Farm Hosp. 2016;40(3):165-171

Farmacia

ORGANO OFICIAL DE EXPRESION CIENTIFICA DE LA SOCIEDAD ESPANOLA DE FARMACIA HOSPITALARIA

How to cite this article/Como citar este articulo:

Garcia Marco D, Hernandez Sanchez MV, Sanz Marquez S,

Pérez Encinas M, Fernandez-Shaw Toda C, Jiménez Cerezo MJ, et al.
Comparison of the traditional pharmaceutical validation method versus an
assisted pharmaceutical validation in hospitalized patients.

Farm Hosp. 2016;40(3):165-171.

ORIGINALES

Comparison of the traditional pharmaceutical validation method
versus an assisted pharmaceutical validation in hospitalized

patients

D. Garcia Marco’, M. V. Hernadndez Sanchez?, S. Sanz Marquez?, M. Pérez Encinas?,
C. Fernandez-Shaw Toda', M. J. Jiménez Cerezo?, J. M. Ferrari Piquero® and

M. Martinez Camacho*

"Hospital Nacional de Parapléjicos, Toledo. 2Hospital Universitario Fundacion Alcorcén. *Hospital Universitario 12 de Octubre,

Madrid. “Hospital Virgen Valle, Toledo. Spain.

Abstract

Objective: To analyze pharmaceutical interventions that have
been carried out with the support of an automated system
for validation of treatments vs. the traditional method without
computer support.

Method: The automated program, ALTOMEDICAMENTOS®
version 0, has 925052 data with information regarding
approximately 20000 medicines, analyzing doses, administra-
tion routes, number of days with such a treatment, dosing in
renal and liver failure, interactions control, similar drugs, and
enteral medicines. During eight days, in four different hospitals
(high complexity with over 1000 beds, 400-bed intermediate,
geriatric and monographic), the same patients and treatments
were analyzed using both systems.

Results: 3,490 patients were analyzed, with 42155 different
treatments. 238 interventions were performed using the tra-
ditional system (interventions 0.56% / possible interventions)
vs. 580 (1.38%) with the automated one. Very significant
pharmaceutical interventions were 0.14% vs. 0.46%; signi-
ficant was 0.38% vs. 0.90%; non-significant was 0.05% vs.
0.01%, respectively. If both systems are simultaneously used,
interventions are performed in 1.85% vs. 0.56% with just the
traditional system. Using only the traditional model, 30.5% of
the possible interventions are detected, whereas without ma-
nual review and only the automated one, 84% of the possible
interventions are detected.

* Autor para correspondencia.

Comparacion entre el método de validacion
farmacéutica tradicional versus validacion farmacéutica
asistida en pacientes hospitalizados

Resumen

Objetivo: Analizar las intervenciones farmacéuticas realizadas
con el apoyo de un sistema automatico de validacién de trata-
mientos vs. el método tradicional sin apoyo informatico.
Metodos: El programa automatizado, ALTOMEDICAMEN-
TOS® version 0, cuenta con 925.052 celdas con informacién
de aproximadamente 20.000 medicamentos, analizando do-
sis, vias de administracion, dias de tratamiento, dosificacion
en insuficiencia renal y hepdtica, control de interacciones, de
medicamentos semejantes y de medicamentos por via enteral.
Durante ocho dias distribuidos en cuatro hospitales diferentes
(alta complejidad con méas de 1.000 camas, intermedio de 400
camas, geriatrico y monogréafico), los mismos pacientes y trata-
mientos se analizaron mediante los dos sistemas.

Resultados: Se han analizado 3.490 pacientes diferentes con
42.155 tratamientos. Por el sistema tradicional se han reali-
zado 238 intervenciones (0,56% intervenciones/posibles inter-
venciones) vs. 580 (1,38%) con el automatizado. Las interven-
ciones farmacéuticas muy significativas fueron 0,14 vs. 0,46%,
las significativas 0,38 vs. 0,90%, las no significativas 0,05 vs.
0,01%. Las intervenciones fueron del 1,85% al utilizar los dos
sistemas vs. 0.56% usando solo el sistema tradicional. El siste-
ma tradicional detectd el 30,5% de las posibles intervenciones,
sin embargo con el sistema automatico se detectaron el 84%
de dichas intervenciones.
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Conclusions: The automated system increases pharmaceutical
interventions between 2.43 to 3.64 times. According to the
results of this study the traditional validation system needs to
be revised relying on automated systems. The automated pro-
gram works correctly in different hospitals.

KEYWORDS
Automation; Medication review; Decision support; Drug
prescriptions; Medications errors; Clinical alarms
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Introduction

During the late 20" century, validation of the medical
prescription in hospitalized patients was performed by a
pharmacist who analyzed the prescribed treatments for
a patient using professional criteria and, in a few cases,
using computerized help systems in order to improve the
use of medicines. Nowadays, this is changing, towards a
greater pharmaceutical integration in the medical team
using computerized physician order entry’.

In the UK, medical errors constitute approximate-
ly 20% of medical malpractice claims, and associated
costs could be higher than 750 million pounds a year. It
is advisable to check the dose, frequency, drug adminis-
tration route, as well as drug interactions, especially in
children. This also indicates that patients require monito-
ring and regular medication review?.

In the EMOPEM Study (Multicenter Study for the Pre-
vention of Medication Errors), medication errors were
analyzed in 26 Spanish hospitals over a four year period:
the error rate was higher for non-automated prescrip-
tions than for automated prescriptions. The risk of medi-
cation errors by non-automated prescriptions in the four
year study was 2.4; 3.38; 6.01 and 14.97 times greater
than when the prescription was automated?.

In the report “To Err is Human”, healthcare costs (di-
rect medical costs) of adverse events comprise about 4%
of total health expenditures in the United States*. Howe-
ver, in Utah's case the report indicates it is 5%. In both
cases, about half of the healthcare costs were due to pre-
ventable medical errors®. In a study by the FDA evalua-
ting fatal medication errors from 1993-1998, the most
common errors, in 41% of cases were caused by the ad-
ministration of an inadequate dose or the wrong drug®.

In Spain, according to an ENEAS study, the percen-
tage of medication errors in specialized care was 3%,
while in primary care, according to the APEAS study?®,
5.38% of errors were caused by the misuse of drugs.

Medication errors are unfortunately very high, so it is
necessary to implement automated systems to decrease
errors, such as computer-assisted prescription systems,
which may help on prescriptions based on patient’s clini-
cal data, or automated systems to assist pharmaceutical
validation.

Conclusiones: La automatizacion multiplica entre 2,43 a 3,64
veces las intervenciones farmacéuticas. En base a los resultados
de este estudio el sistema tradicional de validacién deberia ser
modificado, apoyandose en sistemas automatizados. El pro-
grama automatico funciona en diferentes hospitales.

PALABRAS CLAVE

Automatizacion; Revision de la medicacion; Soporte de decision;
Prescripcion de medicamentos; Errores de medicacién; Alarmas
clinicas
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Currently, there are no available databases that review
the individual profile of the 20,000 drugs marketed in
Spain, although there are specific experiences of drugs
included in hospitals formulary® and pharmaceutical
databases of drugs primarily marketed in the USA that
analyze patients with renal failure or adverse events'™.

The ALTOMEDICAMENTOS® program is a database
of relevant information about medications that can help
the pharmacist in error detection and improve pharma-
ceutical treatments.

The aim of this study was to analyze the traditional
pharmaceutical interventions validation system versus
pharmaceutical interventions using the support of an
automated system (ALTOMEDICAMENTOS® program) to
control: 1) Dosage, as a medicine as well as active ingre-
dient; by administration route and age (children, adults,
elderly); 2) Alert days; 3) Administration routes for active
ingredient and for medicines for human use; 4) Renal
failure (creatinine value or not solely based on age); 5)
Liver failure; 6) Interactions; 7) Therapeutic duplicity; 8)
Enteral Drug administration and 9) Minimum required
dose. Our hypothesis is that assisted is superior to tradi-
tional validation system in the number of interventions.

Methods

The project was carried out in several different types
of hospitals so that the results would cover different
types of treatments and subsequently be extrapolated to
other hospitals: High complexity with over 1,000 beds,
400-bed General Hospital, Geriatric Hospital and Mono-
graphic Hospital. All participating hospitals used Farma-
tools® software.

The design has been a cross over prospective study.
All patients, whose treatment was computerized in unit
dose, were analyzed, either by electronic prescription
from the doctor or by transcription at the Pharmacy De-
partment. The same patients, using the same treatments,
were analyzed using both methods: traditional observa-
tional detection without automatic support versus de-
cision-making support system ALTOMEDICAMENTOS®.
The calculated sample size was 250 patients (p < 0.05
with an estimate of double effect between one branch
and another), though, for an appropriate extrapolation



Comparison of the traditional pharmaceutical validation method versus...

Farm Hosp. 2016;40(3):165-171 - 167

for different levels of care, patients of 8 non-continuous

days were included, ie, separated in time, from the four

different hospitals.

The primary variable consisted of the pharmaceutical
interventions carried out with and without the support
of an automated database and the statistical analysis
was undertaken with a McNemar test.

ALTOMEDICAMENTOS® database, software version 0
contains:

e 549,521 data with information on 26,133 drugs re-
garding high dosage for adults and children (from in-
fants to 12 years old)

¢ 105,063 data with the administration route dosage of
each of the active ingredients marketed in Spain, with
the doses in different units of measurement according
to prescriptions for such active ingredients.

e 4,279 data with information regarding dosage in re-
nal failure for 1,069 active ingredients.

e 7,300 data with information regarding a prolonged
prescription depending on the active ingredient and
route administration prescribed

e 198,029 data with information about marketed drugs
and their active ingredients.

e 21,505 data with information from drug interactions.

e 953 data with information from 237 active ingre-
dients in liver failure dosage.

e 38,402 data with information on 5,847 drugs that
cannot be administered via enteral tubes or that are
to be administered with caution, given the characte-
ristics of the drug (pharmaceutical specialty).

The ALTOMEDICAMENTOS® program has been crea-
ted by a hospital pharmacist, who is responsible for con-
tinuous updating. It is a complex program that contains
high amounts of data to assist in identifying problems
and errors in patient treatment prescription, the infor-
mation of this database has been obtained from diffe-
rent primary, secondary, and tertiary sources:

1) High or maximum dose control

The program consists of a database with high or
maximum authorized dosage for adults based on the
technical data approved by the AEMPS(Spanish Agen-
cy for Medicines and Health Products) or by the EMA
(European Medicines Agency); although for old drugs,
for which this information does not exist, the medicine
is analyzed in terms of the approved prospectus. If daily
care needs indicate that values expressed above are not
up to date, then values in clinical practice are used.

Elevated pediatric doses were determined based on
pediatric literature, since the data sheets do not always
contain this information or are not up to date for this
group of patients. The following information sources
were used: British National Formulary for Children?, Pe-
diatric Dosage Handbook', and the technical specifica-
tions of the AEMPS and EMA.

In addition to Kg per patient weight dosage, the dose
for the 80™ percentile of weight for each age group
from neonates to the age of 12 was calculated. There-
fore if there is no registered child weight (currently there
is no Spanish healthcare system that requires a child’s
weight to be indicated when prescribing a medication)
the program will detect the error by having the possi-
bility to calculate the high dose for the 80™ percentile
of children of that age. The 80" percentile was chosen
to avoid excessive alerts that would occur with a lower
percentile.

Dosage control is performed both by medicines for
human use, as well as by active ingredient depending on
their administration route.

Il) Alert Days control

Alert Days control will detect a treatment prescribed
during a long period of time (iv antibiotics, methotrexa-
te, vaccines ...), and therefore allows for the detection of
errors as well as follow-up therapy.

lll) Administration route control

Administration routes of active ingredients as well as
medicines for human use are analyzed for the recom-
mended routes, with a warning if an undescribed admi-
nistration route is used.

IV) Renal Failure control

Renal Failure control examines the dosage of approxi-
mately 1,000 active ingredients according to the degree
of patient renal function.

It also calculates the real or estimated rate of glo-
merular filtration (in case of unavailability of creatini-
ne) of all patients. The estimate is made by choosing
between different kinds of mathematical formulas, al-
though CKD-EPI (Chronic Kidney Disease Epidemiology
Collaboration)™, Cockcroft-Gault and MDRD4 (Dialysis
Renal Disease Modification 4)'> are usually the most
standard used.

V) Liver failure control

Over 200 active ingredients , that might be modifi-
cated in liver failure, are analyzed cross-checking them
with bilirubin values; the Child-Pugh'® score of the pa-
tients could also be used.

VI) Interaction control

Clinically relevant interactions of patients are analyzed,
using information from relevant interactions from Stoc-
kley 2013, top 100 interactions 2012 and data sheets
or recommendations of regulatory agencies (Competent
Authority, EMA). The results are classified as significant
and very significant.
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VII) Therapeutic duplicity control

Therapeutic drug duplicity is analyzed by active in-
gredient, detecting whether a patient has similar active
ingredients within the fourth level of the ATC classifi-
cation (Anatomical Therapeutic Chemical Classification
System)®.

VIIl) Enteral medicines control

This control analyses medicines that must not be ad-
ministered via an enteral tube: around 5,800 pharma-
ceutical products should not be administered through
an enteral tube or, if administration is necessary, with
special precautions

IX) Minimum dose control

When a low dose is prescribed, either in adults or pe-
diatrics, a warning will appear.

The procedure undergone was to analyze the same
patients and treatments using both systems: first, a ma-
nual treatment review is performed and then, late in the
morning, the automatic control one. This is done so to
avoid knowing beforehand which interventions are aler-
ted by the ALTOMEDICAMENTOS® program. All inter-
ventions were carried out by the same pharmacist resi-
dents, and staff pharmacists who usually review medical
prescriptions. One limitation to bear in mind is that du-
ring the analysis of interventions, the automated system
might obtain worse results, since there might be errors
that would have been previously modified with the ma-
nual system and have been detected and corrected be-
fore that of automated system. As such, prior manual
interventions that led to changes in treatment and sub-
sequently would have appeared in automatic control,
were analyzed independently. To correct this error, the
information was expressed as it was, and moreover as if
prior to the automated control, the treatment would not
have been modified.

Interventions were classified according to the signifi-
cance code:

Table 1. Percentage of interventions per possible interventions

— "very significant”: Intervention to increase the effec-
tiveness and / or toxicity and provide an important
increase in the quality of care;

— “Significant”: Intervention to improve patient care
and provide an increase in the quality of care;

— “Indifferent or negligible”: Intervention that does not
produce changes in patient care?®,

Results

3,490 patients with 42,155 different pharmaceutical
treatments were analyzed in a non-continuous 8-day
period. The same treatments of patients were reviewed
using both methods: 238 pharmaceutical interventions
(0.56% =interventions / possible interventions) were
performed with the traditional observation system; 160
(0.38%) significant, 58 (0.14%) very significant and 20
(0.05%) did not produce clinical significance in the pa-
tient although some may be efficient (therapeutic ex-
change, for example).

With the support of the automated system, there
were 580 pharmaceutical interventions (1.38%): 378
(0.90%) significant, 196 (0.46%) very significant and 6
(0.01%) not clinically significant. Some possible inter-
ventions of the ALTOMEDICAMENTOS® program were
initially lost because the pharmacist had previously chan-
ged the treatment, but this was corrected by calculating
the total interventions.

Total interventions with the ALTOMEDICAMENTOS®
program were calculated taking into account those
that were identified and modified by the pharmacist
prior to the automated review. In total there were
655 interventions (1.55%); 420 (1%) significant, 229
(0.54%) very significant and 6 (0.01%) were not clini-
cally significant.

Given the 780 interventions performed, 38 alerts
matched in both the automated and manual review. If
both the traditional and automated systems are used,
the interventions undertaken by the pharmacist are mul-
tiplied by 3.27; increasing from 238 interventions throu-
gh traditional observation to 780 in combination. If we

Traditional System

Automated System

42155 possible interventions interventions %

interventions %

McNemar Tests  Difference (IC)

Total interventions 238 0,56 580 1,38 p =0.0000 (0] 608801 94)
I~ . . 0,33

Very significant interventions 58 0,14 196 0,46 p =0.0000 (0,25-0,41)
- . . 0,52

Significant interventions 160 0,38 378 0,90 p =0.0000 (0,4-0,63)
Non-significant interventions 20 0,05 6 0,01 =0.006 0.03

9 ' ' p=" (0,01-0,06)

Bhapkar Test p = 0.0000, McNemar Test for directional change p = 0.0000
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compare only the type of interventions that the program
makes, eliminating the therapeutic exchanges or those
due to manual prescription, allergies..., the interventions
increase from 180 to 655. In our case interventions mul-
tiplied by 3.64.

Different interventions regarding the possible situa-
tions that were analyzed are presented in tables 1-4.

To summarize, on the basis of very significant or sig-
nificant interventions, the differences between manual

and automated procedures of ALTOMEDICAMENTOS®
program were statistically significant in favor of the au-
tomated system. Only the non-clinically significant in-
terventions were somewhat greater on some occasions
with the traditional method, mainly because the ALTO-
MEDICAMENTOS® program does not perform therapeu-
tic exchanges.

The automation with the ALTOMEDICAMENTOS® pro-
gram multiplies pharmaceutical interventions between

Table 2. Percentage of interventions per possible interventions adding those that would have been automatically detected

Traditional System

Automated System

42155 possible interventions interventions %

interventions %

McNemar Tests  Difference (IC)

. . 0,99
Total interventions 238 0,56 655 1,55 p = 0.0000 (0,87-1.11)

Very significant interventions 58 0,14 229 0,54 p = 0.0000 0,41
' ! ’ (0,33-0,48)

Significant interventions 160 0,38 420 1,00 p = 0.0000 0o
' ' ’ (0,51-0,72)

Non-significant interventions 20 0,05 6 0,01 p = 0.006 D0
' ' ’ (0,01-0,06)

Bhapkar Test p = 0.0000, McNemar Test for directional change p = 0.0000

Table 3. Percentage of interventions per possible interventions, comparing only those interventions analyzed by the

program: no manual prescriptions, exchange therapy or allergies

Traditional System

Automated System

42155 possible interventions interventions %

interventions %

McNemar Tests  Difference (IC)

1,13

Total interventions 180 0,43 655 1,55 p = 0.0000 (1,02-1,25)
Very significant interventions 54 0,13 229 0,54 = 0.0000 Az
ys9 ' : p=" (0,34-0,49)
o : : 0,71
Significant interventions 122 0,29 420 1,00 p = 0.0000 (0,6-0,81)
Non-significant interventions 1 0,00 6 0,01 p=0.1250 ol
! ! ‘ (0-0,03)

Bhapkar Test p = 0.0000, McNemar Test for directional change p = 0.0000

Table 4. Percentage of interventions per possible interventions if the traditional system and automated system is used

together verses use of just the traditional system

Traditional System

Automated System

42155 possible interventions interventions %

interventions %

McNemar Tests  Difference (IC)

. : 1,29
Total interventions 238 0,56 780 1,85 p = 0.0000 (1.18-1.4)
Very significant interventions 58 0,14 246 0,58 p = 0.0000 Of
! ! ’ (0,37-0,52)
Significant interventions 160 0,38 508 1,21 = 0.0000 e
g : ' p=0. (0,73-0,92)
Non-significant interventions 20 0,05 26 0,06 =0.0313 o
9 ' : p=v. (0-0,03)

Bhapkar Test p = 0.0000, McNemar Test for directional change p = 0.0000
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2.43 and 3.64 times, thus reducing medication errors
and improving treatment safety and quality of care.

Using the traditional method, 30.5% of the possible
interventions were detected. Using the automated re-
view alone, with no manual review, 84% of the possible
interventions were detected.

Discussion

The Preamble of the WHO Collaborating Centre for
Patient Safety Solutions?' defines Patient Safety Solu-
tions as: "Every system design or intervention that has
demonstrated the ability to prevent or mitigate harm
to the patient, from health care processes”. This paper
considers the implementation of automated systems to
reduce the potential for medical errors, wherever feasi-
ble. In the pharmaceutical field, computer software pro-
grams have been designed to either help prescriptors or
to support clinical decisions regarding laboratory values
or other clinical situations®".

According to the report “Evolution Implementation
of Safe Practices Regarding Drug Use in Spanish Hospi-
tals” (2007-2011)??, certain key practices are being im-
plemented in order to minimize medication errors, such
as the incorporation of new technologies in information
and communication, electronic prescription systems, de-
cision support for clinical decisions, and electronic record
management. In this report changes in electronic pre-
scribing percentages (31.7% in 2007 to 60.3% in 2011)
are shown; the availability of updates and support sys-
tems to electronic prescription or, if hospitals do not have
it, the use of preprinted prescriptions (25.8% to 45.5%).
They also indicate a wider incorporation in hospitals of
these new technologies, which have proven to be very
effective in reducing medication errors. The change in
alerts for health professionals regarding overdosing and
under-dosing of all high-risk medications increased from
31.4% to 40.5%, although this section refers only to
high-risk medications, not all prescribed medications,
so it is necessary to advance in controlling all the med-
ication prescribed to the patient. These data imply that
given the computerization of treatments, it is feasible to
work in a high percentage of hospitals with automatic
validation support systems for medical treatments.

The traditional review system by treatment obser-
vation must be modified to improve efficiency. In our
case, the differences between the traditional system and
the result of an automated pharmaceutical validation
support system shows particularly notable differences,
multiplying pharmaceutical interventions between 2.43
to 3.64 times, and thus preventing adverse events related
to medications. These important differences may be due
to the service overload inherent in the traditional model
of reviewing hundreds or thousands of treatments in a
short amount of time. In addition, the time spent by the
pharmacist on prescription control is less than that spent

by the traditional method, though this time has not yet
been measured in the traditional method. The automa-
ted system spent 6 min and 44 sec to undergo such con-
trol on 3,584 treatment from 320 patients.

Traditional treatment control made by a pharmacist
based only on their knowledge to validate it, may be
greatly improved with technological resources, and is
not in line with the times, in which automated systems
can provide improvements in patient treatment. This
does not imply that pharmacists are no longer an added
value, since they are able to detect errors or undertake
improvements that are not automatically detected, as
well as eliminate the non-significant alerts that at any
time could cause fatigue alert in the prescriber.

Therefore, Version 1 of the ALTOMEDICAMENTOS®
program has been designed to classify alerts between
particularly important and less important. Such a feature
may help to increase the efficiency of the pharmacist.
This is a simple tool which can detect a large number
of alarms and also generates documented recommenda-
tions, as in the case of dosage for renal failure patients.

The ALTOMEDICAMENTOS® system can also analyze
the treatment of thousands of patients in health care
residences, specific types of patients across the health
area via the prescription process: elderly, children, pa-
tients with kidney or liver failure, and even expand up
to the entire general population of our area. This opens
up new ways of working that may develop a new pro-
fessional approach to hospital pharmacy in the future
through automated validation systems and follow-up
with patients in their homes through the prescription of
their medicines.

Pharmacy Services must be prepared for the fourth in-
dustrial revolution which is expected to take place short-
ly, with the development of work integration systems
between machines and humans. It seems reasonable to
start adapting to changes before they occur, by incorpo-
rating tools that clearly improve our efficiency.

Authors such as Bindoff et al have developed an au-
tomated system to improve the identification of drug-re-
lated problems. The program designed also found
significantly more potential problems associated to pres-
criptions than pharmacists did. They conclude that auto-
matic systems should help pharmacists in providing me-
dication reviews to improve their clinical skills and time
management, and improving their ability to contribute
to the quality in the use of medicines?.

Kuperman et al. discuss the complex process of pres-
cribing and how errors in medication might lead to many
injuries otherwise preventable: The paper differentiates
between supporting basic clinical decision that would
include checking for allergies to medicines, the basic
orientation of the dosage, decisions regarding medica-
tions to be included in the prescription form, checking
the therapeutic duplication, and medicine interactions;
and assistance for advanced decisions including kidney
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failure and geriatric patients dosage support, laboratory
tests related to medication, the use of medicines in preg-
nancy, and drug contraindications. Assistance to the cli-
nical decision in medication management is recommen-
ded to improve patient safety and decrease associated
costs?.

In our case, if we focus on the capability of detec-
tion using only the traditional model, 30.5% of possi-
ble interventions were detected whereas 69.5% (an
excessively high percentage) went unnoticed; however
without manual review and with the automated review
alone, 84% of the possible interventions were detected
and only 16% went unnoticed. The results suggest the
urgent need to implement automated systems in treat-
ment validation processes. Furthermore, this would also
prevent discrepancies on pharmacists’ performances
when medical validation is done?®.

We may conclude with a comparison of both systems:
the traditional pharmaceutical validation method is insu-
fficient to ensure safety in patient therapy; therefore it is
necessary to support the current system with automated
systems based upon hospital pharmacist skills. It should
be noted that although the automatic system detects
many more treatment failures or improvements, there
are still errors that a pharmacist would detect which the
automated system does not, and as such it is necessary
to combine and integrate both systems. In our experien-
ce the ALTOMEDICAMENTOS® program has worked well
in different hospitals with different working methods,
although it would be necessary to eliminate the less effi-
cient alerts currently showing up in the system to further
improve program performance.

Bibliography

1. Pedersen CA, Schneider PJ, Santell JP. ASHP national survey of
pharmacy practice in hospital settings: Prescribing and transcri-
bing-2001. Pedersen CA, Schneider PJ, Santell JP. Am J Health Syst
Pharm. 2001;58:2251-66.

2. Medical Protection Society [Web page]. Safe prescribing. London,
UK. [1/04/2013; 26/09/2015]. Available: http://www.medicalpro-
tection.org/uk/england-factsheets/safe-prescribing

3. Lacasa C, Ayestaran Ay Coordinadores del Estudio Multicéntrico
para la Prevencion de Errores de Medicacion (EMOPEM). Estudio
Multicéntrico espafol para la Prevencion de Errores de Medicacion.
Resultados de cuatro anos ?%07-201)_ Farm Hosp. 2012;36:356-67.

4. Kohn LT, Corrigan JM, Donaldson MS. To err is human: Building a
safer health system. Committee on Health Care in America. Institu-
te of Medicine. Washington (DC): National Academy Press; 1999.

5. Thomas EJ, Studdert DM, Burstin HR, Orav EJ, Zeena T, Williams EJ,
et al. Incidence and types of adverse events and negligent care in
Utah and Colorado. Med Care. 2000;38:261-71.

6. Health and Human Services. NIH US National Library of Medicine.
Strategies to Reduce Medication Errors: Working to Improve Me-
dication Safety [Web page]. Bethesda, MD: US National Institutes
of Health; 10/10/1993 [04/12/2013; 26/09/2015]. Available: http://
www.fda.gov/Drugs/ResourcesForYou/Consumers/ucm143553.htm

7. Aranaz Andres JM, Aibar Remon C, Vitaller Burillo J, Ruiz Lépez P.
Estudio Nacional sobre los Efectos Adversos ligados a la Hospita-
lizacién. ENEAS 2005 [Monograph on Internet]. Madrid: Ministe-

20.

21.

22.

23.

24.

25.

rio de Sanidad y Consumo; 2006. [26/09/2015]. Available: http://
www.msps.es/organizacion/sns/planCalidadSNS/pdf/excelencia/
opsc_sp2.pdf

. Aranaz Andrés JM. Estudio APEAS. Estudio sobre la seguridad

de los pacientes en atenciéon primaria de salud. [Monograph
on Internet]. Madrid: Ministerio de Sanidad y Consumo; 2008.
[26/09/2015].  Available:  http://www.msc.es/organizacion/sns/
planCalidadSNS/docs/LibroAPEAS. pdf

. Campos MA, Tutau F, Gallego M, Delgado L. Desarrollo de un sof-

tware integrado de ayuda a la validacion farmacéutica. Farm Hosp.
2012;36:351-5.

. Classen DC, Pestotnik SL, Evans RS, Burke JP. Description of a com-

puterized adverse drug event monitor using a hospital information
system. Hosp Pharm. 1992;27:774,776-9,783.

. Chang J, Ronco C, Rosner MH. Computerized decision support

systems: improving patient safety in nephrology. Nat Rev Nephrol.
2011,7:348-55.

. British Medical Association, the Royal Pharmaceutical Society of

Great Britain, the Royal College of Paediatrics and Child Health,
and the Neonatal and Paediatric Pharmacists Group. British Na-
tional Formulary for Children. London: BMJ Publishing Group, RPS
Publishing and RCPCH Publications; 2013.

. Taketomo CK. Pediatric & Neonatal Dosage Handbook 2012-

2013. 1%d. Hudson, Ohio: Lexi-Comp; 2012.

. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more

accurate method to estimate glomerular filtration rate from serum
creatinine: a new prediction ecuation. Modification of Diet in Re-
nal Disease Study Group. Ann Intern Med. 1999;130:461-70.

. Chauvelier S, Péquignot R, Amzal A, Hanon O, Belmin J. Compa-

rison between the three most popular formulae to estimate renal
function, in subjects 75 years of age or older. Drugs Aging. 2012
Nov;29:885-90.

. Verbeeck RK. Pharmacokinetics and dosage adjustment in pa-

tients with hepatic dysfunction. Eur J Clin Pharmacol. 2008
Dec;64:1147-61.

. Baxter K and Preston CL. Stockley’s Drug Interactions Pocket Com-

panion. Pharmaceutical Press. London 2013.

. Hansten PD and Horn JR. Top 100 Drug Interactions 2012: A Guide

to Patient Management. H & H Publications. Freeland 2012.

. WHO Collaborating Centre for Drug Statistics Methodology. ATC

Structure and principles [Web page]. Oslo: Norwegian Institute of
Public Health; [25/03/2011; 26/09/2015]. Available: http:/Avww.
whocc.no/atc/structure_and_principles/

Farré Riba R, Estela Clopés A, Sala Esteban ML, Castro Cels |, Ga-
mez Lechuga M, Lopez S, et al. Intervenciones Farmacéuticas (par-
te I): Metodologia y Evaluaciéon. Farm Hosp. 2000;24:136-44.

The Joint Commission, Joint Commission Internacional, World
Health Organization. WHO Collaborating Centre for Patient Safety
Solutions. Patient Safety Solutions Preamble - May 2007 [Mono-
graph on Internet]. WHO Collaborating Centre for Patient Safety
Solutions. Geneva: WHO; 2007 [26/09/2015]. Available: http://
www.who.int/patientsafety/solutions/patientsafety/Preamble.pdf
Otero MJ, Agra Y, Garcia MJ. Evolucién de la implantaciéon de
practicas seguras de utilizacion de medicamentos en los hospita-
les espafoles 007201 Ministerio de Sanidad, Servicios sociales e
Igualdad. Madrid 2012

Bindoff IK, Tenni PC, Peterson GM, Kang BH, Jackson SL. Develop-
ment of an intelligent decision support system for medication review.
Journal of Clinical Pharmacy and Therapeutics. 2007;32:81-88.
Kuperman GJ, Bobb A, Payne TH, Avery Aj, Gandhi TK, Burns G et
al. Medication-related Clinical Decision Support in Computerized
Provider Order Entry Systems: A Review. J Am Med Inform Assoc.
2007;14:29-40

Caruba T, Boussadi A, Lenain E, Korb-Savoldelli V, Gillaizeau F, Du-
rieux P, Sabatier B. A simulation study of the interception of pres-
cribing errors by clinical pharmacists in an acute hospital setting. J
Eval Clin Pract. 2015. doi: 10.1111/jep.12363



