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Abstract

Background: To introduce and manage a Pharmaceutical care programs in geriatric care institutions presents
difficulties such as reduced pharmacy service staff, complexity of the patients or lack of integration of the
pharmacist in the health care team. This work describes the evolution of the implementations of a program of
pharmaceutical care centered in drug related problems (DRP) in a group of geriatric institutions of different levels
of complexity.

Methods: Setting: Long-term and subacute care hospitals (HSS) and Health care teams attending nursing homes (EARs).
Participants: Patients attended in HSS and EARs during different periods between 2010 and 2016.
Interventions: The program was developed in different stages, in which pharmacists made interventions of increasing
complexity.

Results: Between 2010 and 2013, the approach was only to improve the prescription of non-appropriate drugs for the
elderly, which was reduced from 19 to 14.5%. Subsequent steps included detection of drug-related problems (DRP),
systematization of treatment revisions, recording of pharmacist interventions, improvements in the classification of
interventions and the creation of a web-based database for recording in a more efficient way.
During these years, there was an increase in the number of patients included in pharmaceutical care activities and thus
the number of pharmacist interventions (3872 in 2014 vs 5903 in 2016). In 2016, mean age in 2016: 83.2 years old. Mean
number of medicines/patient: 8.4 ± 3.3, and mean interventions/patient: 1.62. Degree of acceptance of the interventions
by physicians improved (68.6% in 2016 vs 45.5% in 2012), even though there is still much work to do.
The Medication Appropriateness Index (MAI) showed that when the interventions were accepted, there was an important
improvement. HSS mean MAI values pre-intervention: 2.52, post-intervention 0.80. In EARs: 5 pre and 1.39 post. In both
cases p < 0.0001.

Conclusions: Approaching the deployment of activities in a progressive way has made us more efficient and able to
confront and solve the problems that have arisen. Even though there has been a very restricted increase in the staff and
budget, we are able to implement a DRP detection programme with guaranties of quality.
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Background
The implementation of pharmaceutical care in different
levels of health care has been ongoing for several de-
cades. Much work has been completed by pharmacists
during this time, even before the first descriptions and
terms related to this health process were published by
Brodie in the ‘70s and ‘80s [1, 2] and Helper in the ‘90s
[3]. In 1993, the American Society of Health-System
Pharmacists (ASHP) [4, 5] published several very useful
statements for the understanding and implementation of
pharmaceutical care in hospitals. However, even though
there have been important advances in this area of phar-
macy, there are still barriers for its implementation that
are more evident in the area of geriatric health care [6–
8]. The development of pharmaceutical care has been
greater in acute care facilities; this could be due to dif-
ferent causes, for example, the long-term presence of a
pharmacy service, more numerous staff and a longer
tradition of collaborations between pharmacists and
other professionals [9–11].
Grup Mutuam is a group that manages different levels

of health care institutions for older people, which in-
clude Palliative home care, Long-term and subacute care
hospitals (HSS), Nursing homes and Health care teams
attending nursing homes (EARs), formed by physicians
and nurses.
The implementation of pharmaceutical care has been

an important challenge for pharmacy services due to the
complexities of the institution, geriatric patients who are
polymedicated and have multiple comorbidities and a re-
duced budget and staff.
Therefore, to establishing the programme of pharma-

ceutical care in our institutions, we managed in different

stages of increasing complexity. That has led us to ap-
proach progressively the problems found during the im-
plementation that included, among others, software
needs, organization of processes, improvements in some
pharmacist’s skills and relationships with other
professionals.
In the present revision, we describe the progression of

our pharmaceutical care programme initiated on 2010,
centred on pharmaceutical interventions, as an experi-
ence of how to approach its implementation in a com-
plex geriatric institution (Fig. 1). The development has
included an increase in the activities performed by the
pharmacists as well as an increase in the number of in-
stitutions/patients included in the programme.
The main objectives of the present work were to de-

scribe the implementation of a pharmaceutical care pro-
gram, centered in the revision of pharmacological
treatments in pluripathological and polymedicated geri-
atric patients; and improve collaborations with other
professionals, especially physicians, as well as to demon-
strate how the detection of inappropriate medication by
pharmacists could contribute to reduce their use,

Methods
The present study is the retrospective-description of the
implementation of pharmaceutical care activities in in-
creasing complexity stages. Focused in pharmacist’s in-
terventions to improve the quality of prescriptions, from
2010 till 2017. During this period there were deployed
different activities and implemented different tools in
order to organize the pharmaceutical activities of our
pharmacists, that evolved in sophistication and
reliability.

Fig. 1 Main steps of pharmaceutical care programme development

Mestres et al. BMC Geriatrics          (2018) 18:316 Page 2 of 8



Setting: Different geriatric institutions of Grup Mutuam.
That include: Long-term and subacute care hospitals
(HSS); Nursing homes; and Health care teams attending
nursing homes (EARs), formed by physicians and nurses.
Pharmacist interventions initially were recorded using

Microsoft Excel®, and after with the help of a consultant,
a business intelligence-based system interconnected with
PowerPivot®, was developed and used.
Interventions were classified using the American Society

of Health-System Pharmacist (ASHP) classification [12].
For each stage of the program implementation, to as-

sess the impact of pharmacist’s intervention on the qual-
ity of drug prescriptions we used the Medication
Appropriateness Index [13]. MAI criteria consists of 10
questions, which are graded according to the suitability
of the medication (a higher score indicates worse status)
and different aspects related to prescription (indication,
efficacy, safety and cost).
During all the stages, the pharmacist’s interventions

were done according to the recommendations and
guidelines of the Spanish Society of Hospital Pharmacy
[14] and the (ASHP) [12].

Results
Period 2010–13: Inappropriate drug use in elderly
The first activities of pharmaceutical care carried out by
Grup Mutuam started in 2010 with a programme di-
rected at reducing the prescription of inadequate medi-
cation in elderly people according to the Beers Criteria
[15], in two intermediate hospitals (HSS) of the Group,
with 165 and 95 beds per hospital.
Development of the program were based in a retro-

spective evaluation of the quality of the prescription in
relation to the Beers Criteria before intervention was
conducted in 854 patients who had been admitted
into the hospitals during the second half of 2010.
During 2011, different actions were completed to in-
form physicians and nurses about the project. These
included the creation of an informative brochure and
meetings with physicians and nurses. Intervention
stage, March–November 2012 (1332 patients): Pre-
scriptions were reviewed by a clinical pharmacist, and
when an inappropriate drug was found, this was com-
municated to the physician (email or telephone), sug-
gesting a solution. The main results of this study [16]
are shown in Tables 1 and 2.

At that time, the low feedback from the physicians it
was as expected, as there was little previous experience
of working along with them; therefore, this study was an
important step in the integration of the pharmacists as a
consultant in the health care team of the hospitals.

Treatment revisions and recording of the interventions:
2013–15
During the work on the detection of inappropriate
drugs, we were aware that we needed to broaden the
process of prescription validation, directing more efforts
toward treatment revisions. At the same time, we were
aware that each pharmacist in our staff did this process
in different ways, taking into account different issues,
and therefore we were not working in a homogenous
way. At this point, we also added into the programme
two pharmacists who worked in the EARs and began
performing revisions of the treatments of patients upon
admission to the nursing homes attended by our teams.
All this considered, the next step was to establish a

standardized way for performing treatment reviews. We
worked on what we considered two basic tools, the elab-
oration of a therapeutic interchange guideline that was
approved by the Pharmacy and Therapeutic Committee
and the establishment of an algorithm as a guideline for
performing treatment reviews.
The algorithm is based on bibliographic information

and our day-to-day problems (Fig. 2) [17], and its main
objective is to rationalize and unify the review of treat-
ments by pharmacists. It was elaborated by considering
and using different resources: Beers Criteria and
STOPP-START, establishment of a therapeutic exchange
programme, assessment of algorithms of other institu-
tions and review meetings-evaluation of proposals with
other professionals. The criteria on which the algorithm
is based included the determination of inappropriate
medication (medication unnecessary therapy/need add-
itional therapy) applying Beers Criteria [18] and
STOPP-START criteria [19]; the effectiveness of the
treatment based on the verification of the suitability of
the form of administration for geriatric patients, contra-
indications, verification of the dosage and detection of
drug-drug and drug-food interactions; the last determin-
ant was based in patient safety through the adaptation of
dose to risk and narrow medication therapeutic range
and detection of drug-drug and drug-food interactions.

Table 1 Main results of the prospective study on the prescription of inappropriate drugs: Inappropriate drugs prescribed before and
after the interventions and degree of acceptance of the interventions

Percentage

Degree of prescription of inappropriate drugs before the intervention 19%

Degree of prescription of inappropriate drugs during the intervention 14.5%

Degree of acceptance of the pharmacists’ recommendations by physicians 45.5%
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When a drug-related problem (DRP) is detected, de-
pending on its severity, the pharmacist contacts the
physician and/or nurse via telephone or email. The DRP
is discussed with the professional, and suggestions are
given for solving it.
The interventions/recommendations performed by the

pharmacists in the different health care levels managed
by Group Mutuam were recorded in a database in
Microsoft Excel•.
One important but difficult point is to determine the

possible benefit in patient outcomes derived from the
pharmacists’ interventions. Numerous publications in

the literature have tried to approach this by evaluating
different items such as the reduction of drug adverse ef-
fects or the reduction of length of hospitalization as eco-
nomic benefits. However, it is still not clear how to
evaluate these items or their significance [20, 21].
In our case, as we were in an initial process of estab-

lishing the programme, we opted to use the Medication
Appropriateness Index (MAI) [13] to evaluate if our in-
terventions had an impact on the prescription quality.
Some results of this period are shown in Tables 3, 4
and 5 [22].
In addition to the improvements obtained, we can also

observe that in the HSS, there has been an increase in
the acceptance rate of interventions.

Improvement in the register and data evaluation: 2015–16
Some of the inconveniences found during the implementa-
tion of the treatment revisions were the homogenization of
the data recorded, even though a unique Excel database
had been defined. Moreover, we also faced some difficulties
when grouping and classifying the interventions recorded.
In addition, the registration of the numerous interventions
in Excel was time-consuming, and the possibility of the

Fig. 2 Algorithm for treatment revisions

Table 2 Main results of the prospective study on the
prescription of inappropriate drugs: Reasons of not acceptance
of the interventions

Reasons for non-acceptance Percentage

Drug prescribed by a specialist 69%

No answer or justification was given 23%

Antibiotic with few alternatives 4%

Dosage adjustment was performed 4%

Patients´ characteristics: ≥ 85 years old, ≥ 9 drugs; 67.5% female
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different pharmacists working in it contemporaneously was
complicated or not possible.
Therefore, in this step of the development of our

pharmaceutical care program, we focused on the
following:

1. Finding a more suitable classification to organize
the different types of interventions performed; and

2. Developing a business intelligence-based system to
improve data collection and evaluation.

Classification of the interventions
After evaluating different classifications in the literature,
we opted to use the classification of the American Soci-
ety of Health-System Pharmacists (ASHP) [12], as that
was the one that best fit our needs.

Development of a business intelligence-based system
With the help of an informatics consultant, we devel-
oped a business intelligence-based system intercon-
nected with Power Pilot® software for recording our
data.
The software allows pharmacists to work in the same

database at the same time, to access all the drugs and
ATC groups, and to be able to update it and to evaluate
in an easy way, as well as to have results in real time.
In Tables 6, 7, 8, and 9, we show several results.
Institutions included in the current program:

� HSS: 3 institutions with a total of 291 beds.
� Nursing homes (EARs): 237 nursing homes (13,105

residents).

Discussion
The incorporation of the pharmacist in the clinical team
in geriatric institutions is not as widespread as in acute
care. This is manifested with our initial results of the ac-
ceptance of our interventions in the first period of devel-
oping our programme, and even though there are
advances we have made in these years as include the
clinical pharmacist in geriatrics team works and improve
the results regarding prescriptions, there is still much
work to do. The degree of acceptance during 2016 was
lower vs that of 2014, but we have to take into account
that the number of interventions has increased due to
the incorporation of the clinical pharmacists in the new
EARs teams and increased HSS, where the pharmacists
had no previous relationships with the physicians.
As expected, we found more difficulties in nursing

homes than in hospitals because the existing interactions
between pharmacists and physicians were lower.
As it has been seen in many other institutions like

ours, DRP are numerous, and the quality of the

Table 3 Main results of pharmacists’ interventions (January–
December 2014); Institutions included (2 HSS: 268 beds; EARs:
176 nursing homes): Patient characteristics and general data of
the interventions, and most prevalent DRP derived from
interventions in EARs

Number of
pharmacist
interventions

1621

Degree of acceptance 74.5%

Patient characteristics Mean age: 86.2 69,5% female

Mean interventions
per patient

1.8

Most prevalent DRP Inappropriate drug use in elderly 19.4%

Condition for which no drug is
prescribed

16.4%

Medication with no indication 15.6%

Inappropriate dose, form, schedule, route
or administration method

12.8%

Table 4 Main results of pharmacists’ interventions (January–
December 2014) Institutions included (2 HSS: 268 beds; EARs:
176 nursing homes): Patient characteristics and general data of
the interventions, and most prevalent DRP derived from
interventions in HSS

Number of
pharmacist
interventions

2251

Degree of acceptance 81.4%

Patient characteristics Mean age: 80.5 60,8% female

Mean interventions
per patient

2.2

Most prevalent DRP Inappropriate dose, form, schedule, route
or administration method

29.3%

More cost-effective alternative 19.6%

More cost-effective alternative 8.4%

Inappropriate drug use in elderly 8.3%

Table 5 Main results of pharmacists’ interventions (January–
December 2014) Institutions included (2 HSS: 268 beds; EARs:
176 nursing homes): Main MAI values per patient before and
after intervention (for the interventions accepted)

MAI pre-intervention MAI post-intervention

EARs 4,83 3,09

HSS 3,68 2,01

In both cases, p < 0,0001 (t-Student applied)

Table 6 Main results corresponding to the period January–
December 2016: Number and characteristics of the patients in
which DRP were found

Patient characteristics

n 3630

Sex 64.8% Female

Mean age 83.2 years old (±9.7) (range 108–34)
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prescriptions of the patients at admission is somewhat
poor, including medication errors. During these years, we
have seen that medication revision is important, not only
at admission and at discharge (reconciliation) but also
during the stay, although all of this contributes to increas-
ing the workload of the pharmacists. Therefore, to
optimize and increase the effectiveness of the revisions, it
is essential to have a structured method of working, in-
cluding a normalized and automated recording of the in-
terventions. To have the results of the activities performed
by the pharmacists is fundamental in showing managers
and other professionals the value of our work.
Assessing the MAI values when arriving at our institu-

tions through the years, we have detected that the qual-
ity of the prescription has slightly improved in HSS.
This could be due the fact that the majority of patients
in HSS are admitted from acute-care hospitals where
pharmacy services are doing an important job in medi-
cation reconciliation. In addition to this, in the MAI
values across the years, we can see that the results of
our work are more effective because during 2016, we ob-
tained a higher improvement in the MAI values.
Considering all the evolution of our work we think

that main achievements have been to be able to agree
between all the pharmacists in a unique algorithm, that
unifies the way of making treatment revisions in our pa-
tients. Other positive achievements have been to agree
in a classification of the interventions and the develop-
ment of a software for recording and exploiting our data.
At the beginning, we employed a lot of time developing
the Excel database for recording our data, that could
have been avoided if we would have asked the technical
support that lead later in the development of the
software.
For us, after having implemented an effective program

for medication review and pharmacist interventions, our
main objectives are to continue increasing the level of

answers and acceptance by physicians and to be able to
determine the impact of our interventions in patient
outcomes, as well as to focus more on the most preva-
lent DRP. This requires a combination of improving re-
lationships, showing the benefits derived from the
acceptance of our recommendations, and finding more
effective communication methods to help physicians an-
swer us with a minimum disruption of their work.
The number of patients attended in our institutions

continues to grow as well as their complexity, and the
workload of revisions is increasing; therefore, we need
tools to detect which patients to focus on. Thus, we are
now also directing our project in two different ways.
First, we are trying different validated tools [23] for de-
tecting patients at higher risk, and second, we are in-
creasing our relationships with the pharmacists in
acute-care hospitals and primary care, where the major-
ity of our patients are coming from, to work in a terri-
torially integrated way.

Conclusions
Choosing a stepwise process is very useful in the initi-
ation of a pharmaceutical care programme in geriatric
institutions with low integration of pharmacy services.

Table 7 Main results corresponding to the period January–
December 2016: Number of interventions and physicians
acceptance

Interventions

Number 5903

Mean interventions/patient 1.62 (range 18–1)

Mean number of medicines/patient 8.4 (SD: ±3.3)

Acceptance of the interventions by physicians 68.6%

Table 8 Mean MAI values pre- and post-intervention (for
accepted interventions)

MAI pre-intervention MAI post-intervention

EARs 5 (±6.1) 1,39 (±3.73)

HSS 2,52 (±3.2) 0,80 (±2.20)

In both cases, p < 0,0001

Table 9 Percentage of the main drug-related problems (DRP)
detected that generated pharmacist interventions. (IR: Renal
Insufficiency)

Drug related problems detected HSS EAR

PROBLEMS ARE ARISING FROM THE FINANCIAL IMPACT OF
THERAPY

14,2 6,9

CONDITION FOR WHICH NO DRUG IS PRESCRIBED 11,9 10,2

THERAPEUTIC DUPLICATION 10,2 8,8

MEDICATION PRESCRIBED INAPPROPRIATELY FOR A
PARTICULAR CONDITION

9,8 18,6

LENGTH 9,0 21,3

SEQUENCIAL THERAPY 7,2 0

SCHEDULE 6,5 2,5

INAPPROPRIATE DOSE 5,8 3,6

LACK OF UNDERSTANDING OF THE MEDICATION 5,6 1,68

DOSAGE FORM 3,5 0,14

ROUTE OF ADMINISTRATION 3,1 0,1

MEDICATION WITH NO INDICATION 3,0 15,5

METHOD OF ADMINISTRATION 2,7 0,1

DRUG-NUTRIENT THAT ARE CLINICALLY SIGNIFICANT 2,3 0

INAPPROPRIATE DOSE IR 1,9 2,7

ACTUAL AND POTENCTIAL DRUG-DRUG THAT ARE CLINIC-
ALLY SIGNIFICANT

1,4 0,5

ACTUAL AND POTENTIAL ADVERSE DRUG EVENTS 0,9 2,5

FAILURE TO RECEIVE THE FULL BENEFIT OF PRESCRIBED
THERAPY

0,4 2,86

DRUG-DISEASE THAT ARE CLINICALLY SIGNIFICANT 0,1 1,28
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A standardization of how to perform the reviews is ne-
cessary when different pharmacists in different institu-
tions have to work with the same aim.
A record with a comprehensive classification of inter-

ventions is fundamental to reduce workload and main-
tain data about pharmacists’ work.
Technological tools are paramount for keeping the

programme sustainable and being able to confront an in-
crease in patients and their complexity.

Abbreviations
ASHP: American Society of Health-System Pharmacists; DRP: Drug Related
Problems; EARs: Health care teams attending nursing homes; HSS: Long-term
and subacute care hospitals; MAI: Medication Appropriateness Index

Acknowledgements
Not applicable.

Funding
There was not any funding support.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions
CM and MH designed the structure of the manuscript. CM wrote the
manuscript. CM, MH, AA, LP, BLl, LP and PA participated in the development
of the program. CM, MH, AA, LP, BLl, LP and PA made pharmaceutical
interventions and recollected data. CM, MH, AA, LP, BLl, LP and PA analysed
the data and discussed the results. CM, MH, AA, LP, BLl and LP read and
approved the final manuscript.

Ethics approval and consent to participate
This work is not registered as a clinical trial due that is refers to different
periods, with different approaches, during several years, and it is does not fit
with the requirements.
The Head of the Health Assistance Area of Grup Mutuam (Dr. J.Ballester) on
which the Pharmacy Service depends, as well as the Pharmacy and
Therapeutics Committee and the Heads of the different physicians were
informed of the activities developed by the pharmacists in the different
periods covered by the manuscript considered that not ethical approval was
necessary. It has to be taken into account that the activities described are
within the scope of the everyday work of pharmacists in Grup Mutuam, are
pharmacist’s competences and were not done directly to the patient.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1School of Health Sciences Blanquerna, University Ramon Llull, Padilla 326,
08025 Barcelona, Spain. 2Pharmacy Department, Grup Mutuam, Barcelona,
Spain. 3Pharmacy Department, HSS Mutuam Girona, Girona, Spain. 4Pharmacy
Department, HSS Mutuam Güell, Barcelona, Spain. 5Pharmacy Department
EARs Grup Mutuam, Barcelona, Spain. 6Pharmacy Department, Centre
Residencial La Creueta, Sabadell, Spain.

Received: 6 February 2018 Accepted: 3 December 2018

References
1. Brodie D. Societal needs for drugs and drug-related services. Am J Pharm

Educ. 1980;44:276–8.
2. Brodie D. The ninth annual rho chi lecture. Rep Rho Chi. 1973;39:6–12.
3. Helper CD, Strand LM. Opportunities and responsibilities in pharmaceutical

care. Am J Hosp Pharm. 1990;47:533–43.
4. American Society of Hospital Pharmacy. ASHP statement on pharmaceutical

care. Am J Hosp Pharm. 1993;50:1720–3.
5. American Society of Hospital Pharmacy. Implementing pharmaceutical care.

Am J Hosp Pharm. 1993;50:1585–656.
6. Chen TF. Pharmacist-led home medicines review and residential medication

management review: the Australian model. Drugs Aging [Internet]. 2016;
33(3):199–204 Available from: http://link.springer.com/10.1007/s40266-016-
0357-2.

7. Beuscart JB, Dalleur O, Boland B, Thevelin S, Knol W, Cullinan S, et al.
Development of a core outcome set for medication review in older patients
with multimorbidity and polypharmacy: a study protocol. Clin Interv Aging
[Internet]. 2017;12:1379–89 [cited 2017 Aug 31]. Available from: https://
www.dovepress.com/development-of-a-core-outcome-set-for-medication-
review-in-older-patie-peer-reviewed-article-CIA.

8. Ailabouni NJ, Nishtala PS, Tordoff JM. Examining potentially inappropriate
prescribing in residential care using the STOPP/START criteria. Eur Geriatr
Med. 2016;7(1):40–6.

9. Grion AM, Gallo U, Tinjala DD, Daragjati J, Loreggian M, Cardaci G, et al. A
new computer-based tool to reduce potentially inappropriate prescriptions
in hospitalized geriatric patients. Drugs Aging [Internet]. 2016;33(4):267–75
Available from: http://link.springer.com/10.1007/s40266-015-0340-3.

10. Gallagher J, O’Sullivan D, McCarthy S, Gillespie P, Woods N, O’Mahony D, et
al. Structured Pharmacist Review of Medication in Older Hospitalised
Patients: A Cost-Effectiveness Analysis. Drugs Aging [Internet]. 2016;33(4):
285–94 Available from: http://link.springer.com/10.1007/s40266-016-0348-3.

11. Tallon M, Barragry J, Allen A, Breslin N, Deasy E, Moloney E, et al. Impact of
the Collaborative Pharmaceutical Care at Tallaght Hospital (PACT) model on
medication appropriateness of older patients. Eur J Hosp Pharm Sci Pract
[Internet]. 2015:1–6 Available from: http://ejhp.bmj.com/lookup/doi/10.1136/
ejhpharm-2014-000511.

12. Pharmacists AS of H-S. ASHP guidelines on a standardized method for
pharmaceutical care. Am J Heal Pharm [Internet]. 1996;53:1713–6 Available
from: http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:ASHP
+Guidelines+on+a+Standardized+Method+for+Pharmaceutical+Care#0.

13. Hanlon JT, Schmader KE, Samsa GP, Weinberger M, Uttech KM, Lewis IK,
Cohen H. A method for assessing drug therapy appropriateness. J Clin
Epidemiol. 1992;45(10):1045–51.

14. Clopés A. Intervenciones farmacéuticas. In: Farmacia Hospitalaria- Tomo I
[Internet]; 2002. p. 113–44. Available from: www.sefh.es/bibliotecavirtual/
fhtomo1/cap1314.pdf.

15. Investigations C. American Geriatrics Society 2015 Updated Beers Criteria for
Potentially Inappropriate Medication Use in Older Adults. J Am Geriatr Soc
[Internet]. 2015;63:2227–46 Available from: http://doi.wiley.com/10.1111/jgs.13702.

16. Mestres C, Agusti A, Puerta L, Barba M. Prescription of potentially inappropriate
drugs for geriatric patients in long-term care: improvement through
pharmacist’s intervention. Eur J Hosp Pharm Sci Pract [Internet]. 2015;22(4):
198–201 Available from: http://ejhp.bmj.com/content/22/4/198.full.

17. Mestres C, Hernandez M, Llagostera B, Espier M, Chandre M. Improvement
of pharmacological treatments in nursing homes: medication review by
consultant pharmacists. Eur J Hosp Pharm. 2015;22(4):207–11.

18. Lavan AH, Gallagher P. Predicting risk of adverse drug reactions in older
adults. Ther Adv Drug Saf [Internet]. 2015;7(1):11–22 Available from: http://
taw.sagepub.com/content/7/1/11?etoc.

19. O’mahony D, O’sullivan D, Byrne S, O’connor MN, Ryan C, Gallagher P.
STOPP/START criteria for potentially inappropriate prescribing in older
people: version 2. Age Ageing. 2015;44(2):213–8.

20. Gallagher J, Stephen B, Woods N, Lynch Deirdre MS. Cost-outcome
description of clinical pharmacists interventions in a university teaching
hospital. BMC Health Serv Res. 2014;14:177.

21. Sach TH, Desborough J, Houghton J, Holland R. Applying micro-costing
methods to estimate the costs of pharmacy interventions: an illustration
using multi-professional clinical medication reviews in care homes for older

Mestres et al. BMC Geriatrics          (2018) 18:316 Page 7 of 8

http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:ASHP+Guidelines+on+a+Standardized+Method+for+Pharmaceutical+Care#0
http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:ASHP+Guidelines+on+a+Standardized+Method+for+Pharmaceutical+Care#0
http://www.sefh.es/bibliotecavirtual/fhtomo1/cap1314.pdf
http://www.sefh.es/bibliotecavirtual/fhtomo1/cap1314.pdf
http://ejhp.bmj.com/content/22/4/198.full
http://taw.sagepub.com/content/7/1/11?etoc
http://taw.sagepub.com/content/7/1/11?etoc


people. Int J pharm Pract [internet]. 2014:237–47 Available from: http://
www.ncbi.nlm.nih.gov/pubmed/25377218.

22. Mestres C, Agustí A, Hernandez M, Puerta L, Llagostera B. Estrategias de
optimización de la prescripción en el paciente geriátrico. In: 60 Congreso
SEFH; 2015.

23. Parameswaran Nair N, Chalmers L, Bereznicki BJ, Curtain CM, Bereznicki LR.
Repeat adverse drug reaction-related hospital admissions in elderly
Australians: a retrospective study at the Royal Hobart Hospital. Drugs Aging
[Internet]. 2017;34(10):777–83 Available from: http://link.springer.com/10.
1007/s40266-017-0490-6.

Mestres et al. BMC Geriatrics          (2018) 18:316 Page 8 of 8

http://www.ncbi.nlm.nih.gov/pubmed/25377218
http://www.ncbi.nlm.nih.gov/pubmed/25377218

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Period 2010–13: Inappropriate drug use in elderly
	Treatment revisions and recording of the interventions: 2013–15
	Improvement in the register and data evaluation: 2015–16
	Classification of the interventions
	Development of a business intelligence-based system


	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

