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Abstract Background Care transitions are risk points for

medication discrepancies, especially in the elderly. Objec-

tive This study was undertaken to assess prevalence and

describe medication reconciliation errors during admission

in elderly patients and to analyze associated risk factors. We

also evaluate the effect of these errors on the length of hos-

pital stay. Setting General surgery, orthopedics, internal

medicines and infectious diseases departments of a 1070-bed

Spanish teaching hospital. Method This is a prospective

observational study. Patients [65 years and taking C5

medications were randomly selected from those admitted to

hospital. The pharmacist obtained the best possible medi-

cation history based on medical records, medical notes from

patients’ previous admissions to hospital, ‘‘brown bag’’

review, community care prescriptions, and comprehensive

patient interviews. It was compared to current inpatient

prescription to detect unintentional discrepancies (discrep-

ancy with no apparent clinical explanation), which were

reported to the physician. When the physician accepted the

discrepancy by changing the medication order, it was

recorded as a medication reconciliation error and classified

by type of error. Several variables were analyzed as possible

risk/protective factors.Main outcome measure Is prevalence

of medication reconciliation errors at admission. Results

Reconciliation was performed on 206 patients. Medication

reconciliation errors occurred in 49.5 % (102/206) of

patients. 1996 medications were recorded, and 359 had

unintentional discrepancies (56.0 % (201/359) medication

reconciliation errors). The most common was omission

(65.1 %). Identified risk factors were as follows: physician

experience, number of pre-admission prescribed medica-

tions, and previous surgeries. Computerized order entry

system was a protective factor. Conclusion Medication rec-

onciliation errors occur in almost half of the elderly patients

at admission, especially omissions. Risk factors were a larger

number of previous medications, less physician years of

experience, and more previous surgeries. Having a com-

puterized order entry system in the hospital protected against

some errors.
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Impacts on practice

• Admission to hospital of the elderly who take multiple

medications is a critical point for patient safety.

• At admission of elderly to hospital, special attention

must be paid to patients with a high number of pre-

admission prescribed medications, and a high number

of previous surgeries.

• The experience of the physician is a critical factor in

obtaining a complete medication history of elderly

admitted to hospital.

Introduction

One of the major causes of medication errors and other

adverse drug events is the lack of communication while

patients are transferred across care settings [1]. Transitions
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during hospital stay (admissions, transfers, and discharges)

are potential risk points for acquiring inaccurate informa-

tion about patients’ medications. Admission medication

history is generally used to establish medication regimen

during hospitalization. If inaccurate information is used,

errors in medication initiation, inadvertent discontinuation,

inappropriate route or dose may occur.

Medication reconciliation (MR) is the process of com-

paring a patient’s medication orders to all of the medica-

tions that the patient has been taking. It should be done at

every transition of care in which new medications are

ordered or existing orders are rewritten [2]. It should be

done to provide the appropriate medication to the patient

and avoid medication errors such as omissions, duplica-

tions, wrong medication initiation, or dosing errors. MR is

endorsed by patient safety organizations around the world

[3]. Based on evidence for its positive impact, MR has been

recently designated as a required organizational practice by

hospital accreditation authorities in Canada, the USA, and

the UK. Most of MR studies report discrepancy reduction

as their primary outcome [4]. However, the actual effect of

MR on reducing clinically significant discrepancies in the

inpatient setting remains unclear [5].

Major barriers in completing an accurate and complete

medication history include factors relating to the patient, the

system, and the health care professionals [6]. The degree to

which patients can directly provide up-to-date medication

histories, the patients’ impaired cognitive status, poor health

literacy, and poor language proficiency make it more com-

plicated for them to report all medications they are taking at

the time of admission [7]. The availability of electronic

medication data sources, computer applications integrated

into the computerized physician order entry (CPOE) system,

and electronic medical records may facilitate obtaining a

more accurate and comprehensive pre-admission medication

list. This would make MR process easier [8]. Most studies

involve pharmacists in MR because they are skilled inter-

viewers for medication review.

This requires a substantial use of human resources

beyond usual care of patients [9]. Given the limited

resources, targeting interventions to subsets of high-risk

patients has been suggested [4].

Aim of the study

The purpose of this study was to assess the prevalence of

medication reconciliation errors (MREs) at hospital

admission in elderly patients and analyze the associated

risk factors and medications involved. As a secondary

objective, the possible impact of MREs on the length of

hospital stay has also been evaluated.

Ethics approval

The study was approved by the Hospital Research Ethics

Committee. Informed consent was obtained before the

patients joined the study.

Method

A prospective observational study was conducted at a 1070

bed tertiary care teaching hospital. This study took place

between December 1, 2011 and July 31, 2012. MR data were

collected from Monday through Friday by a hospital phar-

macist specialist with 4 years of experience who had previ-

ously worked on a MR project in the emergency department.

Elderly patients over 65 years old who had been taking five

or more medications prior to admission were included.

The study excluded patients who were discharged from

the hospital within 48 h and patients who were unable to

communicate and did not have a caregiver who could be

interviewed.

Patients were randomly selected using a computer-

generated random number list from among those patients

admitted to internal medicine, infectious diseases, ortho-

pedic surgery, and general surgery units.

A pharmacist obtained the best possible medication

history (BPMH) through several sources: paper-based

hospital medical records, the medication list collected at

the emergency department, previous reports from other

health care settings, and electronic medical records and

prescriptions which are used in community care. The

BPMH was reviewed by conducting a standardized inter-

view with the patient and/or their caregiver and checking

his ‘‘brown bag’’ (medicine containers available at the time

of MR process) within the first 24 h after admission. There

were no electronic communications between different

levels of care (hospital and community care) or different

care providers (public or private) because there were not

integrated delivery systems, which supposed a technical

barrier associated with informational transitions.

The pharmacist used a standardized list of questions to

ensure consistency during the interview. He focused on the

dosage, brand, frequency, time, and route of administration

for all medications taken by the patients prior to admission.

Clinical status was consulted on the medical history and

documented before the interview in order to know whether

patients were able to understand the questions. When inter-

views with the patients were not possible, their caregivers

were interviewed using the same structure. Patients were also

asked about their history of adverse drug reactions and

allergies. The data collection forms were piloted by a study

carried out at emergency department [10].

Int J Clin Pharm (2016) 38:1164–1171 1165

123



After the BPMH was verified, the pharmacist compared

it with the active inpatient medications ordered by the

physician to look for any medication discrepancies.

Physicians were not aware about the study.

For the purpose of this study, a consensus document on

terminology, classification, and evaluation of MR programs

was followed [11]. Medication discrepancies were defined

as any change in patients’ chronic pre-admission medica-

tions. Those medications prescribed in response to a

patient’s change in his clinical status or due to mere for-

mulary substitutions were considered intentional discrep-

ancies (ID). However, when the pharmacist did not find

any clinical explanation regarding the discrepancy, it was

classified as an unintentional discrepancy (UD). The pre-

scribing physician was then contacted through the CPOE

system to clarify UD. All wards had the possibility of using

CPOE. If high-alert medications were involved, the doctor

was consulted by phone or in person. High-alert medica-

tions are medications which bear a heightened risk of

causing significant harm to the patient when they are used

in error, according to the Institute for Safe Medication

Practices (ISMP) [12]. In some cases, the doctor explained

the discrepancy and documented the reason in the medical

record. In these cases, UD resulted in ID. When the

physician decided a prescription order change, those cases

were considered MREs. Finally, there were instances

where the pharmacist received no final information about

the reported UD, as they were not clarified by the physi-

cian. Those discrepancies were considered unresolved

discrepancies (URD).

MREs were classified according to two different criteria:

drug class (following the Anatomical Therapeutic Chemical

Classification System) [13] and type of error. Regarding the

latter, MREs were classified into seven different types:

omission of a pre-admission prescribed medication, mis-

taken addition of a medication (commission error), different

dose, different route, different frequency, different medica-

tion, and incomplete prescription. The severity of every error

was assessed according to the National Coordinating

Council for Medication Error Reporting and Prevention

(NCCMERP) categories [14]. MREs categorized into groups

E, F, G, H, I were considered harmful. Group E, the error may

have contributed to or resulted in temporary harm to the

patient and required intervention. Group F, the error may

have contributed to or resulted in temporary harm to the

patient and required initial or prolonged hospitalization.

Group G, the error may have contributed to or resulted in

permanent patient harm. Group H, the error required inter-

vention necessary to sustain life, and group I, the error may

have contributed to or resulted in the patient’s death.

Regarding data collection, a standardized form was

designed. This form contained variables relating to the

patients’ demographic and clinical information, medication

history, active inpatient medications orders, the BPMH,

and the discrepancies detected. Variables related to the

patient included age, gender, reason for hospital admission,

number and type of chronic diseases, number of previous

surgeries, drug allergies, patients’ place of residence (their

house or a health care facility, such as a nursing home), and

length of hospital stay. Other information was also regis-

tered in the form: the admitting physician’s experience

(specialists or resident physicians), the patients’ location in

the hospital (medical or surgical ward), the time required to

complete the BPMH, the type of admission (planned or

unplanned), the day of admission (working day and non-

working day), and the presence or absence of high-alert

medications. MR-related variables were the number and

type of medication being taken by the patient prior to

admission and the number and type of UD, URD, and

MRE. Herbal products and natural supplements were not

included in our analysis because they were not going to be

taken during hospitalization.

Specialist physicians are the doctors who are responsible

for supervising, teaching, and training residents and med-

ical students. They practice medicine in the specialty

learned during residency and are ultimately responsible for

all aspects of patient care. Residents are doctors who are

participating in a graduate medical education program and

training in a specialized area of medicine.

A descriptive analysis was conducted in relation to the

demographic and treatment characteristics. Categorical

variables were described and analyzed by frequency. They

were compared to each other using v2 or Fisher’s exact test.

Continuous variables were compared using Student’s t test

and nonparametric tests (Mann–Whitney U) for non-nor-

mal distributions. Odds ratios (OR) and 95 % confidence

intervals (CI) were calculated in a univariate analysis.

In addition, a multivariate analysis was performed using a

forward stepwise logistic regression using likelihood ratio

test, with p values at 0.10 as the threshold for entering or

removing variables. The logistic regression model was

drawn up from variables identified by the univariate analysis.

Logistic regression was carried out to assess the independent

relationship between potential risk factors and the outcome

variable (MRE vs. no MRE). The goodness of fit of the final

model was assessed using the Hosmer–Lemeshow test.

Statistical analysis was carried out using Statistical Package

for Social Science (SPSS Inc., Chicago, IL) Version 15.0; a

p value\ 0.05 was considered as statistically significant.

Results

Overall, 233 patients were included in the study. 22

patients were excluded due to their inability to communi-

cate and the absence of a caregiver. During the study, there
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were five withdrawals due to a length of hospital stay of

less than 48 h (n = 4) or death (n = 1). Therefore, medi-

cation history interviews and reconciliation were only

performed on 206 patients.

Baseline demographic and clinical characteristics of the

population are summarized in Table 1.

The mean number of medications per patient before

admission was 8.4 ± 3.0 (range 5–21), and the mean

number of medications prescribed by physicians in the

hospital was 9.7 ± 3.0 (range 1–20), consistent with the

numerous diseases associated with the patients.

There were 1996 medications pertaining to the patients’

BPMHs. 1686 of them had discrepancies. A total of 2054

discrepancies were detected (some medications had more

than one discrepancy), with a mean of 8.6 ± 4.0 per

patient. Once discussed with the physician, the results of

the MR process are shown in Fig. 1.

The majority of discrepancies were documented in

medical records as intentional (ID) by the physician. They

were meanly due to the inclusion of a medication that the

patient had not used prior to admission (56.7 %) or the

suspension of medication in response to the patient’s

clinical status (27.2 %).

One hundred forty-five patients (70.4 %) had at least

one UD, with 1.7 ± 1.7 discrepancies per patient (range

1–10). Almost one-quarter of the UD were due to inten-

tional changes that had not been documented in the med-

ical notes. More than half of UD were MRE. They occurred

in 49.5 % (IC 85 %: 42.5–56.5 %) of patients, mean of

1.0 ± 1.4 errors per patient. MREs affected 9.8 % of

prescribed medications.

The most frequent MREs were the omission of a drug

(65.1 %), followed by different dose (14.4 %), wrong drug

(9.5 %), incomplete prescription (6.0 %), and wrong

frequency (5.0 %). The most common medication groups

involved in MREs were cardiovascular (34.3 %), central

nervous system (22.9 %), gastrointestinal (14.9 %), and

sensory organs agents (10.9 %). Drugs most often involved

were simvastatin (7.1 %), lorazepam (4.1 %), allopurinol

(3.1 %), and carvedilol (3.1 %). High-alert medications as

defined by ISMP were involved in 3.1 % of MREs.

Only 13 (6.5 %) MREs resulted in or contributed to

harm to the patient. The rest of them were categorized as A

(0.5 %), B (28.9 %), C (52.2 %), and D (11.9 %).

According to the univariate analysis, the number of pre-

admission prescribed medications, the number of previous

surgeries, and the number of comorbidities could predis-

pose a patient to present MREs (Table 2).

Variables which independently predicted a higher

number of MREs in the multivariate logistic model were

the number of pre-admission prescribed medications, the

number of previous surgeries, and the admitting physician

experience. Specialist physicians committed fewer MREs

than resident physicians. Moreover, the CPOE system was

a protective factor (Table 3).

There was not a significant difference in the number of

MREs medical and surgical services had. Regarding the

length of hospital stay, we found no statistically significant

difference between groups (MRE vs. no MRE) either.

Discussion

Our study showed high prevalence of MREs in elderly

patients. Almost half of them were affected. Despite the

different definitions and methods used, this result is con-

sistent with other studies. Most studies on this issue have

corroborated that at least half of patients have had one or

more MREs during the reconciliation process [15–18].

However, a recent systematic review by Garcı́a Ramos

and Santolaya Perrin [19] of studies of MREs at admission

showed a large difference in MRE prevalence. Other

authors have suggested lower percentages; some of them

used a retrospective medical chart review design without

Fig. 1 Description of medication discrepancies detected. ID inten-

tional discrepancies, UD unintentional discrepancy, MREs medication

reconciliation errors, URD unresolved discrepancies

Table 1 Baseline characteristics

Characteristics of study population

Age [years (mean ± SD)] 79.6 ± 7.2

Age group [n (%)]

65–79 97 (47.1)

C80 109 (52.9)

Female [n (%)] 91 (44.2)

Living in their own home [n (%)] 196 (96.1)

Number of chronic diseases (mean ± SD) 4.5 ± 2.2

Number of previous surgeries (mean ± SD) 1.8 ± 1.5

Day of admission, weekday intervals [n (%)] 175 (85)

Type of admission, urgent [n (%)] 163 (79.1)

Admitting physician experience [n (%)]

Senior 107 (54.0)

Junior 91 (46.0)

Use of CPOE system [n (%)] 156 (75.7)

Length of hospital stay [days (mean ± SD)] 13.7 ± 12.8

Int J Clin Pharm (2016) 38:1164–1171 1167

123



patient interviews [20, 21]. This methodology could have

led to a lower frequency of MREs due to the fact that some

medications could not be reported in the medical chart.

They could have been accessible through other sources, or

obtained during patient interviews. Bukley et al. found

higher average errors per patient: 3.5 ± 2.3 (mean ± SD),

but they did not explain which kind of patients were those

who had more errors [22].

On the other hand, in our study the whole MR process

was performed by an experienced pharmacist, which could

lead to an improved MRE detection. Reeder et al. [23]

reported that pharmacist-obtained medication histories had

fewer discrepancies than physician-obtained medication

histories. Moreover, low rates of error have been shown

when the patient interview was performed by a nurse [24].

Regarding the number of errors per patient, the mean of

errors detected was nearly one, similar to previously

reported in other studies with aged populations [15].

However, Buckley et al. obtained more MREs per patient

[22].

Omission errors were the most frequent ones, which is

consistent with previous studies that have also shown that

up to 61 % of hospitalized patients had at least one drug

omitted from their treatment [15–17]. Other studies indi-

cate percentages between 72 and 82 % [18, 25]. Causes

Table 2 Univariate analysis of

risk factors for medication

reconciliation error

Patients without errors

(N = 102)

Patients with errors

(N = 104)

p value

Demographic characteristics

Male 49 (47.1 %) 60 (58.8 %) 0.391

Female 55 (52.9 %) 42 (41.2 %)

Age (years) 79.6 ± 6.8 79.6 ± 7.6 0.790

Age group (years)

65–79 49 (47.1 %) 48 (47.1 %) 0.994

C80 55 (52.9 %) 54 (52.9 %)

Patients’ home

Living in their house 99 (95.2 %) 97 (95.1 %) 0.975

Care facilities 5 (4.8 %) 5 (4.7 %)

Clinical characteristics

No. of comorbidities 2.0 ± 1.2 1.7 ± 1.1 0.008

No. of previous surgeries 2.1 ± 1.7 1.5 ± 1.2 0.025

Day of admission

Weekdays 88 (84.6 %) 87 (85.3 %) 0.892

Weekends and holidays 16 (15.4 %) 15 (14.7 %)

Hospitalization unit

Medical wards 46 (44.2 %) 57 (55.8 %) 0.094

Surgical wards 58 (55.8 %) 45 (44.1 %)

Type of admission

Planned 23 (22.1 %) 20 (19.6 %) 0.658

Unplanned 81 (77.9 %) 82 (80.4 %)

Admitting physician experience

Senior 60.4 % 47.4 % 0.067

Junior 39.6 % 52.6 %

Use of CPOE system 87 (83.7 %) 69 (67.6 %) 0.070

Drug treatment

Number of pre-admission medications 9.2 ± 2.9 7.6 ± 2.8 \0.01

Number of medications prescribed at hospital 9.9 ± 3.0 9.5 ± 3.0 0.406

Table 3 Multivariate analysis of possible risk factors for MREs

Risk factor Odds ratio (95 % CI) p

Admitting physician experience 1.85 (1.01–3.40) 0.047

No. of previous surgeries 1.23 (1.00–1.52) 0.050

Use of CPOE system 0.43 (0.21–0.89) 0.023

No. of pre-admission medications 1.20 (1.07–1.34) 0.002
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contributing to omissions are the lack of information about

outpatient medication lists and incomplete anamnesis and

complexity of medication regimens. Lack of information

about outpatient medication lists an incomplete anamnesis

suggest the need for quality improvement activities that

identify gaps in continuity of communication. Incorporat-

ing health information exchange to current practice [26] as

well as teaching on medication history taking [27] could

reduce these kinds of MREs. Finally, studies with the

highest percentage of omission errors were performed in

palliative centers where patients had an average of 19

medications. This fact could explain the high percentage of

omissions and suggests that they are more common as the

number of medications increases.

Our findings relating to the most commonly involved

drugs in MREs are consistent with those reported in the

literature [28]. This is not surprising considering that car-

diovascular and central nervous system drugs are the most

commonly prescribed in aged populations in the commu-

nity [29].

Gleason et al. [30] concluded that advanced age and a

large number of medications were the only risk factors for

MREs at hospital admission. In our study, the number of

medications was a risk factor also. We found that

polypharmacy increases the risk of error. We also found

that the risk of suffering MREs increased by 20 % for each

additional drug, and patients with MREs took significantly

more medications than those without MREs (9.2 vs. 7.6;

p\ 0.01). This last finding is also reported by Gleason

study (8.2 vs. 6.6). It is of particular concern because

polypharmacy is prevalent in elderly patients. It affects

more than 60 % of this population at admission [31] due to

the progressive aging and greater comorbidity. On the

contrary, patient age did not increase the risk of MREs,

neither when considered as a continuous variable, nor when

categorized into two groups (65–80 and older than 80 years

old). It must be noted that we only included elderly patients

in our study.

We also concluded that admitting physician’s experi-

ence and the number of previous surgeries were risk fac-

tors. Regarding physician experience, Pippins et al. noted

that resident physicians were responsible for more pre-

scriptions with UD than specialist physicians. In their

opinion, this suggested that the quality of anamnesis

improves with professional experience and that resident

physicians spend less time than they should recording

medications [32].

On the other hand, we found that the use of CPOE

systems was a protective factor as it could improve rec-

onciliation process. These systems have been shown to

reduce medication errors, according to the results published

by several authors [32, 33]. This is due to the fact that

medical orders are always legible and structured, and

names of the drugs and dosage have been standardized.

However, few researchers have focused on the existence or

types of medication errors caused by CPOE such as

ignored alerts, orders in the wrong medical records or

computer crashes [34]. Regarding the MR process, we

detected that the hospital’s CPOE system reduced MREs

significantly. This result contrasts with the one reported by

Lee et al. [35], which states that the existence of discrep-

ancies is not conditioned by the type of prescription (CPOE

system, written or mixed). In our study, the CPOE system

was linked to the use of other computerized sources of

information, which helped to obtain more reliable infor-

mation about patient treatment. Many hospitals have begun

to develop and evaluate systems as well as applications that

link electronic medical records (EMR) and CPOE systems

in order to facilitate effective MR. Other tasks like docu-

mentation of medication changes could also be optimized

electronically in order to maintain EMR updated [36]. In

this sense, Kwan et al. found that frequent changes in

medication regimens were a risk factor for MREs [8]. This

finding highlights the importance of maintaining updated

records of patients’ medication.

The number of surgical interventions that the patient had

undergone prior to hospitalization is associated with an

increased risk of MRE in multivariate analysis. Perhaps, it

is because these patients have a greater number of more

complex diseases and treatments, something that we have

not analyzed independently.

Likewise, other authors found that a patient having more

than five outpatient visits during the previous year is sig-

nificantly more likely to have MREs [37]. Patients’ lack of

knowledge of their medications and lack of family support

may also obstruct the transmission of medical treatment

information [7].

Our study supports pharmacist’s role in the process of

MR. According to Reeder et al., this is the professional

with specific training in pharmacotherapy, suitable for

obtaining the BPMH [21]. When the MR is led by phar-

macists, it has proven to be one of the most cost-effective

strategies to improve patient’ safety [38].

We found that most MREs had no clinical significance,

concurs with the data shown by the systematic review of

Kwan et al. [9].

This study adds to the current body of knowledge in MR

that there are no differences in rates of reconciliation errors

between patients admitted to medical or surgical services.

Pharmacist intervention in MREs does not affect the length

of stay. The computerized physician order entry is a pro-

tective factor to prevent reconciliation errors.

One of the future paths of development that we consider

important is the creation of a system based on Information

Technology to centralize the medication reconciliation.

Also, it is vital the analysis of what happens after the
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hospital discharge in order to know the risk factors to

MREs and to determine policies to avoid them.

As a limitation, we had a high rate of discrepancies

which were not resolved, and they could be MREs, so it

would be interesting to improve communication with the

physician in the future in order to solve all discrepancies.

Also, physicians did not use the CPOE system to clarify

discrepancies. Another limitation of our study—and MR

processes in general—is that there is no gold standard for

obtaining consistent medication histories from patients.

Finally, our study involved a small sample of patients from

a single community hospital. Accuracy and reliability of

the MR process could be affected due to the fact that was

carried out by only one pharmacist. In order to minimize

this limitation, in all cases, a clinical interview was done

and also standardized methods were used to gather all the

information related to the patient treatment.

Conclusion

Our findings suggest that admission to hospital is a critical

point for patient safety because MREs occur at this point in

almost half of elderly patients, mainly omissions. Predict-

ing factors were the number of pre-admission prescribed

medications, the number of previous surgeries, and the

admitting physician experience. Our findings stress the

importance of a complete as well as an accurate and current

medication history at admission, especially in elderly

patients who take multiple medications. It is also important

for resident physicians to better learn how to record med-

ications in order to obtain the BPMH. Promoting the use of

CPOE system could decrease MREs.
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