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Concerns have been raised about the effects of current
medication administration processes on the safety of many
of the aspects of medication administration. Keeping elec-
tronic medication administration records could decrease
many of these problems. Unfortunately, there has not been
much research on this topic, especially in nursing homes. A
prospective case-control survey was consequently performed
at two nursing homes; the electronic record system was in-
troduced in one, whereas the other continued to use paper
records. The personnel were asked to fill in a questionnaire
of their perceptions of stress and risk of medication errors
at baseline (n = 66) and 20 weeks after the intervention
group had started recording medication administration elec-
tronically (n = 59). There were statistically significant de-
creases in the perceived risk of omitting a medication, of
medication errors occurring because of communication
problems, and of medication errors occurring because of in-
accurate medication administration records in the interven-
tion group (all P < .01 vs the control group). The perceived
overall daily stress levels were also reduced in the interven-
tion group (P < .05). These results indicate that the utiliza-
tion of electronic medication administration records will
reduce many of the concerns regarding the medication ad-
ministration process.
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harmacotherapy is one of themain treatment strate-
gies for healthcare problems in residents of nursing
P homes despite geriatric patients often beingmore sen-
sitive to the effects of drugs; adverse drug reactions
appear two to three timesmoreoften in this group than

in younger adults.1–3A correctly useddrug can enhance the quality
of life and prolong the life span of the recipient but can also,
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if wrongly used, be fatal; drugs are one of the most common
sources of injury during a healthcare stay.1,4–6 In a cohort
study of 18 nursing homes in the US over 12 months, there
were 1.89 adverse drug events per 100 resident-months.
Forty-two percent of these events were found to be fatal, life
threatening, or serious. Almost three-quarters of these inju-
ries were thought to be preventable.6 Studies have shown
that errors can occur in 10% to 20% of medication admin-
istrations.7–9 It is acknowledged that humans can, and do,
make mistakes; systematic factors and barriers that under-
mine safe medication management must be identified, and
defenses and safeguards built into the system to help prevent
these errors.8,10–12 Many potential causes of error have been
identified. Heavy nursing workloads, competing demands,
lack of communication, and system processes such as keep-
ing paper-based medication administration records all con-
tribute to errors.10,12,13 In the south of Sweden, approximately
10% of the reports sent to the Swedish National Board of
Health and Welfare regarding injuries or the risk of severe
injury (Lex Maria cases) in primary healthcare, municipal
healthcare, and home services that were caused by medica-
tion errors were due to problems associated with paper
medication administration records (D. Jensen, T. Hultqvist.
Risks in Drug Management in Primary Healthcare, Municipal Healthcare

and Home Care Services. A Study of Lex Maria cases between 2006 and

2012. Sweden: Malmö University, Institution for health and
Society; 2012 [unpublished data]). The Swedish National
Board of Health and Welfare has also stated (2009) that
the development of new routines and processes is strength-
ened when they are combined with user-friendly technology
and technological safeguards.14 In the US, electronic medi-
cal administration records (eMARs) are widely used and
have been associated with good results; the US government
has allocated US $20 billion to the development of health in-
formation technology, including the use of eMARs.12,13,15–20

However, data on the use of eMARs in nursing homes are
scarce, despite the high use of pharmacotherapy in these
establishments and the increased sensitivity of the patients
to medication errors.1,3,12,18,20

The aim of this study was to investigate the impact of a
Swedish eMAR system (the Medication and Care Support
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System [MCSS]) on perceived stress among health person-
nel and the risk of medication errors in a long-term nursing
home setting.

METHODS
This prospective, case-control survey was carried out at
two long-term nursing homes in Norrtälje, Sweden. The
participants filled in questionnaires on their perceptions of
stress and the risk of medication errors over the previous
3 months. This was done both at baseline and 20 weeks af-
ter the MCSS was introduced into one of the nursing
homes. The heads of the departments collected the paper
questionnaires and sent them to the corresponding author
for analysis. The MCSS was introduced on October 7,
2014, and the alerting system for late-dosage administra-
tion was put in place on January 15, 2015, 1 week before
the follow-up assessment.

Participants
The participants were assistant nurses (with a high school di-
ploma) and nurses’ aides (with in-service training) who had
worked for the 3 months prior to each assessment in either
the control (Eneberg Nursing Home) or the intervention
(Grind Nursing Home) nursing homes. The two nursing
homes were chosen because of similarities in their demo-
graphics: both had approximately 60 residents, both were
run by the same healthcare company (TioHundra AB), and
both were located in the same city (Norrtälje, Sweden).

The RNs (with a university degree) working at these nurs-
ing homes (four in each nursing home) were excluded from
the study because the role of RNs in the medication admin-
istration process in Sweden is different from that of the assis-
tant nurses and nurses’ aides. The RNs primarily prepare
drug doses and carry out follow-ups for each resident, while
the actual administration of the drugs is delegated to the
assistant nurses and nurses’ aides. Therefore, because the
scope of the study involved only the administration of drugs
in nursing homes, nurses were excluded.

Medication and Care Support System
The eMAR system used in this study was the MCSS version
1.5.0 (Appva, Gothenburg, Sweden). The MCSS is an elec-
tronic medication administration record system comprising
three levels. The top management level has tools for organi-
zational follow-up of medication administration (mainly for
strategic and business management use). The management
level has tools for instructing personnel, planning, and eval-
uating the administration of the residents’ medication (on a
daily basis). The operational level has tools for actually ad-
ministering the medication including, for example, a real-time
sign-off function, reminders, instruction details, traceability
functions, and a secure log-in limited to those qualified to
298 CIN: Computers, Informatics, Nursing
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administer the medication. The top-management-level and
management-level tools are computer based, whereas the
operational-level tools have an application for use on
smartphones or iPads so that they can be used when
visiting residents.

The MCSS keeps a register of all medication administra-
tions and all deviations from the agreed process; for example,
the number of times that medication is not administered on
time or is not signed off is recorded. These data were recorded
for the intervention nursing home during the intervention
period but were not available either for the baseline assess-
ment in nursing home or at any other time in the control
nursing home.

Assessment
A self-assessment questionnaire was filled out by participants
to assess their perceived stress and their perception of the risk
of medication errors occurring. The participants were asked
to state their occupation (assistant nurse or nurses’ aide) and
whether they had a permanent or substitute position at the
nursing home. The first four of the 14 questions dealt with
how often they felt worried/anxious about the possibility of
medication errors during a day (q1), how often they felt
worried/anxious about this in their spare time (q2), how of-
ten they felt a need to double check the administration of
medication (q3), and how often they were themselves in-
volved in any medication errors (q4). For these questions,
the available choices were never, less than every month, every month,
every week, or every day. Questions 5 to 11 dealt with the extent
of the participant’s perceived risk of completely missing the
administration of a medication dose (q5), administering a
dose at the wrong time (q6), medication errors occurring
because of inaccurate medication records (q7), not admin-
istering one of the prescribed drugs on any one occasion (q8),
errors related to signing off the medication administration
record (q9), errors related to communication problems
between personnel (q10), and any other errors related to
medication administration (q11). Questions 12 and 13 dealt
with the extent to which "the participant felt stress and/or
anxiety regarding their work at the nursing home as a whole
(q12) and regarding the medication administration process
per se (q13). Questions 5 to 13 were answered on a visual
analog scale (VAS), where 0 mm represented “none,” and
7.8 mm represented “considerable.”Question 14 dealt with
how the participant perceived the medication management
process in general, where 0 mm on the VAS scale repre-
sented “very good,” and 7.8 mm represented “bad.”During
analysis of the results, the VAS scales were transformed to a
0- to 100-mm scale for easier interpretation.

Statistical Analysis
The data were coded and entered into the Excel 2013
(Microsoft, Kista, Sweden) program, which was used for
July 2016

ealth, Inc. All rights reserved.



statistical analyses. The w2 test was used for categorical vari-
ables, and Student t test, with two samples with similar variance
(homoscedastic), was used for continuous variables. Analyses
were 2-tailed, and P < .05 was considered indicative of a sta-
tistically significant difference between the compared groups.

RESULTS
During the 20 weeks of the MCSS intervention, there were
38 302 individual administrations of medication, approxi-
mately 8000 per month, at the intervention nursing home.
Of these, 89% were given at the correct time, and 98% were
signed off, as recorded by the MCSS.

Participant Characteristics
At baseline, the intervention nursing home had a total of
66 care personnel, of whom18 (27%) were permanent assistant
nurses, three (5%) were substitute assistant nurses, 21 (32%)
were permanent nurses’ aides, and 24 (36%) were substitute
nurses’ aides. The control nursing home had 53 care per-
sonnel, including 29 permanent assistant nurses (55%), four
substitute assistant nurses (8%), 18 permanent nurses’ aides
(34%), and two substitute nurses’ aides (4%) (P < .001 vs
the intervention group). The difference between the groups
was mainly due to more substitute nurses’ aides in the in-
tervention nursing home and more permanent assistant
nurses in the control nursing home. At the intervention
nursing home, 37 (56% of the available staff ) responded
Table 1. Participants’ Views on Frequency of Worries/Anxie

Question
Nursing
Homea Assessment

1. Do you ever have worries/anxiety
regarding a possibly forgotten dose or
other errors during the medication
administration process during your
working day?

Intervention Baseline
Follow-up

Control Baseline
Follow-up

2. Do you ever have worries/anxiety
regarding a possibly forgotten dose or
other errors during the medication
administration process outside your
working day (in your spare time)?

Intervention Baseline
Follow-up

Control Baseline
Follow-up

3. Do you ever go back and double check a
performed medication administration
because of insecurity about its
correctness?

Intervention Baseline
Follow-up

Control Baseline
Follow-up

4. To your knowledge, how often would you
have attributed to a medication
administration error to your own work?

Intervention Baseline
Follow-up

Control Baseline
Follow-up

aThere were 37 and 29 participants in the intervention and control nursing ho
bP values for statistical significance between baseline and follow-up for each nur
and control nursing home at baseline and at follow-up, see section “Question
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to the questionnaire at baseline, and 36 (55%) responded
at follow-up, and at the control nursing home, 29 (55%)
responded at baseline, and 23 (43%) responded at
follow-up (P = .151).
Questions 1 to 4: Occurrence of Worries/Anxiety and
Known Medication Errors
At follow-up, the intervention nursing home had fewer per-
sonnel who were worried or anxious about medication ad-
ministration errors during the working day (q1) than the
control nursing home (P < .001). This difference was not seen
between the two nursing homes at baseline (P = .605) or be-
tween baseline and follow-up for either of the two nursing
homes (Table 1). There was a difference between the inter-
vention nursing home and control nursing home at baseline
regarding personnel with no worries/anxiety that lingered
into their spare time (q2) (P < .001). This difference, how-
ever, did not remain at follow-up (P = .310).

The participants at the control nursing home were less
likely to feel a need for double checking (q3) than those at
the intervention nursing home at baseline (P = .009). How-
ever, this difference had disappeared at follow-up (P = .617).
Similarly, the personnel at the control nursing home felt
responsible for medication errors (q4) more frequently com-
pared with those at the intervention nursing home at base-
line (P = .007) but not at follow-up (P = .954).
ty and Known Medication Errors

Never,
%

Less Than
Every

Month, %
Every

Month, %
Every

Week, %
Every
Day, % Pb

31 47 8 8 6 .104
44 50 0 6 0
41 38 14 7 0 .552
27 32 18 14 9

43 49 5 3 0 .036
67 25 3 6 0
62 21 7 3 7 .436
52 26 13 9 0

24 41 16 14 5 .250
25 25 22 17 11
14 66 7 7 7 .009
17 35 22 13 13
51 49 0 0 0 .937
56 39 3 3 0
24 72 3 0 0 .052
52 48 0 0 0

mes at baseline and 36 and 23 at follow-up.
sing home (for P values regarding statistical significance between intervention
s 1 to 4: Occurrence of Worries/Anxiety and Known Medication Errors”).
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Questions 5 to 11: Perceived Risk
At the intervention nursing home, the perceived risk of mak-
ing errors during drug administration was statistically signif-
icantly reduced from baseline to follow-up for all questions in
this category except Question 6 (Table 2). The perceived risk
was also significantly lower at the intervention nursing home
than at the control nursing home for Questions 5 and 7 to
11 at follow-up (q5, P = .005; q6, P = .574; q7, P < .001; q8,
P = .007; q9, P = .001; q10, P = .012; q11, P = .007). There
were no statistically significant differences between the
two nursing homes at baseline for Questions 5 to 8 and 11
(q5, P = .708; q6, P = .555; q7, P = .057; q8, P = .484;
q11, P = .405). For Questions 9 and 10, regarding the sign-
ing off of medication administration (q9) and the perceived
risk of errors occurring because of communication problems
(q10), the perceived risk was greater in the intervention nurs-
ing home than in the control nursing home at baseline (q9,
P = .015; q10, P = .026). However, the perceived risk de-
creased from baseline to follow-up in the intervention nurs-
ing home and increased from baseline to follow-up in the
control nursing home for both questions, leaving the inter-
vention nursing home with a lesser perceived risk at follow-up
than the control (q9, P = .001; q10, P = .012; Table 2).
Questions 12 and 13: Perceived Stress
The participants at the intervention nursing home rated
their perceived stress in their general daily work (q12) as
27.7 (SD, 16.9) mm on the VAS at baseline and as 16.6
(SD, 12.0) mm at follow-up, where 0 mm was “none,” and
100 mm was “considerable” stress (P = .014). There were
no significant differences at the control nursing home be-
tween baseline (42.0 [SD, 22.1] mm) and follow-up (38.0
Table 2. Participants’ Perceived Risk of Medication Errors O
Given on a VAS Where 0 mm = No Risk and 100 mm = Co

Question

How Great Would You Perceive the Risk to Be

B
(
(S

5. …of completely missing administering a dose? 18
6. …of a drug being given at the wrong time (at least 2 h off)? 19
7.…of errors occurring during the medication administration process
due to inaccurate medication administration records?

28

8. …of completely missing the administration of at least one of the
drugs on the medication chart?

20

9. …of not signing off on the medication administration record or of not
giving a signed-off dose?

29

10. …of errors occurring in the medication administration process
because of lack of communication between peers?

26

11. …of errors occurring for any other reason in the medication
administration process?

21

aP values for statistical significance between baseline and follow-up.
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[SD, 21.9] mm; P = .600). Perceived stress was significantly
lower, however, at the intervention nursing home than at the
control nursing home both at baseline (P = .020) and at
follow-up (P < .001).

There were no statistically significant differences between
baseline and follow-up in perceived stress with regard to the
medication administration process per se (q13) in either
nursing home. The VAS scores were 17.8 (SD, 14.7) mm
at baseline and 10.7 (SD, 10.1) mm at follow-up for the inter-
vention nursing home (P = .065) and 25.3 (SD, 19.3) mm
and 24.7 (SD, 14.3) mm for the control nursing home
(P = .931). Neither did the nursing homes differ at baseline
for this question (P = .156), but they did differ at follow-up:
perceived stress was lower in the intervention nursing home
than in the control nursing home (P = .001).
Question 14: Perception of the Medication Administration
Process in General
The intervention nursing home participants’ perception of the
medication administration process in general was significantly
improved from baseline (mean VAS score, 17.8 [SD, 10.5]
mm) to follow-up (8.4 [SD, 8.4] mm; P = .002). The VAS
scores for this question did not differ significantly at the con-
trol nursing home, with scores of 11.8 (SD, 6.6) mm at base-
line and 16.3 (SD, 9.3) mm at follow-up (P= .121). The VAS
scores for Question 14 differed significantly between the
nursing homes both at baseline and at follow-up, but in op-
posite directions. At baseline, the impression of the medica-
tion administration process was worse at the intervention
nursing home than at the control nursing home (P = .036).
However, after using theMCSS for 20 weeks, the perception
of the process improved to the extent that the VAS scores
ccurring During the Medication Administration Process,
nsiderable Risk

Intervention Nursing Home Control Nursing Home
aseline
n = 37)
D), mm

Follow-up
(n = 36)
(SD), mm Pa

Baseline
(n = 29)
(SD), mm

Follow-up
(n = 23)
(SD), mm Pa

.2 (15.0) 8.4 (7.2) .007 19.8 (14.1) 17.7 (12.0) .663

.5 (14.1) 15.8 (14.9) .399 16.8 (13.5) 13.3 (9.8) .414

.6 (17.0) 17.0 (10.0) .008 38.7 (15.7) 37.3 (13.6) .794

.2 (16.2) 9.0 (7.6) .005 23.4 (14.2) 21.9 (19.3) .800

.3 (16.8) 10.8 (9.1) <.001 16.8 (13.2) 28.7 (16.3) .027

.9 (17.2) 12.3 (9.1) <.001 15.3 (12.2) 22.6 (14.8) .134

.6 (17.2) 8.6 (8.9) .014 15.9 (13.4) 26.5 (20.8) .213
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were more positive in the intervention nursing home than in
the control nursing home (P = .012).

DISCUSSION
There are few studies that have investigated the effects of
eMARs and even fewer that have been conducted at a nurs-
ing home facility.12,13,17,18 In our study, the use of theMCSS
eMAR resulted overall in a more positive perception of the
medication administration process. This is in line with an-
other survey that showed an improvement in perceived over-
all nurse satisfaction after the introduction of an eMAR
system at an inpatient setting.13 The same study also indi-
cated that the eMAR could increase the perceived safety of
the medication administration process for patients.13 In an-
other study, which investigated 156 medication administra-
tion activities in an acute care setting, medication errors
were more than halved from 11.0 events per month to 5.3
events per month after using an eMAR.17 Our study showed
a reduction in the perceived risk of many types of medication
error. For example, the perceived risk of missing a dose de-
creased by more than 50%, and the perceived risk of omit-
ting administration of at least one of the drugs on one
occasion decreased to almost a third of baseline with the
eMAR. These results are not surprising, because missing
medications are thought to be the errors most likely to be im-
proved by eMARs and quality improvement efforts.18 Time-
liness of medication administration is one of the main
concerns regarding the medication administration process
and also appears to be one of the areas most receptive to
change.12,18 The fact that our study did not show a statisti-
cally significant decrease in the perceived risk of doses being
late was surprising, because one of the main MCSS support
functions is to signal when a dose is overdue. The lack of sig-
nificance here might have been the result of the relatively
generous time allowed before defining the dose as late
(2 hours). It is possible that some doses did not quite reach
the “late dose” definition in our study or the dose was forgot-
ten altogether and then classified as omitted. In addition, the
alerting system for late doses had been in use for approxi-
mately only a week when the study ended. This might have
been too short a time for the assessed personnel to perceive a
decrease in the risk of late administration.

Communication is another area of concern regarding
the medication administration process, and eMARs have
also been shown to have beneficial effects in this respect,
with perceived improvements in teamwork and enhanced
communication and integrated complex processes.12,13,18

Communication was also perceived to be improved in our
study, with the perceived risk of medication errors due to
lack of communication among peers more than halved.

Concerns have previously been raised about the com-
mon use of paper-based medication administration records.12
Volume 34 | Number 7
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The eMAR system used in this study proved to be beneficial
in this respect, as the perceived risk of medication errors
occurring during the medication administration process
due to inaccurate medication administration records de-
creased during the study period.

Concerns have also been raised regarding competing de-
mands on personnel during the medication administration
process.12 A study by Moreland and colleagues13 showed that
use of an eMAR improved the perceived workload, which is
in line with our study results showing that the perceived stress
associated with their daily work decreased in the group using
the eMAR. Nonetheless, the perceived stress associated with
themedication administration process per se did not differ be-
tween baseline and follow-up in the intervention group in our
study, although there was a trend toward a reduction (P= .065).
The perceived stress, however, was statistically significantly
lower in the intervention group than in the control group at
follow-up but not at baseline. This indicates that the perceived
stress in both general daily work and the medication adminis-
tration process could be decreased with an eMAR. There were
also fewer personnel who had worries regarding a possibly
forgotten dose or other errors during the medication admin-
istration process among those who had had the help of the
eMAR system.

Limitations
There were some limitations associated with this study. First,
the intervention nursing home and the control nursing home
differed to some extent at baseline. The higher number of
substitute nurses’ aides in the intervention nursing home
and permanent assistant nurses in the control nursing home
might have influenced the responses to the survey. The two
nursing homes also differed at baseline regarding a few ques-
tions in the survey, indicating that the personnel at the inter-
vention nursing home may have had a higher awareness of
the risks associated with the medication administration pro-
cess than those at the control nursing home. This risk aware-
ness may have resulted in a keener focus on the potential risks
as they were going to start an intervention, with subsequent
reductions in errors. However, the inclusion of a control
group and the prospective nature of the study would proba-
bly have prevented the results being overly affected. Second,
the response rate was quite low at both the baseline and
follow-up assessments, suggesting the possibility of bias. How-
ever, the response rates were similar between the two nursing
homes and between baseline and follow-up, which minimizes
the risk of false differences between baseline and follow-up,
although the results might not be representative of all the
personnel at the nursing homes. Third, the alerting system in
the eMAR for late doses had been in use for only 1 week
at the follow-up assessment, suggesting that the full potential
of this support system might not have been experienced at
CIN: Computers, Informatics, Nursing 301
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follow-up and that the effects of the eMAR systemmay have
been falsely low. Finally, the validity and reliability of the
questionnaire used in this study had not been scientifically
proven. However, questionnaires with proven validity and
reliability are not available in this area, and the question-
naire was tested on nonparticipating personnel before the
study to explore the comprehensiveness of the questions,
the assessment method, and the relevance of the questions.
The questionnaire was then modified as a result of the feed-
back received before being used in the study. It was assumed
that the questionnaire was capable of assessing perceived
stress and perceived risk of the occurrence of medication er-
rors in the relevant personnel.

CONCLUSIONS
The utilization of an electronic, instead of paper-based,
medication administration record can result in a more posi-
tive overall perception of the medication administration pro-
cess by the relevant personnel. The eMAR reduced the
perceived risk of omitting a dose, medication errors occur-
ring as a result of communication problems, and medication
errors occurring as a result of inaccurate medication admin-
istration records. The stress levels among the personnel working
with the medication administration process were also reduced
by the eMAR. These results indicate that an eMARwould be
preferable to a paper-based record for the medication admin-
istration process in a nursing home setting.
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