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Abstract

Background Medication lists prepared in the emergency department (ED) form the basis for diagnosing and treat-
ing patients during hospitalization. Since incomplete medication information may lead to patient harm, it is crucial
to obtain a correct and complete medication list at hospital admission. In this cross-sectional retrospective study we
wanted to explore medication information completeness in admission notes from Norwegian EDs and investigate
which factors were associated with level of completeness.

Methods Medication information was assessed for completeness by applying five evaluation criteria; generic name,
formulation, dose, frequency, and indication for use. A medication completeness score in percent was calculated

per medication, per admission note and per criterion. Quantile regression analysis was applied to investigate which
variables were associated with medication information completeness.

Results Admission notes for patients admitted between October 2018 and September 2019 and using at least one
medication were included. A total of 1,080 admission notes, containing 8,604 medication orders, were assessed. The
individual medications had a mean medication completeness score of 88.1% (SD 16.4), while admission notes had

a mean medication completeness score of 86.3% (SD 16.2). Over 90% of all individual medications had information
about generic name, formulation, dose and frequency stated, while indication for use was only present in 60%. The
use of an electronic tool to prepare medication information had a significantly strong positive association with com-
pleteness. Hospital visit within the last 30 days, the patient’s living situation, number of medications in use, and which
hospital the patient was admitted to, were also associated with information completeness.

Conclusions Medication information completeness in admission notes was high, but potential for improvement
regarding documentation of indication for use was identified. Applying an electronic tool when preparing admission
notes in EDs seems crucial to safeguard completeness of medication information.

Keywords Patient safety, Quality of health care, Medication information, Admission notes, Electronic health records,
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Background

Care transitions, defined as “the movement of patients
between health care practitioners, settings, and home,
as their conditions and care needs change” [1], involve
significant risk for medication-related errors [2, 3].
Poor communication between care levels may con-
tribute to detrimental, but preventable, adverse events
among patients [2, 4]. Incorrect medication informa-
tion in patient records at hospital admission is common
and potential consequences include patient discomfort,
patient harm and deterioration of the patient’s condition
[3]. In addition, incomplete medication information in
admission notes increases the risk of consequential medi-
cation errors, and incomplete medication information in
discharge summaries [5], which can lead to patient harm
and unplanned hospital readmissions [6, 7].

Up to 29% of visits to emergency departments (EDs)
[8, 9] and up to 64% of hospital readmissions are related
to medications [10]. Therefore, it is important that infor-
mation about a patient’s medication use at hospital
admission is complete. Medication lists prepared at the
ED admission follow the patients throughout the hospi-
talization and form the basis for assessments and deci-
sions regarding further treatment. Hence, it is essential
to obtain a correct and comprehensive medication list at
hospital admission. Referral notes often lack medication
lists or information about medication use, which makes
the task of preparing a complete medication list in the ED
time consuming and challenging [11, 12]. Other sources
for information about medication use have fortunately
become available in Scandinavia in recent years, includ-
ing the introduction of a shared electronic medication list
with an overview of electronic prescriptions and phar-
macy-dispensed medications [13—15]. Another measure
to improve the quality of medication information transfer
is the utilization of medication reconciliation (MedRec).

MedRec may reduce medication discrepancies [16],
medication errors and adverse drug events [17]. As a
consequence, the Norwegian Patient Safety Program has
fronted the implementation of MedRec in Norwegian
hospitals to increase the quality of the medication lists
and ultimately improve patient outcomes [18]. In the
Northern Norway Regional Health Authority, MedRec
is the physician’s responsibility and must be carried
out according to a written procedure within 24-48 h
of admission [19]. In the EDs, medication lists are nor-
mally prepared by junior physicians in their first year
of specialization and documented electronically in the
patients” admission notes. An electronic tool incorpo-
rated in the electronic health record system makes this
process simpler, since it automatically supplies informa-
tion about generic name, dose, and medication formu-
lation when trade name is entered. In addition, the tool
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gives a reminder to select frequency and state the indi-
cation for use. Although using the electronic tool is a
requirement according to hospital procedure, it is also
possible to write the medication information as free text
in the admission note.

It is well known that medication discrepancies pose a
significant patient threat during care transitions [2, 3].
MedRec serves as an effective method to identify and
address such discrepancies [16]. However, the level of
completeness of medication information remains a dif-
ferent concern. Research regarding medication informa-
tion completeness in patient records has focused mainly
on discharge summaries [11, 20-24], but also on referral
notes [11, 12]. In general, studies have found an informa-
tion deficit in a large proportion of the patient records
and that the level of completeness is insufficient [11, 12,
20-23, 25, 26]. When it comes to medication information
completeness in admission notes, research is scarce. Still,
it is important, since medication information obtained in
the ED serves as the foundation for further treatment.

The aim of this study was to explore medication infor-
mation completeness in admission notes from Nor-
wegian EDs, and to investigate which factors were
associated with the level of completeness.

Methods

Study design, setting, sample selection and data collection
This was a cross-sectional retrospective study using
patient record data from three hospitals in Norway
involved in the PharmED study [27]. We included admis-
sion notes for patients acutely admitted to the hospital
through the EDs during a 12-month period; 1% Octo-
ber 2018 — 30" September 2019. We aimed to assess
the medication information in 30 admission notes from
each hospital for each month, corresponding to 4.5% of
all admission notes in this period. All of the admissions
in each month were assigned a unique number and the
associated admission notes to be assessed were randomly
selected from this list applying Research Randomizer®.
We consecutively reviewed admission notes until we had
reached 30 admission notes per hospital per month for
patients using at least one medication. To determine the
proportion of medication users in our population and
compare with the non-medication users, we also col-
lected information about the non-medication users we
identified when reviewing the admission notes. From
the admission notes, we collected data about the patient,
including age, sex, living situation, hospital visits within
the last 30 days, and medication use. We also gathered
information about cause of admission, arrival day and
time to the ED, the work experience of the physician who
wrote the admission note, if MedRec had been conducted
and if the electronic tool was used or not. The variable



Zahl-Holmstad et al. BMC Health Services Research (2023) 23:1425

“cause of admission” was based on which department
the patient was admitted to when leaving the ED; either
the department of medicine or the surgical/orthopaedic
department. The variable “arrival time ED” was divided
into busy time and non-busy time based on when the
admission notes were written. The time interval in which
most of them were written were deemed as busy time
and was set to 10:00-22:00 Monday-Sunday.

Assessment of medication information completeness

To assess medication information completeness in the
admission notes, we applied evaluation criteria devel-
oped for evaluation of discharge summaries described by
the Norwegian Patient Safety Program [28]. We included
five criteria valid for admission notes, and excluded four,
valid only for discharge summaries, see Table 1. Data on
whether MedRec was documented on admission or not,
were collected and included as a factor potentially influ-
encing completeness in our analyses.

The five criteria were applied to each medication in
the admission notes and received a score of 1 when the
information was stated and a score of 0 if it was not.
Hence, the total score a medication could receive was 5,
if all criteria were applicable. Criteria could be inappli-
cable if the information was not possible to add in the
admission note. An example of this would be criterion 1
(generic names stated) and criterion 3 (doses stated) for
an intravenous nutrition additive that contained over 15
substances.

Outcome measures

We calculated the medication completeness score per
medication in percent by summing up the score of each
criterion and dividing by the number of applicable crite-
ria, multiplying with 100%.
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We calculated the medication completeness score per
admission note in percent by summing up the total score
of all medications in the admission note and dividing by
the number of medications in the admission note, multi-
plying with 100%.

We calculated the medication completeness score per
criterion in percent by summing up the total number
of medications having information about the criterion
stated, dividing by the number of medications that had
the respective criterion applicable, multiplying with
100%.

Data management and analyses

Microsoft® Excel 365, STATA® 16.1 and IBM® SPSS Sta-
tistics 29 for Windows were used for data management
and analyses. Continuous variables are presented with
means and standard deviations (SDs), or median and
interquartile ranges (IQRs) if not normally distributed.
Categorical variables are presented as frequencies and
percentages.

A quantile regression analysis was applied to inves-
tigate whether variables were associated with the out-
come mean medication completeness score of admission
notes. Quantile regression analysis was chosen since
the assumptions of a regular multiple linear regres-
sion were not met, especially the assumption of a linear
relationship between variables and outcome [29]. This
type of regression allowed us to study the effect of vari-
ables at different levels of completeness, from the 10
percentile admission notes with a low score of medica-
tion completeness to the 75™ percentile admission notes
with a high score. Hence, we modelled the associations
to the distribution of the outcome, rather than the mean
[29]. We conducted the regression with four quantiles;
10" percentile, 25" percentile, 50" percentile and 75"

Table 1 Evaluation criteria applied, based on the Norwegian Patient Safety Program’s criteria for discharge summaries [28]

Criteria

Included or excluded Number of criteria in this study

1. Is mediation reconciliation on admission documented?
2.1s medication reconciliation on discharge correct?

3. Is the source for medication information stated?

4. Are reasons for changes stated?

5. Are generic names stated?

6. Are formulations stated?

7. Are doses stated?

8. Are frequencies stated?

9. Are indications for use stated?

10. Are categories stated??

Included
Excluded
Excluded
Excluded
Included

Factor for analyses

Included
Included
Included
Included
Excluded

2 Refers to ICSD codes to be inserted in the discharge summary with each medication
Initiated, C Changed, S Short course, D Discontinued
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percentile, as recommended by Staffa et al. for explora-
tory studies [29]. It was not possible to include the 90t
percentile, since the outcome (mean medication com-
pleteness score) in this quantile was 100%. The included
variables in the regression analysis were selected based
on factors that could plausibly be associated with the out-
come. These factors were number of medications in use,
age, sex, living situation, hospital visit last 30 days, cause
of admission, arrival day ED, arrival time ED, hospital,
MedRec conducted, applying the electronic tool, and
experience of the physician.

A chi-squared-test was used to investigate the differ-
ence in medication completeness score per criterion
in admission notes where the electronic tool had been
applied versus the admission notes with free text.

The significance level in all analyses was set to p <0.05.

Results
Demographics of study sample
In total, we reviewed 1,280 admission notes; 1,080
(84.4%) were written for medication users, while 200
(15.6%) were written for non-medication users, see Fig. 1.
Medication users were between two and 101 years of
age (median 72 years), and males represented 51.3% of
them. Among the medication users, 20.2% had a previous
hospitalization within the last 30 days, and 68.0% were
admitted due to a medical cause, the rest due to a surgical
cause. The non-medication user population was younger
(median age 35 years), consisted of more males (58.5%),
had fewer earlier hospitalizations the last 30 days (3.5%)
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and the majority was admitted due to a surgical cause
(54.5%). Among the medication users, the median num-
ber of medications in use was seven for all medications,
five for regular medications and two for as needed medi-
cations. See Table 2 for further details regarding demo-
graphics of the study sample.

A total of 92.2% of the admission notes were written by
junior physicians, while 0.9%, 5.9% and 0.8% were writ-
ten by senior physicians, medical students, and physi-
cians with unknown level of experience, respectively. The
electronic tool was used to prepare the medication infor-
mation in 81.3% of the admission notes, while physicians
used free text in 18.7% of the notes.

Medication information completeness
The admission notes contained a total of 8,604 medica-
tion orders; 5,863 of them were used regularly while
2,741 were used as needed. The individual medications
achieved a mean medication completeness score of 88.1%
(SD 16.4), where 56.2% of the individual medications
achieved a score of 100% and 0.2% a score of 0%.
Concerning each single criterion; generic name (crite-
rion 1), formulation (criterion 2), dose (criterion 3) and
frequency (criterion 4) all achieved high scores, with
information present in 92.4%, 94.4%, 98.5%, and 95.8%
of all medications, respectively. Indication for use (crite-
rion 5) was only present in 59.9% of all the medications
in the admission notes. For details regarding regular and
as needed medications, see Fig. 2. Generic name was
not applicable for 21 of the medications, dose was not

Total number of admissions
October 2018 - September 2019
(n=24174)

Reviewed
admission notes
(n=1280)

4

Included admission notes of
patients using medication
(n=1080)

Admission notes of patients not
using medication
(n =200)

l

Assessment of
medication information

l

Collection of
demographic data

Fig. 1 Flow chart showing admission notes included and assessed for medication information completeness
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Table 2 Demographics of the study sample
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Medication user (n=1080)

Non-medication user (n=200)

Age
Median (Interquartile range) 72 (22) 35 (40)
Min/max 2-101 0-91
Sex (%)
Male 554 (51.3) 117 (58.5)
Living situation (%)
Home 911 (84.4) 186 (93.0)
Institution 112 (104) 3(1.5)
Unknown 57 (5.3) 11 (5.5)
Hospital visit last 30 days (%)
Yes 218 (20.2) 7(3.5)
Cause of admission (%)
Medical 734 (68.0) 91 (45.5)
Surgical 346 (32.0) 109 (54.5)
Arrival day Emergency department (%)
Weekday 828 (76.7) 147 (73.5)
Weekend 252 (23.3) 53 (26.5)
Arrival time Emergency department (%)
Busy time (10:00-22:00) 803 (74.4) 141 (71.0)
Medication reconciliation documented (%)
Yes 865 (80.1) 74 (37.0)
Medication use
All medications
Median (Interquartile range) 7(7) -
Min/max 1-29 -
Regular medications
Median (Interquartile range) 5(6) -
Min/max 0-21 -
As needed medications
Median (Interquartile range) 2(3) -
Min/Max 0-14 -
Preparation of medication information (%)
Electronic tool used 878 (81.3) -
Free text 202 (18.7) -

applicable for 186 of the medications, and frequency
and indication were not applicable for four medications
each. The medications that most often were assessed “not
applicable” were medications with multiple active sub-
stances, including vaccines, vitamins, and intravenous
nutrition additives.

The mean medication completeness score of admis-
sion notes was 86.3% (SD 16.2). As Fig. 3 shows, the
medication completeness score was high in the major-
ity of admission notes, with a median of 91.4%. The 10t
25" and 75 percentiles were 62.0%, 82.1%, and 97.1%,
respectively. The proportion of admission notes achiev-
ing a full score for all medications was 17.4%.

Factors influencing medication information completeness
The quantile regression analysis is shown in Table 3 and
the descriptive statistics of the different quantiles (10,
251, 50" and 75 percentiles) according to mean medi-
cation completeness score of admission notes can be found
in Additional file 1. The plot of the regression can be
found in Additional file 2.

Our findings show that using the electronic tool to
prepare medication information had the overall high-
est positive association with medication information
completeness in admission notes. This association was
greatest among the admission notes with the lowest
completeness and decreased as the level of completeness
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n =8583
Generic name n = 5848

n=2735

n=8604

Formulation n=5863
n=2741

n=8418
Dose n=5754

n=2664

n=8600
Frequency n=5859
n=2741
n = 8600
Indication n = 5859
n=2741
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B All medications HRegular As needed
Fig. 2 Medication completeness score per criterion (%). n=number of applicable criteria

10th percentile 25thpercentile 50th percentile 75t percentile

100 -
90
80
50
wl
20|
20

10

Percent completeness of medication information

Cumulative percent of population
Fig. 3 Medication completeness score (%) of admission notes (n=1080), showed as cumulative percent of population
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increased. Hospital visit within the last 30 days had a
positive association with medication information com-
pleteness within the admission notes with the lowest
completeness. We identified that there was a negative
association for completeness of information for patients
living in an institution, compared to patients living at
home or with an unknown living situation. In addition,
we found a negative association for completeness of
information for patients admitted to hospital B, com-
pared to hospital A and hospital C. For the admission
notes with the lowest completeness (Q1 and Q2), the
number of medications had a positive association with
completeness of information, with the completeness
increasing with an increasing number of medications. For
the admission notes with high level of completeness (Q4),
we found a negative association between completeness
and number of medications, with the increasing number
of medications in use causing lower completeness.
Admission notes that had been prepared using the elec-
tronic tool had a higher mean medication completeness
score (92.2%) compared to free text (60.4%). The criteria
most vulnerable for achieving lower score with free text
were generic name (criterion 1) and formulation (crite-
rion 2), where about 40% of medications lacked informa-
tion, see Fig. 4. Regarding indication for use (criterion 5),
the criterion achieved a low score applying the digital tool
(32.7% lacking information), but even lower with free text
(82.0% lacking information). The differences in medication
completeness score per criterion between the admission
notes where the electronic tool was applied and the ones
with free text were statistically significant (p=<0.001).

Discussion

This study shows a high medication information com-
pleteness in admission notes from three Norwegian EDs
with a mean medication completeness score of 86.3%.
More than half of the admission notes achieved a score
higher than 90%. To our knowledge, no other studies have
explored medication information completeness in admis-
sion notes. Consequently, we compare our findings with
studies investigating discharge summaries and referral
notes. These studies report different degrees of medica-
tion information completeness, but several of them found
lower completeness compared to our findings. Ham-
mad et al. found in their study from 2014 that 64.0% of
discharge summaries contained information about all
medications, including doses, frequencies, routes of
administration, formulations and therapy duration [21].
A Norwegian study from 2017 found that the mean score
for completeness of discharge summaries was 46.3% when
assessing the following criteria: trade name, generic name,
dosage, indication for use, medication changes accounted
for, reasons for changes, categories stated behind each
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medication (as before, initiated, changed, short course,
discontinued) and if source of medication information
was stated [22]. In an Australian study from 2014, Lehn-
bom et al. compared medication information in paper and
electronic discharge summaries and found completeness
of 90.9% and 93.4%, respectively, when assessing the three
criteria; dose, route and frequency [24]. Even though the
mean medication completeness score of admission notes
in our study was high, only 17.4% admission notes had a
full score for all medications in the admission notes. This
is in line with an Irish study from 2016 which found that
overall compliance with all medication criteria (generic
name, dose, frequency, duration of therapy, changes
made, reason for changes and indications for newly
started) were 18.9% of all discharge summaries [20].

We found that using the electronic tool had a strong
positive association with medication information com-
pleteness and would theoretically increase the mean
medication completeness score of admission notes by
between 20—40%. On criteria level, we could see that use
of the electronic tool provided significantly higher com-
pleteness for all the five criteria, and this is expected,
since the electronic tool automatically supplies informa-
tion and reminds the user to enter information. These
results are in line with studies demonstrating that elec-
tronic discharge summaries had higher completeness
than handwritten ones [21, 24] and computer-generated
referral notes were more likely to include an accurate
medication list compared to handwritten notes [12].
None of the admission notes included in this study were
handwritten, but the ones prepared by free text can be
compared to handwriting, since all information has to be
typed in a free format by the physician. Transcription of
medication information, whether it is electronic or hand-
written, rather than automatically supplied, may lead to
medication discrepancies and errors [30]. A study report-
ing that “free format elements” had lower compliance
with information requirements in discharge summaries
also supports our findings [20], in addition to a study
that described handwritten discharge summary to be a
strong predictor of poor medication information com-
pleteness [21]. Lehnbom et al. reported no large differ-
ence in completeness of information between paper and
electronic discharge summaries, but the explanation was
that the physician did not manually transcribe medica-
tion information; they attached a medication list directly
printed from the electronic health record system to the
paper discharge summary [24]. This strengthens the idea
that use of electronic tools increases medication informa-
tion completeness since manual transcription is avoided.
It also voids any deciphering issues of poor handwriting.

When it comes to the number of medications in use per
patient, we found that the association with completeness
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Fig. 4 Medication completeness score per criterion (%), when applying the electronic tool versus free text. n=number of applicable criteria

switched from positive to negative, as the completeness
in the admission notes increased. These findings are in
concordance with two studies presenting contradictory
results; Hammad et al. found decreased completeness
with increased number of medications, whereas Garcia
et al. reported an increased completeness with increased
number of medications [21, 22]. The explanation for this
switch may be that physicians have more focus on getting
medication information complete, the more medications
a patient use. When a certain threshold of medications in
use is reached, adding another medication to the medica-
tion list also will add an extra possibility to make an error,
hence causes lower completeness. The regression analy-
sis also revealed that hospital visit within the last 30 days
had a positive association with medication information
completeness. This is not surprising, since effort recently
has been invested to collect information about medica-
tion use and creation of a complete medication list. How-
ever, what was surprising was that the factor living in
institution had a negative association with completeness
of information. One would think that patients in institu-
tions, with health care professionals handling their medi-
cation, had a higher level of completeness than patients
living at home and handling their own medication. The
explanation may be that in Norwegian institutions, medi-
cation is prescribed and prepared in the local medicines
storage rooms, which means that a shared electronic
medication list does not exist and cannot be used as a
source for information.

Our study showed that over 80% of patients admitted to
the EDs are medication users, which emphasize the need
to focus on medication safety and why completeness of
information in electronic health records is important. The
question which then occurs is; how can we get the medi-
cation information in electronic health records even more
comprehensive and complete? Our findings support that
if an electronic tool that can assist the physician exists, it
is crucial to use it. The results also indicate that physicians
still should prioritize giving extra attention to medication
lists of patients using a large number of medications, in
addition to patients living in institutions and patients that
have not been hospitalized recently. We also identified
that indication was the criteria most frequently missing,
regardless of the electronic tool was used or not, and this
is in line with other studies [20, 22]. It is a challenge for the
ED physician to fill in information about indication when
it is not stated in referral notes or patients’ electronic pre-
scriptions. In order to do so, they would have to search
through old documentation or even make assumptions.
It is not easy to involve all patients either, since patients
possess diverse views on their own medication use [31].
Physicians think MedRec is time-consuming detective
work that cannot be prioritized in an ED setting [32], and
when information about indication is not easily accessible,
the physician will probably not focus on it. Consequently,
completeness of information regarding indication of use
should be an area to focus further on. Having this infor-
mation stated in the admission note is important, both
during the hospitalization, when the patient’s medication
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regime is being evaluated and modified, and at discharge,
increasing the chance that indication is included in the
discharge summary and communicated to the patient and
the primary care providers. The identified differences in
medication information completeness between hospitals
imply that varying work flow, systems and culture may
affect the focus on medication information completeness
and medication safety. This highlights that measures on a
system level should be considered implemented to ensure
medication information completeness in electronic health
records. Initiatives like prescriber education, MedRec and
pharmacist partnership have been shown to have an posi-
tive effect on medication safety by reducing medications
errors [33], and it is likely that such measures may also
have an effect on medication information completeness.
Implementing pharmacists in the ED reduce medication
errors and improve quality of medication use [34] and
MedRec performed by pharmacists reduce medication
discrepancies in the ED [16]. This shows that pharma-
cists have a positive impact regarding medication safety
in the ED and hopefully, future studies can investigate the
impact of employing pharmacists in the ED on medica-
tion information completeness in admission notes.

Strengths and limitations

The main strength of this study is the large number of
randomly selected admission notes assessed. In addi-
tion, the criteria for assessing the medication infor-
mation completeness were adopted from an already
established set of evaluation criteria from a national
patient safety program. When creating a score based
on each of the five criteria, further analyses on this
score implicitly implies equal weight to these criteria.
Sometimes this can be problematic, but in this study,
we consider the five criteria to be equally important.
Even though we included data from three different hos-
pitals, we found the same trends. It is therefore likely
that our findings are generalizable to other EDs in Nor-
way or elsewhere. We have studied the completeness of
medication information, not the accuracy of it, which
is a limitation. We assessed the medication information
based on what was stated/documented in the admis-
sion note, we did not evaluate if the information was
correct. There were also some variables missing from
our data that may be associated with medication infor-
mation completeness in the admission notes. Examples
of this is degree of urgency/triage of the patient or who
manages the patient’s medication when not in hospital.

Conclusions

In this study we have identified that medication informa-
tion completeness in admission notes in three Norwe-
gian EDs is high. Still, there is potential for improvement,

Page 11 of 12

especially when it comes to documenting indication
for use. We found that using an electronic tool inte-
grated into the electronic health record system to pre-
pare admission notes, significantly increased medication
information completeness. These results highlight the
importance of utilization of such electronic tools, when
they are available, to safeguard medication information
completeness. In addition, EDs should focus on getting
medication information complete in patients living in an
institution, that use a large number of medications, and
have not recently been hospitalized.
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