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Objective: To determine both the global incident, and the incident for stages of medication
errorsin 6 Catalonian hospitals, the types of error, and the consequences.

Method: Aprospective design, with the global variable of the medication error. Potential errors
have been excluded. The patients admitted to each hospital were studied in 2 groups of up to
300 patients and 1500 administrations were observed. The NCCMERP taxonomy was applied.
The prescription error was detected through the review of prescriptions, checking the patient,
medication, adherence to protocols, interactions, contraindications, omission, duplicated
therapy, doses, frequency, method, and lack of follow-up. During the transcription/ validation,
it was verified that the prescription matched the original order. In the dispensing process, the
content of the drawers was checked, comparing it to the computer generated list, before
sending out the single dose trolley. The transcription, preparation and administration were
observed on the wards. The information for all the procedures was registered in a specific data
sheet. There was moderate concordance amongst the inspectors (kappa=0.525).

Results: Sxteen point ninety-four errors were detected per 100 patients-day and 0.98 errors per
patient: sixteen percent in prescription, 27%in transcription/ validation, 48%in dispensing, and
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de los errores

Introduction

9%in administration. Eighty-four point forty-seven percent were category Berrors (they did not
reach the patient), and <0.5%0f the errors were harmful. The population, with an average age
of 65, had a male/ female ratio of 60/ 40. The principal therapeutic groups were: agents against
peptic ulcer and GERD, antithrombotic agents, and other analgesics and antipyretics, principa-
Ily in a solid oral drug form (58%. The medications per patient-day were 5.5 and the units of
medication were on average 11.21, varying greatly among the institutions. The adjustment of
10 units made the results more uniform. In all the stages, omission was the most frequent
error.

Discussion: The different methods used and different areas of the investigations make compari-
sons difficult. This is evident in the harmful errors, the proportion of which is affected by the
detection procedure. The number of mistakes avoided during the execution of this project de-
monstrates the need to improve the planning of the work systems and to establish safety mea-
sures.

©2008 SEFH. Published by Hsevier Espana, SL. All rights reserved.

Estudio de incidencia de los errores de medicacion en los procesos de utilizacion
del medicamento: prescripcion, transcripcion, validacion, preparacion, dispensacion
y administracion en el ambito hospitalario

Resumen

Objetivo: Determinar la incidencia global y por etapas de los errores de medicacién en 6 hospi-
tales de Catalufia, asi como los tipos de error y las consecuencias.

Meét odo: Disefio prospectivo, cuya variable global es el error de medicacién. Se han excluido los
errores potenciales. En cada hospital se estudiaron los ingresados en 2 unidades hasta 300 pa-
cientesy se observaron 1.500 administraciones. S aplicé la taxonomia del National Coordinat-
ing Council for Medication Error Reporting and Prevention.

Bl error de prescripcién se detectd mediante la revision de las prescripciones, en la que se com-
probaron paciente, medicamento, adherencia a protocolos, interacciones, contraindicaciones,
omision, duplicidad terapéutica, dosis, frecuencia, via y falta de seguimiento. En la transcrip-
cion/ validacion se comprobd la coincidencia con la orden médica original. En la dispensacion,
antesde enviar los carros de unidosis, se revisé el contenido de los cajetines, y se contrast con
el listado generado informaticamente. En planta, los observadores comprobaron transcripcién,
preparacion y administracion. En todos los procesos se registraron los datos en una hoja especi-
fica. La concordancia entre revisores fue moderada (kappa = 0,525).

Resultados: Se detectaron 16,94 errores por 100 pacientes-dia 'y 0,98 por paciente: 16 %en
prescripcién, 27%en transcripcion/ validacion, 48 %en dispensaciéon y 9 %en administracion. B
84,47 %pertenecia a la categoria B (no se alcanzé al paciente), y menos del 0,5 %causaron
dafo. La poblacion, de 65 afos de media, se distribuyd en una relacién vardn/ mujer de 60/ 40.
Los principales grupos terapéuticos fueron: agentes contra la Ulcera péptica y el reflujo gastroe-
sofégico, antitrombéticos, y otros analgésicosy antipiréticos, en los que predominaba la forma
farmacéutica sdlida oral (58 %). Los medicamentos por paciente-dia fueron 5,5y las unidades de
medicamento, 11,21 de promedio, con gran variabilidad entre centros; el ajuste a 10 unidades
uniformizo el resultado. En todas las fases, la omision resulté el error méas frecuente.
Discusion: La distinta metodologia y el ambito de las investigaciones dificulta la comparacion de
resultados; esto se observa en los errores con dafo, cuya proporcion se ve afectada por el pro-
cedimiento de deteccién. H nimero de errores evitados mediante la ejecucion de este proyec-
to manifiesta la necesidad de mejorar la planificacion de los sistemas de trabajo y el establec-
imiento de medidas de seguridad.

© 2008 SEFH. Publicado por Hsevier Espana, SL. Todos los derechos reservados.

until the publication in 1999 and 2001 of 2 reports from the
Institute of Medicine (IOM) of the United Sates (“To err is

Patient safety occupies an increasingly important place human: building a safer health system” and “Crossing the
among the quality objectives of health systems. In spite quality chasm: a new health system for the 21st century”)
of previous investigations related to healthcare, it was not that the magnitude of the problem was revealed. These
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reports estimated annual mortality from medical errors
in the United Sates at 44 000 and 98 000 respectively and
strikingly the majority of these errors can be attributed
to defects in the system.'2 Qubsequently, the consultancy
group Health Grades (a company dedicated to healthcare
quality assessment) updated this information in a study
which covered 45% of annual hospital admissions. The
results revealed that annual deaths from errors were up to
195000.°

InresponsetothelOMreport, thefederal government issued
an exhaustive paper on patient safety, with intervention
proposals for carrying out the IOM recommendations.*

Along these lines, the UK government proposed to reduce
serious medication errors by 40%?°

In 2005, the Spanish government promoted the Spanish
National Sudy of Hospitalisation-Related Adverse Events
(ENEAS and found that 9.3%of admitted patients exhibited
an adverse effect of healthcare. Thirty-seven point four
percent of these incidents are caused by medications.® As
a consequence of the investigation, the Soanish Ministry of
Health and Consumer Affairs designed the Quality Plan for
the Sanish National Health System, which was edited in
March 2006, and in which areas of performance, strategies,
objectives, and projects aimed at increasing patient safety
were developed.”

The bodies that work in safety development agree with
the rule proclaimed by Leape®in 1994, that error prevention
strategiesin health systemsshould be centred on the system
itself and not on the individual.

Among the incidents arising from healthcare are safety
failures in the use of medications which may occur
at any stage along the course of their use: acquisition,
prescription, transcription, validation, dispensing, preparation,
administration, and patient compliance.

In spite of multiple studies published in the field, it
has been difficult to accept the information extracted.
Although most have been conducted in the hospital,
the differences between the centres themselves, the
objectives, population, error detection method used,
inclusion or not of circumstances capable of causing error,
and the differences in the error concept itself, encumber
comparisonsand extrapolations. Nonetheless, and thanksto
published investigations, we know that errors are produced
at a rate of 1.4 per admission,® 23.6 per 100 admissions-
year, 6.1 adverse events, and 5.5 potential adverse events
per 100 admissions''; and although harm is caused in only
5%'2in Spain they cause between 4.7%and 5.3%o0f hospital
admissions. '®'* Some authors have also determined that the
error rate oscillates between 3.5%and 7%of administered
doses,™® and that a hospitalised patient is subject to 0.9
daily medication errors.®

In Catalonia, the Catalan Society of Clinical Pharmacy,
together with the Avedis Donabedian Foundation and the
Regional Ministry of Health of the Catalonian Government,
among others, have been the driving force behind the
Patient Safety Alliance, through the coordination of research
projects. In this framework, a study has been carried out
in 6 hospitals of different levels and ownership, with the
aim of:

— Determining the overall incidence of errors in the
medication usage process in 6 Catalonian hospitals.

— Learning the proportion of medication errorsin the study
population.

— Determiningthe incidence of medication errorsin medical
and surgical units.

— Determining the incidence of medication errors in each
of the stages or processes in the therapeutic chain:
prescription, transcription/ validation, dispensing,
administration, and determining what kind of errors are
produced at each stage.

— Determining the consequences of medication errors.

- Relating the errors with the number of medications
used.

— Facilitating a methodology that can be applied to other
studies.

Method

Design

This is an observational cohort study, with prospective
design that includes follow-up, whose principal variable
is medication error. Errors of prescription, transcription,
validation, pharmacy preparation/ dispensing, and nursing
preparation/ administration have been considered partial or
process variables. Other secondary variables are: number
of patientsreached by an error, type of error, consequences
for the patient, and severity. Circumstances or incidents
capable of causing error have not been included.

Scope

The study was conducted in 6 Catalonian hospitals with
distinct geographical locations and different healthcare
levels (Table 1).

All the hospitals had a unit dose drug dispensing
(UDDD) system and a medication preparation unit. One
hospital had the electronic prescription system, 2 were
partially electronic, and the remaining 3 relied on manual
prescription. Filling the trolleys was manual in 4 hospitals
and semiautomatic (Kardex type) in the other 2.

Population

Each centre chose 2 hospitalisation units, 1 medical, and 1
surgical, except one of the centres which chose 1 medical
and 1 mixed, in the absence of a totally surgical unit.

All hospitalised patientsin the selected units at the start
of the study, without exception, were included along with
all subsequent admissions until its finalisation.

Calculation of sample size

The overall incidence of medication error wastaken as 14.8
per 100 admissions-year.’® The calculation of the sample
size was done by assuming an alpha risk of .05 and a beta
risk of .20 in bilateral contrast. The number of individuals
necessary to detect a difference equal to or above .025 was
1647. It was rounded to 300 patients per hospital.

In our sample, the daily errorsproduced in prescription,
transcription/ validation, preparation in the Pharmacy
Service (PS) and dispensing were recorded. Due to the
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Table 1. Geographical location and type of hospitals studied
Health region Hospital Hospital type No. of beds Sudy period

Lleida HAV Referral hospital 450 06/ 19/ 07-07/ 24/ 07
Terres de |’ Bore HCM Basic general hospital 103 06/ 25/ 07-08/ 07/ 07
Barcelona HGC High technology hospital 274 07/ 17/ 07-10/ 10/ 07
Barcelona 1CO 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’ Bbre; HGC, Hospital General de Cataluna;
HSP, Hospital de la Santa Creu i Sant Pau; HUB, Hospital Universitari de Bellvitge; ICO, Institut Catala d’ Oncologia.

difficulty in observing all the administrations during
the study period, it was agreed to follow-up a total of
1500 administrations per centre, distributed between
the different shifts, including weekends and public
holidays. This figure represents 18.7%-37.5% of the total
in a patient who receives 20 to 10 administrations a day,
respectively.
The unit of preference for evaluation was patient-day.

Study variables

Definition of medication error and classification

The concept adopted by the National Coordinating Council
for Medication Error Reporting and Prevention (NCC MERP)
was applied for the definition of error. The NCC MERP
defines error as any preventable event that may cause
or lead to inappropriate medication use or patient harm
while the medication is in the control of the healthcare
professional, patient, or consumer. Such events may be
related to professional practice, healthcare products,
procedures, and systems, including errorsin prescribing, order
communication, product labelling, packaging, nomenclature,
compounding, dispensing, distribution, administration,
education, monitoring, and use."

Classification was done according to the Otero et al
adaptation of the NCC MERP taxonomy. They were grouped
according to the process in which the error originated:
prescription, transcription/ validation, preparation/
dispensing, preparation/ administration, and patient/
treatment follow-up.

Depending on their nature, errors were classified
as: incorrect medication (inappropriate selection of
medication, unsuitable medication, previous history
of allergy, contraindicated medication, inappropriate
medication for the patient because of age or clinical
situation, therapeutic duplication), omission of dose or
medication (omission in the prescription, transcription,
dispensing, administration), incorrect dose (overdosing,
extra dose), incorrect administration frequency, incorrect
pharmaceutical form, error of preparation or manipulation
or conditioning, incorrect administration technique,
incorrect administration route, incorrect velocity, incorrect
time of administration, wrong patient, incorrect treatment
duration (longer than the correct period, shorter), lack of
treatment follow-up (lack of clinical, analytical reviews,
interactions), deteriorated medication, patient non-
compliance, others.®

The NCC MERP classification has been used for
consequences in patient health, in which errors were
grouped in 9 categories of increasing severity'” (Table 2).

This study does not include potential errors or
circumstances capable of causing error (severity category
A), or adverse reactions to medications or unpreventable
adverse events.

Errors affectingthe care of the patient and diet were also
excluded.

Error detection

Prescription: a pharmacist made a daily review of the
study patients prescriptions and analysed: right patient
and medication, adhesion to protocol, interactions,
contraindications, omissions, therapeutic duplication,
dosage, frequency, route, and lack of follow-up. Where
appropriate, information was obtained from the physician
or nurse. The errors were recorded on a sheet designed for
the purpose.

Transcription/ validation by the PS following the
prescription review, above, and also on a daily basis,

Table 2. Error classification according to severity
Category of NCC MERP'” definition
severity

Category A Circumstances or incidents capable
of causing error

Category B Error produced, but did not reach
the patient

Category C  Error reached the patient, but did not cause
harm

Category D  Error reached the patient and did not cause
harm, but required follow-up to confirm

Category E  Error contributed to or caused temporary
harm to the patient and required operation

Category F Error contributed to or caused temporary
harm and required or prolonged
hospitalisation

Category G Error contributed to or caused permanent
harm to the patient

Category H FEror affected the life of the patient

Category | Error contributed to or caused the death

of the patient
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another pharmacist verified coincidence with the original
medical order (MO): patient, medication, dosage, schedule,
route, and duration. Disagreements were compared with
the original MO and the errors recorded.

Preparationinthe PS: apharmacist, technician, or nursing
personnel, according to the availability and procedure of
each hospital, revised the medications prepared for the
study patients: prescribed formulas, parenteral nutrition,
intravenous mixtures, cytostatics. The suitability of the
medication or active principle, concentration, quantity,
diluents, preparation techniques, identification, stability,
use-by date, and conservation were studied and the errors
recorded.

Dispensing: in the PS before sending out the trolleys
with the unitary doses, the boxes were checked and their
contents compared with the trolley inventory control list
generated by the unitary dose computer system. Errors
were considered: wrong medication, omission of dose or
medication, incorrect dose, incorrect pharmaceutical
form, wrong patient, and deteriorated or badly conserved
medication. This activity was performed by technical,
auxiliary, nursing or pharmaceutical personnel, according
to the organisation of each centre.

Errors were noted directly on the medication lists or the
sheet designed for that purpose.

Transcription by nursing staff: on the floor, the nursing
staff assigned to observe the administration, checked that
the transcription of the MO was correct against a list of
medications by patient, a computerised nursing sheet, or a
copy of the MO, depending on each hospital. Disagreements
were resolved by comparing the nursing and pharmacy
information with the original MO.

Preparation/ handling by nursing and administration:
once the transcription was validated, the nurse in charge
checked by direct observation, the correct preparation and
administration of the medications and accompanied the
ward nurse during the drug round: medication, omission,
pharmaceutical form, solvent, dosage, concentration,
preparation method, incompatibilities, conservation,
stability of final product, patient, clinical situation, route,
velocity, administration technique, time, treatment
duration and follow-up. Schedule error was defined as at
least 1 hour before or after the established time. Detected
errors were avoided, but were recorded as if they had
reached the patient, attributed a potential morbidity and
classified in terms of the pertinent severity. This task was
performed daily observing part of the administrations of
the different shifts continually until the total observations
had been reached.

Errors were recorded directly onto the checklist or form.

In all cases, detected errors were corrected.

Prescription, pharmaceutical transcription/ validation, or
dispensing errors detected during the administration stage
were not counted in the hospitals which had performed the
ward observations at a later time than the rest of the study
since, as mentioned, 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

centres that wished to participate. Hospitals of different
levels were selected, and in each one a work team was
created, formed by at least one doctor, one nurse and one
pharmaceutical coordinator responsible for the training of
the members participating in the study.

Aspecific sheet for each process was drawn up for recording
details of the errors with a common section requiring
information on the patient and the drugs involved.

Thehospitalsenteredtheir owninformationintoadatabase
designed by the Institute for Safe Medication Practices-
Soain and the Spanish Society of Hospital Pharmacy, which
was used in the investigation of medication errors in the
Ruiz Jarabo 2000 grant project (Otero et al). Furthermore,
each hospital created a registry of patients, hospital stays,
number of medications, and units of medication assigned to
the study patients.

On planning the development of the study, it was
estimated that a mean stay of 1 week and daily follow-up of
50 patients would take some 40 days, including weekends
and public holidays (considering units of 25 beds and 100%
occupancy) to include 300 patients per hospital. In some
centres, the administration 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 entry of one hospital
(Table 1).

Statistical analysis

Data was analysed with the SPSS 11.0 (SPSSInc., Chicago,
IL, USA) statistical software package. Qualitative variables
were described as percentages and incidence, such as
incidence density (number of errorsper patients-day at risk),
equal to the quotient between the number of medication
errors produced during the follow-up period and the sum of
all the individual observation times. Quantitative variables
were described through measures of central tendency
(mean or median according to normality criteria studied
by the Kolmogorov-Smirnov test) and dispersion (standard
deviation, interquartile range). Frequency comparisons
between 2 types of units (medical and surgical) were done
using the y2test or Fisher test, whichever was agreed.
Quantitative data was compared using the Sudent ¢ test
or Mann-Whitney Utest, depending on the unit (medical or
surgical).

Statistical significance was defined as a value of .05, and
95% of confidence interval (Cl) . Unless stated otherwise,
the results are given per 100 patients-day.

Interhospital concordance study

During a meeting between collaborators and work group
members from the different centres, a concordance study
was made through the written resolution of practical cases
to evaluate the characterisation of medication errors and
uncover differences 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 stratified according to the stages of the
therapeutic chain process.
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The result of the overall identification of errors was
moderate (kappa=0.525), being good in administration
(kappa=0.778) and weak or moderate in prescription
(kappa=0.296) and dispensing (kappa=0.450).

Once these evaluations 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 centre sought the agreement of
the chiefs and supervisors of the implicated services in
order to conduct the study, and informed the respective
directors’ offices when it began. Each principal investigator
presented the project to the Clinical Investigation Ethics
Committee of their own hospital for approval.

Observation of the administration was made in agreement
with the floor nursing staff, and conducted by experienced
nurses, largely on the staff, outside their regular shift.
Errors were corrected as soon as they were detected.

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

Results

General information on medication errors

The study was carried out on an adult population, although
this was not an inclusion criterium. The mean (standard
deviation) of age was65.18 (15.76) years. In all the centres,
the mean oscillates between 65 and 67 years, except in

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

Between the 6 participating hospitals, 2030 patientswere
studied during 11 714 stays (or patients-day). The total of
medication units was 131 378 which corresponded to 64 527
medications. The distribution by hospital is shown in Table 3.
The administrations observed were 8784.

Overall, 1984 medication errors were detected, which
implies an incident rate of 16.94 errors per 100 patients-
day (95%Cl, 16.63-17.25) and a proportion of 0.98 errors
per patient (95%Cl, 0.93-1.02) (Figure 1).

Determining the errors at each stage of the process
showedthat 16%were prescription errors; 27%transcription/
validation; 48%preparation/ dispensing; and 9%preparation/
administration (Table 4).

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

Hp2, having electronic prescription, showed a lower
incidence of transcription errors.

Figure 2 gives the percentage of errors for each hospital,
according to the different stages of medication use.

The number of errors per patient in each centre
(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, transcription/ validation, prescription, preparation/
administration and, finally, follow-up. A greater proportion
of prescription errors was observed in surgical units, while
incidence density (ID) is higher in medical units (Table 5).

Table 3. Drugs and medication units per hospital

Hospital Hp1 Hp2 Hp3 Hp4 Hp5 Hp6 Overall
No. of drugs 2635 6538 17 750 5267 15918 16 419 64 527
Medication units 5203 14 462 33 540 9837 25 024 43 312 131 378

100
80
(0]
2 60
€
3
@ 40
POERESSEE  SSSRRRE 0 [EeSueRe 0 Sesaeeeel 0 Emeame 0 Eememenl  EESneReee
0 T I I
Hp1 Hp2 Hp3 Hp4 Hp5 Hp6 Overall
W Patient/ treatment follow-up [ Preparation/ dispensing [ Prescription
[l Preparation/ administration [ Transcription/ validation
Figure 1. Error percentage per hospital according to the phases of the medication use process.
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Consequences for the patient

Category B is the most numerous with 84.5%o0f the total,
followed by category C (error that reaches the patient, but

Table 4. Number of errors, proportion, and incidence per hospi

causesno harm) (14.5%. Ingroup D, (error without harm but
requiring follow-up to confirm) 0.71%, there are 14 cases:
six originating from prescription errors, 2 in transcription
by pharmacy, and 6 in administration.

tal 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(%A ID
Prescription 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
Transcription/ 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
validation
Preparation/  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
Preparation/  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
administration
Patient/ 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
treatment
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 patients-day.
[ Error/ 100 patients-days
30 ——C>—— Error/ patient 2
— 1.8
g 1.6
b — 1.4 .
o —1.2 g’
g o &
S 08 ©
» o6 T
o
— 0.2
0
Hp1 Hp2 Hp3 Hp4 Hp5 Hp6 Overall
Figure 2. Error/ patient and error/ 100 patients-day.
Table 5. Number of errors, proportion (x/ n), and incidence (ID) in distinct phases of the process in medical units (n=6),
surgical units (n=4), and overall (n=12)
Process Medical SQurgical Pvalue Overall
X (%A ID X (%A ID X (A ID X (%A ID
Prescription 178 (14.33) 1.52 120 (18.61)  1.02 .065 .070 319 (16.04) 2.72
Transcription/ validation 315 (25.36) 2.69 205 (31.78) 1.75 .034 .040 533 (26.84) 4.55
Preparation/ dispensing 673 (54.49) 5.75 263 (40.78) 2.25 <.001 <.001 957 (48.28) 8.17
Preparation/ administration 77 (6.20) 0.66 55 (8.53) 0.47 <.001 <.001 171 (8.63) 1.46
Patient/ treatment 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 patients-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
prescription and 3, administration.

There were no occurrences in category G (error with
harm: error contributesto or causes permanent harmtothe
patient), H (error with harm: the error affectsthe patient’s
life and requires life-sustaining intervention), or | (fatal
error).

Error related to medications and medication units

The overall mean of medications (lines) and medication
units (dispensations) is 5.5 medications per patient-day
(range, 1-8) and 11.21 units (range, 2-16), respectively.
Figure 3 gives a graphical comparison of the gross results
and with an overall adjustment of 10 units per patient and
between centres.

The most implicated therapeutic groups (ATC classification)
were: agents against peptic ulcer and gastroesophageal
reflux, antithrombotic agents, other analgesics and
antipiretics, anxiolytics, non-steroidal anti-inflammatory
and antirheumatic products, intravenous solution
additives, high ceiling diuretics, IV (intravenous) solutions,
antibacterial beta-lactam penicillinsand other antibacterial
beta-lactams, and the most frequent active principles,
pantoprazole, amoxicillin/ clavulanic acid, dexketoprofen,
metamizole, dexamethasone, bemiparin, ceftriaxone,
furosemide, metronidazole, metoclopramide, paracetamol,
lorazepam, acetylsalicylic acid, ipratropium, nitroglycerine,
potassium, and saline.

The predominant pharmaceutical form is oral solid with
58% followed by injectable with 33%

18

Error-specific data according to process

The results obtained from the analysis of each of the
variables were as follows: omission occupies first place in
prescription with 24%of the total followed by overdosing,
incorrect frequency, underdosing, and therapeutic
duplication. It should be noted that failure to prescribe a
medication isthe most common incident in all the hospitals
except Hp6, where therapeutic duplication predominates.

In 2 cases medication was prescribed to which the patient
was allergic.

With regard to transcription/ validation, 8.2 errors were
found per 1000 medications, omissionbeingthe most common
overall in each hospital. This was followed by incorrect
frequency of administration, incorrect prolongation of
treatment, underdosing, incorrect administration route,
and overdosing.

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

Inthisphase, 5 errorsare generated per 1000 medications
dispensed and 7.2 errors for every 1000 medication 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 medications dispensed and
2 per 1000 medication units.

Following omission is the incidence of extra dose,
overdosing, unnecessary medication, and incorrect
patient.

In this section, only 4 errorsin preparation took place.

In preparation/ administration, the error found is 2%(95%
Cl, 1.9-2.1) of observed administrations: eight cases of
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Figure 3.

Drugs and medication units per patient-day. Error per patient-day and adjusted error per patient-day.
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preparation or handling and 163 of administration. Once
more, omission is the most common error overall in the
majority of centres (Hp1, Hp2, Hp3, Hp6) with a total of
69 cases (0.6 per 100 patients-day), which represent 40%
of administration errors. This is followed by, incorrect
time, where half of the episodes occurred in Hp1. Incorrect
frequency occupies third place with 11 episodes and
an incidence of 0.094 per 100 patients-day and which
represents 6.43% of administration errors. Nine cases are
recorded in route and incorrect velocity, respectively.
Figure 4 shows the observed administrations and errors
overall and by hospital.

Discussion

Errors produced in patients medication 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 observation, such
as developed in this study. Furthermore, the most effective
method of diagnosing the maximum number of casesisthe
exhaustive revision of medical orders, transcriptions and
dispensations; similarly, although costly, observation is
the simplest and most valid way of learning the causes of
administration errors. ™

In the ENEAS study, the incidence of healthcare errors
found through the revision of clinical histories is 1.4 per
100 patients-day,® a figure much lower than that of our
study centred only on medication. The disagreement may
be due to the revision of clinical histories underestimating
the frequency of errors.?

Besides obtaining data typical to safety in medication
use, it is crucial to standardise diagnosis and systematise
incident analysis using a common language. In the study
presented here, internationally recognised NCC MERP'”
criteria have been applied, in spite of these not being used
universally.
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Error indices

The overall results of our study show an ID of 16.94 errors
per 100 patients-day, and an accumulated incidence of 0.98
per patient, figures lower than the 30 per 100 patients-day
and 1.4 per patient of the Bates et al®report with a similar
methodology, although with a smaller population. However,
LaPointe et al,™ in subsequent years, obtained between
0.15 and 0.24 errors per patient, although they had been
detected from the pharmacist’s interventions during daily
visits to the floor.

It seems reasonable that the degree of disease and
treatment complexity correlates to the intensity of the
medical prescription and consequently, to the rest of
the processes derived from medication use. In this study,
analysing the errors by patient-day gave very different
results, triggering interest in finding out the hypothetical
degree of error had patients received the same number of
medication units in all the centres. Despite the fact that
other factors influence problems related to medication, 2!
and that comparison between hospitals is not an objective
of this study, introducing a common denominator of 10
medication units per patient-day shows more homogeneous
error figures, which gives a closer insight into the state of
the issue (Figure 3).

Characteristics of patients and implicated
medications

The adult hospital population is increasingly older. Given
that the last line of defense against error is the patient
himself, advanced age (with all its implications: cognitive
deterioration, increase in basal diseases and the number of
medications, etc) impliesincreased risk, although it cannot
be deduced from our results since the error data was not
age-stratified. The mean shows more homogeneous error
figures, a fact which holds true between centres with the
exception of one, monographic, where it is significantly
lower.

As far as active principles, pantoprazole occupies first
place, in contrast to other investigationsin which antibiotics
and analgesics take first places.%"

Error consequences

Due to the magnitude of this study, and to its objective
of finding out the incidence of medication errors, the
situations or circumstances capable of causing error
have been excluded. Smilarly, nursing care unrelated to
medications was also excluded.

Adverse events from medications have been investigated
in terms of prevention, grouping them into preventable
(caused by an error) and unpreventable (adverse drug
reaction [ADR]). In many healthcare programs priority
is given to the detection and notification of ADRs to the
detriment of medication errors, in spite of the latter having
more serious consequences and also being avoidable. ™

In a study by Bond et al, 2 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 observations made in the paediatric population.? The
difference in the results of the first case may be due to
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events being detected from the error notification register,
in which the most serious are recorded in detriment to the
less significant.

The origin of errors which produce harm, in our
casuistics, lies in prescription and administration,
coinciding with other authors.™ It is uncertain whether
any of the category B errors could have reached the
patient and caused harm, had they not been intercepted.
In the field of industry, a study was developed in which
the conclusion reached was that for every accident
with important injury there were 29 which caused mild
consequences and 300 which had no effect on health.?
According to our results, for every error causing significant
injury (Categories E and F) there were 2 which produced
mild consequences (Category D) and 280 with no impact
on patient health (Categories B and C).

Errors are not only important from the patient health
point of view; they also increase the costs of hospitalisation
and hinder improvement (lengthening stays, consequences,
additional tests, etc), not to mention the legal complaints
and claims that may arise. Even trivial errors require work
to correct them, implying loss of time and, therefore, cost
repercussions. Bates et al®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 time would be required to resolve any kind
of medication error. If we apply this piece of information
to our study, the time consumed in correcting all the errors
would total over 264 hours, equivalent to approximately
2 months on a 35-hour working week.

Prescription errors

In many publications, the lack of basic information in the MO
(patient identification, route, dosage, duration, ambiguous
prescription, doctor’s signature, etc) countsasan error and
is extensive in manual prescription; these are Category A
errors (Table 2) and not included in our study. Thus, while
some results vary between 39%and 62.8%o0f the total, 0242
in our investigation prescription error is much less (16%.

In this stage, 2.72 errors were found per 100 patients-
day and 5 per 1000 prescribed medications. Omission is the
most frequent error, asin other studies.® The centre, Hp2,
contributes more than half of these cases, the majority
of which are due to failure to prescribe a necessary
medication, referring to the patient’s usual medication
before admission. Prescription omissionsare acommon error
among admissions®2” and underline the lack of continuity
between in-patient and out-patient care.?

After omission, the most frequent errors are overdosing,
incorrect frequency, underdosing, therapeutic duplication
and prolonged treatment duration. This profile is similar
to that described by Bates et al,® although, in our results,
prescribing a medication to which the patient is allergic is
much less frequent.

Transcription errors

In our investigation, transcription errors make up 27%o0f the
total, a proportion similar to that described by LaPointe et
al'®and much higher than the 12%and 11%of Kohn et al'and
Bates et al,' respectively.

Once again, omission is the most repeated. Overdose
and underdose errors occur with a similar frequency, while
prolonged treatment duration occurs 10 times more than
the opposite error: suspending the treatment before time.

Bectronic prescription seems a promising solution: it
avoids transcription and does away with patientidentification
problems (clear reading of the MO, complete treatment
regimen, allergies, incorrect dosage, interactions, etc).
However, some authors have come across up to 22 new
types of error as a result of electronic prescription.®

Nursing transcription errorsare more likely to cause harm:
the medication use process is very close to the patient and
there are fewer protective barriers. Furthermore, if the
error continues over several doses, there will undoubtedly
be clinical repercussions.

Dispensing errors

In our analysis, dispensing errors comprise almost half the
total, in contrast to other reports which claim only 11%
14%7' Somewhat more elevated (1799 was the percentage
detected through hospital medication error notifications,
compiled by the United Sates Pharmacopeia in 1999.%

Arelation hasbeen drawn between mistakesin dispensing
and a series of causes, such as, staff dissatisfaction, little
relationship with supervision, infrequent work breaks, lack
of attention, poor lighting, inadequate equipment and
insufficient sleep. According to the investigators, these
factors cause mental stress and distractions which increase
the number of errors. Curiously, however, they found no
relation to the workload.®!

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

Inthe United Kingdom, where the UDDD system is not used
by the majority, higher rates of dispensing errors have been
described (2.1%o0f dispensed doses); among the immediate
causes, the authors point out: wrong selection, incorrect
assumptions about the implicated products, factorsrelating
tolabelling and placement of medications, similar name and
appearance of medications, interruptions and distractions,
dependence of companions at the time of identification
and rectification of mistakes, little experience and lack of
quality control systems in dispensing. %

In this study, overall dispensing error (1.5% is higher
than the 0.8% of other investigations;?' nevertheless, on
comparing the data with studies conducted in Spain, our
error figures are lower.3%%

Dispensing errors are usually intercepted before reaching
the patient; nonetheless, caseshave been published in which
the error did reach the patient and harm was caused. ®

In our study, the magnitude of the results requires us to
suggest a solution. Semiautomatic and automatic methods
seem a safe alternative to manual dispensing but demand
considerable investment and a redistribution of activity in
the PS and are susceptible, at least, to error derived from
the manual replenishment of the cabinet.? In the hospitals
in our study, the error varies between 0.4%and 1.17% of
dispensations, and in the centres where replenishing is
done by Kardex (Hp2 and Hp4), the figures 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 observation, applied in this part of the work, isthe
best method for identifying preparation/administration
errors, in which up to 92% of cases are detected;
nevertheless, it is expensive and requires the training of
personnel.'® According to our study, 2%of administrations
are erroneous; in spite of this, the percentage risesto 14.6
in the observations of Flynn et al,® in which the moment
of administration makes up 40%of cases, in contrast to our
study, where it isinfrequent.

At this stage of medication use, errors signify 8.61% of
the total, less than in other published studies, with 26%
and 38%'"2* and higher compared to the 4.8%of LaPointe
et al.™°

Figure 4 shows the administration errorsin the different
hospitals.

Administration errors are the most difficult to intercept
since there is no barrier, except the patient 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 medications (insulin, antiepileptics,
corticoids, etc) can harm the patient, especially if the
omission continues. It has been shown that two thirds of
administration errors cause potential harm to patients,
although only a fifth produce real damage.* In our results,
omission in the administration of dosesisthe most frequent
incident.

Limitations of the study

The study was confined to 2 units of each hospital due to the
difficulty and cost of the detection method. There was no
masking of the observations which may have influenced the
results in some stages, especially administration, in spite
of the fact that the Hawthorne effect, which states that
a worker’s performance will improve under observation,
disappears when the observation is sequential, over a
period of time.

The different characteristics of the participating
hospitals, far from being an inconvenience in the collection
of overall data errors in our population, take on greater
representation; more so when the minimum number of
study patients per hospital has been the same.

With respect to the time period covered by the study,
it was intended that all the centres would commence at
the same time, to complete before the holiday period,
something which, in the end, proved impossible. This had
an important impact on the administration phase: in some
hospitals, this phase was conducted at a different time to
the rest of the study (Table 1).

From the prevention point of view, through the execution
of this project, some 2000 errors have been detected
and avoided. The participating hospitals have made a
tremendous effort to carry it out and have required specific
personnel to do so, taking into account that only 2 units of
each hospital were analysed during approximately 1 month.
This difficulty shows that the centres are not equipped with
exhaustive quality controls in medication use processes.

In spite of the difficulties entailed, the execution of this
study may serve toinitiate others with similar methodology

in our medium and, from the results, improve the planning
of work systems and establish measures to reduce error.
The detection and registration of medication errorsshould
be implemented systematically using unified criteria. The
same happens in the design and use of safety indicators.
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