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Abstract

Obj ect ive:  To determine both the global incident ,  and the incident  for stages of  medicat ion 
errors in 6 Catalonian hospitals, the types of error, and the consequences.
Method: A prospect ive design, with the global variable of the medicat ion error. Potent ial errors 
have been excluded. The pat ients admit ted to each hospital were studied in 2 groups of up to 
300 pat ients and 1500 administ rat ions were observed. The NCCMERP taxonomy was applied. 
The prescript ion error was detected through the review of prescript ions, checking the pat ient , 
medicat ion,  adherence t o prot ocols,  int eract ions,  cont raindicat ions,  omission,  dupl icat ed 
therapy, doses, frequency, method, and lack of follow-up. During the t ranscript ion/ validat ion, 
it was veriied that the prescription matched the original order. In the dispensing process, the 
cont ent  of  t he drawers was checked,  comparing it  t o t he comput er generat ed l ist ,  before 
sending out  t he single dose t rol ley.  The t ranscript ion,  preparat ion and administ rat ion were 
observed on the wards. The information for all the procedures was registered in a speciic data 
sheet . There was moderate concordance amongst  the inspectors (kappa=0.525).
Result s: Sixteen point  ninety-four errors were detected per 100 pat ients-day and 0.98 errors per 
pat ient : sixteen percent  in prescript ion, 27% in t ranscript ion/ validat ion, 48% in dispensing, and 
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Estudio de incidencia de los errores de medicación en los procesos de utilización  

del medicamento: prescripción, transcripción, validación, preparación, dispensación 

y administración en el ámbito hospitalario

Resumen

Obj et ivo: Determinar la incidencia global y por etapas de los errores de medicación en 6 hospi-
tales de Cataluña, así como los t ipos de error y las consecuencias. 
Método: Diseño prospect ivo, cuya variable global es el error de medicación. Se han excluido los 
errores potenciales. En cada hospital se estudiaron los ingresados en 2 unidades hasta 300 pa-
cientes y se observaron 1.500 administ raciones. Se aplicó la taxonomía del Nat ional Coordinat -
ing Council for Medicat ion Error Report ing and Prevent ion. 
El error de prescripción se detectó mediante la revisión de las prescripciones, en la que se com-
probaron paciente, medicamento, adherencia a protocolos, interacciones, cont raindicaciones, 
omisión, duplicidad terapéut ica, dosis, frecuencia, vía y falta de seguimiento. En la t ranscrip-
ción/ validación se comprobó la coincidencia con la orden médica original.  En la dispensación, 
antes de enviar los carros de unidosis, se revisó el contenido de los caj et ines, y se cont rastó con 
el listado generado informát icamente. En planta, los observadores comprobaron t ranscripción, 
preparación y administ ración. En todos los procesos se regist raron los datos en una hoj a especí-
ica. La concordancia entre revisores fue moderada (kappa = 0,525).
Resul t ados:  Se detectaron 16,94 errores por 100 pacientes-día y 0,98 por paciente:  16 % en 
prescripción, 27% en t ranscripción/ validación, 48 % en dispensación y 9 % en administ ración. El 
84,47 % pertenecía a la categoría B (no se alcanzó al paciente),  y menos del 0,5 % causaron 
daño. La población, de 65 años de media, se dist ribuyó en una relación varón/ muj er de 60/ 40. 
Los principales grupos terapéuticos fueron: agentes contra la úlcera péptica y el relujo gastroe-
sofágico, ant it rombót icos, y ot ros analgésicos y ant ipirét icos, en los que predominaba la forma 
farmacéut ica sólida oral (58 %). Los medicamentos por paciente-día fueron 5,5 y las unidades de 
medicamento, 11,21 de promedio, con gran variabilidad ent re cent ros; el aj uste a 10 unidades 
uniformizó el resultado. En todas las fases, la omisión resultó el error más frecuente.
Discusión: La distinta metodología y el ámbito de las investigaciones diiculta la comparación de 
resultados; esto se observa en los errores con daño, cuya proporción se ve afectada por el pro-
cedimiento de detección. El número de errores evitados mediante la ej ecución de este proyec-
to maniiesta la necesidad de mejorar la planiicación de los sistemas de trabajo y el establec-
imiento de medidas de seguridad.

© 2008 SEFH. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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9% in administ rat ion. Eighty-four point  forty-seven percent  were category B errors (they did not  
reach the pat ient ), and <0.5% of the errors were harmful. The populat ion, with an average age 
of 65, had a male/ female rat io of 60/ 40. The principal therapeut ic groups were: agents against  
pept ic ulcer and GERD, ant ithrombot ic agents, and other analgesics and ant ipyret ics, principa-
lly in a solid oral drug form (58%). The medicat ions per pat ient -day were 5.5 and the unit s of 
medicat ion were on average 11.21, varying great ly among the inst itut ions. The adj ustment  of 
10 unit s made t he result s more uniform.  In al l  t he st ages,  omission was t he most  f requent  
error.
Discussion:  The dif ferent  methods used and dif ferent  areas of the invest igat ions make compari-
sons dificult. This is evident in the harmful errors, the proportion of which is affected by the 
detect ion procedure. The number of mistakes avoided during the execut ion of this proj ect  de-
monst rates the need to improve the planning of the work systems and to establish safety mea-
sures.

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

Introduction

Pat ient  safety occupies an increasingly important  place 
among the quality obj ect ives of health systems. In spite 
of previous invest igat ions related to healthcare, it  was not  

unt il the publicat ion in 1999 and 2001 of 2 reports from the 
Inst itute of Medicine (IOM) of the United States (“ To err is 
human: building a safer health system”  and “ Crossing the 
quality chasm: a new health system for the 21st  century” ) 
that  the magnitude of the problem was revealed. These 
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reports est imated annual mortalit y from medical errors 
in the United States at  44 000 and 98 000 respect ively and 
st rikingly the maj ority of these errors can be at t ributed 
to defects in the system.1,2 Subsequent ly, the consultancy 
group Health Grades (a company dedicated to healthcare 
quality assessment ) updated this informat ion in a study 
which covered 45% of annual hospital admissions. The 
results revealed that  annual deaths from errors were up to 
195 000.3

In response to the IOM report , the federal government  issued 
an exhaust ive paper on pat ient  safety, with intervent ion 
proposals for carrying out  the IOM recommendat ions.4

Along these lines, the UK government  proposed to reduce 
serious medicat ion errors by 40%.5

In 2005, the Spanish government  promoted the Spanish 
Nat ional Study of Hospitalisat ion-Related Adverse Events 
(ENEAS) and found that  9.3% of admit ted pat ients exhibited 
an adverse effect  of healthcare. Thirty-seven point  four 
percent  of these incidents are caused by medicat ions.6 As 
a consequence of the invest igat ion, the Spanish Minist ry of 
Health and Consumer Affairs designed the Quality Plan for 
the Spanish Nat ional Health System, which was edited in 
March 2006, and in which areas of performance, st rategies, 
obj ect ives, and proj ects aimed at  increasing pat ient  safety 
were developed.7

The bodies that  work in safety development  agree with 
the rule proclaimed by Leape8 in 1994, that  error prevent ion 
st rategies in health systems should be cent red on the system 
itself  and not  on the individual.

Among the incidents arising from healthcare are safety 
failures in the use of medicat ions which may occur  
at  any stage along the course of their use: acquisit ion, 
prescript ion, transcript ion, validation, dispensing, preparation, 
administ rat ion, and pat ient  compliance. 

In spite of multiple studies published in the ield, it 
has been dificult to accept the information extracted. 
Although most  have been conducted in the hospital,  
the dif ferences between the cent res themselves, the 
obj ect ives, populat ion, error detect ion method used, 
inclusion or not  of circumstances capable of causing error, 
and the dif ferences in the error concept  it self ,  encumber 
comparisons and ext rapolat ions. Nonetheless, and thanks to 
published invest igat ions, we know that  errors are produced 
at  a rate of 1.4 per admission,9 23.6 per 100 admissions-
year, 6.1 adverse events, and 5.5 potent ial adverse events 
per 100 admissions11;  and although harm is caused in only 
5%,12 in Spain they cause between 4.7% and 5.3% of hospital 
admissions.13,14 Some authors have also determined that  the 
error rate oscillates between 3.5% and 7% of administered 
doses,15 and that  a hospitalised pat ient  is subj ect  to 0.9 
daily medicat ion errors.16

In Catalonia, the Catalan Society of Clinical Pharmacy, 
together with the Avedis Donabedian Foundat ion and the 
Regional Minist ry of Health of the Catalonian Government , 
among others, have been the driving force behind the 
Pat ient  Safety Alliance, through the coordinat ion of research 
proj ects. In this framework, a study has been carried out  
in 6 hospitals of dif ferent  levels and ownership, with the 
aim of:

–   Determining the overall incidence of errors in the 
medicat ion usage process in 6 Catalonian hospitals.

–   Learning the proport ion of medicat ion errors in the study 
populat ion.

–   Determining the incidence of medicat ion errors in medical 
and surgical units.

–   Determining the incidence of medicat ion errors in each 
of the stages or processes in the therapeut ic chain: 
prescript ion, t ranscript ion/ validat ion, dispensing, 
administ rat ion, and determining what  kind of errors are 
produced at  each stage.

–   Determining the consequences of medicat ion errors.
–   Relat ing the errors with the number of medicat ions 

used.
–   Facilitat ing a methodology that  can be applied to other 

studies.

Method

Design

This is an observat ional cohort  study, with prospect ive 
design that  includes follow-up, whose principal variable 
is medicat ion error. Errors of prescript ion, t ranscript ion, 
validat ion, pharmacy preparat ion/ dispensing, and nursing 
preparat ion/ administ rat ion have been considered part ial or 
process variables. Other secondary variables are: number 
of pat ients reached by an error, type of error, consequences 
for the pat ient ,  and severity. Circumstances or incidents 
capable of causing error have not  been included.

Scope

The study was conducted in 6 Catalonian hospitals with 
dist inct  geographical locat ions and dif ferent  healthcare 
levels (Table 1).

All the hospitals had a unit  dose drug dispensing 
(UDDD) system and a medicat ion preparat ion unit .  One 
hospital had the elect ronic prescript ion system, 2 were 
part ially elect ronic, and the remaining 3 relied on manual 
prescript ion. Fill ing the t rolleys was manual in 4 hospitals 
and semiautomat ic (Kardex type) in the other 2.

Population

Each cent re chose 2 hospitalisat ion units, 1 medical, and 1 
surgical, except  one of the cent res which chose 1 medical 
and 1 mixed, in the absence of a totally surgical unit .  

All hospitalised pat ients in the selected units at  the start  
of the study, without  except ion, were included along with 
all subsequent admissions until its inalisation.

Calculation of sample size

The overall incidence of medicat ion error was taken as 14.8 
per 100 admissions-year.10 The calculat ion of the sample 
size was done by assuming an alpha risk of .05 and a beta 
risk of .20 in bilateral cont rast . The number of individuals 
necessary to detect  a dif ference equal to or above .025 was 
1647. It  was rounded to 300 pat ients per hospital.

In our sample,  t he daily errors produced in prescript ion, 
t ranscript ion/ val idat ion,  preparat ion in t he Pharmacy 
Service (PS) and dispensing were recorded.  Due t o t he 
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dificulty in observing all the administrations during 
t he st udy period,  it  was agreed t o fol low-up a t ot al  of 
1500 administ rat ions per cent re,  dist ributed between 
t he dif ferent  shif t s,  including weekends and publ ic 
holidays. This igure represents 18.7%–37.5% of the total 
in a pat ient  who receives 20 t o 10 administ rat ions a day, 
respect ively.

The unit  of preference for evaluat ion was pat ient -day.

Study variables

Deinition of medication error and classiication
The concept  adopted by the Nat ional Coordinat ing Council 
for Medicat ion Error Report ing and Prevent ion (NCC MERP) 
was applied for the deinition of error. The NCC MERP 
deines error as any preventable event that may cause 
or lead to inappropriate medicat ion use or pat ient  harm 
while the medicat ion is in the cont rol of the healthcare 
professional, pat ient, or consumer. Such events may be 
related to professional pract ice, healthcare products, 
procedures, and systems, including errors in prescribing, order 
communicat ion, product labelling, packaging, nomenclature, 
compounding, dispensing, dist ribut ion, administ rat ion, 
educat ion, monitoring, and use.17

Classiication was done according to the Otero et al 
adaptat ion of the NCC MERP taxonomy. They were grouped 
according to the process in which the error originated: 
prescript ion, t ranscript ion/ validat ion, preparat ion/
dispensing, preparat ion/ administ rat ion, and pat ient /
t reatment  follow-up.

Depending on their nature, errors were classiied 
as: incorrect  medicat ion (inappropriate select ion of 
medicat ion, unsuitable medicat ion, previous history 
of allergy, cont raindicated medicat ion, inappropriate 
medicat ion for the pat ient  because of age or clinical 
situat ion, therapeut ic duplicat ion), omission of dose or 
medicat ion (omission in the prescript ion, t ranscript ion, 
dispensing, administ rat ion), incorrect  dose (overdosing, 
ext ra dose), incorrect  administ rat ion frequency, incorrect  
pharmaceut ical form, error of preparat ion or manipulat ion 
or condit ioning, incorrect  administ rat ion technique, 
incorrect  administ rat ion route, incorrect  velocity, incorrect  
t ime of administ rat ion, wrong pat ient , incorrect  t reatment  
durat ion (longer than the correct  period, shorter), lack of 
t reatment  follow-up (lack of clinical,  analyt ical reviews, 
interact ions), deteriorated medicat ion, pat ient  non-
compliance, others.18

The NCC MERP classiication has been used for 
consequences in pat ient  health, in which errors were 
grouped in 9 categories of increasing severity17 (Table 2).

This study does not  include potent ial errors or 
circumstances capable of causing error (severity category 
A), or adverse react ions to medicat ions or unpreventable 
adverse events.

Errors affect ing the care of the pat ient  and diet  were also 
excluded.

Error detection

Prescript ion: a pharmacist  made a daily review of the 
study pat ients’  prescript ions and analysed: right  pat ient  
and medicat ion, adhesion to protocol, interact ions, 
cont raindicat ions, omissions, therapeut ic duplicat ion, 
dosage, frequency, route, and lack of follow-up. Where 
appropriate, informat ion was obtained from the physician 
or nurse. The errors were recorded on a sheet  designed for 
the purpose.

Transcript ion/ val idat ion by t he PS: following the 
prescript ion review, above, and also on a daily basis, 

Table 1.  Geographical locat ion and type of hospitals studied

Health region Hospital Hospital type No. of beds Study period

Lleida HAV Referral hospital 450 06/ 19/ 07-07/ 24/ 07
Terres de l’ Ebre HCM Basic general hospital 103 06/ 25/ 07-08/ 07/ 07
Barcelona HGC High technology hospital 274 07/ 17/ 07-10/ 10/ 07
Barcelona ICO High technology hospital 120 06/ 11/ 07-08/ 13/ 07
Barcelona HSP High technology hospital 623 10/ 8/ 07-01/ 21/ 08
Barcelona HUB High technology hospital 900 6/ 06/ 07-10/ 25/ 07

HAV indicates Hospital Universitario Arnau de Vilanova; HCM, Hospital de Mora d’ Ebre; HGC, Hospital General de Cataluña;  
HSP, Hospital de la Santa Creu i Sant  Pau; HUB, Hospital Universitari de Bellvitge; ICO, Inst itut  Català d’ Oncologia.

Table 2. Error classiication according to severity

Category of 
severity

NCC MERP17 deinition 

Category A Circumstances or incidents capable  
of causing error

Category B Error produced, but  did not  reach  
the pat ient

Category C Error reached the pat ient , but  did not  cause 
harm

Category D Error reached the pat ient  and did not  cause 
harm, but required follow-up to conirm

Category E Error cont ributed to or caused temporary 
harm to the pat ient  and required operat ion

Category F Error cont ributed to or caused temporary 
harm and required or prolonged 
hospitalisat ion

Category G Error cont ributed to or caused permanent  
harm to the pat ient

Category H Error affected the life of the pat ient
Category I Error cont ributed to or caused the death  

of the pat ient
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another pharmacist veriied coincidence with the original 
medical order (MO): pat ient , medicat ion, dosage, schedule, 
route, and durat ion. Disagreements were compared with 
the original MO and the errors recorded.

Preparat ion in t he PS:  a pharmacist , technician, or nursing 
personnel, according to the availabilit y and procedure of 
each hospital,  revised the medicat ions prepared for the 
study pat ients: prescribed formulas, parenteral nut rit ion, 
int ravenous mixtures, cytostat ics. The suitabilit y of the 
medicat ion or act ive principle, concent rat ion, quant ity, 
diluents, preparation techniques, identiication, stability, 
use-by date, and conservat ion were studied and the errors 
recorded. 

Dispensing:  in the PS, before sending out  the t rolleys 
with the unitary doses, the boxes were checked and their 
contents compared with the t rolley inventory cont rol list  
generated by the unitary dose computer system. Errors 
were considered: wrong medicat ion, omission of dose or 
medicat ion, incorrect  dose, incorrect  pharmaceut ical 
form, wrong pat ient , and deteriorated or badly conserved 
medicat ion. This act ivity was performed by technical, 
auxiliary, nursing or pharmaceut ical personnel, according 
to the organisat ion of each cent re.

Errors were noted direct ly on the medicat ion lists or the 
sheet  designed for that  purpose. 

Transcript ion by nursing st af f : on the loor, the nursing 
staff  assigned to observe the administ rat ion, checked that  
the t ranscript ion of the MO was correct  against  a list  of 
medicat ions by pat ient , a computerised nursing sheet , or a 
copy of the MO, depending on each hospital.  Disagreements 
were resolved by comparing the nursing and pharmacy 
informat ion with the original MO.

Preparat ion/ handl ing by nursing and administ rat ion: 

once the t ranscript ion was validated, the nurse in charge 
checked by direct  observat ion, the correct  preparat ion and 
administ rat ion of the medicat ions and accompanied the 
ward nurse during the drug round: medicat ion, omission, 
pharmaceut ical form, solvent , dosage, concent rat ion, 
preparat ion method, incompat ibilit ies, conservat ion, 
stability of inal product, patient, clinical situation, route, 
velocity, administ rat ion technique, t ime, t reatment  
duration and follow-up. Schedule error was deined as at 
least  1 hour before or after the established t ime. Detected 
errors were avoided, but  were recorded as if  they had 
reached the pat ient , at t ributed a potent ial morbidity and 
classiied in terms of the pertinent severity. This task was 
performed daily observing part  of the administ rat ions of 
the dif ferent  shif ts cont inually unt il the total observat ions 
had been reached.

Errors were recorded direct ly onto the checklist  or form. 
In all cases, detected errors were corrected.
Prescript ion, pharmaceut ical t ranscript ion/ validat ion, or 

dispensing errors detected during the administ rat ion stage 
were not  counted in the hospitals which had performed the 
ward observat ions at  a later t ime than the rest  of the study 
since, as ment ioned, the errors were intercepted once 
diagnosed and thus did not  go beyond the nursing unit .

Work plan

The Catalan Society of Clinical Pharmacy announced the 
existence of the study, and enrolment  was opened to the 

cent res that  wished to part icipate. Hospitals of dif ferent  
levels were selected, and in each one a work team was 
created, formed by at  least  one doctor, one nurse and one 
pharmaceut ical coordinator responsible for the t raining of 
the members part icipat ing in the study.

A speciic sheet for each process was drawn up for recording 
details of the errors with a common sect ion requiring 
informat ion on the pat ient  and the drugs involved. 

The hospitals entered their own informat ion into a database 
designed by the Inst itute for Safe Medicat ion Pract ices-
Spain and the Spanish Society of Hospital Pharmacy, which 
was used in the invest igat ion of medicat ion errors in the 
Ruiz Jarabo 2000 grant  proj ect  (Otero et  al).  Furthermore, 
each hospital created a regist ry of pat ients, hospital stays, 
number of medicat ions, and units of medicat ion assigned to 
the study pat ients. 

On planning the development  of the study, it  was 
est imated that  a mean stay of 1 week and daily follow-up of 
50 pat ients would take some 40 days, including weekends 
and public holidays (considering units of 25 beds and 100% 
occupancy) to include 300 pat ients per hospital.  In some 
cent res, the administ rat ion errors were studied at  a later 
date than the rest  of the study, although in the same units 
as the previous stages.

Data capture started on June 1, 2007 and ended on 
January 23, 2008 due to the late ent ry of one hospital 
(Table 1).

Statistical analysis

Data was analysed with the SPSS 11.0 (SPSS Inc., Chicago, 
IL, USA) stat ist ical software package. Qualitat ive variables 
were described as percentages and incidence, such as 
incidence density (number of errors per pat ients-day at  risk), 
equal to the quot ient  between the number of medicat ion 
errors produced during the follow-up period and the sum of 
all the individual observat ion t imes. Quant itat ive variables 
were described through measures of cent ral tendency 
(mean or median according to normality criteria studied 
by the Kolmogorov-Smirnov test ) and dispersion (standard 
deviat ion, interquart ile range). Frequency comparisons 
between 2 types of units (medical and surgical) were done 
using the c2 test  or Fisher test , whichever was agreed. 
Quant itat ive data was compared using the Student  t  test  
or Mann-Whitney U test , depending on the unit  (medical or 
surgical).  

Statistical signiicance was deined as a value of P≤.05, and 
95% of conidence interval (CI) . Unless stated otherwise, 
the results are given per 100 pat ients-day.

Interhospital concordance study

During a meet ing between collaborators and work group 
members from the dif ferent  cent res, a concordance study 
was made through the writ ten resolut ion of pract ical cases 
to evaluate the characterisat ion of medicat ion errors and 
uncover dif ferences of opinion in their diagnosis.

Given that  the kappa index determines the degree of 
agreement  that  exists above that  expected at  random, 
this means was used to study overall concordance between 
reviewers and stratiied according to the stages of the 
therapeut ic chain process. 
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The result of the overall identiication of errors was 
moderate (kappa=0.525), being good in administ rat ion 
(kappa=0.778) and weak or moderate in prescript ion 
(kappa=0.296) and dispensing (kappa=0.450).

Once these evaluat ions were completed, a case by case 
discussion took place and a consensus reached in 100% of 
the studied cases. 

Ethical aspects

The coordinators of each cent re sought  the agreement  of 
the chiefs and supervisors of the implicated services in 
order to conduct  the study, and informed the respect ive 
directors’ ofices when it began. Each principal investigator 
presented the proj ect  to the Clinical Invest igat ion Ethics 
Commit tee of their own hospital for approval.

Observat ion of the administ rat ion was made in agreement  
with the loor nursing staff, and conducted by experienced 
nurses, largely on the staff ,  outside their regular shif t .  
Errors were corrected as soon as they were detected.

In order to present  the results anonymously, each hospital 
was identiied with a code.

Results

General information on medication errors

The study was carried out  on an adult  populat ion, although 
this was not  an inclusion criterium. The mean (standard 
deviat ion) of age was 65.18 (15.76) years. In all the cent res, 
the mean oscillates between 65 and 67 years, except  in 

Hp5, where it is signiicantly lower (P<.001) and equal to 59 
years. 61% are male and 39%, female.

Between the 6 part icipat ing hospitals, 2030 pat ients were 
studied during 11 714 stays (or pat ients-day). The total of 
medicat ion units was 131 378 which corresponded to 64 527 
medicat ions. The dist ribut ion by hospital is shown in Table 3. 
The administ rat ions observed were 8784.

Overall,  1984 medicat ion errors were detected, which 
implies an incident  rate of 16.94 errors per 100 pat ients-
day (95% CI, 16.63-17.25) and a proport ion of 0.98 errors 
per pat ient  (95% CI, 0.93-1.02) (Figure 1).

Determining the errors at  each stage of the process 
showed that  16% were prescript ion errors; 27% t ranscript ion/
validat ion; 48% preparat ion/ dispensing; and 9% preparat ion/
administ rat ion (Table 4). 

In all the hospitals, the maj ority of the errors were 
produced in dispensing.

Hp2, having elect ronic prescript ion, showed a lower 
incidence of t ranscript ion errors. 

Figure 2 gives the percentage of errors for each hospital,  
according to the dif ferent  stages of medicat ion use.

The number of errors per pat ient  in each cent re 
(accumulated incidence) was 0.17 in Hp1; 0.67 in Hp2;  
1.84 in Hp3; 1.36 in Hp4; 0.99 in Hp5; and 1.51 in Hp6; and 
overall,  0.98.

The analysis applied to medical and surgical units 
separately showed the same decreasing order of incidence: 
dispensing, transcript ion/ validation, prescript ion, preparation/  
administration and, inally, follow-up. A greater proportion 
of prescript ion errors was observed in surgical units, while 
incidence density (ID) is higher in medical units (Table 5). 

Table 3.  Drugs and medicat ion units per hospital

Hospital Hp1 Hp2 Hp3 Hp4 Hp5 Hp6 Overall

No. of drugs 2635 6538 17 750 5267 15 918 16 419 64 527
Medicat ion units 5203 14 462 33 540 9837 25 024 43 312 131 378
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Figure 1.  Error percentage per hospital according to the phases of the medicat ion use process.
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Consequences for the patient

Category B is the most  numerous with 84.5% of the total,  
followed by category C (error that  reaches the pat ient , but  

causes no harm) (14.5%). In group D, (error without  harm but  
requiring follow-up to conirm) 0.71%, there are 14 cases: 
six originat ing from prescript ion errors, 2 in t ranscript ion 
by pharmacy, and 6 in administ rat ion.

Table 4.  Number of errors, proport ion, and incidence per hospital and process stages

Process Hp1 Hp2 Hp3 Hp4 Hp5 Hp6 Global

 x/ n ID x/ n ID x/ n ID x/ n ID x/ n ID x/ n ID x(%) ID

Table 5.  Number of errors, proport ion (x/ n), and incidence (ID) in dist inct  phases of the process in medical units (n=6), 
surgical units (n=4), and overall (n=12)

Process Medical Surgical P-value Overall

 x (%) ID x (%) ID x (%) ID x (%) ID

Figure 2.  Error/ pat ient  and error/ 100 pat ients-day.
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Prescript ion 21/ 95 0.85 73/ 203 6.84 35/ 604 1.58 59/ 330 5.91 31/ 298 1.36 100/ 454 3.69 319 (16.04) 2.72
Transcript ion/  13/ 95 0.52 12/ 203 1.03 153/ 604 6.92 67/ 330 6.71 140/ 298 6.16 148/ 454 5.51 533 (26.84) 4.55
 validat ion
Preparat ion/   21/ 95 0.85 84/ 203 7.87 393/ 604 17.77 166/ 330 16.62 117/ 298 5.15 176/ 454 6.56 957 (48.28) 8.17
 dispensing
Preparat ion/  39/ 95 1.57 34/ 203 3.19 22/ 604 0.99 38/ 330 3.80 10/ 298 0.44 28/ 454 1.04 171 (8.63) 1.46
 administ rat ion
Pat ient /  1/ 95 0.04 0/ 203 0.00 1/ 604 0.05 0/ 330 0.00 0/ 298 0.00 2/ 454 0.07 4 (0.20) 0.03
 t reatment  
 follow-up
Total 95 3.83 203 19.03 604 27.31 330 33.03 298 13.10 454 16.88 1.984 16.94

ID indicates incidence density expressed per 100 pat ients-day.

Prescript ion 178 (14.33) 1.52 120 (18.61) 1.02 .065 .070 319 (16.04) 2.72
Transcript ion/ validat ion 315 (25.36) 2.69 205 (31.78) 1.75 .034 .040 533 (26.84) 4.55
Preparat ion/ dispensing 673 (54.49) 5.75 263 (40.78) 2.25 <.001 <.001 957 (48.28) 8.17
Preparat ion/ administ rat ion 77 (6.20) 0.66 55 (8.53) 0.47 <.001 <.001 171 (8.63) 1.46
Pat ient / t reatment  follow-up 1 (0.08) 0.01 2 (0.31) 0.02 .125 .200 4 (0.20) 0.03
TOTAL 1244 (100) 10.60 645 (100) 5.51 .273 .300 1984 (100) 16.94

ID indicates incidence density expressed per 100 pat ients-day.
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Only in 0.35% (n=7) would errors have caused harm 
had they not  been intercepted; in terms of origin, 4 are 
prescript ion and 3, administ rat ion. 

There were no occurrences in category G (error with 
harm: error cont ributes to or causes permanent  harm to the 
pat ient ), H (error with harm: the error affects the pat ient ’s 
life and requires life-sustaining intervent ion), or I (fatal 
error).

Error related to medications and medication units

The overall mean of medicat ions (lines) and medicat ion 
units (dispensat ions) is 5.5 medicat ions per pat ient -day 
(range, 1-8) and 11.21 units (range, 2-16), respect ively. 
Figure 3 gives a graphical comparison of the gross results 
and with an overall adj ustment  of 10 units per pat ient  and 
between cent res.

The most implicated therapeutic groups (ATC classiication) 
were: agents against  pept ic ulcer and gast roesophageal 
relux, antithrombotic agents, other analgesics and 
antipiretics, anxiolytics, non-steroidal anti-inlammatory 
and ant irheumat ic products, int ravenous solut ion 
addit ives, high ceiling diuret ics, IV (int ravenous) solut ions, 
ant ibacterial beta-lactam penicill ins and other ant ibacterial 
beta-lactams, and the most  frequent  act ive principles, 
pantoprazole, amoxicill in/ clavulanic acid, dexketoprofen, 
metamizole, dexamethasone, bemiparin, ceft riaxone, 
furosemide, met ronidazole, metoclopramide, paracetamol, 
lorazepam, acetylsalicylic acid, iprat ropium, nit roglycerine, 
potassium, and saline.

The predominant  pharmaceut ical form is oral solid with 
58%, followed by inj ectable with 33%. 

Error-speciic data according to process

The results obtained from the analysis of each of the 
variables were as follows: omission occupies irst place in 
prescript ion with 24% of the total followed by overdosing, 
incorrect  frequency, underdosing, and therapeut ic 
duplicat ion. It  should be noted that  failure to prescribe a 
medicat ion is the most  common incident  in all the hospitals 
except  Hp6, where therapeut ic duplicat ion predominates.

In 2 cases medicat ion was prescribed to which the pat ient  
was allergic.

With regard to t ranscript ion/ validat ion, 8.2 errors were 
found per 1000 medicat ions, omission being the most  common 
overall in each hospital.  This was followed by incorrect  
frequency of administ rat ion, incorrect  prolongat ion of 
t reatment , underdosing, incorrect  administ rat ion route, 
and overdosing.

Almost  half  of the errors in the study occurred in 
preparat ion/ dispensing. ID oscillates between 0.85 and 
17.77 errors per 100 pat ients-day (Table 4).

In this phase, 5 errors are generated per 1000 medicat ions 
dispensed and 7.2 errors for every 1000 medicat ion units. 

Again, omission is the most  repeated incident , reaching 
60% of dispensing errors in Hp3. As a group, the hospitals 
produced 4.2 omissions per 1000 medicat ions dispensed and 
2 per 1000 medicat ion units.

Following omission is the incidence of ext ra dose, 
overdosing, unnecessary medicat ion, and incorrect  
pat ient .

In this sect ion, only 4 errors in preparat ion took place.
In preparat ion/ administ rat ion, the error found is 2% (95% 

CI, 1.9-2.1) of observed administ rat ions: eight  cases of 

Figure 3.  Drugs and medicat ion uni t s per  pat ient -day.  Er ror  per  pat ient -day and adj ust ed er ror  per  pat ient -day.
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preparat ion or handling and 163 of administ rat ion. Once 
more, omission is the most  common error overall in the 
maj ority of cent res (Hp1, Hp2, Hp3, Hp6) with a total of 
69 cases (0.6 per 100 pat ients-day), which represent  40% 
of administ rat ion errors. This is followed by, incorrect  
t ime, where half  of the episodes occurred in Hp1. Incorrect  
frequency occupies third place with 11 episodes and 
an incidence of 0.094 per 100 pat ients-day and which 
represents 6.43% of administ rat ion errors. Nine cases are 
recorded in route and incorrect  velocity, respect ively. 
Figure 4 shows the observed administ rat ions and errors 
overall and by hospital.

Discussion

Errors produced in pat ients’  medicat ion once the study 
was under way are a measure of the frequency of these 
occurrences, but  an in-depth assessment  of the importance 
of the problem demands the use of an incidence design 
which takes into account  the period of observat ion, such 
as developed in this study. Furthermore, the most  effect ive 
method of diagnosing the maximum number of cases is the 
exhaust ive revision of medical orders, t ranscript ions and 
dispensat ions; similarly, although cost ly, observat ion is 
the simplest  and most  valid way of learning the causes of 
administ rat ion errors.19

In the ENEAS study, the incidence of healthcare errors 
found through the revision of clinical histories is 1.4 per 
100 pat ients-day,6 a igure much lower than that of our 
study cent red only on medicat ion. The disagreement  may 
be due to the revision of clinical histories underest imat ing 
the frequency of errors.20

Besides obtaining data typical to safety in medicat ion 
use, it  is crucial to standardise diagnosis and systemat ise 
incident  analysis using a common language. In the study 
presented here, internat ionally recognised NCC MERP17 
criteria have been applied, in spite of these not  being used 
universally. 

Error indices

The overall results of our study show an ID of 16.94 errors 
per 100 pat ients-day, and an accumulated incidence of 0.98 
per patient, igures lower than the 30 per 100 patients-day 
and 1.4 per pat ient  of the Bates et  al9 report  with a similar 
methodology, although with a smaller populat ion. However, 
LaPointe et  al,10 in subsequent  years, obtained between 
0.15 and 0.24 errors per pat ient , although they had been 
detected from the pharmacist ’s intervent ions during daily 
visits to the loor.

It  seems reasonable that  the degree of disease and 
t reatment  complexity correlates to the intensity of the 
medical prescript ion and consequent ly, to the rest  of 
the processes derived from medicat ion use. In this study, 
analysing the errors by pat ient -day gave very dif ferent  
results, triggering interest in inding out the hypothetical 
degree of error had pat ients received the same number of 
medicat ion units in all the cent res. Despite the fact  that  
other factors inluence problems related to medication,12,21 
and that  comparison between hospitals is not  an obj ect ive 
of this study, int roducing a common denominator of 10 
medicat ion units per pat ient -day shows more homogeneous 
error igures, which gives a closer insight into the state of 
the issue (Figure 3).

Characteristics of patients and implicated 
medications

The adult  hospital populat ion is increasingly older. Given 
that  the last  line of defense against  error is the pat ient  
himself ,  advanced age (with all it s implicat ions: cognit ive 
deteriorat ion, increase in basal diseases and the number of 
medicat ions, etc) implies increased risk, although it  cannot  
be deduced from our results since the error data was not  
age-stratiied. The mean shows more homogeneous error 
igures, a fact which holds true between centres with the 
exception of one, monographic, where it is signiicantly 
lower.

As far as active principles, pantoprazole occupies irst 
place, in cont rast  to other invest igat ions in which ant ibiot ics 
and analgesics take irst places.9,11

Error consequences

Due to the magnitude of this study, and to it s obj ect ive 
of inding out the incidence of medication errors, the 
situat ions or circumstances capable of causing error 
have been excluded. Similarly, nursing care unrelated to 
medicat ions was also excluded.

Adverse events from medicat ions have been invest igated 
in terms of prevent ion, grouping them into preventable 
(caused by an error) and unpreventable (adverse drug 
react ion [ADR]). In many healthcare programs priority 
is given to the detection and notiication of ADRs to the 
det riment  of medicat ion errors, in spite of the lat ter having 
more serious consequences and also being avoidable.11

In a study by Bond et  al,12 one of every 20.32 errors causes 
harm, while in our results only one of every 283.4 have 
harmful effects, or 0.35%, the same order of magnitude as 
other observat ions made in the paediat ric populat ion.22 The 
difference in the results of the irst case may be due to 

Figura 4.  Observed medicat ion administ rat ions. Proport ion of 
administ rat ion errors per 100 administ rat ions.
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events being detected from the error notiication register, 
in which the most  serious are recorded in det riment  to the 
less signiicant.

The origin of  errors which produce harm, in our 
casuist ics,  l ies in prescript ion and administ rat ion, 
coinciding wit h other authors. 12 It  is uncert ain whether 
any of  t he category B errors could have reached t he 
pat ient  and caused harm, had t hey not  been int ercepted. 
In the ield of industry, a study was developed in which 
t he conclusion reached was t hat  for every accident  
wit h import ant  inj ury t here were 29 which caused mild 
consequences and 300 which had no ef fect  on healt h. 23 
According to our results, for every error causing signiicant 
inj ury (Categories E and F) t here were 2 which produced 
mild consequences (Category D) and 280 wit h no impact  
on pat ient  healt h (Categories B and C).

Errors are not  only important  from the pat ient  health 
point  of view; they also increase the costs of hospitalisat ion 
and hinder improvement  (lengthening stays, consequences, 
addit ional tests, etc), not  to ment ion the legal complaints 
and claims that  may arise. Even t rivial errors require work 
to correct  them, implying loss of t ime and, therefore, cost  
repercussions. Bates et  al9 calculated that  8 minutes were 
needed to repair an error of omission, divided between 
pharmacy and nursing, and supposed that  the same mean 
investment  of t ime would be required to resolve any kind 
of medicat ion error. If  we apply this piece of informat ion 
to our study, the t ime consumed in correct ing all the errors 
would total over 264 hours, equivalent  to approximately  
2 months on a 35-hour working week.

Prescription errors

In many publicat ions, the lack of basic informat ion in the MO 
(patient identiication, route, dosage, duration, ambiguous 
prescript ion, doctor’s signature, etc) counts as an error and 
is extensive in manual prescript ion; these are Category A 
errors (Table 2) and not  included in our study. Thus, while 
some results vary between 39% and 62.8% of the total,10,24,25 
in our invest igat ion prescript ion error is much less (16%).

In this stage, 2.72 errors were found per 100 pat ients-
day and 5 per 1000 prescribed medicat ions. Omission is the 
most  frequent  error, as in other studies.9 The cent re, Hp2, 
cont ributes more than half  of these cases, the maj ority 
of which are due to failure to prescribe a necessary 
medicat ion, referring to the pat ient ’s usual medicat ion 
before admission. Prescript ion omissions are a common error 
among admissions26,27 and underline the lack of cont inuity 
between in-pat ient  and out -pat ient  care. 28

After omission, the most  frequent  errors are overdosing, 
incorrect  frequency, underdosing, therapeut ic duplicat ion 
and prolonged treatment duration. This proile is similar 
to that  described by Bates et  al,9 although, in our results, 
prescribing a medicat ion to which the pat ient  is allergic is 
much less frequent .

Transcription errors

In our invest igat ion, t ranscript ion errors make up 27% of the 
total,  a proport ion similar to that  described by LaPointe et  
al10 and much higher than the 12% and 11% of Kohn et  al1 and 
Bates et  al,11 respect ively.

Once again, omission is the most  repeated. Overdose 
and underdose errors occur with a similar frequency, while 
prolonged t reatment  durat ion occurs 10 t imes more than 
the opposite error: suspending the t reatment  before t ime. 

Elect ronic prescript ion seems a promising solut ion: it  
avoids transcription and does away with patient identiication 
problems (clear reading of the MO, complete t reatment  
regimen, allergies, incorrect  dosage, interact ions, etc). 
However, some authors have come across up to 22 new 
types of error as a result  of elect ronic prescript ion.29

Nursing t ranscript ion errors are more likely to cause harm: 
the medicat ion use process is very close to the pat ient  and 
there are fewer protect ive barriers. Furthermore, if  the 
error cont inues over several doses, there will undoubtedly 
be clinical repercussions. 

Dispensing errors

In our analysis, dispensing errors comprise almost  half  the 
total,  in cont rast  to other reports which claim only 11%-
14%.7,15 Somewhat  more elevated (17%) was the percentage 
detected through hospital medication error notiications, 
compiled by the United States Pharmacopeia in 1999.30

A relat ion has been drawn between mistakes in dispensing 
and a series of causes, such as, staff  dissat isfact ion, lit t le 
relat ionship with supervision, infrequent  work breaks, lack 
of at tent ion, poor light ing, inadequate equipment  and 
insuficient sleep. According to the investigators, these 
factors cause mental st ress and dist ract ions which increase 
the number of errors. Curiously, however, they found no 
relat ion to the workload.31

According to our results, omission is the most  frequent  
dispensing error.

In the United Kingdom, where the UDDD system is not  used 
by the maj ority, higher rates of dispensing errors have been 
described (2.1% of dispensed doses); among the immediate 
causes, the authors point  out : wrong select ion, incorrect  
assumpt ions about  the implicated products, factors relat ing 
to labelling and placement  of medicat ions, similar name and 
appearance of medicat ions, interrupt ions and dist ract ions, 
dependence of companions at the time of identiication 
and rectiication of mistakes, little experience and lack of 
quality cont rol systems in dispensing.32

In this study, overall dispensing error (1.5%) is higher 
than the 0.8% of other invest igat ions;21 nevertheless, on 
comparing the data with studies conducted in Spain, our 
error igures are lower.33,34

Dispensing errors are usually intercepted before reaching 
the pat ient ; nonetheless, cases have been published in which 
the error did reach the pat ient  and harm was caused. 35

In our study, the magnitude of the results requires us to 
suggest  a solut ion. Semiautomat ic and automat ic methods 
seem a safe alternat ive to manual dispensing but  demand 
considerable investment  and a redist ribut ion of act ivity in 
the PS, and are suscept ible, at  least , to error derived from 
the manual replenishment  of the cabinet .20 In the hospitals 
in our study, the error varies between 0.4% and 1.17% of 
dispensat ions, and in the cent res where replenishing is 
done by Kardex (Hp2 and Hp4), the igures fall between 
these limits. To date, the only method to guarantee safety 
in dispensing unit  doses is the complete revision of the 
drawers.
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Administration errors

Direct  observat ion, applied in this part  of the work, is the 
best  method for ident ifying preparat ion/ administ rat ion 
errors, in which up to 92% of cases are detected; 
nevertheless, it  is expensive and requires the t raining of 
personnel.19 According to our study, 2% of administ rat ions 
are erroneous; in spite of this, the percentage rises to 14.6 
in the observat ions of Flynn et  al,36 in which the moment  
of administ rat ion makes up 40% of cases, in cont rast  to our 
study, where it  is infrequent . 

At  this stage of medicat ion use, errors signify 8.61% of 
the total,  less than in other published studies, with 26% 
and 38%,11,24 and higher compared to the 4.8% of LaPointe 
et  al.10

Figure 4 shows the administ rat ion errors in the dif ferent  
hospitals.

Administration errors are the most dificult to intercept 
since there is no barrier, except  the pat ient  himself ,  to 
avoid them. Although the consequences may be light  in 
some cases, route or drug errors can be serious: even the 
omission of certain medicat ions (insulin, ant iepilept ics, 
cort icoids, etc) can harm the pat ient , especially if  the 
omission cont inues. It  has been shown that  two thirds of 
administ rat ion errors cause potent ial harm to pat ients, 
although only a ifth produce real damage.37 In our results, 
omission in the administ rat ion of doses is the most  frequent  
incident .

Limitations of the study

The study was conined to 2 units of each hospital due to the 
dificulty and cost of the detection method. There was no 
masking of the observations which may have inluenced the 
results in some stages, especially administ rat ion, in spite 
of the fact  that  the Hawthorne effect , which states that  
a worker’s performance will improve under observat ion, 
disappears when the observat ion is sequent ial,  over a 
period of t ime. 

The dif ferent  characterist ics of the part icipat ing 
hospitals, far from being an inconvenience in the collect ion 
of overall data errors in our populat ion, take on greater 
representat ion; more so when the minimum number of 
study pat ients per hospital has been the same. 

With respect  to the t ime period covered by the study, 
it  was intended that  all the cent res would commence at  
the same t ime, to complete before the holiday period, 
something which, in the end, proved impossible. This had 
an important  impact  on the administ rat ion phase: in some 
hospitals, this phase was conducted at  a dif ferent  t ime to 
the rest  of the study (Table 1).

From the prevent ion point  of view, through the execut ion 
of this proj ect , some 2000 errors have been detected 
and avoided. The part icipat ing hospitals have made a 
tremendous effort to carry it out and have required speciic 
personnel to do so, taking into account  that  only 2 units of 
each hospital were analysed during approximately 1 month. 
This dificulty shows that the centres are not equipped with 
exhaust ive quality cont rols in medicat ion use processes.

In spite of the dificulties entailed, the execution of this 
study may serve to init iate others with similar methodology 

in our medium and, from the results, improve the planning 
of work systems and establish measures to reduce error.

The detect ion and regist rat ion of medicat ion errors should 
be implemented systematically using uniied criteria. The 
same happens in the design and use of safety indicators.
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Pilar Marcos, Pablo Pila, Núria Calaf, Gemma Baronet , 
Mónica Sanmart ín. Avedis Donabedian Foundat ion: Roser 
Anglès, Victoria Gimeno. Hospital de la Santa Creu i Sant  
Pau: Anna Montserrat , Laura Losa; and Pharmacy personnel 
(pharmacists and technicians), and nursing personnel from 
the Sant  Albert  and Sant  Alfred wards.
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