
Farmacia
HOSPITALARIA

www.elsevier.es/ farmhosp

Farmacia
HOSPITALARIA

Volumen 33. Número 6. Noviembre-Diciembre 2009

•
•

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

Editorial
293 Pandemia de gripe A(H1N1): retos y repercusiones para el sistema sanitario

J. Astray Mochales y M.A. Lópaz Pérez

Originales
296 Establecimiento de un indicador de calidad de atención farmacéutica

M. Gaspar, M. Caja, I. Romero, P. Figueroa, A. García-Vivó, V. Tudela y M. Piquer

305 Estudio de adecuación a la ficha técnica, eficacia, seguridad 
y coste del rituximab en un hospital de tercer nivel
M.C. Conde García, M.A. Fernández Feijoo y M.A. Calleja Hernández

312 Detección de acontecimientos adversos producidos por medicamentos durante 
la estancia hospitalaria
C. Berga Culleré, M.Q. Gorgas Torner, J. Altimiras Ruiz, M. Tuset Creus, M. Besalduch Martín, 
M. Capdevila Sunyer, M. Torres Gubert, M.T. Casajoana Cortinas, E. Baró Sabaté, 
J.R. Fernández Solà, A. Moron i Besolí, E. Òdena Estradé, J. Serrais Benavente, 
M.T. Vitales Farrero y C. Codina Jané, en representación del Grupo de Trabajo de la Societat 
Catalana de Farmàcia Clínica

324 Análisis farmacogenético de la cinética de absorción de ciclosporina en una población 
española de pacientes trasplantados cardíacos
B. Isla Tejera, M.D. Aumente Rubio, J. Martínez-Moreno, M. Reyes Malia, 
J.M. Arizón y A. Suárez García

Original breve
330 Estudio de la dosificación de fármacos en los pacientes con obesidad mórbida

G. Serra Soler, N. Galán Ramos, I. Martínez-López y O. Delgado Sánchez

Cartas al Director
335 Interferón alfa 2b en colirio como tratamiento de la neoplasia conjuntival intraepitelial

V. Huerva, I. Mangues y J.A. Schoenenberger

336 Pralidoxima en intoxicación por organofosforados: a propósito de dos casos en pediatría
M.A. Bocanegra, I. Campanario, M.L. Moreno Perulero, F. Araujo y C. Encinas Barrios

338 Seguridad y efectividad de la combinación de clopidogrel e inhibidores 
de la bomba de protones
B. Calderón Hernanz, M. Pinteño Blanco, F. Puigventos Latorre e I. Martínez-López

339 Desensibilización a tipranavir por toxicodermia
B. Martínez Castro, R. Ferrando Piqueres, M. Martínez García y E. Soler Company

www.elsevier.es/farmhosp

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

Farm Hosp. 2009;33(6):312-323

ORIGINAL ARTICLE

Detecting adverse drug events during the hospital stay

C. Berga Culleré,a M.Q. Gorgas Torner,b J. Altimiras Ruiz,c M. Tuset Creus,a  
M. Besalduch Martín,c M. Capdevila Sunyer,b M. Torres Gubert,d  
M.T. Casajoana Cortinas,e E. Baró Sabaté,b J.R. Fernández Solà, f A. Moron i Besolí,c  
E. Òdena Estradé,b J. Serrais Benavente,d M.T. Vitales Farrero,e and C. Codina Jané,a,* 
representing the Working Group for the Catalan Society of Clinical Pharmacy

aServicio de Farmacia, Hospit al  Clínic, Barcelona, Spain 
bServicio de Farmacia, Hospit al  St . Bernabé, Berga, Barcelona, Spain 
cServicio de Farmacia, Corporación Parc Taulí, Sabadel l ,  Barcelona, Spain 
dServicio de Farmacia, Hospit al  de Igualada, Igualada, Barcelona, Spain 
eServicio de Farmacia, Hospit al  General de Vic, Vic, Barcelona, Spain 
fServicio de Medicina Int erna, Hospit al  Clínic, Barcelona, Spain

Received December 17, 2008; accepted July 27, 2009

*Corresponding author.  

 E-mail  address:  ccodina@clinic.ub.es (C. Codina Jané).

Abstract
Int roduct ion:  The principal obj ect ive was t o determine t he incidence rate of  adverse drug 

events (ADEs) in hospitalised pat ients and evaluate the event  prevent ion percentage.

Met hods:  Mul t i-cent re,  prospect ive observat ional  st udy last ing 4 mont hs,  performed in 5 

hospitals providing dif ferent  levels of care. We included all adult  pat ients who were admit ted 

t o one of  t he selected cent res for longer t han 48 hours and who required pharmacological 

treatment. ADEs were identiied by direct observation and the use of previously deined alarm 
signals.  The Karch-Lasagna scale was used t o determine t he causalit y relat ionship,  and t he 

Schumock and Thornton quest ionnaire adapted by Otero was used to evaluate ADE preventability. 

Preventable drug-induced adverse events were classiied according to the taxonomy that the 
Ruiz-Jarabo 2000 group deined, and coordinated by ISMP-Spain.
Resul t s:  We included 1550 patients, 159 of whom experienced at least one ADE (10.3%). The 
preventability percentage was 51.6%, which represented 5.3% of the total sample. The endocrine 
system (34.8%) and the cardiovascular system (20.7%) were the most affected by preventable 
ADEs. Antibiotics were responsible for 16.5% of all ADEs. Nine point three percent of all 
preventable ADEs were t riggered by use of  opiat es.  The vast  maj orit y of  preventable ADEs 

(36.3%) resulted from omitting a necessary medication. Only 4.4% of preventable ADEs are 
considered to be serious. 
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Introduction

Adverse drug events (ADEs) const itute an important  issue 
direct ly affect ing the quality of health care and the 
pat ient ’s safety. Bates et  al1 deine an ADE as any mild or 
severe condit ion caused by therapeut ic use, or omission, 
of a medication. ADEs may be classiied as preventable and 
non-preventable. Preventable events are the result  of a 
medicat ion error, and therefore involve damage and error. 
Non-preventable events are those that  appear despite 
proper use of the drug (presence of damage but  not  error), 
and they are known as adverse drug react ions (ADRs). 2

The importance of ADEs in health care systems increased 
following the publicat ion of 2 reports writ ten by the 
Inst itute of Medicine in the United States: To Err is Human: 

Building a Safer Healt h Syst em3 and Crossing t he Qual it y 

Chasm: a New Healt h Syst em for t he 21st  Cent ury.4 These 
reports point  to the lack of safety in health care and 

Conclusions: There is a high incidence rate of ADEs during patients’ hospital stay (10.3%), and 
half of them (51.6%) could have been prevented. Implementation of an automatic alarm system 
and certain best  pract ices for problem spots along the care circuit  wil l help detect  and avoid 

preventable ADEs.

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

Detección de acontecimientos adversos producidos por medicamentos durante  
la estancia hospitalaria

Resumen
Int roducción: El obj et ivo principal ha sido determinar la incidencia de acontecimientos adversos 

producidos por medicamentos (AAM) en pacientes hospital izados y evaluar su porcentaj e de 

prevención.

Métodos:  Estudio mult icént rico, prospect ivo y observacional de 4 meses de duración, realizado 

en cinco hospitales de dist into nivel asistencial.  Se incluyó a todos los pacientes adultos que 

ingresaron por más de 48 h en alguna de las unidades seleccionadas y requirieron t ratamiento 

farmacológico. La identiicación de los AAM se realizó mediante la observación directa y la uti-
lización de unas señales de alerta, previamente deinidas. Se utilizó el algoritmo de Karch-La-

sagna, para determinar la relación de causalidad, y el cuest ionario de Schumock y Thornton 

adaptado por Otero et al para evaluar la evitabilidad del AAM. Los AAM prevenibles se clasiica-

ron siguiendo la taxonomía deinida por el Grupo Ruiz-Jarabo 2000, coordinado por el ISMP-Es-
paña.

Resul t ados:  Se incluyó a 1.550 pacient es,  de los que 159 present aron,  al  menos,  un AAM  

(10,3 %). La tasa de evitabilidad fue del 51,6 %, lo que representa un 5,3 % de la muestra total. 
El sistema endocrino (34,8 %) y el cardiovascular (20,7 %) fueron los más afectados por los AAM 
prevenibles. Los antibióticos representaron el 16,5 % de todos los AAM. En cuanto a los AAM 
prevenibles, el 9,3 % de ellos se desencadenaron por la utilización de opiáceos. La gran mayoría 
de los AAM evitables fue consecuencia de la omisión de un medicamento necesario (36,3 %). 
Sólo un 4,4 % de los AAM evitables se consideró graves.
Conclusiones:  La incidencia de pacient es con AAM durant e la est ancia hospit alaria es al t a  

(10,3 %), y la mitad de ellos (51,6 %) se podría haber prevenido. La implantación de un sistema 
automático de alertas y ciertas prácticas de mejoras en los puntos conlictivos del circuito sani-
tario ayudarían a la detección y la prevención de los AAM evitables.

© 2008 SEFH. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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expose the impact of adverse effects caused by clinical 
errors; medicat ion errors are among those ment ioned. 
Publicat ion of these reports led to new studies present ing 
the dif ferent  situat ions found in dif ferent  count ries and 
hospitals with regard to the pat ient ’s clinical safety. The 
incidence rate these studies calculate for preventable ADEs 
ranges between 1.4% and 10%.5-7 Based on this data, we may 
state that  there is a high rate of morbidity at t ributed to 
using medicat ions in hospitalised pat ients, and that  this is 
preventable in a large percentage of cases. It  is therefore 
necessary to adopt  preventat ive measures that  allow us to 
improve pat ient  safety when it  comes to medicat ion use.

The present  study aims to determine the incidence rate for 
ADEs in 5 hospitals providing dif ferent  levels of care. Using 
this informat ion, we intend to raise hospitals’  awareness 
about  the current  repercussions of ADEs in our count ry, and 
int roduce improvements in the health care system designed 
to prevent  such events. Based on the literature review,5-7 
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we assume that  if  we know the most  common ADEs and 
evaluate the causes that  can precipitate them, it  will then 
be possible to act  in crit ical areas by applying improvement  
st rategies that  prevent  repeat ing that  error in subsequent  
situat ions. 

As a result ,  the main goal of the study is to ident ify those 
ADEs that  appear in hospitalised pat ients, classify them 
according to their preventabilit y and focus on those cases 
that  could have been prevented.

Methods

Design

This prospect ive, observat ional mult i-cent re study last ing 
four months (from July 1, to October 31, 2007) was carried 
out  in medical units (internal and digest ive medicine, 
cardiology) and surgical units (digest ive, urological, and 
t raumatology) in 5 hospitals providing dif ferent  levels 
of care. Hospital Clínic in Barcelona (tertiary hospital, 
819 beds), Hospital of Sant  Bernabé de Berga (secondary 
hospital, 120 beds), Hospital Parc Taulí in Sabadell (care 
level 2b, 820 beds), Hospital General of Vic (secondary 
hospital,  250 beds) and Hospital of Igualada (secondary 
hospital,  300 beds).

Sample

We intend to calculate for a sample size that  will permit  us 
to est imate the results we obtain for the general populat ion 
with maximum precision. Considering the 1.4% rate of 
preventable ADEs ant icipated by the literature, we calculated 
that  a sample of 1550 pat ients would provide ±0.6% precision 
with a 95% conidence interval. For that sample size, the 
precision for detect ing an ADE was ±1.3%, and it also enabled 
us to analyse more prevalent  secondary object ives with a 
precision of at  least  ±2.5% (estimation done in the point of 
maximum variability, for proportions of 50%).8 

Inclusion criteria: pat ients over 18 years of age receiving 
pharmacological t reatment  and admit ted to one of the 
units included in the study during a period >48 hours. 

The study focused on detect ing and analysing ADEs that  
occurred during the pat ient ’s hospital stay. We did not  
include any ADEs that  the pat ient  may have presented 
prior to arriving at  the hospital and which may have caused 
or contributed to the hospital admission. We excluded 
phlebit is as an ADE, since it  may distort  general results of 
the study due to how dificult it is to attribute it to drugs 
and evaluate its degree of preventabilit y.

Detecting ADEs

ADEs were detected by reviewing clinical and nursing 
reports belonging to pat ients in the unit  or department  
being monitored, with the help of some previously selected 
warning signs that  were taken from the literature review. 
The warning signs were classiied as suspicious diagnosis9;  
abnormalit ies in certain analyt ic tests and the presence of 
some t rigger drugs. Furthermore, a member of the research 
team interviewed the doctors and nurses at  the hospital 

department  or unit  daily to gather more informat ion about  
the patients or to be notiied in the event an ADE had 
been identiied. Upon detecting or suspecting an ADE, we 
reviewed the clinical history once more in order to conirm 
it  as either an ADE or an event  in the progression of the 
disease.

Determining the cause

The modiied Karch and Lasagna algorithm10 was applied 
to determine a causal relat ionship between the suspicious 
drug and the detected ADE. This enabled us to obj ect ively 
establish the relat ionship between the drug and the ADE by 
at t ribut ing a probabilit y category to it  based on the drug’s 
imputabilit y according to the algorithm. The result ing 
total score allows us to determine the ADE’s probabilit y 
category out of a set of ive different categories ranging 
from “unlikely” to “deinite” (and including “conditional,” 
“possible,” and “probable”). In the study, we excluded the 
ADEs which received a score <4 after applying the Karch 
and Lasagna algorithm, and they were then classiied as 
“ improbable”  or “ condit ional.”  When the ADE resulted from 
omit ted t reatment  or underdose of the drug in quest ion, 
the algorithm was not  applied as we did not  study this type 
of ADE. In such cases, we used an algorithm modiied by 
Hallas et  al.11 All of the cases were approved by consensus 
with a doctor on the care team and evaluated by a third 
party when doubts and disagreements arose.

Determining preventability

We used the Schumock and Thornton12 quest ionnaire 
adapted by Otero et  al6 to evaluate the preventabilit y of 
an ADE by the drug in quest ion. If  one of the quest ions has 
a posit ive answer, the ADE is considered to be preventable. 
The questions are not exclusive, so an ADE may have more 
than two posit ive answers; however, this does not  mean 
that  it  is more preventable than an ADE with only one 
posit ive answer.

Taxonomy

Once a preventable ADE was detected, it was classiied 
according to the taxonomy13 deined in 2000 by the Ruiz-
Jarabo 2000 group coordinated by ISMP-Spain and inanced 
by the Spanish Society of Hospital Pharmacy (SEFH in 
Spanish). This classiication is by type, origin, cause, and 
severity of the drug error. This taxonomy standardises ADE 
detection, analysis, classiication and record-keeping, 
which makes comparing dif ferent  studies easier and allows 
us to understand the t rue state of the problem.

Statistical analysis

Analysis was performed with SPSS software, version 14.0. 
We carried out  a descript ive analysis with cent ral tendency 
and dispersion measurements for quant itat ive variables 
and relat ive frequencies for categorical variables. We also 
studied ADE-related variables using the c2 test , Student  
t -test  or non-paramet ric tests depending on variable type 
and condit ions of applicat ion. P-values <.05 were considered 
to be statistically signiicant.
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Ethical considerations

The study was carried out  according to the principles set  
forth in the 18th World Medical Assembly (Helsinki,  1964) 
and all applicable amendments established by world 
medical assemblies and the Good Clinical Pract ice (GCP) 
standards of the Internat ional Conference on Harmonisat ion 
(ICH). The study was approved by the clinical research 
ethics commit tee at  each of the cent res. The Spanish law 
protect ing personal data was applicable, and data was 
handled separately from personal informat ion in order to 
respect  the ident it ies of the pat ient , hospital or cent re.

Results

Patients

The sample included 1550 patients, with 894 men (57.7%) 
and 656 women (42.3%). The mean (standard deviation) for 
age was 66.3 (17.9) years; the most  representat ive interval 
(42.5%) included patients aged 60 to 80 years. The average 
number of drugs prescribed per pat ient  was 11.1 (5.9) and 
the mean hospital stay was 8.5 (7.2) days. In the breakdown 
by hospital unit ,  we observe that  the average number of 
drugs prescribed was similar for medical and surgical units 
(11.3 [5.7] and 11.1 [6.2] respect ively), but  the hospital 
stay was longer for pat ients admit ted to medical units (9.4 
[8.1] days vs 7.6 [6.1] days for surgical units). 

Pat ients with and without  ADEs were compared in order to 
reveal the factors favouring the appearance of ADEs (Table 
1). Age, number of drugs prescribed, and length of hospital 
stay seem to be risk factors for t riggering an ADE. Pat ients 
with ADEs were older than those with no ADEs by a mean 
of 3.2 years (95% conidence interval [CI], 0.2-6.1); their 
hospital stay was longer than the other group’s by a mean 
of 6.42 days (95% CI, 4.77-8.07), and they had an average of 
4.47 more prescribed medications (95% CI, 3.45-5.46) than 
the other group did. 

These dif ferences increased when pat ients were compared 
by ADE preventabilit y. Pat ients with preventable ADEs were 

a mean of 5.4 years older (95% CI, 0.1-10.7), stayed in the 
hospital a mean of 3.7 days longer (95% CI, 0.6-6.8) and 
were prescribed a mean of 2.6 more drugs (95% CI, 0.5-4.6) 
than pat ients with unpreventable ADEs (Table 2). 

The patient type (medical or surgical) and sex (male, 
female) were not  determining factors for t riggering ADE 
(Tables 1 and 2).

Adverse drug events

We identiied 194 ADEs in 159 patients (10.3% of the 
study population; 95% CI, 8.8-11.8); 1.8% of the patients 
(28/ 1550) presented more than one ADE. By category of 
probability of a causal relationship, 50.5% (98/194) of the 
ADEs are classiied as likely; 28.5% (55/194) as possible, and 
only 1% (2/194) as deinite ADEs. We were unable to classify 
20% of the ADEs (39/194), as they resulted from treatment 
omission or underdose.

By applying preventabilit y criteria, it  was determined that  
46.7% of the ADEs (91/194), which affected 51.6% of the 
pat ients (82/ 159), could have been avoided. This indicates 
that 5.3% (95% CI, 4.2-6.4) of the patients included in the 
study suffered a condit ion during the hospital stay which 
could have been prevented (Appendix 1).

Detecting ADEs

Prior sect ion of warning signs (certain diagnoses, analyt ic 
tests, or the use of certain drugs) and a daily interview 
between a member of the research team and the pert inent  
medical team enabled us to detect  and ident ify ADEs. Based 
on these warning signs, we selected those that  were t ruly 
useful in our situat ion and which could be a tool for avoiding 
ADEs considered to be preventable. The most  common 
suspicious diagnoses (n=186) were as follows: cutaneous 
eruptions (11.3%; 21/186), all of which were considered to be 
unpreventable ADEs, and hyperglycaemias (11.3%; 21/186), 
half  of which (11/ 21) may have been preventable. We 
detected numerous gastrointestinal abnormalities (25.3%; 
47/ 186), most  of which were considered non-preventable 
(78.7%; 37/47). Most noteworthy among the cardiovascular 

Table 1 Inluence of risk factors in the development of adverse drug events (ADEs)

  Pat ients. 

total(n=1550)

Pat ients without  

ADE (n=1391)

Pat ients with ADEs 

(n=159)

Stat ist icsa 

Medicat ions per pat ient , mean (SD) 11.1 (5.9) 10.7 (5.7) 15.2 (6.7) P<.001; t =9.208

Hospital stay, mean (SD), d 8.5 (7.2) 7.8 (6.5) 14.1 (9.8) P<.001; t =10.996

Age, mean (SD), y 66.3 (17.9) 66 (17.9) 69.2 (16.9) P=.035; t =—2.123

Sex P=.595; c2=0.283

 Men 57.7% (894/1.550) 90.2% (806/894) 9.8% (88/894)
 Women 42.3% (656/1.550) 89.2% (585/656) 10.8% (71/656)

Unit P=.0787; c2=3.09

 Medical 50% (775/1.550) 88.4% (685/775) 11.6% (90/775)
 Surgical 50% (775/1.550) 91.1% (706/775) 8.9% (69/775)

SD indicates standard deviat ion. 
aP=.05 is considered statistically signiicant.
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abnormalities (11.3%; 21/186) was prolonged hypertension 
(7%; 13/186) due to lack of proper blood pressure control or 
omission of a necessary drug (Table 3). 

Analyt ical tests (n=60) were very useful tools that  enabled 
us to ind 60 ADEs (some conirmed a suspicious diagnosis). 
We observed abnormalities in potassium levels (25%; 15/60) 
and INR values (10%; 6/60) which could have been avoided 
in both cases. Other abnormal parameters included an 
increase in creatinine concentrations (11.7%; 7/60) and 
elevated blood transaminase (13.3%; 8/60) (Table 4).

Trigger drugs (n=7) that  aided in the detect ion an ADE 
were dexchlorpheniramine (n=4), polystyrene sulphonate 
sodium (n=2), and lumazenil (n=1).

Implicated medications

The 194 ADEs resulted from the use of 70 dif ferent  drugs. 
Ant ibiot ics were the t reatment  group that  precipitated the 
most ADEs (16.3%; 32/197) throughout the study, although 
we consider most  of them to be non-preventable (29/ 32). 
Opiates caused 9.1% (18/197) of the ADEs, and half of 
the cases (9/ 18) could have been avoided with proper 
use. Corticoids caused 5.6% (11/197) of the total, and all 
were considered non-preventable ADEs. Analgesics, and 
metamizol in particular, accounted for 5.1% of the ADEs 
(10/ 197), but  the vast  maj ority (9/ 10) were considered non-
preventable. Diuret ics, part icularly furosemide, accounted 
for 4.1% (8/197), and 5/8 were preventable. To a lesser 
extent we saw that the local anaesthetic and insulin groups 
each made up 2.5% of the total ADEs (5/197). Other drugs 
involved are described in Table 5. 

A considerable number of ADEs (16.8%; 33/197) resulted 
f rom omit t ing a necessary medicat ion, or compat ibilit y 
errors with the pat ient ’s normal medicat ions. These 
ADEs were detected through a review of the pat ient ’s 
pharmacotherapeut ic history. Drug interact ions caused 
2.5% (n=5) of the ADE, and all were considered to be 
preventable.

Classifying preventable ADEs

The ADEs are classiied by the associated type of medication 
error, by the Spanish taxonomy criteria established by the 
Ruiz-Jarabo 2000 Group,13 and broken down by type and 
severity of the error.

Type of error: thirty-six point three percent (33/91) 
of the preventable ADEs were t riggered by skipping a 
necessary medication or dose, 28.6% (26/91) resulted from 
administering an incorrect  dose, whether an overdose 
(11/26; 42.3%) or an underdose (15/26; 57.7%) and the use 
of an incorrect medication resulted in 16.5% (15/91) of the 
ADEs (Table 6). 

Severity of the error: eighty-four point six percent 
(77/ 91) of  the ADEs fell into category E (the error 
cont ributed to or caused temporary damage to the 
patient, requiring intervention); 10.9% (10/91) fell into 
category F (the pat ient  required hospitalisat ion, or the 
hospital stay was extended due to the error). Only 4.4% 
(4/ 91) were considered severe, and fell into category H 
(the error placed the pat ient ’s l ife at  risk,  and a l ife-saving 
intervent ion was necessary) (Table 7).

Discussion

The incidence rate of ADEs detected in hospitalised pat ients 
was 10.3% (95% CI, 8.8-11.8), and half of the cases (51.6%) 
could have been avoided.

The results obtained are comparable with those from two 
previous studies: one meta-analysis by Lazarou et  al,14 which 
identiies and incidence rate of 10.9%, and one review of 10 
studies by Kanj anarant  et  al,7 which found a mean range of 
1%-10% of preventable ADEs in hospitalised patients. Only 4 
of the studies in the review consider omission of a necessary 
drug as a cause of ADE.

However, the reviewed literature includes studies5,6,15 that  
show much lower incidence rates than the ones observed 

Table 2 Inluence of risk factors on preventability of adverse drug events (ADEs)

 

 

Total pat ients 

with ADEs (n=159) 

Pat ients with 

preventable 

ADEsa (n=82)

Pat ients with 

non-preventable 

ADEs (n=77)

Stat ist icsb 

 

Medicat ions per pat ient , mean (SD) 15.2 (6.7) 16.5 (6.7) 13.9 (6.4) P=.015; t =—2.454

Hospital stay, mean (SD), d 14.1 (9.8) 16.1 (9.7) 12.4 (9.9) P=.018; t =—2.399

Age, mean (SD), y 69.2 (16.9) 71.8 (15.9) 66.4 (17.8) P=.045; t =—2.018

Sex P=.249; c2=1.328

 Men 9.8% (88/894) 47.7% (42/88) 52.3% (46/88)
 Women 10.8% (71/656) 56.3% (40/71) 43.7% (31/71)

Unit P=.654; c2=0.2

 Medical 11.6% (90/775) 50% (45/90) 50% (45/90)
 Surgical 8.9% (69/775) 53.6% (37/69) 46.4% (32/69)

SD indicates standard deviat ion. 
aSome pat ients presented more than one ADE; these cases could be a combinat ion of preventable and non-preventable. When a 

pat ient  developed a preventable ADE, he/ she was included in the “ preventable”  pat ient  group.
bDifferences are statistically signiicant for P=.05.
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Table 3 Affected systems and organs and signs of adverse drug events (ADEs) detected in the study

System/ organ and signs Total ADEsa (n=194),  

No. (%)
Preventable ADEsa (n=91), 

No. (%)
Non-preventable ADEsa 

(n=103), No. (%)

Digest ive 47 (25.3) 10 (10.9) 37 (39.4)

 Nausea and vomit ing 15 (8.1) 1 (1.1) 14 (14.9)

 Diarrhoea 14 (7.5) 3 (3.3) 11 (11.7)

 Const ipat ion 8 (4.3) 5 (5.4) 3 (3.2)

 Abdominal pain 1 (0.5) 1 (1.1)

 Epigast ralgia 1 (0.5) 1 (1.1)

 Hepat it is, elevated t ransaminases 8 (4.3) 8 (8.5)

Endocrine 42 (22.6) 32 (34.8) 10 (10.6)

 Hyperglycaemia 21 (11.3) 11 (12) 10 (10.6)

 Hypoglycaemia 1 (0.5) 1 (1.1)

 Hyperkalaemia 7 (3.8) 7 (7.6)

 Hypokalaemia 8 (4.3) 8 (8.7)

 Hyperuricaemia 2 (1.1) 2 (2.2)

 Acidosis, alkalosis 2 (1.1) 2 (2.1)

 Oedemas 1 (0.5) 1 (1.1)

Skin and appendages 23 (12.4) 0 23 (24.5)

 Skin erupt ions 21 (11.3) 21 (22.3)

 Erythema mult iforme 1 (0.5) 1 (1.1)

 Glossit is 1 (0.5) 1 (1.1)

Cardiovascular 21 (11.3) 19 (20.7) 2 (2.1)

 Tachycardia 4 (2.2) 3 (3.3) 1 (1.1)

 Bradycardia 2 (1.1) 2 (2.2)

 Arterial hypotension 2 (1.1) 1 (1.1) 1 (1.1)

 Arterial hypertension 13 (7) 13 (14.10)

Cent ral nervous system and senses 18 (9.7) 9 (9.8) 9 (9.6)

 Ataxia 1 (0.5) 1 (0.5)

 Convulsions 3 (1.6) 3 (1.6)

 Extrapyramidal disorder 1 (0.5) 1 (1.1)

 Loss of consciousness 3 (1.6) 3 (1.6)

 Confusion 1 (0.5) 1 (1.1)

 Headache 3 (1.6) 1 (0.5) 2 (2.1)

 Dizziness 1 (0.5) 1 (1.1)

 Drowsiness 4 (2.2) 4 (4.3)

 Paraesthesia 1 (0.5) 1 (0.5)

Haemat ic-coagulat ion 10 (5.4) 7 (7.6) 3 (3.2)

 Anaemia 1 (0.5) 1 (0.5)

 Leukocytopenia (with neut rocytopenia) 1 (0.5) 1 (1.1)

 Pancytopenia 1 (0.5) 1 (1.1)

 Thrombocytopenia 1 (0.5) 1 (1.1)

 Coagulat ion disorders 6 (3.2) 6 (3.1)

General 8 (4.3) 8 (8.7) 0

 Fever 4 (2.2) 4 (2.1)

 Pain 4 (2.2) 4 (2.1)

Nephrourological 7 (3.8) 1 (1.1) 6 (6.4)

 Urine retent ion 2 (1.1) 2 (2.1)

 Haematuriaa 2 (1.1) 1 (1.1) 1 (1.1)

 Candidiasis 3 (1.6) 3 (3.2)

Psychiat ric effects 6 (3.2) 5 (5.4) 1 (1.1)

 Nervousness, agitat ion, delirium,  
 insomnia

6 (3.2) 5 (5.4) 1 (1.1)

Respiratory 2 (1.1) 1 (1.1) 1 (1.1)

 Dyspnoea 2 (1.1) 1 (1.1) 1 (1.1)
Osteomuscular collagen 2 (1.1) 0 2 (2.1)

 Vasculit is 1 (0.5) 1 (1.1)

 Myalgia 1 (0.5) 1 (1.1)

Total 186 92 94

ADEs not  listed were detected using an analyt ical test  or t rigger drug.  
aPercentages were calculated from the total for each column. An ADE may affect  more than one organ or system.
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in our study. This situat ion could result  from the fact  that  
many of these studies do not  contemplate ADEs caused 
by the omission of a necessary drug. Bates et  al5 est imate 
that 6.1% of hospitalised patients suffer from ADE, and 28% 
of these cases are preventable (overall incidence rate of 
1.7%). On the other hand, Senst et al 15 detected 74 ADEs, 
which means that 2.3% of hospitalised patients had an ADE 
during their stay. An extrapolation factor was applied in this 
study (5% was added to the results obtained, corresponding 
to pat ients who were discharged before developing an 
ADE) and overall incidence rate was estimated at 4.2% (135 
ADEs). The preventability rate was 15% (n=11), but after 
the extrapolation, 20 ADES were considered as avoidable. 
In our area, Otero et  al6 described an ADE rate of 7.2% in 
hospitalised patients, out of which 20% could have been 
prevented (overall incidence rate of 1.4%). 

As a result ,  the incidence rate of pat ients with an ADE 
during hospitalisation ranged between 1% and 10.9%, but 
when we limited the analysis to those studies including 
t reatment  omission as a cause of ADE, the incidence rate 
fell into a range between 7.2% and 10.9%. The results 
we obtained in our study it within these ranges, and we 
therefore consider the study populat ion to be comparable 
with that  used in previous studies.

In this proj ect , we est imate that  ADEs could have been 
prevented in 51.6% of the patients. 

This percentage is higher than percentages in the 
literature we reviewed, in which the numbers range from 
15% to 42%.5,6,15 This is probably due to the large number 
of omissions and reconciliat ion errors we detected in 
part icipat ing hospitals. These results make having a 
computerised system as an aid to avoiding detected 
preventable ADEs more interest ing.

ADEs were caused by various dif ferent  drugs. The 
t reatments that  caused the most  ADEs were ant ibiot ics, but  
this was not preventable in 90% of the cases, and accounts 
for 28% of all cases of non-preventable ADEs. These data 
coincide with the results gathered from the literature we 
reviewed in which antibiotics made up 30%-35% of the non-
preventable ADEs.1,6,15

Opiates caused 10% of the preventable ADEs (9/91); 
our result  is similar to that  found by Bates et  al,1 which 

attributed 20% of preventable ADEs to this drug group. In 
other studies we reviewed, the principal drugs involved in 
preventable ADEs were antibiotics (22.9% vs our 3%) and 
cardiovascular treatments (17.9%7 vs 6.6%).

The symptoms that  were t riggered as part  of an ADE 
were classiied according to the affected organ or system. 
The digestive tract (39.4%; 37/103) and the skin and 
its appendages (24.4%; 19/103) were the systems that 
presented the most  non-preventable ADEs. These results 
coincide with the informat ion provided by Otero et  al,6 in 
which 19.1% of the non-preventable ADEs alter the digestive 
system, followed by the endocrine system (19.8%). 

With regard to preventable ADEs, we observed that  
damage appeared mostly in the endocrine (34.8%; 32/91) 
and cardiovascular systems (20.7%; 19/91). This is also 
described by Otero et  al6 in the study stat ing that  endocrine 
abnormalities made up 28.3% of the preventable ADEs, 
followed by the digestive system (22.6%) and cardiovascular 
system (18,9%). However, Senst et al15 pointed to the cent ral 
nervous system (36%) and cardiovascular system (36%) as 
being the most  affected by preventable ADEs.

We performed an analysis in order to learn the origin, 
type and severity of the errors that  caused preventable 
ADEs with a view to act ing upon them and avoiding similar 
future situat ions. Prescript ion errors made up a high 
percentage of the total detected errors, which is similar 
to results in the literature we reviewed.5-7 The main error 
types we detected were as follows: omission of a necessary 
medicat ion, including reconciliat ion error with habitual 
medication (36.3%; 33/91), incorrect dosages (28.6%; 
26/91), and incorrect drug choice (16.5%; 15/91). The same 
situat ion was also observed in studies considering omission 
to be a cause of ADE (with a rate of 15% for the article 
by Otero et  al6 and 12% for the review by Kanjanarant et 
al7). The identiied percentage of preventable ADEs caused 
by improper dosage is comparable with the percentage 
determined by Kanj anarant  et  al7 in their review (22.4%). 
Improper drug choice was described in most  of the studies 
we reviewed (from 15% to 38%).6,8 For Bates et  al,1 the most  
common errors were in dosage, choice of drug and incorrect  
frequency of administ rat ion. These three errors occurred at  
the t ime the drug was prescribed.

Table 4 Adverse drug events (ADEs) detected through use of analyt ical testss

Analyt ical tests Total ADEs,a No. (%) Preventable ADEs,a No. (%) Non-preventable ADEs,a No. (%)

Glycaemia 21 (35) 11 (29.7) 10 (43.5)

Potassium concent rat ions 15 (25) 15 (40.5)

Transaminases 8 (13.3) 0 8 (34.8)

Creat inine 7 (11.7) 4 (10.8) 3 (13)

INR 6 (10) 6 (16.2)

Alkaline phosphatase 1 (1.7) 1 (4.3)

Clostridium dificile + 1 (1.7) 1 (4.3)

Haemoglobin 1 (1.7) 1 (2.7)

Total 60 37 23

aPercentages were calculated from the total for each column. Some ADEs were detected using analyt ical tests or t rigger drugs.
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Tabla 5 Medicat ions implicated in adverse drug events (ADEs) in this study

Drug group or cause of ADE Total ADEsa 

(n=194)

Preventable ADEsa 

(n=91; 46.9%)
Non-preventable ADEsa 

(n=103; 53.1%)

Ant ibiot ics 32 (16.3%) 3 (3.2%) 29 (28%)
 Amoxicillin/clavulanic acid 12 (6.1%) 12 (11.5%)
 Piperacill ina/ tazobactam 3 (1.5%) 3 (2.9%)
 Levoloxacin 2 (1%) 2 (2%)
 Ceftriaxone 2 (1%) (2%)
 Vancomycin 2 (1%) 2 (2.2%)
 Imipenem 2 (1%) 2 (2%)
 Ciproloxacin 1 (0.5%) 1 (1%)
 Co-trimoxazole 1 (0.5%) 1 (1%)
 Gentamicin 1 (0.5%) 1 (1.1%)
 Erythromycin/ neomycin 1 (0.5%) 1 (1%)
 Met ronidazole 1 (0.5%) 1 (1%)
 Amikacin 1 (0.5%) 1 (1%)
Pure opiate agonists 18 (9.1%) 9 (9.7%) 9 (8.7%)
Cort icoids 11 (5.6%) 11 (10.6%)
Analgesics 10 (5.1%) 1 (1.1%) 9 (8.7%)
Diuret ics 8 (4.1%) 5 (5.4%) 3 (2.9%)
Local anaesthet ics 5 (2.5%) 5 (4.8%)
Insulins 5 (2.5%) 5 (5.4%)
Colchicine 4 (2%) 4 (3.8%)
Parenteral nut rit ion 4 (2%) 4 (4.3%)
NSAIDs 4 (2%) 2 (2.2%) 2 (2%)
Nit rates 4 (2%) 2 (2.2%) 2 (2%)
Laxatives 4 (2%) 3 (3.2%) 1 (1%)
Oral ant icoagulants 3 (1.5%) 3 (3.2%)
Calcium polystyrene sulphonate 3 (1.5%) 1 (1.1%) 2 (2%)
Heparin 3 (1.5%) 1 (1.1%) 2 (2%)
Ant iepilept ics 3 (1.5%) 3 (3.2%)
Beta-blockers 3 (1.5%) 1 (1.1%) 2 (2%)
ACE inhibitors 3 (1.5%) 3 (3.2%)
Ant imycot ics 2 (1%) 2 (2%)
General anaesthet ics 2 (1%) 2 (2%)
Anti-anxiety drugs, sedatives 2 (1%) 1 (1.1%) 1 (1%)
Ant ituberculosis drugs 2 (1%) 2 (2%)
Ant iemet ics 2 (1%) 2 (2%)
Ant ihistamines 2 (1%) 2 (2%)
Psycholept ics 2 (1%) 2 (2%)
Potassium chloride (KCl) 2 (1%) 1 (1.1%) 1 (1%)
Allopurinol 2 (1%) 1 (1.1%) 1 (1%)
Others 13 (6.6%) 5 (5.4%) 8 (7.7%)
Interact ions 5 (2.5%) 5 (5.3%)
 Acenocoumarol + metamizol 1 (0.5%) 1 (1%)
 Acenocoumarol + omeprazol 1 (0.5%) 1 (1%)
 Acenocoumarol + co-trimoxazole 1 (0.5%) 1 (1%)
 ACEI + diuret ics 1 (0.5%) 1 (1%)
 ACEI + potassium chloride 1 (0.5%) 1 (1%)
Omission of a necessary drug 18 (9.1%) 18 (19.4%)
 Ant ihypertensive drug 9 (4.6%) 9 (9.7%)
 Potassium chloride 3 (1.5%) 3 (3.2%)
 Calcium polystyrene sulphonate 2 (1%) 2 (2.2%)
 Laxatives 2 (1%) 2 (2.2%)
 Analgesics 1 (0.5%) 1 (1%)
 Hyperuricaemia correctors 1 (0.5%) 1 (1%)
Compat ibilit y problems 15 (7.6%) 15 (16.1%)
 Oral ant idiabet ics 6 (3%) 6 (6.5%)
 Ant ipsychot ics 3 (1.5%) 3 (3.2%)
 Calcium polystyrene sulphonate 2 (1%) 2 (2.2%)
 Alzheimer medicat ion 1 (0.5%) 1 (1%)
 Hormone replacement  therapy 1 (0.5%) 1 (1%)
 Beta-blockers 1 (0.5%) 1 (1%)
 Ant iarrhythmic drugs 1 (0.5%) 1 (1%)
Totals 197 93 104

ACE inhibitors indicates angiotensin-converting enzyme inhibitors; NSAID, non-steroidal anti-inlammatory drugs.. 
aPercentages were calculated from the total for each column. There are more drugs than ADEs, since an ADE can be caused by more 

than one drug.
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The incidence rate for ADEs considered to be severe (4.4%; 
4/ 91) was lower than what  we saw in the literature; some 
studies detected a rate of severe ADEs as high as 42%.15 

The study has some limitat ions, mainly owing to the 
method used and the study set t ing. The analysis was carried 
out in speciic hospital units, and results cannot therefore 
be extrapolated for other hospital units due to their ample 
variabilit y and varying degrees of specialisat ion. However, 
previous studies6 coincide with our data, and while we 
cannot  make generalisat ions about  the results, we could 
say that  the main problems we observed can also be found 
in other health dist ricts. Secondly, we must  consider the 
dificulty involved in using an observational method to 
ident ify all ADEs that  might  arise during the pat ient ’s 
hospital stay. Observat ion was not  covert , which may 
have affected the results due to the Hawthorne effect ,16 
which leads to improved act ivity on the part  of the worker 
being observed. Another topic for discussion was the lack 
of precision in our understanding of what  caused ADEs. 
Many of the preventable ADEs we identiied were the result 
of human error, although there is no clear idea of what  
precipitated this error. 

To conclude, we can state that  a high percentage of 
patients (10.3%) presented ADEs during the hospital stay, and 
half of those ADEs (51.6%) could have been avoided. This fact 
justiies the need to create a system to improve the quality of 

the care process during a pat ient ’s hospital stay. Therefore, 
we propose implement ing a system of alerts at  t roublesome 
points along the circuit ,  primarily for prescript ion, 
pharmaceut ical validat ion and pharmacotherapy follow-
up, as an aid to detect ing preventable ADEs. We propose 
four lines of act ion to handle the problem: daily checks 
of certain speciic analytical parameters (glycaemia, INR, 
potassium, and creat inine); increasing precaut ions for 
certain drugs considered to have a high potent ial risk of 
preventable ADEs; improving pharmacotherapeut ic follow-
up on pat ients with a higher probabilit y of developing an 
ADE and ensuring good t reatment  compat ibilit y once the 
pat ient  has been admit ted to hospital,  whether by using a 
more extensive personal interview or by having the ability 
to access reliable data about  his/ her normal medicat ions.

We est imate that  preventable risks could be reduced by 
71.4% by applying the preventative measures we propose, 
result ing in increased pat ient  safety and care quality during 
the hospital stay.
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Appendix 1 List  of preventable adverse events caused by use of medicat ions (ADEs) (Cont inuat ion)

Drug  

group

Drug ADE ADE descript ion Cases, 

No.

Analgesic Paracetamol Pain Extravasion from catheter used to administer analgesic.  
  There was no follow-up, and the pat ient  did not  

receive drug for 8 hours

1

Anti-anxiety Zolpidem Loss of 
consciousness

Poisoning due to administ rat ion of an unnecessarily high 
  dose. Required administration of lumazenil as an 

ant idote to the poisoning

1

Calcium  
 antagonist

Amlodipine Oedemas Higher dose than pat ient ’s normal dose led to retaining 
  water and oedema forming in legs

1

Ant iarrhythmics Amiodarone Sustained 
tachycardia

Doses and frequencies were lower than the pat ient   
 needed

1

Ant ibiot ic Gentamicin 
 
Vancomycin

Renal failure Renal failure after administering ant ibiot ic due  
  to not  adj ust ing dosage according to renal funct ion. 

Creat inine increased by 1.7 for gentamicin and by 
2.14 and 1.5 for vancomycin (along with toxic plasma 
levels of the drug)

1 
 
2

Ant icoagulant Acenocoumarol Thrombosis Thrombosis after skipping a dose of ant icoagulant  due  
 to an electronic veriication error

1

Thrombosis due to changing from enoxaparin  
 to acenocoumarol too quickly without  checking INR

1

Coagulat ion  
 disorders

Coagulat ion disorder (INR below the normal range)  
 due to lack of analyt ical tests

1

Ant iepilept ic Carbamazepine Convulsions with  
  respiratory  

failure

IUnderdose of carbamazepine (dose was lower than  
 pat ient ’s normal dose)
Skipping a dose of ant iepilept ic that  was needed 
 in order to carry out  a test

2

1

NSAID Diclofenac Hypertension, 
oedemas

Sodium and water retent ion with corresponding increase 
   in arterial pressure that  remained high in a 

hypertensive pat ient . The drug was not  discont inued 
at  any t ime

1

Indomethacin, ASA, 
  metamizol, and 

dexketoprofen

Stomach-ache NSAID overdose caused epigast ralgia 1

Beta-blockers Carvedilol Tachycardia and 
dyspnoea

Administering a beta-blocker to a pat ient  with acute  
 heart  failure

1

PCA pump Ropivacaine+  
 fentanyl

Paraesthesia Erroneous placement  of catheter for administering  
 analgesic, causing paraesthesia of the leg

1

Hyperuricaemia  
 correctors

Allopurinol Renal failure Dose was not  adj usted for the pat ient  (init ial creat inine  
  level: 1.35 mg/ dL). Pharmacy issued alert  but  dose 

was not changed (300 mg/day). Nephrotoxicity 
appeared within 3 days (creat inine levels  
of 2.17 mg/ dL) 

1

Diuret ic Furosemide Hypokalaemia Elect rolyt ic imbalances due to lack of analyt ical tests 
and potassium sources

3

Torasemide Hypokalaemia 1

  Furosemide +  
hydrochloro- 
thiazide

Hyperuricaemia  
  with an acute 

at tack of gout

Elect rolyt ic imbalances made worse by diuret ics due  
  to lack of analyt ic tests, which caused an acute at tack 

of gout

1

Ant i-pept ic  
 ulcer  
 drug

Ranit idine Agitat ion, 
nervousness

Pat ient  received higher dose than necessary due to  
 dose not  being adj usted for renal failure

1

Drug  
 used for  
 poisonings

Calcium polystyrene  
 sulphonate

Hypokalaemia Administering an unnecessary medicat ion. Lack of  
  analyt ic test ; hypokalaemia was observed, but  drug 

was not  discont inued

1

Heparin Enoxaparin Haematuria Pat ient  received higher dose than necessary due  
 to dose not  being adj usted for renal failure 
 
 

1

(Cont inue)
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Appendix 1 List  of preventable adverse events caused by use of medicat ions (ADEs) (Cont inuat ion)

Drug  

group

Drug ADE ADE descript ion Cases, 

No.

ACEI Captopril Hypertension Sustained hypertension due to ACEI underdoseA 2

Enalapril Hyperkalaemia Sustained hyperkalaemia as an adverse react ion  
  to ACEIs with no test ing for the elect rolyt ic 

imbalances this could create

1

Insulin Glycaemic  
  abnormalit ies 

(diabetes)

Glycaemic abnormalit ies due to insulin underdose.  
  Doses were lower than the pat ient  normally received

5

Laxative Diarrhoea Excessive laxative use (3 or 4 laxatives used at once  
 without  wait ing for them to take effect )

Nit rate Nit roglycerine Loss of  
  consciousness, 

ataxia

Erroneous drug choice due to not  running analyt ic 
  test , result ing in worsening of pat ient ’s clinical state 

(ataxia, arrhythmias and inally, lack of consciousness)

2

Parenteral  
 nut rit ion

Fever Incorrect  handling of the catheter for parenteral  
  nut rit ion result ing in St aphylococcus epidermidis 

infect ion and fever of 39ºC

4

Pure  
  opiate 

agonisto

Fentanyl

Morphine

Pethidine 
hydrochloride

Tramadol

Dyspnoea
Pain
Nausea, vomit ing,  
 disorientat ion
Const ipat ion

Pain
Agitat ion, insomnia, 
 anxiety
Const ipat ion

Const ipat ion

Of the cases in which the pat ient  was in pain,  
  one was caused by drug underdose, 2 were  

caused by failure to administer the prescribed dose, 
and once due to failure to t ranscribe. 
In the other cases, the dosage was higher than 
necessary due to lack of a proper t it re, which  
caused adverse react ions from opium receptor 
st imulat ion (respiratory failure, euphoria, myosis, 
hallucinat ions etc)

Lack of prophylactic laxatives to avoid constipation,  
 a known side effect  of opiates

1
1
1

1

2
1

1

1

Potassium  
 chloride

Hyperkalaemia Administ rat ion of potassium chloride to a pat ient   
  who did not  require that  supplement , leading  

to sustained hyperkalaemia (without  drug being 
discont inued)

1

Total ADEs 53

Appendix 2 List  of the preventable adverse drug events caused by interact ions, omissions or medical reconciliat ion errors

Cause of ADE Drug ADE ADE descript ion Cases, 

No.

Interact ion Metamizol  
 +acenocoumarol

Coagulat ion  
 disorders

Interact ion of these drugs increased the effect   
 of acenocoumarol (INR=9.21)

1

Acenocoumarol  
 + omeprazol

Coagulat ion  
 disorders

Interact ion of these drugs increased acenocoumarol’s  
 ant icoagulant  effect  (INR=7)

1

Acenocoumarol  
 + co-trimoxazolel

Coagulat ion  
 disorders

Documented drug interaction between co-trimoxazole  
  (which was dosed too high) and acenocoumarol, which 

increases its blood levels and risk of haemorrhage 
(INR=7.64)

1

ACEI + diuret ics Hypotension Excess of drugs with a hypotensive effect (enalapril +  
 spironolactone + furosemide)

1

Potassium chloride  
 + ACEI

Hyperkalaemia ACEIs increase plasma potassium levels as a mat ter  
  of course. Administering addit ional potassium chloride 

was unnecessary

1

Reconciliat ion  
 error

Pat ient ’s habitual drug was discont inued during  
 the hospital stay

15

Omission  
  of a necessary 

drugo

18

ADE totals 38


