard practice due to limited financial support and
lack of newer technology (Chaiyakunapruk et al., 2016).

LSS seems to be an excellent choice for hospitals desiring both process and
bottom-line improvement. Further, it is useful in reducing medication errors in a hospital
when properly applied by a team that includes doctors, pharmacists, nurses, hospital
managers, and LSS experts (Honda et al., 2018). Healthcare practitioners have
implemented varied improvement approaches to mitigate dispensing errors such as
ensuring proper storage of medications, use of Tall Man lettering to emphasize sound-
alike medications, adding warning signs for look-alike medications, and promoting good
dispensing awareness among healthcare providers (Wittich, 2014; Stefanacci and Riddle,
2016). Despite such improvement approaches, dispensing errors remained, returned
and/or could not be resolved. Application of LSS tools in the DMAIC analyse phase can
aid detection of root causes of medication process problems, leading to error reduction
and process improvement. Such tools are often applicable for complex problems with less
than obvious solutions (Edgeman, 2020).

Research Question 2: What are the benefits, challenges, success factors, and key
lessons learned from implementation of Lean Six Sigma to reduce medication errors
in a Thai Hospital?

Key benefits of LSS implementation in the inpatient pharmacy are: 1) reduced
dispensing errors, 2) improved process flow, 3) improved patient safety, 4) improved
employee morale, 5) improved communication channels between pharmacists and
pharmacy technicians, 6) increased patient satisfaction and 7) reduced medication error
cost. LSS implementation reduced process variation, reducing the number of errors
undetected by the pharmacists from 29 in March 2018 to 6 in November 2019, an
approximate 80% reduction. The number of errors at each process step (e.g. entering
medication orders) was also reduced from 351 to 93 during the same period. This
reduction in the number of errors shows that the elimination of non-value-added activities
during medication preparation can improve medication dispensing process flow. The new
daily dose medication preparation process also decreased staff workloads, thereby
helping staff to complete tasks more easily. This finding is consistent with Esimai (2005),
whose application of Lean Six Sigma reduced medication errors by 58% in a mid-sized
hospital. In this study, prevention, detection, and correction of dispensing errors before
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they affect patients improved patient safety. Elsewhere, hospital implementation of LSS
resulted in reduced parenteral medication administration errors and improved morale (van
de Plas et al., 2017).

Another important benefit of LSS was overall increase in patient satisfaction post
LSS implementation. Patient satisfaction with the quality of pharmacy services post-LSS
implementation (Mean= 4.38, SD= 0.56) was higher than pre-LSS implementation
(Mean= 4.00, SD= 0.45). These results indicate that there was a statistically significant
increase in overall patient satisfaction (p < 0.05).

It is difficult to calculate the cost of medication errors due to significant variance
between each type of error, patient consequence and clinical context (Patel et al., 2016).
This study based its medication error cost on the previous studies, which had quantified
the economic burden associated with medication errors (Samp et al.,2016). Therefore, it
is proposed that the successful implementation of LSS can reduce cost of the relevant
drug associated with the error by approximately $89 per error (Choi et al., 2016). This
finding is also in line with Hintzen et al. (2009) which showed that inpatient pharmacy
hospitals can save $82,650 annually by reducing the number of errors and missing doses.

The primary LSS implementation challenge encountered was insufficient and
ineffective communication between departments and between the team and other
inpatient pharmacy staff (e.g. inpatient pharmacy and wards). This aligns with earlier
studies indicating lack of or poor communication as a major challenge in implementing
healthcare industry continuous improvement initiatives (Antony et al., 2012).

Consistent with (Castle et al., 2005), the team encountered resistance from
pharmacy technicians with regard to making changes in routine tasks. Resistance is
common when established routines must be changed, hence it is critical to clarify the need
for change and benefits accruing to all staff involved.

Another major challenge in implementing LSS in healthcare to reduce
medication errors is obtaining baseline process performance data (Sehwail and DeYong,
2003; Taner et al., 2007; Antony et al., 2007). Whilst the Thai hospital in this case study
stored relevant data, it had never analysed or used this data in problem-solving.

Case study results identified LSS implementation factors critical to medication
error reduction. These included leadership, creativity and problem-solving skills, and
middle management support and involvement. These have also been reported by Pamfile
et al. (2002) who indicated that leadership involvement in LSS projects is necessary to
motivate and encourage healthcare staff. Although rarely cited in literature, team member
creativity and problem-solving ability generates potential solutions and contributes to
effective LSS use and implementation.Previous studies indicate appropriate team
member identification as critical to successful LSS implementation (Castel et al., 2005;
Antony et al., 2007).

Although unsuitable for projects that must be completed within a set time period,
action research provided several LSS implementation lessons. Prior to conducting the
project, all inpatient pharmacy staff should understand the relevance of LSS relevance
and how its application might improve processes. When potential root causes are
identified, it is important to establish their relative importance and ensure that
implemented corrective actions reduce their impacts. Major dispensing process changes
can be straight-forward, without the need for major investment.
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Research Question 3: What tools and techniques of Lean and Six Sigma can be utilized
to reduce medication errors?

In this project, the majority of the LSS tools and techniques used across the
DMAIC methodology were non-statistical, with tool selection based on the problems
examined. Trakulsunti et al. (2018) identified the five leading Lean tools used to reduce
medication errors as process mapping, spaghetti diagrams, visual process control,
standard operating procedures, and poka-yoke. Lean tools selected for application in this
project included process mapping, spaghetti diagrams, and standard operating
procedures. Poka-yoke was deemed inappropriate for use.

Castle et al. (2005) applied process mapping to a home-delivery pharmacy service
in the define phase of the DMAIC, to understand process flow and identify process
improvements. In this case study, process mapping and a spaghetti diagram were used in
the define phase to identify dispensing error problems. Similarly, a project charter was
employed to identify the project’s scope and goals. No existing literature indicated use of
a define phase project charter in the context of medication errors.

Data collection planning, CTQ characteristics, and control charts were used in the
measure phase. This mirrors findings of Antony et al. (2018) in a systematic review of
Six Sigma application in healthcare that identified data collection planning, CTQ
characteristics, and control charts among the five leading measure phase tools. A P-chart
was used to assess baseline dispensing process performance. Literature indicates that
control charts have not previously been used in the measure phase to establish current
process performance in the context of medication dispensing errors. The P-chart was used
to estimate the average proportion of dispensing errors and to monitor whether the
dispensing process was in statistical control. The result showed that the average
proportion of dispensing errors reduced from 0.0018 to 0.0008, a 55% reduction.

Existing literature identified brainstorming as the most commonly used tool to
identify medication dispensing process error causes (Esimai, 2005; Nayar et al., 2016).
Whereas no prior studies have applied any tools or techniques to identify root causes of
medication dispensing process errors, the current case used five-why analysis in the
analyse phase to accomplish this, with cause-and-effect analysis and multi-voting also
used. Although gemba and hypothesis testing have been commonly used to identify the
root causes in the healthcare sector (Bhat, Gijo, and Jnanesh, 2014; 2016), it is seen herein
that due to ease of application, five-why analysis is also useful as it guides the project
team to determine and understand root causes of specific problems by encouraging them
to generate improvements based on their experience.

Brainstorming is a commonly used improve phase tool because it generates
potential solutions (Chan, 2004; Al Kuwaiti, 2016). Brainstorming was used in redesign
of the hospital’s daily dose medication preparation process, an action consistent with
prior findings indicating that redesigning pharmacy work processes can reduce workloads
and improve work environments that contribute to dispensing errors (Sanguansak et al.,
2012).

Similar to studies using control charts to sustain improvements in the control
phase (Chan, 2004; Benitez et al. 2007), control charts and standard operating procedures
were used in the present case study. Few studies, however, have graphically presented
the control chart. Further, a hypothesis test was used to compare the proportion of
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dispensing errors before-and-after LSS implementation. In contrast to previous studies,
hypothesis tests were also applied during the analyse phase to validate possible root
causes identified by cause-and-effect diagrams (Gijo et al., 2013; Bhat, Gijo, and Jnanesh,
2014). No prior studies use hypothesis testing to compare the process pre-and-post
improvement, suggesting that hypothesis tests should be included in the control phase to

test the proportions of errors before-and-after the improvement.

This study also suggests that simple LSS tools can be used to tackle problems and
improve processes in service organizations, particularly in hospitals. Lifvergren et al.
(2010) confirmed that use of advanced statistical tools in all DMAIC phases is not
required to achieve successful results. In contrast, Bhat, Gijo, and Jnanesh (2014)
suggested that both simple and advanced statistical tools are of value in service sectors
when team leaders understand how to use LSS statistical tools.

Conclusions and Limitations

Application of LSS to the Thai hospital inpatient pharmacy dispensing process
improved the dispensing process, contributed to reducing dispensing errors, and enhanced
patient safety. Prior studies have shown lack of understanding in selection and use of LSS
tools and techniques in each phase of the DMAIC methodology. This study has provided

an opportunity to advance the understanding of tools and techniques and their value in
reducing medication errors in various LSS phases. Application of LSS and its tools in the

context of inpatient pharmacy dispensing errors has not been previously reported, hence
this study is novel and bridges this gap. This study also highlights leadership, creativity
and problem-solving skills, and middle management support and involvement as key LSS
implementation success factors.

One of the limitations of the study is that it was undertaken in the inpatient
pharmacy in a public hospital in Thailand, meaning that the study findings cannot be
generalized beyond the specific setting. However, the dissemination of these findings
could be applicable to or inform similar contexts or situations. Additionally, the lack of
participant awareness of LSS tools and techniques created specific challenges during LSS
implementation in the inpatient pharmacy.

Implications

Literature on the use of Six Sigma to reduce outpatient clinic dispensing errors is
limited with one case identified (Chan, 2004). However, this paper presents a novel case
study which is the first study to apply LSS to reduce inpatient pharmacy dispensing errors
in a public hospital. Findings should be of interest to hospitals having the dual aims of
improving patient safety and reducing operational costs. Other hospitals could follow this
roadmap by employing LSS to reduce errors in every phase of medication use from
prescribing, transcribing, and dispensing, to medication administration, with the current
study serving to increase hospital senior managers’ and medical directors’ awareness of
the role of LSS and its associated tools (Trakulsunti and Antony, 2018). Outpatient
settings and inpatient wards can provide scope for further improvement.

16



References

Aldhwaihi, K., F. Schifano, C. Pezzolesi, and N. Umaru. 2016. A systematic review of
the nature of dispensing errors in hospital pharmacies. Integrated Pharmacy Research
and Practice 12 (5):1-10. doi: 10.2147/IPRP.S95733.

Al Kuwaiti, A. 2016. Application of Six Sigma methodology to reduce medication errors
in the Outpatient Pharmacy Unit: a Case Study From the King Fahd University
Hospital, Saudi Arabia. International Journal for Quality Research 10 (2):267-278.
doi: 10.18421/1JQR10.02-03.

Al Kuwaiti A, and A.V. Subbarayalu. 2017. Reducing hospital-acquired infection rate
using the Six Sigma DMAIC approach. Saudi journal of medicine & medical sciences
5(3):260. doi: 10.4103/symms.sjmms_98 16.

Gijo, E. V., and J. Antony. 2014. Reducing patient waiting time in outpatient department
using lean six sigmamethodology. Quality and Reliability Engineering International
30 (8):1481-1491. doi: 10.1002/qre.1552.

Antony, J., K. Downey-Ennis, F. Antony, and C. Seow. 2007. Can Six Sigma be the
“cure” for our “ailing” NHS?. Leadership in Health Services 20 (4):242-253. doi:
10.1108/17511870710829355.

Antony, J., F. J. Antony, M. Kumar, and B. R. Cho. 2007. Six sigma in service
organisations: Benefits, challenges and difficulties, common myths, empirical
observations and success factors. International Journal of Quality & Reliability
Managemen 24 (3):294-311. doi: http://dx.doi.org/10.1108/MRR-09-2015-0216.

Antony, J. 2011. Six Sigma vs Lean: Some perspectives from leading academics and
practitioners. Internatinal Jornal of Productivity and Performance Management 60
(2): 185-190. doi: 10.1108/EL-01-2014-0022.

Antony, J., N. Krishan, D. Cullen, and M. Kumar. 2012. Lean Six Sigma for higher
education institutions (HEIs): Challenges, barriers, success factors, tools/techniques.
International Journal of Productivity and Performance Management, 61 (8):940-
948. doi: 10.1108/17410401211277165.

Antony, J., P. Palsuk, S. Gupta, D. Mishra, and P. Barach. 2018. Six Sigma in Healthcare:
A Systematic Review of the Literature. International Journal of Quality & Reliability
Management, 35 (5):1075-1092.

Antony, J., S. C. Forthun, Y. Trakulsunti, T. Farrington, J. McFarlane, M. Dempsey, and
A. Brennan. 2019. An exploratory study into the use of lean six sigma to reduce
medication errors in the Norwegian public healthcare context. Leadership in Health
Service, 32 (4):509-524.

Baril, C., V. Gascon, L. St-Pierre, and D. Lagace. 2014. Technology and medication
errors: impact in nursing homes. International Journal of Health Care Quality
Assurance, 27 (3):244-258. doi: 10.1108/IJHCQA-03-2013-0029.

Benitez, Y., L. Forrester, C. Hurst, and D. Turpin. 2007. Hospital reduces medication
errors using DMAIC and QFD. Quality Progress, 40 (1):38-45.

Bhat, S., Antony, J., Gijo, E.V., and Cudney, E. 2020. Lean Six Sigma for the healthcare

17



sector: A multiple case study analysis from the Indian context. International Journal
of Quality & Reliability Management, 37(1), 90-111.

Bhat, S., E.V. Gijo, and N. A. Jnanesh. 2014. Application of Lean Six Sigma
methodology in the registration process of a hospital. International Journal of
Productivity and Performance Management, 63(5), pp. 613-643. doi:
http://dx.doi.org/10.1108/MRR-09-2015-0216.

Bhat, S., E.V. Gijo, and N. A. Jnanesh. 2016. Productivity and performance improvement
in the medical records department of a hospital: An application of Lean Six Sigma.
International Journal of Productivity and Performance Management, 65 (1):98-125.
doi: http://dx.doi.org/10.1108/MRR-09-2015-0216.

Burgess, N., and Z. Radnor. 2013. Evaluating Lean in healthcare. International Journal
of Health Care Quality Assurance, 26(3):220-235.

Castle, L., E. Franzblau-lsaac, and J. Paulsen. 2005. Using Six Sigma to reduce
medication errors in a home-delivery pharmacy service. Journal on Quality and
Patient Safety 31 (6):319-324. doi: 10.1016/S1553-7250(05)31041-5.

Chaiyakunapruk, N., S. M. Jones, and T. Dhippayom. 2016. Pharmacy Practice in
Thailand’, in Pharmacy Practice in Developing Countries: Achievement and
Challenges. A. Fathelrahman, M. lbrahim, and A. Wertheimer, 3-22. London:
Academic Press.

Chan, A. L. F. 2004. Use of six sigma to improve pharmacist dispensing errors at
outpatient clinic. American Journal of Medical Quality, 19 (3):128-131.

Cheng, S. 2015. Improving access to health services — challenges in Lean application.
International Journal of Public Sector Management, 28 (2):121-135. doi:
10.1108/09574090910954864.

Cheragi, M. A., H. Manoocheri, E. Mohammadnejad, and S. R. Ehsani. 2013. Types and
causes of medication errors from nurse’s viewpoint. Iranian journal of nursing and
midwifery research, 18 (3):228-31.

Cheung, K. C., M.L. Bouvy, and P. A. G. M. De Smet. 2009. Medication errors: the
importance of safe dispensing. British Journal of Clinical Pharmacology, 67 (6):676—
680. doi: 10.1111/].1365-2125.2009.03428.x.

Chiarini, A. 2012. Risk management and cost reduction of cancer drugs using Lean Six
Sigma tools. Leadership in Health Services 25 (4):318-330. doi: 10.1108/LHS-09-
2016-0042.

Ching, J. M., C. Long, B. L. Williams, and C. C. Blackmore. 2013. Using lean to improve
medication administration safety: In search of the “perfect dose”. The Joint
Commission Journal on Quality and Patient Safety, 39 (5):195-204. doi:
10.1016/S1553-7250(13)39026-6.

Choli, I., S.M. Lee, L. Flynn, C.M. Kim, S. Lee, N.K. Kim and D.C. Suh. 2016. Incidence
and treatment costs attributable to medication errors in hospitalized patients. Research
in Social and Administrative Pharmacy 12(3):428-437.

Crane, J., and F. G. Crane. 2006. Preventing medication errors in hospitals through a

18



systems approach and technological innovation: a prescription for 2010. Hospital
topics 84 (4):3-8. doi: 10.3200/HTPS.84.4.3-8.

Cudney, E., Furterer, S., and D. Dietrich 2013. Lean systems: Applications and case
studies in manufacturing, service, and healthcare. New York, NY: CRC Press.

Dumitrescu, C., and M. Dumitrache. 2011. The impact of Lean Six Sigma on the overall
results of companies. Economia. Seria Management 14(2): 536-544.

Edgeman, R. (2002). Six Sigma in Communities of Care: Improved Care via
Institutionalised Genius. Business Briefing: Global Healthcare, 2(1): 46-49.

Edgeman, R. (2019). Complex Management Systems and the Shingo Model: Foundations
of Operational Excellence and Supporting Tools. New York: Routledge.

Edgeman, R. (2020). Urgent evolution: Excellence and wicked Anthropocene Age
Challenges. Total Quality Management & Business Excellence, 31(5-6): 469-482.

Esimai, G. 2005. Lean Six Sigma Reduces Medication Errors. Quality Progress,
(April):51-57.

George, M. L. 2002. Lean Six Sigma. New York: McGraw Hill.

George, M. L. 2003. Lean Six Sigma for Service — How to use Lean speed and Six Sigma
quality to improve services and transactions. New York: McGraw Hill.

George, M. L., D. Rowlands, M. Price, and J. Maxey. 2005. The Lean Six Sigma Pocket
Toolbox. New York: McGraw Hill.

Gijo, E. V., J. Antony, J. Hernandez, and J. Scaria. 2013. Reducing patient waiting time
in a pathology department using the Six Sigma methodology. Leadership in Health
Services 26 (4):253-267. doi: 10.1108/LHS-02-2012-0004.

Gijo, E. V., and J. Antony. 2014. Reducing patient waiting time in outpatient department
using lean six sigmamethodology. Quality and Reliability Engineering International
30 (8):1481-1491. doi: 10.1002/qre.1552.

Halkin, H., 1. Katzir, I. Kurman, J. Jan, and B. B. Malkin. 2001. Preventing drug
interactions by online prescription screening in community pharmacies and medical
practices. Clinical Pharmacology and Therapeutics 69 (4):260-265. doi:
10.1067/mcp.2001.114228.

Hintzen, B. L., S. J. Knoer, C J. Van Dyke, and B.S. Milavitz. 2009. Effect of lean process
improvement techniques on a university hospital inpatient pharmacy. American
Journal of Health-System Pharmacy, 66 (22):2042-2047. doi: 10.2146/ajhp080540.

Honda, A. C., V. Z. Bernardo, M. C. Gerolamo, and M. M. Davis. 2018. How lean six
sigma principles improve hospital performance. Quality Management Journal 25
(2):70-82. doi: 10.1080/10686967.2018.1436349.

James, K. L., D. Barlow, R. McArtney, S. Hiom, D. Roberts, and C. Whittlesea. 2009.
Incidence, type and causes of dispensing errors: A review of the literature.
International  Journal of Pharmacy Practice, 17 (1):9-30. doi:
10.1211/ijpp/17.1.0004.

19



Kaosayapandhu, C. 2013. The study of types and categories of inpatient dispensing errors
in a Government Hospital. Siriraj Medical Journal 65 (6):168-172. doi:
10.3760/cma.]j.issn.0366-6999.20130029.

Kumar, S., and M. Steinebach. 2008. Eliminating US hospital medical errors.
International Journal of Health Care Quality Assurance 21 (5):444-471. doi:
10.1108/09526860810890431.

Laureani, A., M. Brady, and J. Antony. 2013. Applications of Lean Six Sigma in an Irish
hospital. Leadership in Health Services 26 (4):322-337. doi: 10.1108/LHS-01-2012-
0002.

Lifvergren, S., I. Gremyr, A. Hellstrém, A. Chakhunashvili, and B. Bergman. 2010.
Lessons from Sweden’s first large-scale implementation of Six Sigma in healthcare.
Operations Management Research, 3 (3):117-128. doi: 10.1007/s12063-010-0038-y.

Limpanyalert, P. 2018. Patient safety in Thailand. In Tingle, J., Neill, C. and Shimwell,
M. Global Patient safety: law, policy and practice (pp. 175-189). Abingdon,Oxon

Lisby, M., L. P. Nielsen, and J. Mainz. 2005. Errors in the medication process: Frequency,
type, and potential clinical consequences. International Journal for Quality in Health
Care 17 (1):15-22. doi: 10.1093/intghc/mzi015.

Nayar, P., D. Ojha, A. Fetrick, and A. T. Nguyen. 2016. Applying lean six sigma to
improve medication management. International Journal of Health Care Quality
Assurance, 29 (1):16-23. doi: 10.1108/09526860710819440.

National Health Security Office 2016. NHSO annual report 2016. Accessed March 13,
2020. https://www.nhso.go.th/eng/.

Oswald, S., and R. Caldwell. 2007. Dispensing error rate after implementation of an
automated pharmacy carousel system. American Journal of Health-System Pharmacy
64 (13):1427-1431. doi: 10.2146/ajhp060313.

Pamfile, R., A.J. Petcu, and M. Draghici. 2012. The Importance of Leadership in driving
a strategic Lean Six Sigma management. Procedia - Social and Behavioral Sciences
58:187-196. doi: 10.1016/j.sbspro.2012.09.992.

Patel, K., R. Jay, M.W. Shahzad, W. Green, and R. Patel. 2016. A systematic review of
approaches for calculating the cost of medication errors. European Journal of
Hospital Pharmacy 23(5):294-301. doi:10.1136/ejhpharm-2016-000915

Psychogios, A. G., J. Atanasovski, and L. K. Tsironis. 2012. Lean Six Sigma in a service
context: A multi-factor application approach in the telecommunications industry.
International Journal for Quality & Reliability Management 29 (1):122-139.

Ramori, K., Cudney, E., Elrod, C., and Antony, J. (2019). Lean business models in
healthcare: A systematic review. Total Quality Management & Business Excellence.
doi: 10.1080/14783363.2019.1601995.

Runciman, W. B., E. E. Roughead, S.J. Semple and R.J. Adams. 2003. Adverse drug
events and medication errors in Australia. International Journal for Quality in Health

20



Care (15):49-60.

Salah, S., A. Rahim, and J. A. Carretero. 2010. The integration of Six Sigma and lean
management. Internation Journal of Lean Six Sigma 1 (3):249-274. doi:
http://dx.doi.org/10.1108/MRR-09-2015-0216.

Samp, J.C., D.R. Touchette, J.S., Marinac and G.M. Kuo. 2014. Economic evaluation of
the impact of medication errors reported by U.S. clinical pharmacists.
Pharmacotherapy 34(4): 350-357. doi: 10.1002/phar.1370

Sanguansak, T., M. G. Morley, Y. Yospaiboon, A. Lorch, B. Hedt, and K. Morley. 2012.
The impact of preprinted prescription forms on medication prescribing errors in an
ophthalmology clinic in northeast Thailand: A non-randomised interventional study.
BMJ Open 2 (1): 1-6. doi: 10.1136/bmjopen-2011-000539.

Sehwail, L., and C. DeYong. 2003. Six Sigma in health care. Leadership in Health
Services 16 (4):1-5. doi: 10.1108/13660750310500030.

Snee, R. D. 2010. Lean Six Sigma — getting better all the time. International Journal of
Lean Six Sigma 1 (1):9-29. doi: 10.1108/20401461011033130.

Stefanacci, R.G., and A. Riddle. 2016. Preventing medication errors. Geriatric Nursing,
37(4): 307-310.

Taner, M. T., S. Bilent, and J. Antony. 2007. An overview of six sigma applications in
healthcare industry. International Journal of Health Care Quality Assurance 20
(4):329-340. doi: 10.1108/09526860710754398.

Thomerson, L. D. 2001. Journey for excellence: Kentucky’s Commonwealth Health
Corporation adopts Six Sigma approach. Annual Quality Congress Proceeding 152—
158.

Trakulsunti, Y., J. Antony, A. Ghadge, and S. Gupta. 2018. Reducing medication errors
using LSS Methodology: A systematic literature review and key findings. Total
Quality Management and Business Excellence. 1-19. doi:
10.1080/14783363.2018.1434771.

Trakulsunti, Y., and J. Antony. 2018. Can Lean Six Sigma be used to reduce medication
errors in the health-care sector ?. Leadership in Health Services 31 (4):426-433. doi:
10.1108/LHS-09-2017-0055.

Trzeciak, S., M. Mercincavage , C. Angelini, W. Cogliano, E. Damuth, B. W. Roberts, S.
Zanotti, and A. J. Mazzarelli. 2018. Lean Six Sigma to reduce Intensive Care Unit
length of stay and costs in Prolonged Mechanical Ventilation. Journal for Healthcare
Quality 40 (1):36-43. doi: 10.1097/JHQ.0000000000000075.

van de Plas, A., M. Slikkerveer, S. Hoen, R. Schrijnemakers, J. Driessen, F. de Vries F,
and P.van den Bemt. 2017. Experiences with Lean Six Sigma as improvement
strategy to reduce parenteral medication administration errors and associated potential
risk of harm. BMJ Quality Improvement Reports 6 (1):1-6. doi:
10.1136/bmjquality.u215011.w5936.

21


https://www.ncbi.nlm.nih.gov/pubmed/?term=Cogliano%20W%5BAuthor%5D&cauthor=true&cauthor_uid=27902532
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Vries%20F%5BAuthor%5D&cauthor=true&cauthor_uid=28674608

Walsh, E. K., C.R. Hansen, L.J. Sahm, L. J., P.M. Kearney, E. Doherty, and C.P. Bradley,
C. P. 2017. Economic impact of medication error: a systematic review.
Pharmacoepidemiology and drug safety 26(5):481-497. doi: 10.1002/pds.

Weant, K. A., A. Bailey, and S. Baker. 2014. Strategies for reducing medication errors in

the emergency department. Open Access Emergency Medicine 6:45-55. doi:
10.2147/0AEM.S64174.

Wittich, C. M., C. M. Burkle, and W. L. Lanier. 2014. Medication errors: An overview
for clinicians. Mayo Clinic Proceedings 89(8):1116-1125.

World Health Organization 2016. Medication Errors: Technical Series on Safer Primary
Care. Accessed January 7, 2020.
https://apps.who.int/iris/bitstream/handle/10665/252274/9789241511643-
eng.pdf;jsessionid=F6824CD7A38A45F435D36 AD2EEFACFA8?sequence=1.

World Health Organization 2017. Patient safety: making health care safer. Accessed
January 8, 2020. https://apps.who.int/iris/handle/10665/255507.

22



