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ABSTRACT
Background  The resolution of potential drug-
related problems is a priority of pharmaceutical care 
programmes.
Objectives  To assess the clinical impact on drug-
related negative outcomes of a pharmaceutical care 
programme focusing on the resolution of potential drug-
related problems, initiated in the emergency department 
for patients with heart failure (HF) and/or chronic 
obstructive pulmonary disease (COPD).
Methods  Controlled trials, in which older adults (≥65 
years) receiving four or more medications admitted 
to the emergency department for ≥12 hours for 
worsening of HF and/or COPD were randomised (1:1) 
to either a pharmaceutical care programme focusing on 
resolving potential drug-related problems initiated at 
the emergency department (intervention group (IG)) or 
standard care (control group). Comparisons between the 
groups were made for the proportion of patients with 
drug-related negative outcomes, number of drug-related 
negative outcomes per patient, mean stay, patients 
readmitted within 180 days and 180-day mortality.
Results  118 patients were included, 59 in each group. 
Fewer patients in the IG had drug-related negative 
outcomes (37 (62.7%) vs 47 (79.7%) in the control 
group (p=0.042)). Fewer drug-related negative outcomes 
per patient occurred in the IG (56 (0.95 per patient) vs 
85 (1.44 per patient) in the control group (p=0.01)). The 
mean stay was similar between groups (194.7 hours in 
the IG vs 242.5 hours in the control group (p=0.186)). 
No difference in revisits within 180 days was found (32 
(54.24%) in the IG vs 22 (37.3%) in the control group 
(p=0.065)). 180-Day mortality was detected in 11 
(18.6%) patients in the IG compared with 13 (22%) in 
the control group (p=0.647).
Conclusion  A pharmaceutical care programme focusing 
on resolving potential drug-related problems initiated 
at the emergency department has a favourable clinical 
impact, as it reduces the number and prevalence of drug-
related negative outcomes. No difference was found 
in other outcome variables.  Trial registration number 
NCT02368548.

Introduction
Populations in more developed countries are ageing 
rapidly. It is estimated that 34% of the people in 
Europe will be older than 60 years by 2050.1 Ageing 
is strongly associated with multiple morbidities 
and increased use of medications. Polypharmacy, 

defined as the practice of administering multiple 
medications over a prolonged period, is considered 
a risk factor for geriatric syndrome and recognised 
as linked to increased risk of drug-related negative 
outcomes (DNO), defined as health problems that 
patients experience due to drug use or non-use.2

There is strong evidence that morbidity related to 
DNO is a major health problem in Western coun-
tries. In a meta-analysis evaluating 35 prospective 
studies, Lazarou et al3 ranked DNO between the 
fourth and sixth cause of in-hospital death. Up to 
38% of emergency department (ED) visits are asso-
ciated with DNO, of which up to 70% are avoid-
able.4–6 Furthermore, DNO are directly responsible 
for 16–19% of hospital admissions in Spain, and 
over half of these DNO are considered preventable.7

Prevention and resolution of potential drug-re-
lated problems are priorities for pharmaceutical 
care programmes. Several studies have assessed the 
impact of pharmaceutical care programmes in areas 
of care other than the ED. In these studies, resolu-
tion of potential drug-related problems was associ-
ated with a decrease in the prevalence of DNO8 and 
readmissions.9 10 To the best of our knowledge, the 
extent to which the resolution of potential drug-re-
lated problems may affect  clinical outcomes, such 
as prevalence of DNO, mortality, or the  number 
of readmissions to the ED, is yet to be explored. 
The few studies focusing on EDs have shown a 
reduction  in the number of potential drug-related 
problems following the implementation of specific 
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pharmaceutical care programmes.11–13 However, these studies 
did not evaluate the correlation between the decrease in poten-
tial drug-related problems and the occurrence of negative clin-
ical outcomes.

Pharmaceutical care services aiming to resolve potential 
drug-related problems should prioritise patients with conditions 
known to have a stronger effect on health outcomes and health-
care expenditure. Heart failure (HF) and chronic obstructive 
pulmonary disease (COPD) are prevalent chronic conditions 
related to comorbidity, polypharmacy, DNO and frequent exac-
erbations.14 15

This study aimed to assess the clinical impact on DNO of a 
pharmaceutical care programme focusing on the resolution of 
potential drug-related problems, initiated in the ED for patients 
with chronic HF and/or COPD.

Methods
Trial design
Randomised controlled trial, which involved patients who were 
allocated in a 1:1 ratio to participate in a pharmaceutical care 
programme initiated at the ED centred either  on the resolu-
tion of potential drug-related problems (intervention group) or 
administered as standard care (control group). Neither patients 
nor healthcare professionals were blinded to the treatment 
group, in accordance with the nature of the intervention.

Participants
Patients who met the following criteria were eligible for inclu-
sion: 65 years or older, length of stay in ED longer than 12 hours, 
decompensation of HF and/or COPD and polypharmacy (four 
or more drugs). Institutionalised patients and those with severe 
cognitive deficits or mental illness documented in the medical 
record were excluded.

The study protocol was reviewed and approved by the ethics 
committee of the Hospital de la Santa Creu i Sant Pau. The study 
procedures complied with the ethical principles set out in the 
Declaration of Helsinki. All participants were informed about the 
aims and characteristics of the study and agreed to participate by 
written informed consent. The study was registered in the Clini-
calTrials registry (trial registration number NCT02368548).

Randomisation
Randomisation was performed by the hospital’s pharmacology 
department using SPSS V.18 (SPSS, Chicago, Illinois,  USA) to 
create a dedicated application to randomise patients to one of 
the of two study groups (distribution 1:1). The application used 
a seed obtained by rolling two dice to select the row and column 
from a random-number table; therefore, while replicable but 
unpredictable, the series was perfectly balanced between groups 
in 10-case blocks.

Random patient selection was carried out between 2 January 
2012 and 26 February 2013. Assessment of eligibility and ulte-
rior distribution across groups was conducted chronologically 
by the pharmacist according to the randomisation scheme. The 
impact of seasonal variations was considered to be minimal 
owing to the 12-month duration of the study and the randomi-
sation process.

Study setting
The study was conducted in a tertiary referral hospital from 
Catalonia, Spain, serving about 437 000 inhabitants, with 
an annual volume of approximately 150 000 ED admissions 
(including adult/general ED, paediatric ED, psychiatric ED and 

gynaecology and obstetrics ED), 68 000 adult/general ED admis-
sions and 34 000 hospital admissions.

Intervention
The intervention consisted of a pharmaceutical care programme 
focusing on the resolution of potential drug-related problems, 
from admission to ED until discharge (figure 1).

Implementation of the programme was exclusively conducted 
by the same clinical pharmacist for the intervention group. The 
curricular characteristics of this pharmacist were chosen so that 
they could be extrapolated to most pharmacists working at an ED 
in Spain: hospital pharmacist specialist, clinical skills in chronic 
care management and emergency procedures, demonstrated 
by 5 years’ experience. The pharmaceutical care programme 
comprised the following steps:
1.	 Obtaining and recording the medication chart. As part of this 

process, the pharmacist confirmed, by interviewing the pa-
tient or caregiver, the medication taken at home as listed in 
the electronic health records.

2.	 Medication reconciliation in each of the care transitions. 
Medication reconciliation is defined by the Institute for 
Healthcare Improvement as ‘the process of creating the most 
accurate list possible of all medications a patient is taking—
including drug name, dosage, frequency and route—and 
comparing that list against the physician’s admission, trans-
fer and/or discharge orders, with the goal of providing cor-
rect medications to the patient at all transition points within 
the hospital’.

3.	 Medicine review and validation of physician prescrip-
tions during the stay at the ED and during hospitalisation. 
This consisted of reviewing the following aspects of the pa-
tient’s medication: (a) the indication for each medication 
in relation to the patient’s condition and (b) the appropri-
ateness of each medication, dose, schedule, duration of the 
treatment for the patient’s age and/or clinical status (renal 
function  or liver function). In addition, therapeutic drug 
monitoring was performed for drugs with a narrow thera-
peutic range.

4.	 Patient follow-up. This consisted of evaluation of the effec-
tiveness and safety of the treatment according to standard 
clinical practice and patients’ objective data from clinical re-
cords.

5.	 Provision of additional written information at discharge, 
with clear indications for drug therapy regimen using soft-
ware tools provided by the Catalan Drug Information Centre 
(CedimCat).16

When potential drug-related problems were detected, the 
prescribing physician was informed by means of the electronic 
health record. The pharmacist reported the problem causing this 
problem and proposed an alternative prescription that would be 
available for the health team in the electronic health record.

Potential drug-related problems that, after having been 
relayed to physicians, generated a change in medical prescrip-
tion according to the recommendations given by the pharmacist 
in less than 24 hours after the pharmacist advice were considered 
resolved potential drug-related problems.

Patients in the control group received standard pharmaceu-
tical care, initiated at admission to the ward and consisting of 
medication review and prescriptions' validation, analogous to 
step 3 in the intervention group.

Only resolved potential drug-related problems detected in 
the  pharmaceutical care programme were recorded. Resolved 
potential drug-related problems were classified according to 
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the Third Consensus of Granada.17 The Anatomical Thera-
peutic Chemical (ATC) Classification System code of the drugs 
involved in the resolved potential drug-related problems was 
also recorded.

Outcomes
Variables likely to modify the effects of medication, such as age, 
sex, number of medications being taken, number of chronic 
conditions, hypertension, diabetes mellitus, dyslipidaemia, atrial 
fibrillation, ischaemic heart disease, renal failure and Charlson 
index were recorded at admission.

Final outcome variables collated in our study included:
1.	 DNO defined as health problems that patients experience 

owing to drug use or non-use.2 In both groups, DNO were 
detected by retrospective revision of the electronic health 
record after discharge. We defined DNO as events specifi-
cally pointed out in the electronic health record or any of 
the following situations previously defined by an indepen-
dent physician: (a) poor glycaemic control—that is, glucose 
≥180 or ≤50 mg/dL in men or ≤45 mg/dL in women; (b) 
poor blood pressure control—that is, systolic blood pressure 
≥160 or ≤90 mm Hg and/or diastolic blood pressure ≥90 or 
≤50 mm Hg caused by either the administration or failure to 
administer the patient’s regular antihypertensive medication 
when the route of administration as prescribed was tolerat-
ed and the treatment was clinically indicated; (c) poor anti-
coagulation control—that  is, (c.1) international normalised 

ratio above or below the target therapeutic range; (c.2) 
pulmonary embolism and venous thromboembolism; (c.3) 
haematoma in patients with anticoagulation; (c.4) bleeding 
in patients with anticoagulation; (d) poor control of serum 
potassium—that is, K+ ≤3.5 mmol/L or K+ ≥5.1 mmol/L; (e) 
poor heart rate (HR) control—that  is, HR ≥120 beats/min 
or HR ≤45 beats/min at rest in patients receiving treatment 
with negative chronotropic drugs.
In addition, we recorded the ATC code of the drug involved 
in the DNO and the negative health outcome caused in the 
patient. 

2.	 Patients readmitted within 180 days to the same ED and/or 
to the hospital ward: patients readmitted owing to decom-
pensation of HF and/or exacerbation of COPD within 180 
days after inclusion in the study.

3.	 Mean stay: duration, in hours, of the patient’s hospital stay 
from ED admission to discharge from the ED or the hospital 
ward.

4.	 Mortality at 180 days: this is confirmed through review of 
the clinical history 180 days after inclusion in the study.

Sample-size calculation
The sample size was calculated considering a statistical power of 
80% and a statistical significance level of 5%.

According to the literature, it is likely that there would be 
potential drug-related problems that needed to be resolved 
in both the intervention and control groups. It was estimated 

Figure 1  Intervention description. ED, emergency department; PDRP, potential drug-related problems.
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that the prevalence of resolved potential drug-related problems 
might be up to 35% and 10% of the patients in  the interven-
tion4 and control18 groups, respectively. We assumed that 10% 
of patients would be lost to follow-up. On the basis of these 
values, we calculated a sample size of 45 patients was needed in 
each of the study groups.

Statistical analysis
Frequencies, proportions, means, SD and cross-tabulations were 
used for the descriptive analysis. t-Tests for independent data 
where used to compare the mean number of DNO and mean 
hospital stay between the groups. Chi-square tests were used 
to compare DNO, admissions/readmissions to the same ED 
and/or the same hospital and 180-day mortality. All tests were 
two-tailed and significance was set at p<0.05. We used SPSS 
version 18 (SPSS Inc, Chicago, IL, USA) for all analyses.

Results
Participant flow
A total of 118 patients were included between 2 January 2012 
and 26 February 2013: 59 in each of the intervention and control 
groups (figure  2). One patient fulfilling the inclusion criteria 
was not included owing  to very poor short-term prognosis. 

Recruitment ended when the calculated sample was reached. 
The follow-up period finished on 24 August 2013.

Baseline data
Baseline characteristics of patients in the two study groups were 
similar, except in the case of dyslipidaemia, which was more 
prevalent in the intervention group (table 1).

Outcomes and estimations
The pharmaceutical care programme conducted in the inter-
vention group resolved 82 potential drug-related problems 
(PDRP) in 43 (72.9%) patients—an average of 1.39 PDRP per 
patient. Most of these PDRP (n=54, 65.9%) were detected 
during the medication reconciliation process. More than half 
of the PDRP (n=49, 59.8%) involved drugs labelled as one of 
the following three first-level ATC codes: 28 drugs (34.1%) 
labelled as code C (cardiovascular system), 11 drugs (13.4%) 
as code B (blood and blood-forming organs) and 10 drugs 
(12.2%) as code A (alimentary tract and metabolism) (table 2).

Through retrospective analysis of the electronic health record, 
we detected overall 56 DNO (0.95 per patient) in the interven-
tion group and 85 DNO (1.44 per patient) in the control group 
(p=0.01). If distributed by patients, DNO were detected in 37 
(62.7%) patients in the intervention group versus 47 (79.7%) in 

Figure 2  Participant flow ED: emergency department.
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the control group (p=0.042). Table 3 summarises the distribu-
tion and types of DNO, as well as the ATC first-level code for 
the drugs involved.

The mean hospital stay in the intervention group was 
194.7 hours in the intervention group versus   242.5 hours in 
the control group (p=0.186). Moreover, 32 (54.2%) patients 

in the intervention group had been subsequently admitted to 
hospital throughout the 180 days after being first admitted for 
HF/COPD decompensation, compared with 22 (37.3%) in the 
control group (p=0.065).

Mortality at 180 days was detected in 11 (18.6%) patients in 
the intervention group compared with 13 (22%) patients in the 
control group (p=0.647).

Discussion
We found that the participants attending the ED with exacer-
bation of COPD and HF were mostly old, multimorbid adults 
with polypharmacy. It is particularly noticeable that 80% of the 
study participants admitted to the ED were later transferred to 
a hospital ward, while the usual percentage among all-cause 
admissions is only 10%.19 This result, along with the high risk 
for DNO seen  in the study population,20 reinforces the need 
to explore the potential benefits of programmes focusing on 
the resolution of potential drug-related problems in patients 
presenting to the ED with COPD or HF.

Our findings show that a large number of potential drug-re-
lated problems can be  resolved by the pharmacist for elderly 
patients with polypharmacy, as found in previous investigations 
on this group of patients conducted at other EDs across Spain13 
and in areas of care other than the ED as shown by Patterson et 
al in their review update in 2014.21 The considerable frequency/
number of resolved potential drug-related problems obtained 
through implementation of a pharmaceutical care programme 
at the ED could be explained by several characteristics inherent 
to this type of hospital department: high turnover of patients, 
diversity and complexity of comorbid conditions, non-pro-
grammable attendance, 24-hour shifts, frequent prescription of 
high-risk medications, rapid changes in patient clinical status, 
high number of interruptions and distractions in a changing 
environment22 and  the selection of patients with COPD and 
HF since these individuals are known to be at higher risk for 
DNO. Carrying out a  medication reconciliation process after 
an interview with the patient has been shown to be a key tool 
for the resolution of potential drug-related problems, accounting 
for more than half of the resolutions. The prevalence of poten-
tial drug-related problems related to medication reconciliation 
found in our study was similar to the findings reported by Kent 
et al23 and de Andrés-Lázaro et al.24

Table 1  Patients’ demographic and baseline clinical characteristics

Intervention group
(n=59)

Control group
(n=59) p Value*

n (%) mean (SD) n (%) mean (SD)

Age (years) 80.0 (6.6) 80.0 (6.9) 0.082

Patients admitted to hospital
wards

52 (88.1)
53 (89.8) 0.77

Sex (female) 28 (47.5) 31 (52.5) 0.58

No. of medications taken regularly at home 10.5 (3.5) 10.0 (3.3) 0.763

No. of chronic health problems 5.5 (2.4) 5.3 (2.2) 0.361

Charlson index 6.8 (1.6) 6.7 (1.8) 0.161

Hypertension 41 (69.5) 40 (67.8) 0.8

Diabetes mellitus 26 (44.1) 26 (44.1) 1

Dyslipidaemia 26 (44.1) 15 (25.4) 0.03†

Atrial fibrillation 25 (42.4) 20 (33.9) 0.34

Chronic renal failure 14 (23.7) 15 (25.4) 0.8

Ischaemic heart disease 18 (30.5) 10 (16.9) 0.08

*p refers to results from chi-squared test or t-test
†Statistically significant differences (p<0.05).

Table 2  Description of the resolved PDRP with the pharmaceutical 
care programme

Categories of PDRP* N (%)

Health problem insufficiently treated 39 (47.6)

Inappropriate dose, dosage schedule and/or duration 24 (29.3)

Interactions 6 (7.3)

Duplicity 3 (3.7)

Wrongly administered drug 1 (1.2)

Other 9 (11.0)

ATC Group of the active ingredient involved in the resolved PDRP

A (Alimentary tract and metabolism) 10 (12.2)

B (Blood and blood-forming organs) 7 (8.5)

C (Cardiovascular system) 27 (32.9)

C/G (Cardiovascular system)/(Genitourinary system and sex 
hormones) 1 (1.2)

G (Genitourinary system and sex hormones) 3 (3.7)

J (Anti-infective agents for systemic use) 5 (6.1)

B/J (Blood and blood-forming organs)/(Anti-infective agents for 
systemic use) 4 (4.9)

L (Antineoplastic and immunomodulating agents) 3 (3.7)

M (Musculoskeletal system) 3 (3.7)

N (Nervous system) 6 (7.3)

R (Respiratory system) 6 (7.3)

S (Sensory organs) 4 (4.9)

V (Various) 3 (3.7)

Procedures followed to detect PDRP

Elaboration and record DTC/medication reconciliation 
(admission) 37 (45.1)

Medication reconciliation (discharge)/supplying information 
(discharge) 17 (20.7)

Physician prescription validation/patient follow-up 28 (34.1)

*PDRP according to the Third Consensus of Granada17 classification (n=82).
DTC, drug treatment chart; PDRP, potential drug-related problem.
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In our study, resolving potential drug-related problems through 
the implementation of a pharmaceutical care programme led to 
a remarkable decrease in the prevalence and average number of 
DNO, resulting in a clinically favourable impact on drug-related 
negative outcomes. However, the prevalence of DNO observed 
in the intervention group was still considerable and the reso-
lution of potential drug-related problems did not result in a 
statistically significant impact on admissions/readmissions, mean 
stay and 180-day mortality, which may be partly explained by 
the highly complex needs and poor prognosis of most patients 
admitted to the ED.

The clinical impact of pharmaceutical care programmes 
focusing on multimorbid adults with polypharmacy has been 
previously assessed in areas of care other than the ED. Unfortu-
nately, the evidence is limited and conflicting.

In  a pilot randomised controlled trial with 41 patients in 
the USA, Koehler et al25 used a composite variable combining 
hospital readmissions and ED visits to evaluate a pharmaceutical 
care programme that differed from ours in two minor respects: 
(1) it included a telephone call to patients 1 week after discharge, 
and (2) it attended to patients within 24 hours of admission to 
the hospital, but not patients in the ED. They found a lower rate 
of hospital readmissions/ED visits within 30 days in the interven-
tion group, but not within 60 days. In a larger study with 674 
patients, Leendertse et al26 evaluated the impact of a pharma-
ceutical care programme integrated into a multidisciplinary team 
in a primary care environment in the Netherlands. They found 

no statistically significant differences in mortality, quality of life 
or DNO. In Denmark, Olesen et al27 found no differences in 
mortality or hospital readmissions between the group of patients 
visited in their homes by a pharmacist and followed up by tele-
phone for a year, compared with the control group receiving 
standard care.

Special attention should be paid to the negative outcomes 
related to the pharmacological treatments detected in our study 
as specific actions could be developed to deal with these problems 
hereafter. Poor glycaemic control was the most common problem, 
accounting for 40% of total DNO in both groups. This result may 
be explained by the lack of a general protocol for the manage-
ment of hyperglycaemia at the ED when the study was carried out. 
Our findings also showed a relevant prevalence of DNO related 
to poor control of blood pressure and coagulation in the control 
group, particularly in comparison with the results in the interven-
tion group. There is some evidence to support multidisciplinary 
pharmaceutical care interventions in primary care to improve 
blood pressure28 29 and anticoagulation control.30 However, to our 
knowledge, there are no studies assessing the impact of pharma-
ceutical care programme interventions on the latter clinical vari-
ables in a context similar to ours.

Limitations of the study
This study has some limitations. First, geographical differences 
in healthcare services, including professional roles, management 

Table 3  Distribution of DNO in the intervention and control groups

Intervention group, N (%)
(n=59)

Control group, N (%)
(n=59) p Value*

Drug-related negative outcomes

Poor glycaemic control 23 (39.0) 24 (40.7) 0.849

Poor blood pressure control 6 (10.2) 19 (32.2) 0.003†

Poor control of serum potassium 6 (10.2) 8 (13.6) 0.569

Poor coagulation control 5 (8.5) 14 (23.7) 0.024†

Plasma digoxin outside the normal range 3 (5.1) 3 (5.1) 1

Pain 4 (6.8) 3 (5.1) 0.697

Nephrotoxicity 1 (1,7) 3 (5.1) 0.309

Poor heart rate control 2 (3.4) 3 (5.1) 0.648

Headache 1 (1.7) - 0.315

Somnolence 1 (1.7) - 0.315

Metabolic alkalosis 1 (1.7) - 0.315

Vomiting 1 (1.7) 0.315

Cognitive decline - 1 (1.7) 0.315

Diarrhoea - 1 (1.7) 0.315

Acute urinary retention - 1 (1.7) 0.315

Constipation - 1 (1.7) 0.315

ATC Group of the drug involved in DNO

A (Alimentary tract and metabolism) 25 (42.4) 27 (45.8) 0.711

B (Blood and blood-forming organs) 5 (8.5) 13 (22.0) 0.041†

C (Cardiovascular system) 14 (23.7) 27 (45.8) 0.012†

G (Genitourinary system and sex hormones) - 2 (3.4) 0.154

J (Anti-infective agents for systemic use) 1 (1.7) 1 (1.7) 1

M (Musculoskeletal system) 2 (3.4) 2 (3.4) 1

N (Nervous system) 3 (5.1) 3 (5.1) 1

R (Respiratory system) 1 (1.7) - 0.315

(-) refers to variables in which no cases were found.
*p refers to results from chi-squared test.
† Statistically significant differences (p<0.05).
 DNO, Drug-related negative outcomes.
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of patients with chronic disease in primary care, access to certain 
medications or the operation of the ED itself, may lead to alter-
native outcomes. However, since our programme included the 
most common activities conducted by pharmacists at this level, 
we believe there would not be many differences if applied else-
where. Second, the control and intervention groups were statis-
tically similar for most variables, except  for the prevalence of 
dyslipidaemia. Dyslipidaemia is a cardiovascular risk factor with 
an impact on specific health outcomes in the long term but it has 
no known association with DNO.20 Hence, the relevance of this 
difference is expected to be negligible. Third, a single pharmacist 
was responsible for the implementation of the programme and 
the assessment of results, which might have led to observer bias. 
However, as the outcomes were detected by retrospective revi-
sion of the unmodifiable electronic heath record, this bias would 
be minimised. Also, use of a single pharmacist in the study might 
have caused interference at various levels, such as a potentially 
closer relationship with other professionals at the ED, and better 
knowledge of the protocols. In contrast, providing this type of 
care by a team of pharmacists might cause variations owing to 
different capabilities and different degrees of implementation. 
Using a team of pharmacists is a feature worth exploring in 
future studies, although we do not believe that the  individual 
capabilities of hospital pharmacists will have a major effect on 
the care provided as  in Spain they follow a 4-year residency 
programme that provides a uniform qualified specialisation.

Conclusion
A pharmaceutical care programme focusing on the resolution 
of potential drug-related problems results in a significant reduc-
tion in the prevalence of patients experiencing DNO and also in 
the average number of DNO per patient. For variables such as 
patients readmitted within 180 days, mean stay or mortality, the 
impact of the programme remains unclear. Further research is 
needed to assess the cost-effectiveness associated with the imple-
mentation of such programmes to ensure the most beneficial 
pharmaceutical care services at the ED.
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