
International Journal of Pharmacy Practice, 2022, XX, 1–7
https://doi.org/10.1093/ijpp/riac061
Advance access publication 18 July 2022
Research Paper

© The Author(s) 2022. Published by Oxford University Press on behalf of the Royal Pharmaceutical Society. All rights reserved. For permissions, please 
e-mail: journals.permissions@oup.com

Received: 13 December 2021 Accepted: 1 July 2022

Cost-effectiveness analysis of implementing a secondary 
prevention programme in those patients who visited an 
emergency department for drug-related problems
Jesus Ruiz-Ramos1,*, , Ana Juanes-Borrego1, Mireia Puig-Campany2,   
Marta Blazquez-Andión2, Laia López-Vinardell1, Antonio Gilabert-Perramon3,   
Josep María Guiu-Segura3 and Maria Antonia Mangues-Bafalluy1 
1Pharmacy Department, Hospital de la Santa Creu i Sant Pau, Barcelona, Spain
2Emergency Department, Hospital de la Santa Creu i Sant Pau, Barcelona, Spain
3Pharmacy and Medicine Department, Consorci de Salut i Social de Catalunya, Barcelona, Spain
*Correspondence: Jesús Ruiz-Ramos, Servicio de Farmacia, Hospital de la Santa Creu i Sant Pau, Calle San Quintin 89, 08025 Barcelona, Spain.  
Tel: +34679131309; Email: jrzrms@gmail.com

Abstract 
Objective To evaluate the cost-effectiveness of a secondary prevention programme in patients admitted to the emergency department due to 
drug-related problems (DRPs).
Methods A decision model compared costs and outcomes of patients with DRPs admitted to the emergency department. Model variables and 
costs, along with their distributions, were obtained from the trial results and literature. The study was performed from the perspective of the 
National Health System including only direct costs.
Key findings The implementation of a secondary prevention programme for DRPs reduces costs associated with emergency department 
revisits, with an annual net benefit of €87 639. Considering a mortality rate attributable to readmission of 4.7%, the cost per life-years gained 
(LYG) with the implementation of this programme was €2205. In the short term, the reduction in the number of revisits following the programme 
implementation was the variable that most affected the model, with the benefit threshold value corresponding to a relative reduction of 12.4% 
of the number of revisits of patients with DRPs to obtain benefits.
Conclusions Implementing a secondary prevention programme is cost-effective for patients with DRPs admitted to the emergency department. 
Implementation costs will be exceeded by reducing revisits to the emergency department.
Keywords: adverse drug event; emergency care; polypharmacy; elderly; cost-effectiveness; health economics

Introduction
Drug-related problems (DRPs), defined as pharmacotherapy 
failure in patients owing to drug efficacy, safety or availability 
problems, are a major public health issue. Approximately 
5–10% of hospital admissions and 30% of emergency de-
partment (ED) visits are due to DRPs, and most cases are 
preventable.[1–4]

Several studies have demonstrated that the implementation 
of multidisciplinary programmes for the primary prevention 
of DRPs can be an effective strategy to reduce hospital ad-
mission.[5–7] However, the available evidence on the efficacy 
of secondary prevention programmes in patients who experi-
ence their first DRP episode is limited. Therefore, we designed 
a clinical trial in a public tertiary hospital to determine the ef-
fect of a multidisciplinary programme on patients with DRP-
related ED visits, whose results have been published recently.[8] 
Despite the multitude of studies that show the healthcare 
effects of these programmes, information on the efficiency of 
this programme is limited. The reduction in the number of 
hospital assistances secondary to the implementation of these 

multidisciplinary programmes implies a lower cost for the 
public health system.

Cost-effectiveness analyses are useful tools to guide the 
selection of efficient strategies for healthcare institutions 
and administrators. Thus, this study aimed to determine the 
cost-effectiveness of a secondary prevention programme for 
DRP-related ED visits by extrapolating patient data collected 
from the Medication Code trial.

Methods
In this study, we conducted a cost-effectiveness analysis 
of the implementation of a multidisciplinary healthcare 
programme for the secondary prevention of DRPs in patients 
attending an ED from a Catalan healthcare payer perspective. 
Specifically, the programme included a set of interventions 
at different healthcare levels (collectively referred to as 
‘Medication Code’) to reduce the 30-day ED revisits of 
patients with DRPs caused by medicines from the Anatomical 
Therapeutic Chemical (ATC) categories A (alimentary tract 
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and metabolism), B (blood and blood-forming organs) or C 
(cardiovascular system). The programme included activities 
aimed at improving the patient’s chronic prescriptions (inter-
view with the patient and a review of their chronic medication 
treatment), therapeutic adherence (including the delivery of 
written information about the medication treatment plan and 
a telephone consultation 48 h after discharge) and coordina-
tion between different healthcare levels (including sending an 
email to the next healthcare provider explaining the reason 
for the consultation and any changes in the medication treat-
ment). The control group received standard care in the ED, 
consisting of medication review and prescription validation.

The model was developed based on the results of 
the ‘Medicine Code’ Clinical Trial (Clinical Trials.gov: 
NCT03607097).[8] The characteristics of the patients in-
cluded in the clinical trial are described in Supplementary 
Table 3. According to these results, individuals who consult 
the hospital emergency services for DRPs are mainly 80.3 
(12.4) years old, were polymedicated (median, 9 [interquartile 
range (IQR) 6–12)], and had antithrombotic drugs of which 
the majority were involved in these episodes. Among the 769 
patients included in the analyses, 68 (8.8%) were readmitted 
within 30 days (control group, 40 of 386 [10.4%]; interven-
tion group, 28 of 383 [7.3%]). In the adjusted model, the 
incidence of hospital readmission was lower in the interven-
tion group than in the control group (odds ratio, 0.61 [95% 
confidence interval (CI), 0.37 to 0.97]; P < 0.046). Regarding 
the secondary variable, the frequency of ED revisits within 
30 days after discharge was 18.1% [70 of 386] in the control 
group and 14.9% [57 of 383] in the intervention group.

For the cost-effective analysis, an economic model was de-
veloped to determine the effects of the short-term (30 days) 
implementation of the programme in a 644-bed public ter-
tiary university hospital that attends 140 000 emergency 
cases per year, considering a frequency of 21% of DRP-
related ED, of which 36.4% are caused by medicines from 
therapeutic categories A, B or C.[9] For the present analysis, 
a patient identification loss rate of 30% was assumed. The 
model considered the context of the National Health System 

and included only direct medical costs (Table 1). The costs 
assumed for the implementation of the programme included 
the salaries of two full-time clinical pharmacists who special-
ized in the management of patients with DRPs.

A decision tree was developed to simulate the clinical pro-
gression of patients who visited the ED (Figure 1); accordingly, 
patients who attended the ED for DRPs caused by medicines 
in categories A, B or C could be either treated or not by the 
‘Medication Code’ programme. To simplify the model, the 
DRPs were considered mutually exclusive. As the study deter-
mined the effect of the programme after hospital discharge, 
the possible reduction in the patient’s length of hospital stay 
after the initial programme was not considered in the model.

An incremental cost-effectiveness ratio (ICER) analysis was 
performed on the ability of the programme to reduce ED visits. 
The ICER was calculated based on the costs assumed for the 
implementation of the programme in relation to the ED re-
visit cases with and without the programme. The cost per life-
years gained (LYG) was calculated based on the prevention 
of death after a DRP-related revisit, considering a mortality 
rate of 4.7% attributable to admission for DRPs and a mean 
age of 80.3 years on ED attendance according to the results 
of the clinical trial,[7] with the life expectancy of 90.2 years in 
patients aged 80 years in Spain.[13] Cost-effectiveness was de-
fined as a strategy that costs less than €27 000 per LYG based 
on the GDP per capita in Spain.[14, 15]

The final model was calculated using Microsoft Excel 
v.14.5.9. A univariate sensitivity analysis (tornado diagram) 
was performed to establish the short-term robustness of the 
model to variables with uncertainty, including the risk of re-
visit and readmission (50%), revisit-associated costs (20%), 
number of annual ED visits (5%), patient identification loss 
rate (50%) and rates of visits for DRPs caused by drugs in 
categories A, B or C (20%).

A probabilistic sensitivity analysis was also performed to 
analyse the costs per prevented DRPs and LYG. The variables 
included in the analysis were the risk of revisit and readmis-
sion (50%), associated costs (20%), number of annual ED 
visits (5%), patient identification loss rate (50%) and rates of 

Table 1 Costs and variables considered in the model 

Intervention group DRP code References

ED assistance fee (€) 185 185 [10]

Hospital admission fee (€) 3000 3000 [11]

Annual healthcare specialist salary (€) 0 59 284 [11]

Annual cost per all DRP code personnel (€) 0 118 568

ED revisit 14.9% 18.1% [8]

Hospital readmission 10.4% 7.3% [8]

Mortality 4.7% 4.7% [8]

Hospital days

 � Annual ED visits 144 000 144 000 [12]

 � % DRP as cause of ED visit 21.0% 21.0% [9]

 � % DRP caused by ATC categories A, B or C 36.4% 36.4% [9]

 � % Patients lost 30.0% 30.0%

Life of years gained

 � Mean age 80.1 80.1 [8]

 � Life expectancy (years) 85.4 85.4 [13]

Abbreviations: ATC, Anatomical Therapeutic Chemical classification; DRP, drug-related problems; ED, emergency department.
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visits for DRPs caused by drugs in categories A, B or C (20%). 
The variation in DRP-related mortality was considered 20%. 
The analysis was performed using a Monte Carlo simulation 
of the included uncertainty variables, simulating a cohort of 
1000 patients admitted to the ED, either after or before the im-
plementation of the programme. Each point estimate contains 
random values within the considered range. All variable 
distributions were considered to represent beta distributions. 
The considered distribution values are presented in Table 2.

Results
According to the results of the proposed model, the imple-
mentation of a secondary prevention programme for DRPs 
reduces the cost associated with ED revisits, with an annual 
net benefit of €87 639 (95% CI, 80 258 to 94 021), thus 

representing the most significant option. Considering a mor-
tality rate of 4.7% attributable to readmissions for DRPs, the 
cost per LYG with the implementation of this programme was 
€993.35 (95% CI, 572 to 1514), being considered a cost-ef-
fective strategy.

The results of the univariate analysis are shown in Figure 
2. In the short term, the reduction in the number of revisits 
resulting from the programme implementation was the vari-
able that most affected the model, with the benefit threshold 
value corresponding to a relative reduction of 12.4% of the 
number of revisits for DRPs to obtain the benefits of the 
programme. The results of the probabilistic sensitivity anal-
ysis are shown in Figure 3 for the cost per prevented revisit 
and Figure 4 for the cost per LYG. The acceptability curve 
showed a greater than 90% probability that the model would 
be cost-effective for €3000 (Figure 5).

Figure 1 Short-term decision model with the probability coefficients assigned to each branch. DRP, drug-related problem; ED, emergency department.
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Discussion
According to the proposed model, the implementation of a 
multidisciplinary programme to prevent revisits in patients 
with DRPs who attended the ED is a cost-effective strategy. 
With a decision-maker’s willingness to pay €3000 for an addi-
tional LYG, there was a 90% probability of being cost-effec-
tive relative to the control for the self-reported health status 
measure. A high variability in the frequency of DRP-related 
ED visits and results from a single centre are the main limi-
tations of the model. However, the similarity in the results to 
those of other published studies and the sensitivity analysis 
strengthened the present findings.

To the best of our knowledge, this study is the first to 
show that a secondary prevention programme for DRPs has 
an economic benefit for the healthcare system. However, 
our study has some limitations. First, there is an important 
variability in the frequency of DRP-related ED visits, af-
fecting the efficiency of the model presented. Second, the 
model was designed based on the results of a single-centre 

clinical trial. The results obtained with the implementation 
of DRP prevention programmes varied in terms of hospital 
revisits and readmissions.[16] However, the results obtained 
in the reference clinical trial are similar to those obtained 
by Ravn-Nielsen et al.[5] with a similar intervention model. 
Therefore, we consider that the proposed economic 
model has sufficient clinical evidence. Nevertheless, the 
interventions performed at discharge for pharmacotherapy 
optimization programmes are very heterogeneous in dif-
ferent hospitals; therefore, the results of other interventions 
that do not fit the model used in this clinical trial require 
economic analysis. Moreover, the phenomenon of ED 
revisits is a complex issue that is affected by the structure 
of the healthcare system. To account for this variability, we 
included various cases in the sensitivity analysis, consid-
ering a variation in the reduction in hospital revisits and 
readmissions and 50% loss in patient identification. With 
this variation, we have included a range of values in which 
most cases could be found.

Table 2 Probability values and fixed values applied during the probabilistic sensitivity analysis

Name Data distribution Initial value considered Point estimate of probability Range (low–high)

Hospital readmission reduction Beta 50.0% 29.8% 14.9–44.7%

Revisit reduction Beta 50.0% 17.6% 8.8–26.4%

Annual visits to the ED Gamma 5.0% 144 000 136.800–151.200

Annual visits to the ED for DRPs Beta 20.0% 21.0% 16.8–25.2%

DRPs caused by ATC categories A, B or C Beta 20.0% 36.4% 29.1–43.6%

DRP mortality Beta 20.0% 4.7% 3.8–5.6%

Patients lost Beta 50.0% 30.0% 15.0–45.0%

Annual cost of DRP code implementation Gamma €89 000 €89 000 €89 000

Cost per ED visit Gamma €185 €185 €185

Cost per hospitalization Gamma €3000 €3000 €3000

Abbreviations: ATC, Anatomical Therapeutic Chemical classification; DRP, drug-related problem; ED, emergency department.

Figure 2 Results of a short-term univariate analysis. Each horizontal line represents how the variation of the variables affects the final result obtained 
in the model (−125 207€). The variations considered were risk of revisits and readmission (50%), associated costs (20%), number of annual visits to 
the emergency department (5%), percentage of losses in patient identification (50%), percentage of visits caused by drug-related problems of ATC 
categories A, B or C (20%).
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DRPs are growing public health concerns in an increas-
ingly polymedicated population,[17] with a significant effect 
on health and consumption of healthcare resources. Several 
studies have shown that DRP prevention programmes can 

reduce both the number of hospital admissions and health-
care costs.[15] The results of our clinical trial support these 
findings, demonstrating that a secondary DRP prevention 
programme reduces both the number of ED revisits and 

Figure 3 Incremental costs versus revisits prevented.

Figure 4 Incremental costs versus life-years gained (LYG).
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hospital readmissions. However, as with any health interven-
tion, a cost-effectiveness analysis is an important aspect when 
deciding the implementation of DRP prevention programmes.

Many published reports have confirmed the economic 
benefit of the implementation of primary DRP preven-
tion programmes.[16–19] These studies have shown that 
these programmes might not require additional resources. 
However, to date, no published studies have complete 
pharmacoeconomic models of these interventions, often con-
sidering only interventions associated with reducing the treat-
ment cost and without appropriate sensitivity analyses. There 
are also no reports on the benefits of the implementation of 
a secondary DRP prevention programme that is coordinated 
by an ED.

Our study demonstrates that a set of measures at different 
care levels provide a significant economic benefit. The poten-
tial benefits of this programme include not only a reduction 
in the number of ED revisits but also an improvement in the 
quality of life of the patients. Several studies have shown an 
improvement in the quality of life using a programme for 
chronic treatments,[20–22] which is a benefit to be considered 
after the investment made. However, the results of the clinical 
trial did not include this aspect in this group of patients, not 
allowing an analysis of quality-adjusted years. Whether this 
is deemed cost-effective is dependent on the funder’s ‘willing-
ness to pay’ for the health outcomes gained. GDP has been 
used to consider the programme proposed as cost-effective. 
Several authors have criticized the use of this parameter to 
assess the value-for-money of an intervention, and different 
alternatives based on health opportunity cost using local data 
should be considered to make coverage decisions.[23]

Although the current analysis provides economic informa-
tion that supports the implementation of the ‘Medication 
Code’ as a secondary prevention programme, a specific 
healthcare system is still needed to evaluate the feasibility 
and local cost ramifications of adopting this programme 

in different institutions. Costs will depend on the number 
of patients who attended the ED which is influenced by 
the number of patients who consult the emergency serv-
ices for DRP, a variable influenced by the type of popula-
tion reference in the health area. The modification of our 
model can assist in hospitals considering implementing this 
programme. On the contrary, owing to the context used to 
calculate the cost (Catalan Health System) and considering 
the high variability in the salaries of clinical pharmacists 
and healthcare costs between countries, the economic 
results in our study cannot be directly extrapolated to other 
contexts and should be adjusted to each healthcare system. 
However, the results of this study are consistent to ensure 
that the implementation of this programme is a highly ef-
ficient strategy, especially in EDs with a high rate of DRPs, 
resulting from a high-risk population or poor health care at 
other care levels.

Conclusions
DRPs are emerging health problems given the increase in 
the number of polymedicated individuals. Therefore, devel-
oping interventions that minimize their effect on patients 
and healthcare systems is necessary. The results of our study 
strongly support investing in a secondary DRP prevention 
programme at different healthcare levels, which is considered 
a cost-effective strategy.

Supplementary Material
Supplementary data are available at International Journal of 
Pharmacy Practice online.
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Figure 5 Predicted proportion of cost-effective services at the incremental willingness to pay per LYG. The incremental cost-effectiveness of 
implementing a ‘Medication Code’ programme was calculated and compared with the standard to compute an incremental cost-effectiveness ratio.
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