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Abstract

Background Transition of care on admission to the hospital and between clinical areas are risk points for medication errors.
All type of medication errors can be reduced by improving communication at each transition point of care. Objectives This
study examines the impact of pharmacist obtained best possible medication histories on medication errors at admission due
to unintentional medication discrepancies in older patients. Setting This was a prospective, single-center study conducted
in an Internal Medicine Department of a tertiary care teaching hospital in Saudi Arabia. Methods Patients > 65 years with
an existing drug therapy on admission were eligible. The best possible medication history taken by the pharmacist from
different sources of medication information was compared to the admission medication order to identify and correct unin-
tentional discrepancies. The discrepancies were classified according to the type of errors. An independent multidisciplinary
team adjudicated the potential for harm of each type of medication error. Main outcome measure Number and proportion
of unintentional medication discrepancies upon admission and associated medication errors. Secondary outcomes included
clinical significance and drug classes involved in the discrepancies and risk factors for the occurrence of these discrepancies.
Results A total of 375 evaluable patients were identified. Among 375 medication histories, 609 discrepancies were detected
of which 226 were recorded as unintentional. 151 patients (42.4%) had > 1 unintended discrepancy. Drug omission (37%)
was the most frequent type of error. Nervous system (24.5%), and cardiovascular system (21.2%) were the most common
drug classes involved in medication errors. Three-fifths of the UMD had the potential to cause temporary harm with initial or
prolonged hospitalization. The number of medications prescribed upon admission (OR 1.32, 95% CI 1.09-1.54, p <0.034),
number of sources consulted for the best possible medication history (OR 1.53, 95% CI 1.38-1.76, p <0.01) and the com-
pletion of medication review process within 24 h (OR 0.89, 95% CI 0.86-0.94, p <0.03) of the admission were the 3 most
significant predictors of the discrepancies. Conclusions In elderly patients, medication histories are often recorded inaccu-
rately by physicians at the time of hospital admission, this creates the potential for medication errors starting at admission. In
older adults, best possible medication histories are also useful in detecting drug related pathology or drug—drug interactions.
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Impacts on Practice

¢ Implementation of a medication-error-reducing interven-
tion in older adults in Saudi Arabia is feasible.

e  When combined with relevant patient’s clinical data, best
possible medication history obtained at hospital admis-
sion may also be useful in the identification of drug-
induced disease.

e Working in multidisciplinary teams and using multiple
medication information sources is crucial for the identifi-
cation and interception of potentially harmful medication
errors.

Introduction

The prevention of medication errors has become a major
public health concern, especially in elderly patients. In this
population, drug-related harm is accountable for significant
morbidity and mortality [1]. The untoward medical occur-
rences with the use of the drug may lead to an increase in
the emergency department visits, the risk of ADR-related
hospitalization, and increase in length of hospital stay [2,
3]. The consequences of medication-related adverse events
among older people include significant costs both in terms of
human suffering and economic cost. By reducing medication
errors, it is possible to limit and mitigate clinical as well as
economic costs associated with adverse drug events [4, 5].
It has been well documented that the transition of care
on admission to the hospital and between clinical areas are
risk points for medication errors [6, 7]. All type of medica-
tion errors can be reduced by improving communication at
each transition point of care [8]. To address this problem,
medication reconciliation (MR) has been adopted as a stand-
ard practice in many developed countries. Several interna-
tional patient safety organizations such as the World Health
Organization (WHO) [9], the Joint Commission Interna-
tional (JCI) [10], and Institute for Health Care Improve-
ment (IHI) [11] acknowledged MR as an important process
to improve patient safety by identifying unintentional medi-
cation discrepancies (UMD) at transitions of care. A ‘best
possible medication history’ (BPMH) is the cornerstone of
the medication reconciliation process. It is appropriate to use
at least 3 medication information sources, or even more to
collect BPMH [9]. There are certain performance indicators
of the MR process to assess the degree of implementation
and the impact on errors, such as the percentage of patients
reconciled within 24 h, and the number of UMD per patient.
In our previous pilot study, we found that MR interven-
tions at hospital admission had a significant impact on reduc-
ing medication errors and subsequent potential risk of harm
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[12]. In fact, our previous study also showed that patients
aged > 65 years were at increased risk for UMD. Based on
these results, we have implemented pharmacist-led MR in
an internal medicine unit of our institute in January 2016,
which was before the start of our study. It was implemented
by using WHO’s High 5 s project website [13].

Aim of the study

To examine the effect of pharmacist-led MR on the fre-
quency, nature of medication discrepancies and associated
medication errors among elderly patients admitted to inter-
nal medicine unit of our institute. Our secondary objectives
were to identify clinical significance of UMD, drug classes
involved in UMD and risk factors associated with UMD.

Ethics approval

The local clinical research ethics committee evaluated the
study protocol and granted ethical approval for the con-
duct of the study and waived the requirement for informed
consent for the review of medical records (protocol #
KFH-PHY-121).

Method
Study design, settings and Study population

This cross-sectional study was conducted in a 500-bed ter-
tiary care teaching hospital in the Eastern province of Saudi
Arabia during the month of December 2016 to February
2017. Patients were selected from internal medicine ward.
The hospital internal medicine ward admits approximately
1100 older patients each year. Based on an in-hospital
prevalence rate of UMD upon admission of 59% obtained
from previous pilot study data [12], with 95% confidence
interval and a precision value of 5%, a sample size of 372
participants was calculated. To account for missing or
unusable data, the sample size was increased by 10%. The
final required sample size was approximately 409 elderly
patients. All patients > 65 years of age admitted to internal
medicine ward with an existing drug therapy on admission
were included in our study. All patients were enrolled con-
secutively. Patients discharged, transferred to another unit
or hospital or deceased before the pharmacist could conduct
admission medication reconciliation were excluded.
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Medication reconciliation process

Like typical MR process, the process at our institute also
consists of four key steps. These steps are as follows: (1)
Obtain and document a BPMH Within 24-48 h of patient
admission in internal medicine ward, a clinical pharmacist
obtains a BPMH and compile a comprehensive list of medi-
cines the patient is currently taking through comprehensive-
structured interviews by using multiple sources including
a patient/patient’s attendant and/or caregiver interview,
outpatient medical records, discharge medication list (if a
patient was recently discharged from a hospital), outpatient
prescriptions/pharmacy records and patient’s medication
list. (2) Document a list of medications prescribed upon
admission. (3) Reconcile and document The pharmacists
then compared the BPMH with the medication(s) prescribed
upon admission. Any difference between medication use at
home and the admission medication order was considered
to be an admission medication discrepancy. All medication
discrepancies were judged for intentional, undocumented
intentional, and unintentional discrepancies. A discrepancy
could include an omission of medication, modification of
dose, frequency and/or route of administration, use of the
drug without indication, and therapeutic duplication. Dis-
crepancies that were judged by the pharmacist as uninten-
tional were noted in the patient’s chart. (4) Communicate
information with the prescriber and make clinical decisions
based on the comparison When discrepancies were found,
the pharmacists discussed each case with the primary pre-
scriber/admitting physician, or the referring physician to
determine if the discrepancy was intended or unintended.
Through this process, all discrepancies were brought to the
attention of the prescriber and resolved after discussion with
the pharmacist.

Assessment of potential harm associated
with unintentional medication discrepancies

Medication errors at admission (MEA) associated with
UMD were categorized by using the widely recognized
“National Coordinating Council for Medication Error
Reporting and Prevention (NCC MERP) index [14]. For
rating the potential harm associated with MEA, we have
used modified Gleason scale [15]. The modified Gleason
scale for potential harm rating also takes patient’s clinical
characteristics and the high-alert medications (by the Insti-
tute for Safe Medication Practices; ISMP) [16] into account.
The errors were grouped into three categories: level 1: no
potential harm (NCC MERP category C), level 2: moni-
toring or intervention potentially required to preclude harm
(NCC MERP category D), and level 3: potential harm (NCC
MERP categories E and above). A multidisciplinary team of
seven members (consisting of two geriatricians, one resident

doctors, two clinical pharmacists, one pharmacotherapy spe-
cialist, and one academic pharmacologist) agreed upon the
potential harm associated with UMD. Ratings of medication
errors for their potential harms were initially rated by two
study pharmacists, followed by blind, independent review by
other members of the team. Inter-rater reliability of harm rat-
ings for three categories of error groups was also analyzed.
There was a substantial agreement rate between pharmacist
and physician ratings (Cohen’s kappa = 0.78).

Study variables

Quantitative variables include age, number of drugs taken
before admission, and the number of drugs prescribed upon
admission. Gender of patient, residence status of the patient
(institutionalized or non-institutionalized), mode of patient
admission to internal medicine unit (transfer from emer-
gency departments or referred from other hospital), patient
status for medication interview (eligible and cooperative,
eligible but confused, not eligible), time frame for MR
completion (<24 h,>24-48 h,>48 h), number of medica-
tion information sources used to obtain BPMH, duration of
the MR process, and the number of UMD per patient were
treated as categorical variables. The drugs were classified
uniformly by using WHO Anatomical Therapeutic Classi-
fication (ATC) [17].

Statistical analysis

Results of categorical variables are presented with frequen-
cies and percentages. The mean and standard deviation are
used to report quantitative variables. A number of UMD per
patient was taken as a non-parametric variable and reported
by a median, and interquartile range (IQR). The comparison
of quantitative variables between patients with UMD and
without UMD was performed by student # test. Categorical
variables were compared by Chi square test. Inter-rater reli-
ability for assessing the potential for UMD to cause patient
harm was analyzed by kappa (x) statistic for multiple raters.

A multivariate logistic regression analysis was carried out
to study the factors associated with the presence of at least
one UMD. Those variables with statistical significance in
the univariate logistic regression analysis were included in
multivariate logistic regression analysis. The results of the
regression analyses are presented as unadjusted odds ratios
(OR) with their 95% confidence intervals (CI). A signifi-
cance level of p <0.05 was used for all analysis. Statistical
analysis was performed using STATA version 14 (STATA
Corp., Texas, USA).
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Results
Characteristics of the study population

A total of 409 individuals were enrolled in the study. Thirty-
four patients were excluded due to the lack of time to com-
plete the MR process by the pharmacists before patient
discharge and some patients were deceased, discharged or
transferred before the pharmacist could conduct admission
MR. Thus, there were 375 evaluable patients; of these, 61%
(n=229/409) were female and 39% (n = 146/409) were male.
The mean (SD) age of the patients was 73 +7.71 (CI 95%
72.25-73.75) years. Majority of older adults (86%) were
community-dwelling at the time of admission. Eighty-eight
percent (n=330/375) of the patients were admitted through
the emergency room while only 12% (n=45/375) were
referred from other hospitals. Seventy percent (n=300/375)

patients were eligible for medication-history interview, of
which, 120 patients were found not to be fully cooperative
due to underlying medical conditions (confusion, inconsist-
ency, altered consciousness). Characteristics of the study
population and variables related to the MR process are
shown in Table 1.

Medication reconciliation process

The various sources of information were consulted to obtain
BPMH. On average, pharmacist checked 4.57 +1.57 (CI
95% 4.41-4.73) medication information source per patient
to build the BPMH. As shown in Fig. 1, the outpatient
medical records 70% (n=263/375) was the most common
source of information used to obtain BPMH, followed by
patient’s interview 66% (n=248/375), hospital informa-
tion system (previous hospitalization and previous BPMH)
51% (n=191/375), hospital orders 45% (n=169/375), and

Table 1 Characteristics of the patient population with and without unintentional medication discrepancies

Total (n=375) Patients without unintentional Patients with unintentional p value
medication discrepancies medication discrepancies
(n=216) (n=159)
Age (years), mean=+S. D 73+7.71 75+6.3 77+4.8 0.059*
Gender, n (%)
Male 229 (61) 127 (59) 102 (64) 0.172°
Female 146 (39) 89 (41) 57 (36)
Residence status, n (%)
Community-dwelling 322 (86) 191 (88) 131(82) 0.131°
Institutionalized 53 (14) 25 (12) 28 (18)
Mode of admission, n (%)
From emergency 330 (88) 186 (86) 144 (91) 0.249°
Referred from other institution 45 (12) 30 (14) 15(9)
Patient status for medication history interview, n (%)
Eligible and cooperative 180 (48) 95 (44) 85 (53) 0.190°
Eligible but not cooperative 120 (32) 75 (35) 45 (29)
Not eligible 75 (20) 46 (21) 29 (18)
Number of medication, mean+S. D
Pre-admission 5.8+303 4.33+3.54 5.32+3.26 0.005°
Prescribed upon hospital admission 6.01+3.37 4.62+3.23 5.43+3.65 0.023°
Number of prescription retrieved in BPMH, n 311 (83) 188 (87) 123 (77)
(%)
Number of sources consulted to obtain BPMH, 4.57+1.53 4.63+1.07 421+197 0.044°
mean+S. D
Time spent to complete each BPMH (min), 42+12.64 39+10.24 40+12.91 0.352°
mean+S. D
Time frame in which MR process completed after admission, n (%)
<24h 304 (81) 191 (88) 113 (71) <0.0001°
24-48 h 26 (7) 13 (6) 13 (8)
>48 h 45 (12) 12 (5) 33 (21)

BPMH best possible medication history, MR medication reconciliation

aStudent 7 test, ®Chi square test
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Fig. 1 Data sources used to obtain best possible medication history. BPMH best possible medication history, n number of patients

other sources of information 23% (n=386/375). In 59%
(n=221/375) of patients, more than three sources of medi-
cation information were used to complete BPMHs.

The average number of medication information sources
used to build BPMH were significantly higher in the
patients with UMD (4.63 +1.07 vs. 4.21+1.97; p=0.044)
(Table 1). The average time required by the pharmacist to
reconcile a complete list of pre-admission medications was
7.2 +3.8 min/patient (range: 4—-16 min). The average time
spent by a pharmacist to complete MR process (exclud-
ing the time delay caused by prescriber communication)
was 42 + 12.64 min/patient (CI 95% 40.72-43.28) (range:
28-54 min). The average number of medications reconciled
by the pharmacist at the time of admission was 7.34 +4.22
(CI 95% 6.93-7.75) per patient. The mean number of
medications prescribed at admission was 6.01 +3.37 (CI
5.68-6.34) while the mean number of medications taken by
the patient before admission was 5.8 +3 (CI1 95% 5.5-6.1).

Intentional and unintentional medication
discrepancies

Among 375 BPMH, 609 discrepancies were detected with
an average of 1.62 +1.54 (95% CI 1.46-1.78) discrepancies
per patient. Of 609 discrepancies, 383 were undocumented
intentional discrepancies and 226 were recorded as unin-
tentional after consultation with the concerned principal
prescriber. Distribution of the number of patients according
to the number of UMD recorded are shown in Table 2. One
hundred and fifty-nine patients (42.4%; C195%, 45.7-61.6%)

Table 2 Distribution of the number of patients according to the num-
ber of unintentional medication discrepancies

n (%) of affected
patients (N=375)

Number of unintentional discrepancies

0 216 (58)
1 69 (18)
2.4 72 (19)
4-6 14 (4)
>6 4(1)

had at least one UMD with an average of 1.42+1.06 UMD
per patient (median: 1, range: 0-7). Finally, the overall rate
of UMD was 0.60 per patient. About 71% (161/226) of the
unintended prescribing discrepancies were accepted and cor-
rected by the physicians.

Types of errors, potential harm rating, and drug
classes involved in unintended medication
discrepancies

Among UMD, drug omission (n=84; 37%) was the most
frequent type of “medication error, followed by the discrep-
ant dose (n=37; 16%), discrepant frequency (n=39; 17%),
drug commission (n=22; 10%), incorrect drug (n=25;
11%), and missing dose (n=19; 8%) (Table 3). Of 226
UMD, 94 (42%) were unlikely to have been harmful to the
patient (level 1), 83 (37%) were likely required patient moni-
toring or intervention to prevent patient harm (level 2) and
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Table 3 Potential harm ratings of medication errors due to unintended medication discrepancies

Types of error Total unintentional

Level 1 no potential harm  Level 2: monitoring or intervention Level 3: potential harm (NCC

discrepancies (NCC MERP category C) potentially required to preclude MERP category E and above)
(N=226) n (%) harm (NCC MERP category D) n (%)
n (%) n (%)
Drug omission 84 (37) 36 (43) 29 (35) 19 (23)
Discrepant dose 37 (16) 19 (51 15 41) 3(8)
Discrepant frequency 39 (17) 14 (26) 18 (46) 8(21)
Drug commission 22 (10) 53) 9 (41) 8 (36)
(previously stopped
drug)
Incorrect drug 25 (11) 10 (40) 8 (32) 6 (24)
Missing dose 19 (8) 10 (53) 4(21) 5(26)
49 (22%) had the potential to cause temporary harm with Discussion

initial or prolonged hospitalization. Different examples of
each type of medication errors that were found in the present
study are shown in “Appendix”.

With regard to ATC of drugs involved in UMD, the four
most common classes involved were nervous system [N]
(n=55; 24.5%), cardiovascular system [C] (n=48; 21.2%),
gastrointestinal system [A] (n=38; 16.8%) and anti-
infectives [J] (n=27; 12%) (Table 4). More than one third
(36.3%) of the UMD that belongs to ATC class N were not
likely to be harmful. ATC Class C (cardiovascular) drugs
were mostly present in levels 1 and level 2 harm with 41.6%
and 47.9%, respectively. More than half of UMD that had
the potential to cause temporary harm to the patient were
from ATC class A (alimentary tract and metabolism) drugs.
Among class J (anti-infectives for systemic use) drugs, 48%
and 40% of UMD were rated as level 1 and level 2 risk of
potential harm, respectively.

Predictors of unintended medication discrepancies

In univariate analyses, the following covariates were associ-
ated with the presence of any discrepancy: number of pre-
admission drugs, number drugs prescribed at the time of
admission, number of sources consulted to obtain BPMH
and time frame in which the MR process completed after
patient admission. On multivariate analysis, the number of
medications prescribed upon admission (OR 1.32, 95% CI
1.09-1.54, p <0.034), number of drug information sources
consulted for BPMH (OR 1.53, 95% CI 1.38-1.76, p <0.01)
and the completion of MR process within 24 h of the admis-
sion (OR 0.89, 95% CI 0.86-0.94, p < 0.03) were the 3 most
significant predictors of the discrepancy (Table 5).

@ Springer

To the best of our knowledge, this is the first study to inves-
tigate UMD exclusively in an elderly patient population
in the Middle East region. Accurate medication history is
important to avoid a variety of prescribing pitfalls, including
excessive doses, drug-disease interactions, and drug—drug
interactions at hospital admission.

In the present study, 42% of patients had at least one
UMD between physician admission orders and a BPMH,
with an average of 0.6 UMD per patient. The average
number of UMD per patient reported in the literature var-
ies between 0.62 and 1.2 [8-12]. These differences in the
rate of UMD are likely due to the different study designs,
studied patient population, differences in a transition point,
and study settings. Previous studies performed in different
settings of Saudi Arabia reported the similar percentage of
UMD at admission [12, 18, 19].

According to WHO Action on Patient Safety (“High 5s”)
initiative goal, it is recommended to reconcile the medica-
tions within specified time frames (within 24 h of admission)
in order to resolve potential problems early in the process
[13]. Delaying MR outside 24 h’ time frame in most acute
admissions may reduce chances of it occurring at all during
patients’ hospital stay. Moreover, it will increase the likeli-
hood of a patient being harmed due to any prescribing errors.
In our study, in 81% of patients, MR process was performed
within 24 h of the patient admission which is line with the
recommendations of various patient safety agencies and
represents a good performance index. This is also consist-
ent with previous findings by Rappaport et al. [20] wherein
94% of patients, the MR was performed in the first 24 h of
hospitalization. It should, however, also be considered that
the majority of those patients, who are admitted and dis-
charged in less than 2 days, are more likely to use their own
medicines during admission and less likely to experience
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Table 4 The potential severity rating of unintentional medication discrepancies by ATC classification

Numbers Level 1 =no potential harm Level 2=monitoring or inter- Level 3 =potential
of UMD (NCC MERP Category C) vention potentially required to ~ harm (NCC MERP
(N=226) preclude harm (NCC MERP category E and above)
n (%) category D)
N=94 N=83 N=49
ATC code “N”
Nervous system
55 (24.5) 0
NO2 analgesics 10 4 2
NO3 antiepileptics 3 3 3
NO04 anti-parkinson drugs 0 4 2
NO5 psycholeptics 3 3 3
NO06 psychoanaleptics 2 4 3
NO7 other nervous system drugs 2 4 0
Total n (%) 20 (36.3) 22 (40) 13 (23.6)
ATC code “C”
Cardiovascular system
CO01 cardiac therapy 48 (21.2) 3 2 2
CO02 antihypertensives 5 4 2
CO03 diuretics 3 2 0
C04 peripheral vasodilators 0 4 0
CO07 beta blocking agents 4 6 1
CO08 calcium channel blockers 2 4 0
CO09 agents acting on the renin- 0 1 0
angiotensin system
C10 lipid modifying agents 3 0 0
Total n (%) 20 (41.6) 23 (47.9) 5(10.3)
ATC code “A”
Alimentary tract and metabolism
A02 drugs for acid related disorders 38 (16.8) 2 0 2
A03 drugs for functional gastrointes- 1 0 0
tinal disorders
A04 antiemetics and antinauseants 1 1 5
A06 drugs for constipation 0 1 3
AO07 antidiarrheals, intestinal anti- 3 1 3
inflammatory/anti-infective agents
AQ9 digestives, including enzymes 0 1 3
A10 drugs used in diabetes 1 0 4
All vitamins 2 0 1
A12 mineral supplements 3 0 0
Total n (%) 13 (34.2) 4 (10.5) 22 (55.2)
ATC code “J”
Anti infectives for systemic use
JO1 antibacterials for systemic use 27 (12) 7 5 3
JO2 antimycotics for systemic use 1 3 0
JO5 antivirals for systemic use 5 3 0
Total n (%) 13 (48.1) 11 (40.7) 3(11.1)
Other 58 (25.5) 28 23 7
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Table 5 Logistic regression
analysis of risk factors

associated with the presences
of at least one unintended
medication discrepancy at
hospital admission

Variables Odd ratio CI1 95% P
Number of medications taking before admission 1.14 (0.96-1.21) 0.08
Number of medications prescribed upon admission 1.32 (1.09-1.54) 0.034
Number of sources consulted to obtain BPMH 1.53 (1.38-1.76) 0.01
Completion of MR process in <24 h of admission 0.89 (0.86-0.94) 0.03

significant changes in long-term medication. They are also
less likely to be prescribed large numbers of medicines and
subsequently intervention from pharmacist [21].

The average time spent by a pharmacist to complete MR
process (excluding the time delay caused by prescriber com-
munication) was 42 + 12.64 min/patient which is comparable
to other studies: 48.6 min [22] and 92.2 +44.3 min/patient
[23]. In geriatrics, the average time for complete MR process
(chart review prior to medication history, medication history
interview, and necessary interventions/documentation) was
expected to be longer, due to the fact that the number of
medications generally increases with age.

In the older adult population, obtaining this medication
history can be challenging. The BPMH relies heavily on the
completeness, accuracy and up-to-date medication informa-
tion collected from various sources of medication informa-
tion. In the present study, 68% of patients were able to pro-
vide their own medication history and pharmacist accessed
4.57+1.57 sources per patient to build the BPMH and in
59% of patients, more than three sources of medication
information were used to complete BPMHs. It is important
to use more than one medication information source to col-
lect BPMH because there is not one perfect source. Recently,
Stockton et al. [24] reported that clinically relevant medica-
tion errors are common in MR process informed by elec-
tronic medication dispensing data. Similarly, Pippins et al.
[25] reported that relying on family members or caregivers
as sources of medication information was a risk factor for
drug-related adverse events. A meta-analysis estimated that
27-54% of patients suffer at least one UMD due to medi-
cation history errors [26]. Therefore, the availability of a
variety of medication information sources and the accuracy
of information retrieved at the time of hospital admission
is crucial.

In the present study, twenty-two percent of UMD (49/226)
were judged to have the potential to cause moderate to severe
discomfort or clinical deterioration. Previous studies identi-
fied a wide range of UMD, from 14.7% up to 66.2%; at dif-
ferent care transitions that are able to cause potential damage
to patients [2, 11, 19, 22, 24]. The wide range of percentage
may be due to the methodological differences concerning
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the definition of UMD and classification of potential harm
associated with UMD. However, using the same classifi-
cation of potential harm, Quélennec et al. [15] reported
that 27.2% of UMD could have had a significant clinical
impact. Currently, there is no gold method to assess harm
associated with medication errors. However, the method we
adapted from Quélennec et al. [15] adjudicated the potential
harms based on patients’ medical and surgical histories, the
motive for hospitalization and biological data. Using clinical
information may also help in identification and prevention
of potential drug-induced disease or error of commission.
In fact, many of the examples of medication errors that are
summarized in “Appendix” were potentially harmful when
examine with patient’s clinical information.

Like our findings, previous studies have also reported that
omission of a drug is the most common type of medication
error at the time of hospital admission [12, 18, 24, 27]. We
have found that 37% of hospitalized patients have at least
one drug omitted from their regimen. While most omissions
errors do not result in significant patient harm, however,
in some cases patient injury and consequences of associ-
ated errors may be more devastating. For instance, our study
observed the “omission of enoxaparin in a patient with radi-
ological evidence of pulmonary embolism”. Our findings are
not different from those reported by Cortejoso et al. [27] in
their prospective study that 30.4% of pharmacist interven-
tions were involved in clinically significant drug—drug or
drug-disease interactions that requiring monitoring. In fact,
many errors were involved in drug—drug interaction, wrong
or discrepant dose, and discrepant frequency.

Failure to verify medication history at admission can
result in a medication error with varying degree of harm.
The degree of harm involved with medication error associ-
ated with UMD could range from “life-threatening” to “no
harm”. Moreover, failure to reconcile medications may be
compounded by the practice of writing “blanket” orders,
such as “resume home medications,” which are highly
error-prone and may cause adverse drug events. These
blanket orders may also cause potential clinically significant
drug—drug interactions with those medications prescribed at
admission. In general, most of the drug interaction does not
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result in significant harm to patients, however, in our study
we noticed some clinically significant drug interactions that
were likely to have been harmful to the patient or require
monitoring to preclude harm (“Appendix”). Moreover, new
disease condition or worsening of existing disease condi-
tions may lead to drug-disease interaction. In such cases,
resumption of patient’s stable home dose or drug treatment
upon hospital admission without careful evaluation could
be potentially dangerous. Developing strategies to reduce
prescribing errors in older adults is dependent on identify-
ing the key causative factors that lead to these errors. One
Dutch study found that prescriber (such as medical specialty
e.g. orthopedics) and drug (such as dosage form e.g. inhala-
tion devices) characteristics were the factors most strongly
associated with prescribing errors [28].

We found that nearly two-thirds of UMD involved drug
belongs to the ATC code N (nervous system), ATC code C
(cardiovascular system) or ATC code A (alimentary tract
and metabolism). Older people are often prescribed medica-
tion from these therapeutic groups. With regard to potential
harm associated with the UMD, drugs from ATC code “A”
and ATC code “C” were mostly recorded for level 2 and
level 3 harm categories. Most of these drugs require close
monitoring in elderly and an error involving them that could
cause harm to patients. Perhaps, longer interruption (omis-
sions) of these agents may increase the risk of several poten-
tial adverse outcomes in older people with comorbidities;
however, in older adults, the duration of hospital admission
may be difficult to predict. Some evidence suggests that MR
interventions may be worthwhile, especially those involving
pharmacy or targeting high-risk groups [29]. Nevertheless,
a systematic evaluation of MR process is crucial in order to
prioritize patients that most benefit from such process.

Multivariable analyses indicated that the odds of expe-
riencing 1 or more medication discrepancies were more in
those patients taking a greater number of medications before
admission, a greater number of medications prescribed upon
admission and number of medication information source
used for BPMH. However, some investigators have not found
associations between the occurrence of unintended discrep-
ancies and increased number of medications upon admission
[30-32]. The greater the number of medication information
sources used to build BPMH, the greater the likelihood of
subsequently finding conflicts between different sources of
information. In our study, MR process that completed in

“within 24 h of admission” was significantly associated with
lower number of discrepancies as these patients are more
likely to encounter pharmacist intervention before the sig-
nificant changes in drug therapy upon admission that may
result in UMD.

This study has several important limitations. It was con-
ducted at a single academic hospital on a small sample size
of elderly patients aged 65 or older admitted to the internal
medicine unit. We may have underestimated the number
of medication errors because we were unable to interview
patients who were unconscious/severely ill or unwilling to
participate and had no caregivers present. Our harm assess-
ment is based on rating ‘potential’ harm determined by our
team of experts and the actual harm of errors intercepted
are unknown. We are not aware of the effect of this MR pro-
cess interventions on medical outcomes because the eligible
patients were not followed beyond the study.

Conclusions

High prevalence of UMD at the time of hospital admission
was found in elderly patients. Nearly three-fifths of the UMD
were associated with a potential harm to the patients. The
number of medications taking pre and post-admission and
a number of medication information sources used to collect
BPMHs were identified as a risk factors for UMD in elderly
patients. Utilization of a pharmacy-led medication reconcili-
ation program decreased the number of medication errors
at hospital admission. Medication reconciliation is crucial
in reducing these errors in elderly patients. Future research
could explore MR process in older patients at other care
transition points, such as inter-hospital transfer and hospital
discharge. Cost—benefit analyses from the implementation
of medication reconciliation in geriatrics will need also to
be investigated.
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Appendix

Examples of medication errors detected in study according to type of
unintentional medication discrepancies

Type of error Examples

Drug omission (1) The omission of antifungal
prophylaxis in hematopoietic
stem cell transplant patient

(2) The omission of phenytoin in
a patient with a recent new onset
of seizure following neurosur-
gery

(3) The omission of vancomycin
coverage in a patient with con-
firmed MRSA infection

(4) The omission of prophylaxis
against Pneumocystis carinii
Pneumonia in the immuno-
compromised patient

(5) The omission of ibuprofen
in a patient recently started on
allopurinol for gout

(6) The omission of warfarin
at admission in a patient with
mitral valve replacement surgery

@ Springer

Type of error

Examples

Discrepant or incorrect dose

(1) The physician prescribes ‘“‘war-
farin 10 mg” on admission while
“simvastatin 10 mg” was recorded
in patient home medication list
that was continued upon admission
without dose adjustment. Simvas-
tatin may enhance the anticoagu-
lant effect of warfarin (a clinically
significant interaction)

(2) “Omeprazole 20 mg PO” was
prescribed upon admission, while
dabigatran was recorded as a
home medication. Omeprazole
may decrease serum concentra-
tions of the active metabolite of
Dabigatran. Monitor drug therapy
is recommended

(3) “Wellbutrin XL (bupropion)

300 mg OD” was prescribed upon
admission, while “Wellbutrin SR
(bupropion) 150 mg” was recorded
as a home medication. An abrupt
increase in dose may cause Insom-
nia and agitation

(4) Controlled-release carbidopa/
levodopa 50/200 (Sinemet CR)
twice daily was prescribed upon
admission, while standard carbi-
dopa/levodopa (Sinemet 25/100)
once daily was recorded as a home
medication for restless legs syn-
drome. The discrepant dose was
prescribed for Parkinson disease
instead of restless legs syndrome

(5) “Phenytoin 100 mg TID” for
post-hemorrhagic stroke seizures
as home medication was continued
on admission, while “Invokana
(canagliflozin) 100 mg” was pre-
scribed on admission as an add-on
treatment for type-2-diabetes mel-
litus. Phenytoin may decrease the
serum concentration of canagliflo-
zin and it is recommended to start
treatment at 300 mg/day in patients
receiving concomitant phenytoin
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Type of error Examples

Examples

Discrepant or wrong frequency (1) “Terlipressin acetate 2 mg/4 h IV
infusion” for bleeding oesophagal
varices associated with liver cir-
rhosis was recorded in admission
medication order, while “terlipres-
sin acetate 2 mg/4 h IV bolus”
was noted inter-hospital transfer
records. Evidence for the use of
terlipressin by continuous intra-
venous infusion is not convincing
and it is currently not approved

(2) Patient with a history of NYHA
Class I CHF prescribed “pioglita-
zone 15 mg BID”, while piogl-
itazone 15 mg OD was recorded
in patient home medication list.
There was a two-fold increase in
the dose of pioglitazone than rec-
ommended dose in patients with
NYHA Class I or Class Il CHF

(3) “Isosorbide dinitrate ER 40 mg
TID” was prescribed on admis-
sion, while “isosorbide dinitrate
40 mg BID” was recorded in pre-
admission medications. An abrupt
increase in dose due to change in
tablet formulation

(4) “Pregabalin 300 mg/day TID”
for diabetes-associated neuropathic
pain was recorded in admission,
while “pregabalin 75 mg BID”
was recorded as a home medica-
tion. Pregabalin dosage greater
than 500 mg/day increase risk of
adverse effect with no additional
benefit

(5) “Carvedilol ER 80 mg OD”
for CHF was recorded in pre-
admission medications, while
“carvedilol IR 3.125 mg BID”” was
recorded in admission medica-
tions. The physician ordered
starting dose of carvedilol for the
treatment of CHF on admission,
however, the patient was already
on escalated-dose of carvedilol for
post-MI heart rate control

Drug commission (previously

(1) A patient recently started on

“sertraline 50 mg” for social
anxiety disorder was admit-

ted for acute diarrhoea. The
physician failed to discontinue
sertraline. Sertraline tends to
cause more loose stools than
constipation and should likely
be avoided over other alterna-
tives that would be less likely to
exacerbate diarrhoea

(2) Sitagliptin was recorded in a

patient admitted for suspected
acute pancreatitis. The treating
physician missed discontinuing
sitagliptin as a possible suspect
or interacting agent of patient
condition

(3) A patient admitted for an acute

urinary tract infection with delir-
ium was taking “oxybutynin”
before admission. Oxybutynin
was also recorded in admission
medication order. The treating
physician failed to identify oxy-
butynin as a precipitating risk
factor for delirium

(4) Patient with a history of CHF

and HTN admitted for the
management of acute renal colic,
was taking “hydrochlorothiazide
50 mg daily” before admission.
Hydrochlorothiazide 50 mg

was also recorded in admission
order. Based on patients’ renal
function SCr 3.1 mg/dL, eGFR
26 mL/min/1.73 m?, hydrochlo-
rothiazide should be held or
substituted with another drug

(5) “Moxifloxacin 400 mg IV

OD” was recorded in patient’s
admission order for the manage-
ment of COPD exacerbation.
However, past medical record
showed that the patient report-
edly discontinued levofloxacin
due to tendinitis

@ Springer
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Type of error Examples
Incorrect drug (1) The patient was taking

“tiagabine” for seizure control,
however, upon admission, he
was prescribed “tizanidine”

(2) “Metoclopramide 10 mg
IV” was prescribed for acute
diabetic gastric stasis. However,
the patient record shows taking
“risperidone 2 mg” in the past
6 months for major depression.
Concomitant use of risperidone
and metoclopramide more likely
to cause tardive dyskinesia

(3) A patient with a medical
history of CHF was admitted
for acute gastroenteritis with
severe nausea, vomiting and
hypokalemia. “Ondansetron
10 mg IV” was prescribed upon
admission for the treatment of
vomiting. Ondansetron is a QTc-
prolonging agent. Hypokalemia
is an additive risk factor for
drug-induced QT prolongation,
particularly in patients with CHF

(4) “Atorvastatin 10 mg” sub-
stituted for “rosuvastatin” for
secondary prevention stroke,
however, past medical record
showed that the patient recently
switched to rosuvastatin due
to complain of distal Muscle
weakness

(5) “Celecoxib 100 mg BID” was
prescribed for an acute gout
episode to a patient with a recent
history of unstable angina.
NSAIDs, in particular, COX-II
inhibitors, may pose a risk of
serious cardiovascular throm-
botic events. This especially
important in a patient with
cardiovascular disease

PO per oral, XL extended-release, SR sustained-release, 77D three
times a day, NYHA New York Health Association, CHF conges-

tive heart failure, ER extended-release, IR immediate release, M1
myocardial infarction, HTN hypertension, SCr serum creatine, eGFR
estimated glomerular filtration rate, COPD chronic obstructive
pulmonary disease, NSAIDs non-steroidal anti-inflammatory drugs,
COX-II cyclo-oxygenase II, IV intravenous, MRSA methicillin-resist-
ant Staphylococcus aureus
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