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Purpose. This article identifies, prioritizes, and summarizes published lit-
erature on the medication-use process (MUP) from calendar year 2018 
that can impact health-system pharmacy daily practice. The MUP is the 
foundational system that provides the framework for safe medication util-
ization within the healthcare environment. The MUP is defined in this arti
cle as having the following steps: prescribing/transcribing, dispensing,  
administration, and monitoring. Articles that evaluated one of the steps 
were gauged for their usefulness toward daily practice change.

Summary. A PubMed search was conducted in February 2019 for articles 
published in calendar year 2018 using targeted Medical Subject Head-
ings (MeSH) keywords, targeted non-MeSH keywords, and the table of 
contents of selected pharmacy journals, providing a total of 43,977 arti
cles. A thorough review identified 62 potentially significant articles: 9 for 
prescribing/transcribing, 12 for dispensing, 13 for administration, and 28 
for monitoring. Ranking of the articles for importance by peers led to the 
selection of key articles from each category. The highest-ranked articles 
are briefly summarized, with a mention of why they are important within 
health-system pharmacy. The other articles are listed for further review 
and evaluation.

Conclusion. It is important to routinely review the published literature and 
to incorporate significant findings into daily practice. This article assists 
in identifying and summarizing recent impactful contributions to the MUP 
literature. Health-system pharmacists have an active role in improving the 
MUP in their institution, and awareness of significant published studies 
can assist in changing practice at the institutional level.

Keywords: bar-coded medication administration, computerized pre-
scriber order entry, dispensing, medication reconciliation, medication use 
process, smart pumps
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The medication-use process (MUP) 
is the foundational system that pro-

vides the framework for safe medica-
tion utilization within the healthcare 
environment, ensuring medications are 
utilized and secured in the most appro-
priate manner and across all settings.1 As 
stewards for appropriate medication use 
within healthcare organizations, health-
system pharmacists have a leadership 
role in optimizing the MUP to increase 
the efficiency and safety of patient care.1

The U.S. Pharmacopeia de-
scribes 5 major steps of the MUP: pre-
scribing, transcribing, dispensing, 

administration, and monitoring.2 With 
95.6% of US hospitals in 2016 reporting 
the use of computerized prescriber 
order entry (CPOE) with an interface 
to the pharmacy computer system, 
the transcription step was incorpor-
ated into the prescribing step for the 
purpose of this review since it is no 
longer a distinct step of the MUP for all 
organizations.3 Thus, the MUP, as de-
fined in this review, has the following 4 
components: prescribing/transcribing 
(the process of entering and pro-
cessing prescriptions for patient care), 
dispensing (the process of preparing 

Practice-enhancing publications about the medication-
use process in 2018
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medications from a prescription for a 
patient), administration (the process 
of administering and documenting 
administration of a medication), and 
monitoring (the process of monitoring 
patients for adverse events and thera-
peutic effectiveness).

Several policy statements from the 
American Society of Health-System 
Pharmacists (ASHP) note the import-
ance of the role of the pharmacist in the 
MUP.4,5 Besides these policy statements 
suggesting the important roles phar-
macy professionals play in the MUP, 
ASHP has been active in publishing 
surveys that trend different deploy-
ments of human resources, practice 
models, and technologies within the 
MUP.3,6,7 ASHP separates the surveys 
by different steps of the MUP, and the 
surveys provide input from pharmacy 
leaders across the country. The surveys 
in these publications provide input 
on how different pharmacy depart-
ments across the nation are handling 
various challenges departments of 
pharmacy face.

Though the surveys provide evi-
dence of trends in different aspects of 
pharmacy practice, it is important to 
understand the literature supporting 
various trends and changes regarding 
the improvement of the MUP. In order 
for pharmacy leaders to implement 
evidence-based best practices across 
the pharmacy enterprise, it is important 
that they understand the literature on 
the MUP that is being published in both 
pharmacy and nonpharmacy journals.1 
Publications that provide a review of 
the recent literature regarding the MUP 
can be an efficient aid to pharmacy 
leaders without sufficient time to thor-
oughly review the wealth of pharmacy 
literature published yearly. A collection 
of significant studies about the MUP in 
a calendar year can illustrate important 
practice changes. Other therapeutic 
disciplines have published “significant 
article” series, but the authors are un-
aware of any with a focus on the MUP 
apart from previous work published 
in 2015 and 2019 describing the most 
impactful articles from 2012 and 2017, 
respectively.1,8-13

The 45 publications that resulted 
from the 2017 search were primarily 
categorized as pertaining to either the 
prescribing/transcribing step or the 
monitoring step of the MUP.13 Many 
of the publications included work 
that had been conducted internation-
ally. The authors hypothesized that 
perhaps the MUP is less of a focus of 
research and publishing within the 
United States and that international 
studies could be replicating research 
that has been already been evaluated 
and tested in the United States. From 
the previously conducted research, 
the authors concluded that the large 
amount of international literature fo-
cused on the MUP demonstrated that 
this topic is still actively evaluated and 
discussed in peer-reviewed literature. 
Alternatively, the authors hypothe-
sized, previously described publication 
search strategies1 may not be capturing 
all the related research being con-
ducted within the United States. The 
authors decided to make intentional 
changes to the strategy for the 2018 
publications search to capture add-
itional articles published in the United 
States, if applicable.

The major objective of this article is 
to review the published literature from 
calendar year 2018 that has a focus on 
different areas of the MUP and to sum-
marize publications defined as most 
significant to health-system pharma-
cists’ daily practice.

Methods

The methods of the study were 
similar to those used in studies pub-
lished in 2015 and 2019,1,13 with a few 
notable changes. A  PubMed search 
for articles published in calendar year 
2018 was conducted in February 2019  
using the following Medical Subject 
Headings (MeSH) keywords: medica-
tion systems; management information 
systems; pharmacy administration; 
pharmacists; and pharmacy service, 
hospital. For this review, 2 additional 
search measures were added to the 
literature search. First, the following 
non-MeSH keywords from the art-
icles published in the MUP literature 
from 2017 were included in the search 
strategy: alerts, automated drug-
dispensing systems, clinical decision 
support, clinical pharmacy informa-
tion systems, computerized prescribing 
order entry, decision support systems, 
gravimetric i.v. workflow software 
system, medication alert system, medi-
cation errors, medication management, 
medication reconciliation, medication 
safety, pharmacy information system, 
quality assurance, and quality im-
provement.13 Additionally, and differ-
ently from the previous publication,  
the table of contents of journals listed  
in the “General Pharmacy” section under 
“Pharmacy Practice” in the American 
Association of Colleges of Pharmacy’s 
Core List of Journals for Pharmacy 
Education14 (American Journal of 
Health-System Pharmacy, Clinical 
Therapeutics, Cochrane Database of 
Systematic Reviews, Drugs, European 
Journal of Clinical Pharmacology, 
Journal of Pharmacy and Pharmacology, 
Journal of Pharmacy Practice, Journal  
of the American Pharmacists Asso
ciation, Pharmacotherapy, The Annals 
of Pharmacotherapy, The Consultant 
Pharmacist, and The International 

KEY POINTS
	•	 The medication-use process 

(MUP) is the foundational 
system that provides the 
framework for safe medication 
utilization within the healthcare 
environment, ensuring medica-
tions are utilized and secured 
in the most appropriate 
manner and across all settings.

	•	 This review summarizes 
practice-enhancing publica-
tions about the MUP, as deter-
mined by pharmacy leaders in 
the state of North Carolina.

	•	 Trends for articles published in 
2018 include a skewed distribu-
tion of articles pertaining to the 
monitoring step of the MUP.
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Journal of Pharmacy Practice) were in-
cluded in the search strategy and the 
total number of articles to review.14 
The authors elected to use a table of 
contents search due to the delay in 
indexing articles by MeSH keywords 
and non-MeSH keywords.15 The search 
resulted in 43,977 articles. This repre-
sented an increase of 41,689 articles 
from the previous search.13 The authors 
excluded 29,277 articles due to duplica-
tion of articles and a large return of arti
cles not related to medication use from 
searches using the following keywords: 
clinical decision support, decision sup-
port systems, quality assurance, and 
quality improvement.

Each author reviewed the titles of the 
remaining 14,700 articles and selected 
the ones they deemed to be potentially 
the most impactful on the MUP. If one 
author thought the title of one of the 
initial 14,700 articles was significant, 
the article was selected for additional 
screening. After the initial screening, 
915 articles remained for additional 
screening. If all 4 authors thought the 
title of one of the 915 articles was sig-
nificant, the article was chosen for 
additional screening. After the second 
screen, 71 articles remained for addi
tional screening. These selections were 
then screened against the following 
criteria: (1) interventions were feasible 
and reproducible, (2) the type of study 
supported objective evaluation of the 
intervention (ie, the research involved 
a pre-post study; a retrospective, pro-
spective, and/or randomized control 
trial, evaluation, or implementation; a 
systematic review; or a meta-analysis), 
(3) we unanimously agreed the results 
warranted discussion within the phar-
macy community, and (4) we unani-
mously agreed the paper should be 
included. Articles not meeting all 4 
criteria were excluded from additional 
consideration. Articles meeting all 4 
criteria were subsequently categorized 
into 1 of the 4 MUP steps. Discussions 
were held amongst the authors to en-
sure articles were categorized into 
the most appropriate step of the MUP 
(Figure 1). It was recognized that some 
articles might span more than one area. 

If this occurred, the authors evaluated 
the largest area of impact in the study 
and classified it based on this.

A total of 62 articles were selected 
and identified for inclusion in the 
survey (9 for prescribing/transcribing, 
12 for dispensing, 13 for administra-
tion, and 28 for monitoring). The pro-
cess for inclusion and exclusion of 
articles is illustrated in Figure  1. The 
article titles and their abstracts were 
provided to members of the depart-
ment of pharmacy leadership teams for 
institutions located in the State of North 
Carolina and affiliated with the UNC 
Eshelman School of Pharmacy Master 
of Science collaborative specializing in 
health-system pharmacy administra-
tion. These institutions included Duke 
University Hospital, Mission Hospital, 
Cone Health, the University of North 
Carolina Medical Center, and Wake 
Forest Baptist Medical Center. Members 
of these leadership teams represented 
broad areas of responsibility, with mul-
tiple people having accountability and 
ownership for various parts of the MUP. 
These areas included operational man-
agement, clinical management, inform-
atics, finance, medication safety, and 
supply chain management. Each leader 
was surveyed and asked to rank order 
each article pertaining to a step of the 
MUP based upon their perception of it 
having a significant impact on the MUP. 
The survey participants were provided 
the articles as they were embedded in 
the survey, but they were not explicitly 
asked or expected to read all 62 art-
icles. The survey received 47 responses 
(a 34% response rate) from pharmacy 
leaders across the institutions. The rank 
order results were summarized, and the 
median was calculated for each of the 4 
categories, with lower scores indicating 
greater impact. Table 1 lists all the art-
icles selected and their respective me-
dian rankings. Based on the previously 
published articles with similar meth-
odologies, 3 articles from each of the 
4 categories were deemed most sig-
nificant. Each step of the MUP was as-
signed to 1 author. The selected articles 
were provided back to the authors, who 
were asked to summarize the study 

design, end points (if applicable), key 
discussion points of the article, and 
major conclusions of the article, as well 
as to provide insight as to why an arti
cle is important within health-system 
pharmacy practice.

Prescribing/transcribing

Vélez-Díaz-Pallarés M, Pérez-
Menéndez-Conde C, Bermejo-Vicedo 
T. Systematic review of computerized 
prescriber order entry and clinical 
decision support. Am J Health-Syst 
Pharm. 2018;75(23):1909-1921.16

This study was a systematic review 
of literature to understand the benefit 
of combining CPOE with clinical deci-
sion support (CDS) in reducing medi-
cation errors and adverse drug events. 
While these interventions are gener-
ally thought to increase safety in the 
MUP, the impact varies widely, as the 
terminology and methodology vary 
greatly. However, not all studies have 
found increased safety, and CPOE with 
CDS does introduce new errors to the 
system. Understanding the benefit of 
these technologies can further justify 
the use of CPOE with CDS in improving 
care and utilization at all points of 
prescribing.

A robust strategy was used to iden-
tify all potential articles for inclusion. 
Utilizing 2 independent reviewers for 
final decisions, the researchers selected 
a total of 19 articles for detailed review 
and to classify medication errors into 
stages and types.

When compared to manual pre-
scribing, CPOE was found to yield a sig-
nificant (71%) reduction in prescribing 
errors, but the technology did not im-
pact any other stages of the MUP. In re-
viewing the types of medication errors, 
the investigators found that CPOE did 
not have an impact in any category 
except for duplication errors, which 
were increased. The categories that 
had measured reductions due to use 
of CPOE included wrong drug, dose, 
or strength errors; frequency errors; 
administration route errors; and drug-
drug interactions. Another type of error 
that was increased was wrong drug se-
lection, and this was mainly observed 
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when drop-down boxes were used for 
drug selection.

This article demonstrates the im-
pact that CPOE with CDS has on the 
prescribing phase of the MUP. While 
the time and resources that go into 
implementing and maintaining these 
systems is significant, it can also posi-
tively impact patient care. However, 
there are new errors that are intro-
duced, and one must be vigilant to en-
sure that the design and monitoring of 

the system continues to make improve-
ments to patient care.

Korb-Savoldelli V, Boussadi A, 
Durieux P, et  al. Prevalence of com-
puterized physician order entry 
systems–related medication pre-
scription errors: a systematic review. 
Int J Med Inform. 2018;111:112-122.17

This study was a systematic re-
view to evaluate the impact of CPOE 
implementation on the prevalence of 
medication prescription errors. The 

secondary objective was to categorize 
the different reasons for the described 
errors.

Two investigators independently 
screened all studies for inclusion 
and abstracted the data for review. 
Fourteen studies were included and 
summarized. The extracted data in-
cluded all reported medication errors 
pooled into the following categories: 
wrong dose, wrong drug, wrong pa-
tient, wrong route, and wrong time. The 

Figure 1. Inclusion and exclusion of articles.

43,977 ar�cles 
iden�fied by table of 

contents, MeSH 
keyword, and keyword 
for inclusion into survey

71 ar�cles iden�fied 
and screened for 

inclusion into survey 
based on �tle 

evalua�on

62 ar�cles iden�fied 
and screened for 

inclusion into survey

9 ar�cles for 
Prescribing/Transcribing

12 ar�cles for 
Dispensing

13 ar�cles for 
Administra�on

28 ar�cles for 
Monitoring

29,277 ar�cles excluded 
due to duplicates and a 
large return of ar�cles 

for the following 
keywords:

Clinical Decision 
Support, Decision 
Support Systems, 

Quality Assurance, and 
Quality Improvement

9 ar�cles excluded due 
to reviews, 

commentaries, and 
protocols

14,700 ar�cles 
iden�fied by table of 

contents, MeSH 
keyword, and keyword 

and screened for 
inclusion into survey

13,785 ar�cles excluded 
due to lack of relevance 

of the �tle

844 ar�cles excluded 
due to lack of relevance 

of the �tle

915 ar�cles iden�fied 
by table of contents, 
MeSH keyword, and 

keyword and screened 
for inclusion into survey
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researchers then determined if each 
error occurred due to CPOE or not. The 
median percentage of CPOE-related 
medication prescription errors in the 
included studies was 26.1% (interquar-
tile range, 17.6%-42.1%). The median 
prevalence of wrong dose errors was 
31.5%, while the median prevalence of 
wrong drug errors was 15%. The errors 
that arose from the implementation of 
CPOE were attributed to the ergonomy 
of the computer; alerts that failed, were 
overridden, or did not exist; and de-
sign limitations inherent in the CPOE 
system (eg, the system was unable to 
handle complex prescriptions).

Due to wide differences in how the 
studies reported results, it is difficult 
to compare errors across the studies. 
However, wrong dose and wrong drug 
errors were the most prevalent. Unique 
to this study was an analysis of why 
errors are occurring with CPOE. These 
reasons included incorrect selection of 
a drug from the drop-down menu and 
not ensuring that order sets and CPOE 
default settings are correct before im-
plementation. Understanding these 
reasons can assist one in ensuring that 
the CPOE system is optimized based 
upon the data to minimize the occur-
rence of errors.

Légat L, Van Laere S, Nyssen M, 
et  al. Clinical decision support sys-
tems for drug allergy checking: sys-
tematic review. J Med Internet Res. 
2018;20(9):e258.18

This study describes a systematic 
review of the impact of CPOE with CDS 
systems on drug allergies. It is gener-
ally understood that drug allergies are 
overreported in patients’ electronic 
health records. However, when true al-
lergies exist, they can lead to significant 
morbidity and mortality. CDS systems 
can be very helpful in reducing medi-
cation errors by limiting the number 
of patients receiving a medication to 
which they have a true drug allergy.

A total of 69 studies were included 
in the systematic review. One of the 
major learnings was that there is no 
globally accepted systematic process 
for documenting drug allergies in the 

Table 1. Aggregate Scores for Selected Articles About Medication-Use 
Process (n = 47)a

MUP Step and  
Reference Number

Importance Ranking

Mean Median (Range)

Prescribing/transcribing   

  16 2.70 2 (1-9)

  17 4.12 4 (1-8)

  18 4.55 4 (1-9)

  19 4.76 5 (1-8)

  20 5.27 6 (1-9)

  21 5.45 6 (1-9)

  22 5.79 6 (1-9)

  23 5.88 6 (1-9)

  24 6.48 8 (1-9)

Dispensing   

  25 3.81 3 (1-12)

  26 4.69 4 (1-12)

  27 4.97 5 (1-10)

  28 5.63 6 (2-10)

  29 6.03 6 (1-12)

  30 6.03 6 (1-11)

  31 6.00 6.5 (1-12)

  32 6.56 6.5 (1-12)

  33 7.16 8 (1-12)

  34 8.25 9.5 (1-12)

  35 9.13 9.5 (1-12)

  36 9.75 11 (2-12)

Administration   

  37 4.48 4 (1-9)

  38 4.94 4 (1-13)

  39 4.97 4 (1-13)

  40 5.19 5 (1-13)

  41 5.48 5 (1-13)

  42 6.13 6 (1-13)

  43 6.42 7 (1-13)

  44 7.74 8 (1-13)

  45 7.94 8 (1-13)

  46 8.23 9 (1-13)

  47 8.35 9 (1-13)

  48 10.32 11 (2-13)

  49 10.81 12 (2-13)
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medical record. This process includes 
the approach taken to engage with each 
patient, defining what is a drug allergy 
and what is a drug intolerance, and en-
suring that the list is maintained over 
time. Having the same process, using 

the same location and database, and 
having the same taxonomy for all hos-
pitals and all healthcare workers who 
engage with the patient is important. 
Without this for prescribers, there is in-
appropriate reporting of drug allergies, 

and this can lead to medication errors. 
Another concern that was identified 
is outdated or inaccurate allergy in-
formation. When this information is 
not correct, it can lead to either a drug 
being given to a patient who is allergic 
or withholding of a drug when the pa-
tient can safely receive it. A  final issue 
that was raised is overall alert fatigue 
with drug allergy alerts. Knowing when 
to fire an alert and when to suppress it 
can be a critical insight with regard to 
CPOE settings.

While this is an area that is well 
known to be an issue for patient care, 
the published data in the systematic re-
view is variable. Further research needs 
to be completed, including research 
to improve the coding and taxonomy 
of drug allergies, in order to minimize 
medication errors for drug allergies.

Dispensing

Roberts PA, Willoughby IR, Barnes 
N, et  al. Evaluation of a gravimetric-
based technology-assisted workflow 
system on hazardous sterile product 
preparation. Am J Health-Syst Pharm. 
2018;75(17):1286-1292.25

Technology-assisted workflows  
(TAWFs) for compounded sterile 
product (CSP) preparation is an ac-
tively discussed topic in the pro-
fession of pharmacy, specifically in 
hospitals and health systems. Popular 
approaches to TAWFs include volu-
metric, gravimetric, or both volu-
metric and gravimetric technologies. 
This study assessed the impact of 
a gravimetric-based TAWF on CSP 
production time, staff perception of 
safety, and job satisfaction.

The study was a pre- and 
postintervention study of a TAWF in 
a cancer center satellite pharmacy. 
Prior to implementation of the TAWF, 
staff documented the time to prepare 
and check CSPs and took surveys re-
garding perceptions of and satisfac-
tion with non-TAWF methods for CSP 
preparation. At 30 and 90  days post 
implementation, staff took the same 
surveys regarding gravimetric-based 
TAWF. Overall, relative to non-TAWF 
methods, TAWF use was associated 

MUP Step and  
Reference Number

Importance Ranking

Mean Median (Range)

Monitoring   

  50 5.9 3.5 (1-27)

  51 7.0 4 (1-27)

  52 6.5 5 (1-21)

  53 7.10 5.5 (1-20)

  54 6.47 6 (1-18)

  55 8.40 7 (1-25)

  56 10.57 9 (1-27)

  57 11.63 9 (3-28)

  58 10.17 11 (1-18)

  59 5.68 12 (2-28)

  60 12.03 12 (3-26)

  61 12.03 13 (1-25)

  62 15.10 14 (7-26)

  63 12.73 15 (1-21)

  64 15.83 15 (6-28)

  65 15.50 17 (1-23)

  66 16.47 17 (2-23)

  67 16.67 19 (1-23)

  68 17.43 19 (1-26)

  69 17.27 20 (2-27)

  70 16.10 21 (2-27)

  71 21.57 22 (2-28)

  72 22.70 23 (11-28)

  73 18.33 24 (1-28)

  74 20.30 24 (2-27)

  75 21.03 26 (3-27)

  76 23.57 27 (4-28)

  77 25.8 28 (3-28)

Abbreviation: MUP, medication-use process.
aSurvey respondents ranked all articles within each group from most to least impactful, with 
the most impactful receiving a score of 1 and the least impactful receiving a score equal to 
the number of articles in that group (9 for prescribing/transcribing, 12 for dispensing, 13 for 
administration, 28 for monitoring). Articles are arranged from most to least impactful (ie, from 
lowest to highest median score).

Table 1. Continued
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with improved preparation and verifi-
cation times (445 seconds vs 359 sec-
onds and 45 seconds versus 19 seconds, 
respectively). The investigators con-
cluded that this decreased preparation 
and verification time resulted from 
reducing the amount of transcribing 
and the streamlining of the prepar-
ation and verification processes with a 
TAWF. Additionally, staff preferred the 
TAWF for CSP preparation over non-
TAWF methods. However, there was no 
change in staff perception regarding 
medication safety.

This study further increases the lit-
erature in the area of TAWF for CSP 
preparation. As this topic continues to 
be discussed, additional research to 
evaluate TAWF vs non-TAWF methods 
is needed. Future studies should focus 
on both medication safety and prod-
uctivity and efficiency.

Gurusamy KS, Best LM, Tanguay 
C, et  al. Closed-system drug-transfer 
devices plus safe handling of haz-
ardous drugs versus safe handling 
alone for reducing exposure to 
infusional hazardous drugs in 
healthcare staff. Cochrane Database 
Syst Rev. 2018;3:CD012860.26

Closed system transfer devices 
(CSTDs) aid in the preparation and ad-
ministration of hazardous medications. 
Patient and staff exposure to hazardous 
medications can result in negative 
health outcomes. The objective of this 
systematic review was to assess the ef-
fects of using CSTDs and safe handling 
vs safe handing alone for reducing staff 
exposure to hazardous medications 
and the risk of staff contamination.

The researchers reviewed 23 obser-
vational cluster studies that spanned 
use of a broad range of CSTDs from dif-
ferent manufacturers. They concluded 
that there is no difference in the pro-
portion of people with positive urine 
tests for exposure between CSTD and 
control groups. Additionally, the review 
illustrated that the studies evaluated 
did not focus on atmospheric contam-
ination, blood tests, or other measures 
of exposure to hazardous medications. 
None of the studies included in the re-
view reported on short-term health 

benefits. Five included studies re-
ported the potential costs savings, but 
the studies used different methods and 
were significantly variable. Ultimately, 
the investigators concluded that there 
is no evidence to support or reduce the 
routine use of CSTD in addition to safe 
handling of hazardous medications, 
as there is no evidence of a difference 
in exposure or financial benefits be-
tween CSTDs plus safe handling vs 
safe handling alone. Additionally, they 
noted that the evidence was of low 
quality and that none of the studies re-
ported on health benefits.

Due to the researcher’s conclusions 
regarding CSTDs, additional research 
is needed. However, it should be noted 
that the conclusions of this review are 
a topic of debate in the profession of 
pharmacy.78 Future studies in this area 
should focus on decreasing the risk of 
bias, increasing consistency, improving 
the level of evidence, and reporting on 
health benefits.

Rodriguez-Gonzalez CG, Herranz-
Alonso A, Escudero-Vilaplana V, et al. 
Robotic dispensing improves patient 
safety, inventory management, and 
staff satisfaction in an outpatient hos-
pital pharmacy. J Eval Clin Pract. 
2019;25(1):28-35.27

Apart from acute care settings, hos-
pital and health-system departments of 
pharmacy are continuing to investigate 
opportunities to better utilize automa-
tion and robotics in ambulatory care 
settings. One such avenue includes the 
utilization of robotics for dispensing in 
ambulatory care spaces. The purpose of 
this study was to identify the frequency 
of medication dispensing errors before 
and after the implementation of a ro-
botic dispensing system in an ambula-
tory hospital pharmacy. The researchers 
also wanted to assess the impact of the 
robotics on the quality of stock manage-
ment and staff satisfaction.

This study consisted of a before-
and-after medication error assessment 
conducted through use of observa-
tions. Additionally, the investigators 
monitored indicators of stock man-
agement and staff satisfaction. During 
the preimplementation phase, staff 

used a barcode system for dispensing, 
and during the postimplementation 
phase, staff retrieved medications that 
were dispensed from a robot. The re-
searchers concluded that the intro-
duction of the robot in an ambulatory 
pharmacy reduced rates of dispensing 
errors (from 1.31% to 0.63%) and 
“stockouts” of medications (from 0.85% 
to 0.17%). Additionally, staff perceived 
this technology to be beneficial, and 
stocking time was reduced.

When used appropriately, automa-
tion and robotics can aid in improving 
the MUP. In addition to improving the 
MUP, these areas of practice can im-
prove medication safety and staff satis-
faction. However, future studies should 
look to evaluate automation and ro-
botics use in ambulatory care settings 
to add to the overall body of knowledge.

Administration

Biltoft J, Finneman L. Clinical and 
financial effects of smart pump–elec-
tronic medical record interoper-
ability at a hospital in a regional 
health system. Am J Health-Syst 
Pharm. 2018;75(14):1064-1068.37

Administration of i.v. medications is 
essential in advanced medical care. The 
use of smart i.v. infusion pumps with 
dose-error reduction software has been 
proven to help avert potential adminis-
tration errors, but a previous study dem-
onstrated that even when smart pumps 
are used there is a high likelihood of 
discrepancy between what is ordered, 
administered, and documented as ad-
ministered. Interoperability of smart 
pumps and the electronic health record 
(EHR) makes it possible for infusion 
pump programming to be automat-
ically prepopulated by the EHR and 
checked against medication orders 
to prevent discrepancies and admin-
istration errors. Interoperability also 
provides accurate infusion start and 
stop times, which is necessary for reim-
bursement of outpatient infusions by 
payers.

This study described the implemen-
tation of pump-EHR interoperability 
at a 286-bed hospital within an 8-hos-
pital health system and evaluated the 
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impact on medication safety, financial 
performance improvements, and stake-
holder satisfaction. Interoperability re-
duced manual keystrokes in the smart 
pumps by 86%, eliminating 3.5 million 
keystrokes and opportunities for error 
every month. The mean number of 
monthly pump programming alerts de-
creased by 22%, and the mean number 
of alert overrides decreased by 20.5%. 
Self-reported annual safety events re-
lated to infusion pump programming 
were reduced from 3 to 1.  The mean 
amount of lost charges for outpatient 
infusions decreased by 40%, repre-
senting $370,000 in incremental rev-
enue. Nursing staff reactions to the 
new process were favorable, and clin-
icians reported increased satisfaction 
from knowing they could confidently 
manage i.v. medications with greater 
safety.

This study demonstrated that smart 
pump and EHR interoperability de-
creases the likelihood of pump pro-
gramming errors and increases the 
accuracy of documentation. The meas-
ured improvement in i.v. charge cap-
ture produced by interoperability could 
help leaders gain additional admin-
istrative support for implementation. 
Interoperability of additional smart 
medical devices with the EHR will play 
an increasing role in improving patient 
safety, clinical outcomes, staff product-
ivity, and financial performance in the 
years ahead.

Shah PK, Irizarry J, O’Neill 
S.  Strategies for managing smart 
pump alarm and alert fatigue: A narra-
tive review. Pharmacotherapy. 2018; 
38(8):842-850.38

One challenge associated with the 
use of smart infusion pump technology 
is high alarm and alert burden, often 
with low predictive power for clinically 
meaningful events. While alerts can 
help prevent medication errors, alert 
fatigue can occur when users receive 
an overwhelming number of clinically 
insignificant alerts and unintention-
ally begin ignoring alerts. Alert fatigue 
could limit the benefits of smart pump 
technology and potentially increase 
the occurrence of errors if users blindly 

trust the technology and bypass verifi-
cation of the traditional medication ad-
ministration “rights.”

The authors of this review article 
used a systematic approach to identify 
articles describing the types of alerts and 
alarms seen with smart pumps and pre-
sent strategies for managing alert fatigue 
related to smart pump use. Twenty-nine 
articles were included in the final review. 
Multiple frameworks for evaluating alert 
fatigue exist, but there has not been 
consensus on which metrics or proxy 
measures to use, and none have been 
validated. The most common types of 
alerts included dose alerts, concentra-
tion alerts, and duration or rate alerts. 
Smart pump alerts contributed 9.6% of 
the total alarm burden experienced in 
one included observational study and 
had a lower positive predictive value 
than that of all medical devices com-
bined (7.6% vs 36.2%).

The researchers reported that al-
though many strategies for reducing 
alert fatigue have been proposed in 
the literature, few have been evaluated 
using appropriate study designs. Most 
of the published literature on smart 
pump quality improvement efforts sug-
gested the use of a multidisciplinary 
team to oversee the efforts. There was 
not consensus on how to optimally set 
occlusion alarm thresholds and air-in-
line alarms. The researchers described 
several different approaches for retro-
spectively analyzing smart pump logs 
and updating the drug limit library.

Reducing alert fatigue from smart 
pumps and other medical technologies 
remains a high priority for healthcare 
organizations and is necessary to im-
prove patient safety. There is a need 
for future studies to continue to iden-
tify and evaluate strategies for reducing 
alert fatigue and quantify the impact on 
patient safety.

Lyons I, Furniss D, Blandford A, 
et al. Errors and discrepancies in the 
administration of intravenous infu-
sions: a mixed methods multihospital 
observational study. BMJ Qual Saf. 
2018;27(11):892-901.39

Although smart pumps reportedly 
improve patient safety by incorporating 

dose-error reduction software, pro-
gramming procedures may be bypassed 
and dose limits may be overridden. 
Evidence regarding smart pumps’ true 
impact on patient safety is mixed, and 
questions about whether smart pumps 
meaningfully reduce the occurrence of 
potentially harmful errors remain.

The objectives of this observational 
point prevalence study were to deter-
mine the prevalence, types, and se-
verity of errors and discrepancies in 
intravenous infusions across 16 hos-
pitals in the United Kingdom. Trained 
researches at each site observed and 
compared 2,008 in-progress medica-
tion administrations with prescribed 
orders and local policies. Deviations 
were classified as errors or discrepan-
cies based on their potential for pa-
tient harm. Just 32% of infusions were 
administered using a smart pump be-
cause some of the hospitals did not use 
smart pumps at all while others limited 
smart pump use to specific care areas 
or had incomplete smart pump drug 
libraries. Errors and discrepancies 
were observed in 11.5% and 53% of in-
fusions, respectively. Ninety percent 
of observed errors were considered 
unlikely to cause patient harm, while 
23 errors were considered potentially 
harmful and none were judged likely to 
prolong hospital stay or result in long-
term harm. Interestingly, the error rate 
for infusions delivered using smart 
pumps was similar to that with use of 
other pumps (10.3% vs 10.8%, P = 0.8) 
and error rates also did not differ when 
prebuilt drug libraries were used. The 
investigators concluded that smart 
pumps, as currently implemented in 
UK hospitals, did not seem to reduce 
the risk of error in everyday practice. 
They hypothesized that using smart 
pumps as part of an integrated system 
with barcode scanning and electronic 
prescribing and medication admin-
istration records, all of which were 
rarely used by the included hospitals, 
could guard against a broader range of 
deviations.

This study provides valuable insight 
into the prevalence, type, and severity 
of i.v. infusion deviations in everyday 
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practice. It also underscores the im-
portance of taking a multifaceted ap-
proach to improving safety due to the 
interconnectedness of each of the steps 
in the MUP.

Monitoring

Winterstein AG, Jeon N, Staley 
B, et  al. Development and valid-
ation of an automated algorithm for 
identifying patients at high risk for 
drug-induced hypoglycemia. Am 
J Health-Syst Pharm. 2018;75(21): 
1714-1728.49

Hypoglycemia is a common condi-
tion and is one of the most concerning 
adverse events that can occur in insti-
tutionalized and critically ill patients. 
Utilizing predictive modeling and data 
analytics can be a beneficial tool to 
identify high-risk patients and min-
imize this adverse event.

This study was a retrospective co-
hort analysis of hospitalized patients 
using EHR data from 2 large Univer
sity of Florida–affiliated hospitals. The 
study population consisted of 21,840 
patients who received any medica-
tions that could increase the risk of 
hypoglycemia within the first 5  days 
of hospital admission. Candidate risk 
predictors were identified using EHR 
data. Variables considered fell into 
different categories, including demo-
graphic related, blood glucose related, 
antihyperglycemic drug related, oral 
intake related, service location re-
lated, laboratory value related, and 
comorbidity related. The develop-
ment and validation period included 
60,762 risk model days followed by 
1,256  days with hypoglycemic events. 
The strongest hypoglycemic risk factors 
were blood glucose fluctuations, blood 
glucose trend, history of hypoglycemia, 
lower body weight, lower creatinine 
clearance, use of insulin, and use of a 
sulfonylurea. The risk model predicted 
48.5% to 63.1% of hypoglycemic events.

The widespread adoption of the 
EHR allows for the collection of signifi-
cant data. This project illustrated the 
importance of using this data to help 
prevent unwanted adverse events and 
subsequently improve quality of care. 

Results of the project indicated that 
use of an automated risk algorithm 
would prevent 1 hypoglycemic event 
per approximately 9 admissions. A sig-
nificant limitation of this study was 
that the risk model was limited to data 
obtained in routine clinical care. This 
study highlighted how using data and 
the EHR can help target efforts towards 
improving care.

Peyko V, Friedman-Jakubovics 
M.  Novel approach to vancomycin 
level monitoring: Impact of a multi-
disciplinary monitoring system on 
timing of vancomycin levels. Am 
J Health-Syst Pharm. 2018;75(3): 
121-126.50

Significant pharmacy resources 
are dedicated across the country to 
managing vancomycin levels due to the 
fine balance between therapeutic levels 
and potential toxicity. However, many 
institutions use different methods to 
monitor vancomycin levels, and true 
pharmacokinetic analysis is time con-
suming and often burdensome to 
perform.

This before-and-after study evalu-
ated a novel approach to monitoring 
vancomycin levels at an 864-bed 
teaching hospital in New York. Orders 
for vancomycin trough concentra-
tion determinations were added to the 
medication ordering system at a large 
teaching hospital. These orders were 
automatically generated when vanco-
mycin was ordered, and pharmacists 
were able to adjust the order time so 
that blood sampling for trough meas-
urements would be done at the ap-
propriate time. The orders came up on 
the nurse’s work list, and nurses were 
required to document blood sampling 
times. Outcomes in the prospective 
group were compared to those in a 
retrospective cohort in which vanco-
mycin trough measurement was not or-
dered as part of the vancomycin order 
(ie, prior to implementation of the new 
process). There were 228 patients in the 
retrospective group and 199 patients 
in the prospective group. The study 
found that 24% of trough concentra-
tion measurements were performed 
within 2 hours of the true trough in the 

retrospective group, as compared with 
87.2% of measurements in the pro-
spective group (P < 0.0001).

This study highlighted how a com-
bination of technology (enabled by 
the EHR), pharmacist involvement, 
and multidisciplinary planning can 
help improve monitoring for patients. 
Not only did this combination of inter-
ventions help increase appropriate 
timing of trough determinations, but 
it also increased the number patients 
who had a trough measurement or-
dered from 90% to 100%. This dem-
onstrates efforts that institutions can 
employ to ensure compliance with 
best practices.

Su CP, Hidayat L, Rahman S, et al. 
Use of an anti-infective medication 
review process at hospital discharge 
to identify medication errors and 
optimize therapy. J Pharm Pract. 
2019;32(5):488-492.51

Medication reconciliation is an 
essential step of the MUP and is an 
area that, if not addressed, can con-
tribute to significant medication 
errors. Transitions of care, as it relates 
to antimicrobials, is a specific concern 
due to complexities in dosing regimens, 
length of therapy, and the high poten-
tial for inappropriate therapy based on 
lack of available patient data.

This study was a single-center pro-
spective study with the aim to describe 
a multidisciplinary approach to re-
viewing antimicrobials at discharge 
and measuring the impact of this 
stewardship-initiated antimicrobial 
review to identify medication errors. 
A multidisciplinary approach to review 
discharge prescriptions was devel-
oped; this approach included identi-
fication of anticipated discharges in 
the next 48 hours, prescriptions being 
entered in the EHR, anti-infective 
agent evaluation by the antimicrobial 
stewardship team, and recommenda-
tions to the primary team prior to 
discharge. Medication errors were iden-
tified according to NCC MERP (National 
Coordinating Council for Medication 
Error Reporting and Prevention) guide-
lines and were classified into the fol-
lowing predefined categories: safety, 
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efficacy, and simplification.79 Forty-five 
patients who were taking a total of 59 
anti-infective medications at discharge 
were ultimately evaluated. The most 
common indications were pneumonia, 
bacteremia, and skin and soft tissue in-
fections. A medication error was iden-
tified in 42% of discharge regimens. 
When errors were identified, pharma-
cist recommendations were accepted 
70% of the time.

This study demonstrated a suc-
cessful approach to addressing a crit-
ical need for pharmacist intervention at 
transitions of care through medication 
reconciliation. It also demonstrated 
that medication errors are prevalent 
at discharge. Studies have shown that 
medication errors can occur more  
frequently at discharge due to the 
complex coordination often required. 
Developing structured processes to 
evaluate discharge medications is cru-
cial to minimize harm and proven to 
be a valuable use of clinical pharmacist 
resources.

Conclusion

As summarized here, there were 
many practice-enhancing articles pub
lished in 2018 that focused on improv
ing the MUP. For this review the authors 
expanded a previously used search 
strategy, and we believe that this in-
creased the strength of returned art-
icles. However, being aware of the 
articles that were determined to be the 
most impactful can assist clinicians 
in ensuring that their operations are 
following the evidence. The authors 
noticed that more identified articles 
pertained to the monitoring step than 
the other 3 steps, which is consistent 
with the results of the study completed 
previously.13 Due to there being a large 
amount of literature focused on the 
MUP, this demonstrates that this area of 
pharmacy practice is still actively evalu-
ated and discussed in peer-reviewed 
literature.

Among other limitations, this re-
view was based on a review of the lit-
erature by pharmacy leaders within 
a single state, potentially biasing the 
rating of the articles toward specific 

issues that are more prevalent in that 
state. However, each person involved 
in rating was asked to consider the 
broader practices of pharmacy in his 
or her review. The review contained 
a significantly larger sample of art-
icles than a previous similar review 
in order to ensure that all potentially 
relevant articles were included. Due to 
the large volume of articles reviewed, 
this could have resulted in an article 
being missed for evaluation. In future 
literature reviews, the authors plan 
to include hospital leaderships from 
additional sites to further expand ap-
plicability of significant articles to a 
boarder audience. Additionally, search 
strategies will be optimized to identify 
articles describing newer technolo-
gies and interventions that may not be 
otherwise captured using MeSH terms.

Pharmacists have a duty to re-
view and incorporate these best prac-
tices into their organizations in order 
to improve efficiency of care and cost 
outcomes, to optimally utilize the tech-
nology that is in use, and to reduce 
the potential for medication errors.1 
Providing a review of key articles from 
2018 surrounding the MUP can edu-
cate health-system pharmacists on 
evidence-based solutions that will be 
helpful, no matter their practice setting 
or location.
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