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SUMMARY
Objectives: Andalusian Health Service (AHS) established the
RP4 program, based on the review of potential prescription
problems (PPPs) in order to improve patient’s safety. Some
of these PPPs are related to kidney damage (PPPKDs). The
main objective of this study is to evaluate the percentage
of acceptance of the pharmaceutical intervention (PI) developed in a Health Management Area (HMA) for reducing
PPPKDs. We also aimed to describe these PPPKDS and to
analyze the evolution of these data between 2015-2019.
Methods: Retrospective study conducted by the Pharmacy
Service of an HMA which offers health coverage to 406,768
patients. All the PPPKDs detected in these patients were included. Data were collected through an AHS Web Application. A descriptive analysis of variables was developed.

Results: In 2019, 466 PPPKDs (involving 460 patients) were
detected. Overall percentage of acceptance of the PI was
90.7% and, according to type of PPPKD, was: 92.8% for
NSAIDs duplication, 90.7% for double renin-angiotensinaldosterone system (RAAS) blockade and 89.8% for triple
Whammy.
During 2015-2019, detected PPPKDs have decreased from
634 to 466, and the percentage of acceptance has been
adequate every year.
Conclusion: The acceptance of the PI, framed in the RP4
program, was optimal. The number of PPPKDs detected has
decreased and the percentage of acceptance has remained
elevated during the study period, which would support the
utility of this program for the improvement of patients’ safety.
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Intervención multidisciplinar para reducir los
posibles problemas de prescripción relacionados
con el daño renal en pacientes crónicos
RESUMEN
Objetivos: El Sistema Andaluz de Salud
(SAS) estableció el programa RP4, basado en la revisión de potenciales problemas de prescripción (PPPs) a fin de
mejorar la seguridad de los pacientes. Algunos de los PPPs están relacionados con
el daño renal (PPPKDs). El objetivo principal de este estudio es evaluar el porcentaje de aceptación de la intervención
farmacéutica (PI) llevada a cabo en un
Área de Gestión Sanitaria (HMA) para reducir los PPPKDs. Otros objetivos son

describir estos PPPKDs y analizar la evolución de estos datos entre 2015-2019.
Métodos: Estudio retrospectivo desarrollado por el Servicio de Farmacia de un
HMA que ofrece atención sanitaria a
406.768 pacientes. Todos los PPPKDs
detectados en estos pacientes se incluyeron. Los datos se rcogieron a través de
una aplicación web del SAS. Se realizó
un análisis descriptivo de las variables.
Resultados: En 2019, se detectaron
466 PPPKDs (involucrando a 460 pacientes). El porcentaje global de acep-

tación de la PI fue del 90,7% y, según
el tipo de PPPKD, fue: 92,8% para la
duplicidad de AINEs, el 90,7% para el
doble bloqueo del eje renina-angiotensina-aldosterona (RAAS) y del 89,7%
para la triple Whammy.
Durante 2015-2019, los PPPKDs detectados han descendidio de 634 a 466 y
el porcentaje de aceptación ha sido
adecuado cada año.
Conclusión: La aceptación de la PI, enmarcada en el programa RP4, ha sido
óptima. El número de PPPKDs detectado
ha descendido y el porcentaje de aceptación se ha mantenido elevado durante
el periodo de estudio, lo que podría avalar la utilidad de este programa para mejorar la seguridad de los pacientes.

Palabras clave: Prescripción de medicamentos, seguridad del medicamento, estudio de intervención, AINEs, eje
renina-angiotensina-aldosterona.
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INTRODUCTION
The Andalusian Health Service (AHS) established in 2012 a
patient’s safety program (called RP4)1, which is based on the
review of potential prescription problems (PPPs), in order to
reduce the total number of prescriptions in polymedicated
patients and some possible adverse effects related to those
prescriptions, thus improving patient’s safety. In addition, this
program can serve as a support tool for a more adequate
prescription of certain drugs/pharmacological groups.
These PPPs are classified according to the different safety problems which can appear during these treatments,
such as potential kidney damage. Potential prescription problems related to kidney damage (PPPKDs) are based in concomitant prescriptions of certain drugs which association is
considered potentially nephrotoxic.
Non-steroidal anti-inflammatory drugs (NSAIDs) are widely used in clinical practice2. However, several studies have
found that the continued administration of these drugs,
even more if combined, may contribute to the development
of renal dysfunction2,3.
Renin-angiotensin-aldosterone system (RAAS) inhibitors
are also considered as nephrotoxic drugs because of a higher
incidence of acute renal failure (ARF) and hyperkalemia have
been observed when two of them had been administered
concomitantly4-6.
Diuretics also have nephrotoxic potential, especially associated with other drugs such as NSAIDs or RAAS inhibitors2.
Many authors have defined the association of a RAAS inhibitor + a diuretic + a NSAID as “triple Whammy”, demonstrating the ability to trigger ARF in different clinical situations4,5,7.
Pharmacists’ notification of these PPPs to the physicians
every year aims to improve the safety of the patients who
are treated in the AHS. It could be possible if a good acceptance is obtained and detected PPPs are solved.
The main objective of this study, framed within the RP4
program, is to evaluate the percentage of acceptance of the
pharmaceutical intervention (PI) about PPPKDs developed in
a Health Management Area (HMA).
In addition, two secondary objectives are established:
- To describe the PPPKDs detected in this population.
- To evaluate the utility of the RP4 program, by analyzing
the evolution (2015-2019) of the number of PPPKDs detected and the response of the physicians to the PI.
METHODS
Retrospective study conducted by the Pharmacy Service of
a HMA, composed by a specialty hospital and 34 healthcare
services, which offers health coverage to 406,768 patients.
All the PPPKDs detected in these patients were included.
Three PPPKDs were defined:
1. NSAIDs duplication: concomitant prescription of two or
more NSAIDs during a period longer than two months.

2. Double RAAS blockade: concomitant prescription of an
angiotensin-converting enzyme (ACE) inhibitor plus an angiotensin-II receptor blocker (ARB) or an ACE inhibitor/ARB plus
another different RAAS inhibitor.
3. Triple Whammy: concomitant prescription of one NSAID,
one diuretic and one RAAS inhibitor.
Annually, the Pharmacy Service participates in the RP4 program according to the following procedure:
1. The AHS send to the Pharmacy Service a list of the patients affected by PPPs.
2. This patients’ list is made available to doctors through
an AHS Web Application, through which a response to the PI
is requested to these professionals.
3. Later, prescribers start to review notified prescriptions.
This study analyzes the physicians’ response to the PI and
the PPPKDs detected during 2019. In addition, it also analyzes
the evolution of the detected PPPKDs and the physicians’ response to PI, between 2015 and 2019.
Demographic variables [age, polymedication (yes/no)]
from patients affected by PPPKDs in 2019 were collected. Patients were considered as polymedicated when they had more
than five concomitant prescriptions.
The percentage of acceptance of the PI was established
as main variable.
For analyzing this variable, three categories were defined:
1. Modified prescription: when the physician suspended
or adapted the treatment, achieving the resolution of the PPP.
2. Justified prescription: when the physician decided to
maintain the initial prescription because it was considered
appropriate for the patient’s clinical situation.
3. Non-reviewed prescription: when physicians did not
send any feedback.
Accepted PI was considered when notified PPPKDs had
been reviewed by the physicians (justified or modified prescriptions).
Four secondary variables were established: Physicians’
reasons for justifying/modifying prescriptions, number and
type of PPPKDs detected between 2015-2019 and physician’s
response to the PI during 2015-2019.
Data were collected through an AHS Web Application.
A descriptive analysis of variables was developed. For quantitative variables, mean and standard deviation were calculated. For qualitative variables, measures of absolute,
relative frequency and percentages were used. Analyses
were performed using the statistical package IBM SPSS Statistic®.
RESULTS
The PI developed during 2019 addressed 460 patients involved in 466 PPPKDs, with a mean age of 65.8±14.3 years
and a percentage of polymedication of 55.7%. Basal characteristics of the study population are shown in table 1.

Table 1. Basal characteristics of the study population (2019)
PPPKD1

% overall detected
PPPKDs1 (n)

Age, mean ± standard
deviation

% polymedicated
patients (n)

NSAIDS2 duplicity

20.8% (n=97)

51.3 ± 13,0

85.7% (n=84)

Double RAAS blockade

41.4% (n=193)

68.7 ± 15.0

63.9% (n=124)

Triple Whammy

37.8% (n=176)

68.9 ± 10.7

65.3% (n=115)

3

PPPKD: potential prescription problem related to kidney damage; NSAIDs: non-steroidal anti-inflammatory drugs;
RAAS: renin-angiotensin II-aldosterone system.
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Table 2. Physicians’ response to the pharmaceutical intervention (2019)
NSAIDS2
duplicity
n/N (%)

Double RAAS3
blockade
n/N (%)

Triple
Whammy
n/N (%)

Overall
PPKDs4

% modified
prescriptions

76/97
(78.4%)

114/193
(59.1%)

127/176
(72.2%)

317/466
(68.0%)

% justified
prescriptions

14/97
(14.4%)

61/193
(31.6%)

31/176
(17.6%)

106/466
(22.7%)

Overall percentage of
acceptance of the PI1

90/97
(92.8%)

175/193
(90.7%)

158/176
(89.8%)

423/466
(90.8%)

% non-reviewed
prescriptions

7/97
(7.2%)

18/193
(9.3%)

18/176
(10.2%)

43/466
(9.2%)

Physicians’ response to PI1

Accepted PI1

Non-accepted PI1

PI: pharmaceutical intervention; 2NSAIDs: non-steroidal anti-inflammatory drugs; 3RAAS: renin-angiotensin II-aldosterone
system; 4PPPKDs: potential prescription problem related to kidney damage.
1

Table 3. Physician’s response: justified prescriptions (2019)

Reason

Justified prescriptions
(N=106)
NSAIDs1 duplicity
n/N (%)

Double RAAS2
blockade n/N (%)

Triple Whammy
n/N (%)

Prescription from another doctor

6/14 (42.9%)

28/61 (45.9%)

11/31 (35.5%)

Sporadic use of this drugs combination

3/14 (21.4%)

18/61 (29.5%)

8/31 (25.8%)

Needed prescription
(Favorable benefit/risk balance)

–

12/61 (19.7%)

8/31 (25.8%)

Other reasons

5/14 (35.7%)

3/61 (4.9%)

4/31 (12.9%)

NSAIDs: non-steroidal anti-inflammatory drugs; 2RAAS: renin-angiotensin II-aldosterone system.

1

The overall percentage of acceptance of the PI was
90.7%. The percentage of acceptance according to type of
PPPKD was 92.8% for NSAIDs duplication, 90.7% for double RAAS blockade and 89.8% for triple Whammy. Tables
2-4 details doctors’ response to PPPKDs.
During 2015-2019, an annual mean of 530.6±64.8
PPPKDs was detected, present in a mean of 526.4±64.3 patients. The most frequently detected problem was the double
RAAS blockade. Table 5 collects PPPKDs detected every year.
The percentage of acceptance of the PI between 20152019 was 91.8%±1.9. The evolution of the physicians’ response to the PI during the study period is shown in figure 1.
All these drugs combinations have widely demonstrated
their ability to precipitate ARF or to worse chronic renal failure2. In addition, the mean age of the affected patients is
over to 65 years and more than a half are polymedicated,
so this fragile population could have previous renal dysfunction and/or additional prescription of other nephrotoxic
drugs not included in this study.
In this study, the overall acceptance of the PI is optimal
and higher than acceptance rates observed in other papers8,9. The lowest percentage of acceptance is observed for
the triple Whammy, probably because doctors priorize to
review another PPPKDs based on drugs duplications, which
are more frequently related to prescription mistakes. However, a high percentage of the reviewed prescriptions for triple Whammy was modified and, in most cases, the NSAID
was withdrawn. This could be explained because the treatment with one diuretic plus one RAAS inhibitor is indicated
in several cardiovascular pathologies according to main cli-

nical practices guideline10,11, although this association has
been related by other authors with a high percentage of development of out-of-hospital ARF7.
The most detected PPPKD among our study population
was double RAAS blockade. Many physicians justified the
prescription of two RAAS inhibitors because one of them
was captopril, an ACE inhibitor with rapid action and short
half-life, which is prescribed for punctual use in hypertensive
crisis12,13.

Figure 1. Evolution of the physicians’ response to the
pharmaceutical intervention (2015-2019)
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PPI: percentage of acceptance of pharmaceutical intervention; MP: % modificied prescriptions; JP: % justified prescriptions; N-RP: % non-reviewed
prescriptions.
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Table 4. Physician’s response: modified prescriptions (2019)

Reason

Justified prescriptions
(N=317)
NSAIDs1 duplicity
n/N (%)

Double RAAS2
blockade n/N (%)

Triple Whammy
n/N (%)

NSAIDs1 withdrawal

76/76 (100%)

–

94/127 (74.0%)

ACE3 inhibitor withdrawal

–

81/114 (71.1%)

–

ARB4 withdrawal

–

24/114 (21.1%)

–

Diuretic withdrawal

–

–

5/127 (3.9%)

Other modification

–

9/114 (7.9%)

28/127 (22.0%)

1NSAIDs: non-steroidal anti-inflammatory drugs; 2RAAS: renin-angiotensin II-aldosterone system; 3ACE: angiotensin converting
enzyme; 4ARB: angiotensin II receptor blocker.

Table 5. Annually detected potential prescription problems related to kidney damage in study population (2015-2019)
Year

Number of
detected PPPKDs1

Number of
involved patients

NSAIDs2 duplicity
n/N (%)

Double RAAS3
blockade
n/N (%)

Triple Whammy
n/N (%)

2015

634

628

80/634
(12.6%)

377/634
(59.5%)

177/634
(27.9%)

2016

540

536

87/540
(16.1%)

292/540
(54.1)

161/540
(29.8%)

2017

525

523

107/525
(20.4%)

259/525
(49.3%)

159/525
(30.3%)

2018

488

485

95/488
(19.5%)

240/488
(49.2%)

153/488
(31.4%)

2019

466

460

97/466
(20.8%)

193/466
(41.4%)

176/466
(37.8%)

PPPKD: potential prescription problem related to kidney damage; 2NSAIDs: non-steroidal anti-inflammatory drugs;
RAAS: renin-angiotensin II-aldosterone system.

1
3

Twelve prescriptions of double RAAS blockade were justified because the patient had an uncontrolled clinic situation. Although this association is not widely recommended
for safety reasons, some authors have observed better efficacy data when an ACE inhibitor and an ARB are associated
in patients with heart failure, although an increased renal
toxicity has been documented6.
Regarding the percentage of acceptance among NSAIDs
duplication, most of prescriptions were modified, so it could
be translated into an improvement of patients’ safety.
Throughout the study period (2015-2019), the number
of PPPKDs detected has decreased and the acceptance of
the PI has remained elevated, which highlights the utility of
the RP4 program to serve as a support tool for the prescription of drugs from these pharmacological groups.
As limitations of the study, to highlight that, since the
review phase is developed a few months after the pharmacist`s notification, some of the PPPKDs detected may have
been previously solved or new PPPKDs may have appeared
and they will not be detected until next year. In addition, in
order to assess the real utility of the RP4 program with greater evidence, it might be convenient to analyze other parameters in the study population to verify that these
modifications in prescription really have a positive impact
on patients’ health.

CONCLUSION
Taking into account the above limitations, we can conclude
that the acceptance of the PI, framed in the RP4 program,
is adequate. The number of detected PPPKDs has decreased
and the percentage of acceptance has remained elevated
over the years, which would support the utility of this program for the improvement of patients’ safety. However, in
order to achieve a greater decrease in the number of detected PPPKDs, other complementary activities focused on
prescribers could be implemented.
Conflict of interests: The authors declare that they do not
present a conflict of interest.
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