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Abstract Background During care transitions, discrepan-

cies and medication errors often occur, putting patients at

risk, especially older patients with polypharmacy.Objective

To assess the results of a medication reconciliation and

information programme for discharge of geriatric patients

conducted through hospital information systems. Setting A

1300-bed university hospital in Madrid, Spain. Method A

prospective observational study. Geriatricians selected can-

didates for medication reconciliation at discharge, and sent

an electronic inter-consultation request to the pharmacy

department. Pharmacists reviewed the medication list,

comparing it with electronic prescriptions, medication pre-

viously prescribed by primary care physicians and other

medical records, and resolved any discrepancies. An indi-

vidualized and tailored drug information at discharge sheet

was sent to geriatricians and made available to primary care

physicians.Main outcome measure The number and type of

discrepancies, the number, type and severity of errors, and

the main pharmacological groups involved. Results Medi-

cation reconciliation was performed for 118 patients with a

mean age of 87 years (SD 5.9), involving a total of 2054

medications, or 17.4 per patient. Discrepancieswere found in

723 (35 %) drugs, 105 of which were considered medication

errors (15 %); 66 patients (56 %) had at least one error. This

gave 0.9 reconciliation errors per patient reviewed and 1.6

per patient with errors. Of the 105 errors, 14 (13 %) were

considered serious. The most frequent errors were incom-

plete prescriptions (40 %) and omissions (35 %). Conclu-

sion An electronic medication reconciliation programme

helps pharmacists detect serious medication errors in frail

elderly patients and provides complete and up-to-date writ-

ten information to prevent additional errors at home.

Keywords Drug information � Geriatrics � Information

technologies � Medication errors � Medication

reconciliation � Seamless care � Spain

Impacts on practice

• Detecting medication discrepancies and giving drug

information at discharge becomes even more necessary

and complex with highly polymedicated older patients.

• Working in multidisciplinary teams and using infor-

mation technology is crucial in implementing and

maintaining a medication reconciliation program in a

hospital with significant physical barriers to contact

between pharmacists, other healthcare professionals

and patients.

• Medication reconciliation can be an important training

tool for newly qualified professionals to prevent

medication errors.

Introduction

Transitions of care, such as hospital admission and dis-

charge, place hospital in-patients at risk of errors in med-

ication from poor communication or loss of information.
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One-third of the medication discrepancies that occur during

admission or discharge processes cause harm to patients

[1]. Medication reconciliation has the potential to identify

many of these discrepancies and so reduce harm to patients

[2, 3].

Medication reconciliation requires staff to compile a full

list of the patient’s previous medication, make a systematic

comparison with the active prescription, and analyse and

resolve any discrepancies [4, 5]. This process can be per-

formed at different stages of hospital care, such as admis-

sion or discharge, and during perioperative periods [6].

Estimates for the presence of at least one unjustified

discrepancy in the pharmacotherapeutic records of hospi-

talised patients have been shown to vary from 10 to 67 %

[7], while other sources have shown that over 67 % of

patients have discrepancies in their medication when

admitted to hospital, with such discrepancies remaining at

discharge [8].

Discrepancies, errors, and omissions can be harmful,

both during and after hospitalisation, and can lead to inad-

equate prescriptions or interruption of treatment [7]. Studies

have shown that over 25 % of identified errors carry a risk

of clinical harm to the patient [9]. The Joint Commission on

Accreditation of Healthcare Organizations states that errors

in medication reconciliation endanger the patient’s safety

and demands that all healthcare organisations establish

accredited reconciliation programmes [10, 11].

Approximately 27 % of the medication errors that take

place in hospital are due to incomplete medical records at

admission. New technologies, such as electronic prescrip-

tions, are indeed useful, but they alone are not sufficient to

prevent such errors in medication. Total integration

between primary healthcare and hospitals is needed [12],

which is why our organisation implemented a medication

reconciliation programme. According to published studies,

such a programme can reduce errors by up to 70 %, and

adverse effects of medication by more than 15 % [13].

Older polymedicated patients are at the greatest risk of

medication errors [14]. Up to 53 % of these patients may

experience reconciliation errors during their hospital stay,

amounting to 14 % of prescribed drugs [15]. There have

been a few studies on medication reconciliation pro-

grammes in geriatric departments, but most of these were

with patients between 65 and 76 years of age [15–18], with

few considering patients over 80 years of age [9, 19, 20].

Aim of the study

This study aimed to analyse and quantify the results of a

medication reconciliation and information programme

during discharge of geriatric patients. The programme was

conducted through hospital information systems.

Ethics approval

This study was approved by the Clinical Research Ethics

Committee of the University Hospital, Madrid, Spain (PI-

1836).

Methods

A prospective observational study was conducted in a

1300-bed university hospital in Madrid, Spain, between

January 2013 and April 2014. The hospital performed daily

pharmaceutical validation of electronic prescriptions. The

study took place in a geriatrics department, and records

from a total of 476 patients admitted were considered; 449

(94 %) had presented at the emergency department and 27

at a geriatric outpatient clinic.

The inclusion criteria were patients over 75 years of age

with five or more prescribed medications, who were dis-

charged alive. Patients who were discharged to nursing

homes or to other hospital units were excluded from the

study. This was because other health professionals were

going to be in charge of medication, and so would prepare

their own drug information sheets.

The programme design followed the recommendations

of the European Union Network for Patient Safety and

Quality of Care for safe clinical practice on medication

reconciliation, part of Work Package 5 (WP5: Patient

Safety Initiatives Implementation) [21]. Recommendations

made by Martı́n de Rosales [14] were also taken into

consideration.

The medication reconciliation process involved a geri-

atrician selecting candidates for medication reconciliation

and performing initial interviews, including taking a

pharmacotherapeutic history for each patient. On the last

day of the patient’s hospital stay, the clinician asked the

hospital pharmacy department for a reconciliation process,

using an electronic inter-consultation request. The phar-

macist reviewed the medication list at discharge, and

compared it with the list registered in the electronic pre-

scription (Farmatools�; Dominion, Bilbao, Spain), medi-

cation previously prescribed by the primary care physician

(Horus� Information System, Madrid, Spain), and other

medical reports. The pharmacist and physician discussed

any discrepancies, and a drug information at discharge

sheet (DIDS) was completed.

The DIDS was designed by a multidisciplinary team,

and prepared using an Access� database (Microsoft,

Seattle, WA, USA). It included patient identification data,

date of discharge, contact information, and the list of

medication prescribed at discharge. For every drug listed,

the pharmacist provided detailed information about when,
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how, and how much to take, its relation to food con-

sumption, the duration of treatment, possible side effects

and storage conditions (if necessary). Colour and large

print size were used to help the study patients to better read

and understand the information.

The DIDS was printed through the hospital network and

sent to the hospital clinical station. It was also accessible to

primary care physicians through the Horus� visor infor-

mation system. The geriatrician gave the DIDS to the

patient with other discharge documents, and also explained

it orally.

The physical separation between pharmacists and

patients required pharmacists to invest extra time in the

reconciliation process. This limitation was addressed by

clearly assigning distinct responsibilities to medical and

pharmaceutical practitioners. Geriatricians were in contin-

uous contact with patients and traditionally interviewed

them at admission. They therefore continued to do so,

while pharmacists were given responsibility for investi-

gating electronic resources, analysing the treatment regime

and developing the drug information sheet.

Data analysis

The following data were collected for each patient: age,

sex, prescribed medication, medication list at discharge,

documented discrepancies (included in clinical records),

undocumented intentional discrepancies (required clarifi-

cation by physicians), unintentional discrepancies (recon-

ciliation errors), unresolved discrepancies, and the

medication groups involved when errors were found.

The Consensus Document on Classification and Termi-

nology of Medication Reconciliation of the Spanish Soci-

ety of Hospital Pharmacy was used to classify

discrepancies and errors [22]. Any difference between

previous patient medication and the actual prescription

given in hospital was considered a ‘discrepancy’. Most of

these discrepancies were to adjust ongoing medication to a

new clinical status, and were defined as ‘documented dis-

crepancies’. The remaining discrepancies were categorised

as ‘undocumented discrepancies’, and required clarification

by a physician (e.g. omissions of medication, different

dosages). After discussion with a clinician, they were

finally classified as ‘intentional’ or ‘unintentional’. Indi-

cators established by the European WP5 working group

were calculated. The severity of reconciliation errors was

determined using the National Coordinating Council for

Medication Error Reporting and Prevention (NCCMERP)

classification [23]. This has nine categories ranging from

‘‘A) Circumstances or events that have the capacity to

cause error’’ to ‘‘I) An error occurred that may have con-

tributed to or resulted in the patient’s death’’. The

Anatomical Therapeutic Chemical classification system of

the World Health Organization was used to provide the

therapeutic group for the analysis of medication errors [24].

Statistical analysis

Statistical analysis used SPSS version 11.5. Continuous

quantitative variables were calculated as the mean and

standard deviation (SD) or interquartile range. Qualitative

variables were calculated as absolute and relative fre-

quencies. Comparisons between quantitative variables used

the Mann–Whitney non-parametric test. Frequency analy-

sis between qualitative variables used Fisher’s exact test,

and correlation analysis between quantitative continuous

variables used Spearman’s rank-order correlation.

Results

During the study period, 476 patients were admitted to the

geriatrics department. Their ages ranged from 64 to

105 years, with a mean age of 87 years. The mean hospital

stay was 8.6 days and the mean number of diagnoses per

patient was 10.6. The most frequent reasons for admission

were heart failure (12.1 %), respiratory tract infection

(10.2 %), pneumonia (9.1 %), sepsis of unknown origin

(8.5 %), urinary tract infection (7.6 %), and gastrointesti-

nal disorders (7.4 %).

Medication reconciliation was performed for 118

patients who met the inclusion criteria. Their mean age was

87 years (SD 5.9) and 52 % were male. A total of 2054

medications were reviewed, or 17.4 reconciled medications

per patient. Data were obtained on 685 items of medication

from hospital medical records, and on 246 from the Horus�

Information System. In total, 1156 items of medication

were reported in the DIDS (1123 reviewed drugs and 33

new prescriptions added after pharmacist intervention for

new indications not treated at discharge). This equated to a

mean of 9.8 documented items of medication per patient at

discharge.

In total, 723 discrepancies were found (35 % of the

reconciled medications). Of these, 486 (67 %) were justi-

fied without requiring additional explanation (documented

discrepancies) and 132 (18 %) were justified after con-

tacting the geriatrician (undocumented intentional dis-

crepancies). The remaining 105 (15 %) were classified as

reconciliation errors or unintentional discrepancies (44 %

of the discrepancies that required contact with the geria-

trician), and represented 5 % of the total number of med-

ication items reviewed. There were no unresolved

discrepancies. A weak but statistically significant correla-

tion was found between the number of reconciled items of

medication and the number of errors per patient

(R = 0.276; p = 0.002). The mean number of errors made
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in prescriptions was greater when prescriptions were pro-

vided by a resident physician (1.02 errors per reconciliation

process; SD 1.11) rather than an attending physician (0.65;

SD 0.86; p = 0.05).

In total, 56 % of the patients (n = 66) suffered at least

one reconciliation error, a rate of 0.9 reconciliation errors

per reconciled patient and 1.6 reconciliation errors per

patient with errors. The most frequent errors were incom-

plete prescriptions (40 %) and omitted medication (35 %)

(Fig. 1).

The classification of errors by therapeutic group (Fig. 2)

showed that the most frequent errors in medication were

for drugs for the alimentary tract and metabolism (group

A), particularly vitamin (e.g., vitamin D) and mineral

supplements (e.g., calcium and iron). Nervous system

medication such as psycholeptics and psychoanaleptics

(group N) showed the next highest error rate, followed by

cardiovascular system medication (antihypertensives,

diuretics, and beta-blockers; group C), beta2-agonists and

inhaled anticholinergics (group R), and the remaining

medication groups.

According to the adapted classification of the

NCCMERP [23], 26 % (n = 27) of the errors would not

have reached the patient (category B); 33 % (n = 35)

would have reached the patient, but were unlikely to have

caused any harm (category C); 28 % (n = 29) would have

reached the patient and would have required monitoring

and/or intervention to prevent harm (category D); 11 %

(n = 12) would have caused temporary harm (category E);

and 2 % (n = 2) would have led to hospitalisation or

prolongation of stay (category F). This suggests that 13 %

(n = 14) could be considered severe (categories E–I).

All the patients selected for medication reconciliation

received their DIDS at discharge.

Discussion

Strengths and limitations

The low levels of direct contact between pharmacists and

patients due to their physical separation is a possible lim-

itation of this study. These distances, however, led to the

development of an electronic workflow system to permit

pharmacists to reconcile patients’ medication from any-

where in the hospital complex. An additional limitation is

that we could not reconcile 100 % of the patients dis-

charged from the geriatrics department. Our results, how-

ever, substantially exceeded the initial 50 % goal, set with

the limited resources in mind. Our results are not neces-

sarily generalisable for patients going into care or trans-

ferring to other hospitals.

Population and medication

In the patient cohort in this study, which was characterised

by the inclusion of very old acute patients, a mean of 17.4

drugs were reconciled per examined patient. Written

information was provided for a mean of 9.8 items of

medication per patient. These data confirm high rates of

polypharmacy in this age group, indicating the value of

medication reconciliation programmes, in line with the

studies of Martı́n de Rosales [14] and Delgado et al. [15].

Discrepancies and medication errors

Discrepancies were found in one-third of the items of

medication reconciled. Of the unjustified discrepancies,

44 % were considered to be reconciliation errors, which is

significantly lower than the 86 % (555 errors in 644

unjustified discrepancies) described by Delgado et al. [15]

in a study on older polymedicated inpatients. Their study

showed a 13.9 % error rate, compared with ours of

5 %.The rate of 1.6 errors per patient with any error is

comparable to the results of Hernández et al. [16] from a

sample of patients admitted to a short stay unit, although

patients in that study had a significantly lower mean age

(74 ± 14.5 years). Our data show that attending physicians

made fewer reconciliation errors than more junior doctors.

This was expected because the more junior (resident)

physicians had less experience of medication

reconciliation.

The percentage of patients with at least one reconcilia-

tion error (56 %) in our study was only slightly higher than

the 54 % found by Cornish et al. [17] in patients with a

mean age of 77 years in an internal medicine department,

or the 53 % result of Delgado et al. [15] for patients with a

mean age of 76 years.

The type of errors detected most frequently (incomplete

prescriptions, omission and dosage errors) were also

among the most frequent found in other studies [16, 17]. Of

the errors detected, 13 % were considered potentially

serious (categories E–I of the NCCMERP [23]), which is

similar to the 15 % found by Delgado et al. [15]. The types

of errors encountered are also similar to those observed by

Andreoli et al. [19] in a 6-month study of 170 patients in an

internal medicine department (with a mean age of

82 years). Andreoli and colleagues also found that recon-

ciliation errors involved drugs for the digestive system

(25.7 %), cardiovascular system (24 %), and nervous sys-

tem (19.4 %). Quélennec et al. [9] found similar results for

these treatment groups: 20, 18, and 22 %, respectively.

Although our results are similar to those reported in

other studies, it is worth noting that our study population

was potentially more vulnerable to suffering harmful con-

sequences because of their higher mean age. Most of the
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previous studies were performed in internal medicine

departments, with very few in geriatric departments [20].

The clinical consequences of discrepancies leading to

errors in medication are potentially more serious in frail

elderly patients than in younger adults. Serious complica-

tions could have occurred in our study, as high-risk drugs

such as anticoagulants or cardiovascular agents were

involved.

Our study highlights the efficacy of medication recon-

ciliation programmes. Previous studies on polymedicated

patients reported a significant decrease in 30-day read-

missions: 16.8 % when using medication reconciliation

versus 26 % (p = 0.006) when reconciliation was not

performed. This equates to an absolute risk reduction of 9.2

(10.8 reconciled patients to prevent one 30-day readmis-

sion), with consequent cost savings [25], which is consis-

tent with our assessment of serious errors avoided.

Medication information

In a Spanish primary care study, 19.4 % of the surveyed

patients declared that they had experienced medication

errors. The main causes were physician attention deficits

during consultation, and poor provision of information.

This demonstrated that insufficient information on medi-

cation leads to increased errors [26]. The DIDS provided

by the pharmacist is therefore considered critical in

ensuring that complete medication information is provided

to patients, to avoid medication errors at home. This

information sheet also transmits information between

hospital and primary care, as a copy is provided in the

shared information system. Existing hospital technologies

have been crucial to implementing, maintaining and

expanding the medication reconciliation programme.

Additional economic investments have been avoided.

Implications for practice and research

We have developed a methodology to overcome physical

barriers to medication reconciliation. The methodology is

reproducible and easy to implement in organizations with

similar information technologies. Medication reconcilia-

tion can also be a tool to help resident physicians identify

and learn about their own prescription errors during care

transitions. This project required close collaboration

between healthcare providers. Our results suggest that it

may be useful to perform additional controlled experi-

mental studies to find out whether electronic medication

reconciliation, along with the DIDS, decreases adverse

events at home after discharge.

Conclusion

An electronic medication reconciliation programme sup-

ports pharmacists in the detection of serious medication

errors in frail elderly patients. It also provides complete

and up-to-date written information contributing to the

prevention of medication errors at home following

discharge.
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12. Villamañán E, Larrubia Y, Ruano M, Vélez M, Armada E,
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