
Farmacia
HOSPITALARIA

www.elsevier.es/ farmhosp

Volumen 34. Número 1. Enero-Febrero 2010

ÓRGANO OFICIAL DE EXPRESIÓN CIENTÍFICA DE LA SOCIEDAD ESPAÑOLA DE FARMACIA HOSPITALARIA

Originales
  1 Evaluación de un programa de conciliación e información al paciente trasplantado cardíaco

J. Hernández Martín, M. Montero Hernández, I. Font Noguera, L. Doménech Moral, 

V. Merino Sanjuán y J.L. Poveda Andrés

 9 Intervención farmacéutica en el ámbito de la nutrición parenteral
D. Sevilla Sánchez, M.M. Placeres Alsina, M.T. Miana Mena, E. López Suñé, C. Codina Jané 

y J. Ribas Sala

16 Role of “health-related quality of life” measurements in the design of drug clinical trials
R. San Miguel, V. del Villar, C. Pérez, M. de Frutos, J. Mar y M.J. Coma

Originales breves
23 Influencia del tiempo de perfusión de pamidronato en la función renal de pacientes 

con mieloma múltiple
F. Sierra, E. Román, C. Barreda, M. Moleón, J. Pastor y A. Navarro

27 Determinación de linezolid en fluidos biológicos mediante cromatografía líquida de 
alta eficacia
L. Guerrero, M. Sarasa, Y. López y D. Soy

Revisión
32 Resistencia a la aspirina: prevalencia, mecanismos de acción y asociación con eventos 

tromboembólicos. Revisión narrativa
L. Cañivano Petreñas y C. García Yubero

Cartas al Director
44 Mifepristona como alternativa en el tratamiento de una coriorretinopatía serosa crónica

L. Sánchez-Pacheco Tardón, A. Pardo Saiz, J. Nebot Martínez y S. Jornet Montaña

45 Insuficiencia renal por rabdomiolisis inducida por simvastatina en un paciente con 
hipotiroidismo subclínico
E. Requena Carrión, L. Ayala Jiménez y F. Sierra García

47 Tratamiento con antitoxina botulínica en dos casos de botulismo alimentario
M. Tejada García y C. Guindel Jiménez

48 Cidofovir tópico para el tratamiento de verrugas plantares
A. Troncoso Mariño, J.R. Cuiña González, M.T. Inaraja Bobo y F. Allegue Rodríguez

50 Síndrome de resistencia insulínica tipo B
M. García Palomo, J.M. Martínez Sesmero y P. Moya Gómez

52 Agradecimientos

www.elsevier.es/farmhosp

1130-6343/ $ - see front  mat ter © 2008 SEFH. Published by Elsevier España, S.L. All rights reserved.

Farm Hosp. 2009;34(6):298−302

BRIEF REPORT

Preliminary prediction model for identifying patients  

with the possibility of pharmacotherapy improvement

E. Vila Torres,a,* D. Pérez Anchordoqui,b B. Porta Oltra,c and N.V. JiménezTorresc

aServicio de Farmacia, Hospit al  General de Ciudad Real, Ciudad Real, Spain 
bServicio de Farmacia, MD. Anderson Int ernat ional, Madrid, Spain 
cServicio de Farmacia, Depart ament o de Farmacia y Tecnología Farmacéut ica, Hospit al  Universit ario Dr. Peset ,  

Universidad de Valencia, Valencia, Spain

Received July 7, 2008; accepted January 19, 2010

*Corresponding author.  

 E-mail  address:  vila_eli@gva.es (E. VilaTorres).

Abstract

Obj ect ive:  To develop a predict ion model  for ident i f ying pat ient s wit h t he possibi l i t y of 

improving pharmacot herapy dur ing t he process of  pharmaceut ical  val idat ion of  t he 

prescript ion.

Met hod:  Cross-sect ional  st udy over t wo mont hs,  performed in t he Int ernal  Medicine and 

Infect ious Disease divisions. Detect ing opportunit ies for improving quality of pharmacotherapy 

is done by means of a pharmacist ’s validat ion of the prescript ion. Based on the informat ion we 

obtained through this process, we performed a mult ivariate logist ic regression analysis using as 

prognost ic fact ors t he demographic,  pharmacot herapy and cl inical  variables relat ed t o 

ident ifying any drug-related problems (DRPs) in the pat ient . The model’s predict ion validity was 

assessed using the diagnost ic performance curve and calculat ing the area under it .

Resul t s:  The inal prediction model included the variables age, cardiovascular drugs (digoxin) 
and drugs for which a dosage adj ustment  is recommended in the case of organ failures. Analysis 

of the ROC curve showed an est imated area under the curve AUCROC) of 84.0% (95% CI: 80.5-

87.1), a sensitivity value of 28% (95% CI: 24.07-32.19), a speciicity value of 99.10% (95% CI: 
97.80-99.73), a posit ive predict ive value of 77.78% and a negat ive predict ive value of 92.41%.

Concl usi on:  The resul t i ng predict i on model  enables populat ion-based det ect ion of 

pharmacotherapy safet y risks in adult  pat ient s admit t ed to t he selected hospit al unit s.  The 

predict ive variables used by the model are commonly used in daily pract ice.

© 2008 SEFH. Published by Elsevier España, S.L. All rights reserved.
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Introduction

The principle obj ect ive of pharmacotherapy quality cont rol 
programs is t o guarantee that  t here is no risk at tached to 
the pharmaceut ical for the pat ient . The prescript ion is the 
process in the therapeut ic chain most  st rongly implicated in 
medicat ion errors (ME),1,2 with an incidence of 0.4%-11%; of 
t hese,  1% r each t he  pat i en t  and  p r oduce r eal 
pharmacot herapeut ic morbidi t y (PTM). 2-4 Consequent ly, 
qualit y crit eria or pharmacotherapeut ic alert s need to be 
established beforehand to be able to ident ify a pat ient  with 
preventable PTM (as a consequence of ME). 5 These criteria 
or alerts would detect  any occurrence that  may potent ially 
harm the pat ient . The pharmaceut ical validat ion process of 
prescript ions const itutes a key process (adds value) before 
they are dispensed that  at tempts to prevent ,  ident ify,  and 
resolve these drug-related problems (DRP).6 In this context, 
a more ef fect ive prescript ion syst em must  be developed 
and possible risk factors should be established.7-11.

The obj ect ive of  t his st udy is t o develop a predict ive 
model  t o det ect  adul t  hospi t al i sed pat i ent s whose 
pharmacotherapy can be improved during the pharmaceut ical 
validat ion process of prescript ions.

Materials and methods

The st udy populat ion was made up of  randomly select ed 
adult  pat ients admit ted to a hospital with a hand-writ t en 
prescript ion syst em.  The pat ient s were admit t ed t o t he 
departments of  internal medicine and infect ious diseases 
uni t  (IDU).  We included al l  pat ient s wi t h at  least  one 

Modelo predictivo preliminar para la identiicación de pacientes con oportunidades 
de mejora farmacoterapéutica

Resumen

Obj et ivo: Desarrollar un modelo predictivo para la identiicación de pacientes con oportunida-

des de mejora en la farmacoterapia durante el proceso de validación farmacéutica de la pres-
cripción.
Mét odo:  Estudio transversal de dos meses de duración realizado en los servicios de medicina 
interna y enfermedades infecciosas. La detección de oportunidades de mejora en la calidad de 
la farmacoterapia se efectuó mediante validación farmacéutica de la prescripción. A partir de 
la información obtenida en este proceso se realizó un análisis mediante regresión logística mul-
tivariante utilizando como factores pronóstico variables demográicas, farmacoterapéuticas y 
clínicas relacionadas con la identiicación en el paciente de problemas relacionados con la me-

dicación. La validez predictiva del modelo se evaluó mediante la curva de rendimiento diagnós-
tico y el cálculo de su área.
Resul t ados: El modelo predictivo inal incluyó las variables edad, fármacos cardiovasculares 
(digoxina) y fármacos en los que se recomienda el ajuste posológico por insuiciencias orgánicas. 
El análisis de la curva ROC mostró un área bajo la curva estimada del 84,0% (IC 95%: 80,5-87,1), 
un valor de sensibilidad del 28% (IC 95%: 24,07-32,19), un valor de especiicidad del 99,10% (IC 
95%: 97,80-99,73), un valor predict ivo para posit ivos del 77,78% y un valor predict ivo para nega-

t ivos del 92,41%.

Conclusión: El modelo predictivo obtenido permite la detección poblacional del riesgo de segu-

ridad farmacoterapéutica en los pacientes adultos ingresados en los servicios hospitalarios se-

leccionados. Las variables predictoras manejadas por el modelo son habitualmente utilizadas en 
la práctica asistencial diaria.
© 2008 SEFH. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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pharmacotherapeut ic prescript ion during the hospitalisat ion 
period.

A two-month cross-sect ional study was performed in which 
we analysed al l  pharmacot herapeut ic prescript ions.  We 
ident if ied opportunit ies to improve the pharmacotherapy by 
validat ing the prescript ion by various different  pharmacists. 
The pharmacotherapeut ic medical history, laboratory data, 
pharmacokinet ics, and communicat ion with the rest  of the 
mult idisciplinary team were used as sources of support ,  as 
well as the current  prescript ion validat ion guidelines at  the 
study hospital.12-14 A model with standardised documentat ion 
was used to classify and analyse the ME/ DRP.6

We performed a mult ivariate logist ic regression stat ist ical 
analysis in which the dependent  variable was the presence 
of DRP in the prescript ion. The predict ive variables studied 
were the following: age (years), sex, presence of allergies, 
serum creat inine (mg/ dl), bilirubin greater than or equal to 
2 mg/ dl,  number of comorbidit ies greater than or equal to 
2, creat inine clearance at  or below 50 ml/ min, prescript ion 
of  drugs associated wit h a greater risk of  adverse ef fect s 
(opiat es,  ant i biot i cs [ vancomycin,  gent amycin,  and 
imipenem], digoxin, and anticoagulants) in the literature,9 
int ravenously administered drugs,  drugs requiring dosage 
adjustments, unstandardised intravenous mixtures with risk 
of  physi cochemi cal  i nst ab i l i t y, 13 and number  of 
medicat ions.

We calculated the sample size assuming an incidence of 
DRP associated with the prescription of 10%, and a maximum 
of 4-5 variables in the f inal model. 15 The predict ive model 
was carr ied out  according t oo Hosmer and Lemeshow 
(2000). 16 Pot ent ial  predict ive fact ors were select ed by 
appl ying univar iat e l ogi st i c regressions (P≤.3).17 We 
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invest igated the mult ivariate models obtained using criteria 
for inclusion and exclusion of variables with a value of 0.05 
and 0.1, respect ively. Interact ion terms were entered in the 
models in order to see if  t he adj ustment  indices improved 
(P<.05).  We performed al l  st at ist ical  analyses using SPSS 
software, version 15 (SPSS Inc, Chicago, IL). The f inal model 
was chosen based on the area under the ROC curve and the 
t heoret ical  and pract ical  advant ages and disadvant ages. 
The validity indices for the selected model were calculated. 
Last ly,  we evaluated the discriminat ion of the f inal chosen 
model for both clinical departments studied.

Results

A total number of  65 pat ient s were included in t he study, 
which const it uted 2.7% of  t hose admit t ed/ year who were 
t reated at  t he study hospit al.  A t otal of  492 prescript ions 
were analysed, with a mean of 9.82 prescript ions per pat ient  
(95% CI:  8. 19-11. 44).  Tabl e di spl ays t he descr ipt i ve 
characterist ics of the variables analysed.

A total of  24 pat ients were ident if ied with DRP (36.9%), 
and 53 prescript ions had DRP (10.8%).  The prof i le of  t he 
DRP ident if ied,  according t o category,  was t he fol lowing: 
DRP of ef fect iveness (15.1%), and of  safety (84.9%); of  this 
second cat egory,  overdosing was most  common (93.3%), 
wi t h adverse react ions composing t he rest  of  t he cases 

(6. 7%).  The drugs impl i cat ed in t hese DRP were t he 
following: ant icoagulants (22.6%), opioid analgesics (1.9%), 
ant ibiot ics (41.4%) (vancomycin [7.5%], gentamicin [1.9%], 
and imipenem [7.5%]), digoxin (18.9%), and others 
(15.1%).

The univariate analysis excluded plasma creatinine 
(P=.837),  t ot al  bi l irubin great er t han or equal t o 2 mg/ dl 
(P=.998),  and t he prescript ion of  opioid drugs (P=.706) 
f rom t he model.  Af t er evaluat ing f irst  order int eract ions, 
these were excluded as they were not significant. The 
mathematical expression of the final model is explained 
i n Figure 1.  The area under  t he ROC curve was 84. 0% 
(95% CI:  80. 5-87. 1),  and t he opt imal  cut -of f  point  f or 
DRP probabi l i t y was 0. 543 (Figure 2).  For  t his cut -of f  
point ,  t he t est  has a sensi t ivi t y of  28% (95% CI:  24.07-
32.19),  a speci f ici t y of  99.10% (95% CI:  97.80-99.73),  a 
posi t i ve predi ct i ve val ue of  77. 78%,  and a negat i ve 
predict ive value of  92.41%.  The analysis of  t he prof i le of 
predict ions by cl inical  depart ment  obt ained nul l  resul t s 
for sensit ivi t y and posit ive predict ive value for pat ient s 
in t he IDU. 

Discussion

One proposal for the early ident if icat ion of opportunit ies for 
improvement  before DRP reach t he pat ient  is t he r isk 

Table 1 Descript ive characterist ics of the variables

 Internal medicine IDU Total

 Mean (SD)  Mean (SD)  Mean (SD)  

 or No. (%)  or No. (%) or No. (%)

No. of pat ients 37 (56.9) 28 (43.1) 65 (100)

Age, years 76.9 (12.3) 55.4 (22.8) 67.9 (20.3)

Female 17 (45.9) 13 (46.4) 30 (46.2)

Creat inine, mg/ dl 1.6 (0.9) 0.8 (0.6)* 1.0 (1.1)*

Creatinine clearance ≤50 ml/min 18 (48.6) 6 (21.4) 24 (36.9)
Total bilirubin, mg/ dl 0.69 (0.34) 0.50 (0.40)* 0.63 (0.34)*

Total bilirubin ≥2 mg/dl 0 (0) 3 (10.7) 3 (4.6)
Allergy 10 (27) 4 (14.3) 14 (21.5)

No. of comorbidities ≥2 14 (37.8) 10 (35.7) 24 (36.9)
Total number of prescript ions 287 (58.3) 205 (41.7) 492 (100)

Mean number of prescript ions/ pat ient  9.7 (6.1)* 10.0 (7.2)* 9.8 (6.6)*

Mean number of medicat ions/ prescript ion 3.44 (3.27) 3.74 (3.42) 3.56 (3.33)

Prescript ions with drugs associated with ADE 54 (18.8) 25 (12.2) 79 (16.1)

Cardiovascular (digoxin) 18 (6.3) 6 (2.9) 24 (4.9)
 Ant ibiot ics (vancomycin, gentamicin, imipenem) 15 (5.2) 17 (8.3) 32 (6.5)

 Ant icoagulants 15 (5.2) 11 (5.4) 26 (5.3)

 Opioids 14 (4.9) 0 (0) 14 (2.8)

Prescript ions with drugs that  require adj ustment  due to organ 82 (28.6) 51 (24.9) 133 (27.0) 

 failure

Prescript ions with int ravenous drugs 167 (58.2) 101 (49.3) 268 (54.5)

Prescriptions with unstandardised intravenous mixtures at risk  42 (14.6) 17 (8.3) 59 (12.0) 
 of physicochemical instabilit y 

Total number of prescript ions with DRP 45 (84.9) 8 (15.1) 53 (100)

ADE indicates adverse drug events; DRP, drug-related problem; IDU, infect ious disease unit ;  SD, standard deviat ion.

 *Non-normal dist ribut ion: median (IQR).
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st rat if icat ion based on a group of  prospect ively evaluated 
parameters.18 Similarly, this study has proposed a predict ive 
model for the detect ion of pat ients at  risk of DRP during the 
pharmaceut ical  val idat ion process of  prescript ions.  This 
allows these prescript ions to be classif ied into high or low 
risk categories.

The incidence of  DRP det ect ed in al l  prescr ipt ions 
analysed was 10.8%, which is similar t o t he value of  11% 
presented by other authors.2 We observed in the analysis of 
t he t ype of  DRP t hat  t he principal  cause was dosage ME 
(88.7%),  wit h t he t endency t owards over-dosage (79.2%). 
This result  was similar t o t hose found by Dean et  al. 4 The 
profile of drugs implicated in DRP also resulted in data that  
coincided wi t h ot her  publ icat ions. 9 This showed t hat  
ant ibiot ic drugs, cardiovascular agents, and ant icoagulants 
are those most  likely to cause DRP.

The variable wit h t he greatest  potent ial for risk of  DRP 
in our model  was t he prescript ion of  drugs t hat  require 
dosage adj ustments due t o organ failure (OR=2.635).  The 
most  common dosage adj ustment  is due to kidney failure, 
which is det ect ed in several  di f ferent  drug programs at  
incidences of  10%-23.2% in validated pharmacotherapeut ic 
prescript ions. 19,20 The fact  t hat  t he variable of  creat inine 
c l ear ance bel ow  or  equal  t o 50 ml / mi n was not  
incorporated in our f inal model could be due t o it s binary 
categorisat ion.

The final predict ive model enabled pat ients with a high risk 
of  DRP t o be det ect ed wit h a high specif ici t y (99.10%), 
al t hough t he sensit ivi t y did not  surpass 28%.  This resul t  
appears t o point  t o t he use of  loose crit eria t hat  are not  
sensit ive to the presence of DRP, and which would improve 
with a complete evaluat ion of the pat ient  focussing on clinical 
aspects that  are more closely related to the presence of PTM. 

To this end, a decentralised pharmaceut ical care that  is close 
to the pat ient  is required, which has been shown to increase 
the overall rate of DRP ident if ied.21 However, the specif icity 
and predict ive values obtained make this a useful tool when 
having to correct ly rule out  pat ients with a low-risk of DRP in 
their prescript ions.

The l imit at ions of  t his st udy are:  t he variabil i t y in t he 
appl icat ion of  t he di f f erent  val idat ion cr i t er ia of  t he 
prescript ions,  which makes i t  di f f icul t  t o general ise t he 
resul t s;  and t he smal l  predict ive value of  t he model  in 
subpopulat ions of pat ients, such as those in the IDU. These 
limitat ions make it  necessary to validate the model using a 
concordance analysis of  t he di f f erent  pharmaceut ical 
val idat ion cri t eria and t o widen t he st udy populat ion t o 
other hospital departments.

In conclusion,  t he predict ive model we have developed 
could be a useful tool for the detect ion of pat ients with the 
opportunity for improving their pharmacotherapy within the 
hospit al  using a few predict ive variables t hat  are easi ly 
accessible in daily clinical pract ice.
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