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Abstract Amedication error is an unintended failure in the

drug treatment process that leads to, or has the potential to

lead to, harm to the patient. Reducing the risk of medication

errors is a shared responsibility between patients, healthcare

professionals, regulators and the pharmaceutical industry at

all levels of healthcare delivery. In 2015, the EU regulatory

network released a two-part good practice guide on medi-

cation errors to support both the pharmaceutical industry and

regulators in the implementation of the changes introduced

with the EU pharmacovigilance legislation. These changes

included a modification of the ‘adverse reaction’ definition to

include events associated with medication errors, and the

requirement for national competent authorities responsible

for pharmacovigilance in EU Member States to collaborate

and exchange information on medication errors resulting in

harm with national patient safety organisations. To facilitate

reporting and learning from medication errors, a clear dis-

tinction has been made in the guidance between medication

errors resulting in adverse reactions, medication errors

without harm, intercepted medication errors and potential

errors. This distinction is supported by an enhanced

MedDRA� terminology that allows for coding all stages of

the medication use process where the error occurred in

addition to any clinical consequences. To better understand

the causes and contributing factors, individual case safety

reports involving an error should be followed-up with the

primary reporter to gather information relevant for the con-

duct of root cause analysis where this may be appropriate.

Such reports should also be summarised in periodic safety

update reports and addressed in risk management plans. Any

risk minimisation and prevention strategy for medication

errors should consider all stages of a medicinal product’s life-

cycle, particularly the main sources and types of medication

errors during product development. This article describes the

key concepts of the EU good practice guidance for defining,

classifying, coding, reporting, evaluating and preventing

medication errors. This guidance should contribute to the

safe and effective use of medicines for the benefit of patients

and public health.

Key Points

Medication errors are the most common

preventable cause of undesired adverse events in

medication practice and present a major public

health burden.

EU legislation requires information on medication

errors to be collected and reported through national

pharmacovigilance systems for evaluation and

assessment.

Use of common definitions and collaboration with

patient safety organisations underpin error

prevention through the product life-cycle.

The views expressed in this article are the personal views of the

authors and may not be understood or quoted as being made on behalf

of or reflecting the position of the EMA or one of its committees or
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1 Introduction

Medication errors may occur at any stage of the drug

treatment process during prescribing, storing, dispensing,

preparing for administration or administering medicinal

products and may lead to, or may have the potential to, lead

to harm. Medication errors are the most common single

preventable cause of adverse events in medication practice,

with annual costs for European healthcare systems between

€4.5 and 21.8 billion [1]. A systematic review of hospital

admissions in several EU and non-EU countries showed a

median of 3.7 % (range 1.4–15.4) of admissions were

drug-related (i.e. due to adverse reactions, over- or under-

treatment or treatment non-adherence) and preventable [2].

In the EU, estimates of medication-error rates in ambula-

tory care were 7.5 % at prescription and 0.08 % at dis-

pensing, whereas in hospital care the rates were higher at

between 0.3–9.1 and 1.6–2.1 %, respectively [3–7]. Since

2012, the EU pharmacovigilance legislation [8] includes

medication errors in the definition of an adverse reaction

and requires national competent authorities (NCAs) and

marketing authorisation holders (MAHs) to report medi-

cation errors associated with suspected serious and non-

serious adverse reactions to EudraVigilance, the EU system

for collecting safety reports for post-authorisation safety

monitoring of medicines [9]. Following the recommenda-

tions of an international stakeholder workshop in 2013

[10], the heads of Medicines Agencies agreed an action

plan to support the implementation of these legal provi-

sions with the good practice guide on medication errors as

key deliverable [11]. The guidance was developed through

a collaborative inter-stakeholder approach, launching new

initiatives for cooperation amongst NCAs and patient

safety organisations (PSOs) in Member States, represented

at EU level by the European Commission’s Patient Safety

and Quality of Care Expert Group [12], which provides

recommendations on patient incident reporting and learn-

ing systems [13]. This article explains the underlying

concepts of the two-part good practice guide on medication

errors [14, 15] released in 2015, which is complementary to

the guideline on Good Pharmacovigilance Practices (GVP)

[16] and other scientific guidelines on quality, safety and

efficacy of medicines published by the European Medici-

nes Agency (EMA).

2 Definition and Classification of Medication
Errors

To facilitate compliance with pharmacovigilance obliga-

tions and to encourage patient and healthcare professional

reporting for regulatory purposes, a new definition of

medication error is proposed as ‘‘an unintended failure in

the drug treatment process that leads to, or has the potential

to lead to, harm to the patient.’’ With this definition, failure

is interpreted as a human- or process-mediated error rather

than the lack of efficacy of a medicine, and for pharma-

covigilance recording and reporting purposes the concepts

of intentional overdose, off-label use, misuse and abuse

need to be clearly distinguished from medication errors. In

the classification proposed in Fig. 1, it can be seen that a

Fig. 1 Classification of medication error reports for pharmacovigi-

lance purposes. Depending on the break in the chain of events

(represented by X), medication errors may be classified as error with

ADR, error without harm, intercepted error and potential error [14].

ADR adverse drug reaction
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medication error may be associated with an adverse drug

reaction (ADR) or may occur without causing harm to the

patient. Furthermore, an error may occur but be intercepted

before it reaches the patient. The classification includes the

recognition of circumstances that could potentially lead to

a medication error and may or may not involve a patient as

a potential error [14].

3 Recording and Reporting Medication Errors
in the EU

Recording and reporting medication errors are important

public health processes providing the opportunity to gain

knowledge on their causes and strengthen risk minimisa-

tion. Since the new EU legislation made it clear that

medication errors that result in harm are reportable within

the EU pharmacovigilance system, the number of cases of

medication errors reported to EudraVigilance has dramat-

ically increased (Fig. 2). By November 2015, 1.74 % of the

total number of (serious and non-serious) cases in

EudraVigilance with European Economic Area (EEA)

origin and 3.36 % of non-EEA cases include terms that

describe a medication error (Fig. 1 inset).

Equally important is the implementation of an exchange

mechanism between NCAs responsible for the regulation

of medicines and patient safety organisations. Through

access to more and better information, these new rules for

collaboration aim to further improve the learning from

errors in daily medication practice. Experience from the

UK has shown that collaboration between the National

Health Service (NHS) in England and the Medicines and

Healthcare products Regulatory Agency (MHRA) in shar-

ing medication incident data has improved the quality of

reports and optimised learning from errors [17]. To effec-

tively reduce the burden of harm from medication errors

will require an understanding not only of whether errors

occur with a certain pattern or at increased frequencies but

also of the causes, contributing factors and clinical con-

sequences of the error, including any mitigating actions

that could prevent the error from occurring again.

4 Terminology to Support Good Coding Practice

MedDRA�1 is the terminology used internationally by

regulatory authorities, pharmaceutical companies, and

clinical research organisations to share regulatory

information on medicinal products. Good coding practice is

fundamental for efficient data retrieval, analysis and

learning from medication error reports. Based on real-life

examples, MedDRA� provides the terminology for coding

medication errors as reported, including the ability to code

the parameters essential for the conduct of root cause

analysis (RCA) referred to in Table 1 and the (potential)

clinical consequences regardless of whether the error was

associated with adverse reaction(s). The most commonly

reported terms describing a medication error in individual

cases reported spontaneously to EudraVigilance are shown

in Fig. 3.

MedDRA� version 18.0 includes changes to the hier-

archy with additional granularity to facilitate a precise

description of the error. The Higher Level Group Term

(HLGT) ‘Medication Errors’ has been reorganised and an

additional HLGT ‘Product use issues’ created to encourage

distinction between unintentional/accidental events and

intentional acts (off-label use or misuse). Work is ongoing

for future enhancement of the hierarchy as further experi-

ence is gained. The MedDRA� Term Selection Points to

Consider (MTS:PTC) documents [18] have also been

updated and expanded accordingly. To further support

retrieval of cases from pharmacovigilance databases, a

Fig. 2 Reporting of medication errors to EudraVigilance. Number of

individual cases with EEA origin where a medication error has been

reported for nationally authorised (NAP) and centrally authorised

(CAP) medicinal products between 2010 and 2015. The inset shows

the total number of serious and non-serious EEA and non-EEA cases

in EudraVigilance where a medication error has been reported,

including the percentage of the total number of cases (cut-off date: 15

November 2015). CAP centrally authorised medicinal product, EEA

European Economic Area, NAP nationally authorised medicinal

product

1 MedDRA�, the Medical Dictionary for Regulatory Activities, is the

international medical terminology developed under the auspices of

the International Conference on Harmonisation of Technical Require-

ments for Registration of Pharmaceuticals for Human Use (ICH). The

MedDRA� trademark is owned by the International Federation of

Footnote 1 continued

Pharmaceutical Manufacturers and Associations (IFPMA) on behalf

of ICH.
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Standardised MedDRA� Query (SMQ) [19] for medication

errors has been developed by the Council for International

Organisations of Medical Sciences (CIOMS). Further tools

are required to support the detection of signals of medi-

cation errors in pharmacovigilance databases, acknowl-

edging that commonly applied statistical methodologies

based on proportional reporting rates cannot be applied to

medication errors given the lack of a causal association

between the occurrence of a human- or system-related error

and the use of a medicine.

5 Reporting Requirements

In line with EU pharmacovigilance legislation applicable to

MAHs and NCAs, reports of medication errors associated

with an adverse reaction are reportable to EudraVigilance

in the same way as any other suspected adverse reaction.

Within regulatory pharmacovigilance, medication errors

may be reported spontaneously either by healthcare pro-

fessionals (HCPs) or consumers to MAHs and/or NCAs

through national pharmacovigilance reporting systems in

Member States. Additionally, suspected adverse reactions

related to medication errors may be described in the sci-

entific or medical literature or reported in the context of

non-interventional studies and compassionate use pro-

grammes (solicited reports). The EU reporting require-

ments are presented in Fig. 4. Medication error reports not

associated with suspected serious adverse reactions brought

to the attention of MAHs are outside the scope of EU

expedited (15-day) reporting requirements and should

therefore not be submitted as individual case safety reports

(ICSRs). However, such reports should be included as

summary tabulations in periodic safety update reports

(PSURs) and risk management plans (RMPs). From a

public health perspective, in addition to NCAs informing

PSOs of medication errors reported to them, it is consid-

ered good practice that NCAs in Member States are also

informed of adverse reactions associated with medication

errors that have been brought to the attention of a PSO in

the respective EU Member State.

To facilitate the establishment of collaborative rela-

tionships between regulatory bodies and PSOs in Member

States, the good practice guide provides a model for col-

laboration [14]. The primary purpose of this model is to

support the exchange of information and make available to

PSOs medication error reports associated with adverse

reaction(s). To date, not all EU Member States have

established national patient safety reporting systems or

independent PSOs; therefore, the EU regulatory network’s

initiative on medication errors is a step towards raising

awareness of the new legal provisions, to address under-

reporting of medication errors from both a pharmacovigi-

lance and a patient safety perspective and ultimately to

strengthen the knowledge base for regulatory decision

making through efficient collaboration [14].

Table 1 Follow-up parameters relevant for medication error reporting in pharmacovigilance

Parameter Example

Setting • Inpatient (hospital, nursing home, care home)

• Outpatient (general practitioner, specialist, ambulatory)

• Pharmacy, drug store, private home, etc.

Stage of medication process • Prescribing

• Storage in clinical practice

• Dispensing

• Preparation for administration

• Administration

Contributing factors • Human factors, e.g. communication issues

• Organisational issues, e.g. transition of patient care

• System or work-process related, e.g. staffing

• External factors, e.g. IT system issues

Risk factors defining the treated population • Special populations, e.g. paediatric population, elderly

• Disease (severity, co-morbidities)

• Medical history, e.g. alcohol use, tobacco use, concomitant therapies/treatment

• Pharmacology, e.g. pharmacodynamic, pharmacokinetic or pharmacogenetic factors

T. Goedecke et al.



6 Life-Cycle Approach to Prevent Errors

The documentation of the risk of medication errors at all

stages of a medicinal product’s life-cycle is a key principle

of risk management planning and a prerequisite to choos-

ing the right tools for error prevention as required for a

medicinal product’s risk management system [15]. Risk

management planning in relation to medication errors is a

continuous, pro-active endeavour that ideally starts at the

early stages in product development and continues with the

development of new products in the same therapeutic class,

and as the use of authorised medicines changes with

increasing experience in clinical practice. For example, the

US FDA has issued draft guidance, which is also widely

applied by EU manufacturers, on safety considerations for

product design and for container and carton label design to

minimise the risk of medication errors [20, 21]. The risk

management process involves the systematic collection of

pharmacovigilance data, analysing and evaluating new and

known risks, selecting and implementing appropriate risk

Fig. 3 Most common MedDRA� preferred terms describing a medication error in individual cases with European Economic Area (EEA) origin

spontaneously reported to EudraVigilance (cut-off date: 15 November 2015)
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minimisation tools and monitoring the effectiveness under

real-life conditions through process indicators and health

outcome measures. Because the actual harm arising from

medication errors is difficult to quantify in public health

and economic terms, the prevalence of hospital admissions

due to preventable adverse reactions before and after such

Fig. 4 EU reporting

requirements for medication

errors (MEs) (solid blue arrows)

and the stakeholders involved:

marketing authorisation holders

(MAHs), national competent

authorities (NCAs), healthcare

professionals (HCPs) and

consumers, and authorities,

bodies, organisations and/or

institutions responsible for

patient safety (PSOs) where

they exist in EU Member States

in accordance with Article 107a

(5) of Directive 2001/83/EC

[14]. Green arrows refer to

medication error reports

associated with (serious and

non-serious) suspected adverse

drug reaction(s) (?ADR),

including non-EU suspected

serious ADR(s) (?sADR),

which MAHs must report to

EudraVigilance. Red arrows

represent medication error

reports not associated with

suspected adverse reactions (-

ADR). The blue dotted arrow

represents adverse reactions

associated with medication

errors brought to the attention of

a PSO. PSUR periodic safety

update report, RMP risk

management plan

Fig. 5 The management of the

risk of medication errors

involves evidence from all

stages of the product life-cycle.

PSUR periodic safety update

report, RMP risk management

plan
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interventions may be compared as a measure of effective-

ness, as described in research on the UK NHS [22].

Any significant changes to the marketing authorisation

of existing medicinal products or the introduction of new

medicinal products with marked differences in product

name, pharmaceutical form, strength, method of prepara-

tion, route of administration or target population compared

with existing medicines has the potential to change the risk

of medication errors. Therefore, such changes to product

use should be accompanied by consideration of additional

risk management.

Figure 5 presents the different stages of a product’s life-

cycle, and all these stages can generate evidence to be

considered in risk management planning. Typical errors

during the clinical trial programme include defects and

device failures that may be related to the product design

being tested, i.e. the pharmaceutical form, posology,

preparation steps for administration or the use of an

administration device. Other sources of errors include the

naming, packaging and labelling of the investigational

medicinal product, which often involves multi-language

labelling and multiple dosages or dosage forms in the same

package. The risk analysis of use-related errors during the

clinical trial programme should take into account the

potential for confusion and mix-up with alternative treat-

ment options focussing on similarities in posology,

appearance, method of administration, strength and

packaging.

Pharmaceutical quality systems apply RCA to investi-

gate any deviations or product defects. RCA is commonly

applied to analyse the causes and lessons learnt from

medication errors in patient safety incidents and not a

classical pharmacovigilance activity as it is performed on

an individual case level within the healthcare setting. In

pharmacovigilance systems, RCA may be undertaken on a

case-by-case basis to better inform error-prevention mea-

sures proportionate to the clinical consequences, based on

appropriate case follow-up to obtain accurate information

on the facts and circumstances contributing to the adverse

reaction. Table 1 includes follow-up parameters for

recording and reporting cases of medication errors for

pharmacovigilance purposes, providing essential informa-

tion for the conduct of RCA, in addition to information

routinely followed up in adverse reaction reports.

Failure mode and effects analysis (FMEA), often used

during product development, involves the analysis of pro-

cesses leading to potential failures in the drug-treatment

process and of medication errors before they occur,

including possible causes, the effects on patients, the

probability for error and actions to reduce the occurrence of

failures. The assessment for the potential for medication

errors will also take into account the results of human

factor testing methods (e.g. simulated use testing), if this

has been performed to provide supporting evidence for new

marketing authorisation applications or line extensions, as

to whether user instructions are adequately understood by

healthcare professionals, patients and consumers. A com-

plementary method to FMEA is the Fault Tree Analysis

(FTA) method, widely used to assess system safety and

reliability, which may be equally effective to manage the

risk of medication errors. For medicinal products supplied

with an administration device, EU harmonised standards

such as ISO 149712 and IEC623663 may be applied to

identify hazards, to estimate and evaluate associated risks

and to monitor the effectiveness of controls.

Learning from medication errors during the early post-

marketing period is particularly relevant for effective risk

management, and activities should focus on each stage of

the drug treatment process, taking into account all available

data generated by the pharmacovigilance system, including

a review of data in periodic safety update reports, RMPs,

and the scientific literature. Typical errors during pre-

scribing may be related to unclear or illegible instructions

regarding the patient, medicinal product, pharmaceutical

form (e.g. immediate or modified release), strength, dosing

and length of treatment. Dispensing errors due to mix-ups

of similar product names and/or packaging or pharmaceu-

tical forms are common at community and hospital phar-

macy level, and the quality of a medicine may be

compromised by incorrect storage conditions, leading to a

medication error. Product quality issues are abnormalities

that could also be introduced during manufacturing,

labelling, packaging, shipping or otherwise handling the

product, and should be clearly distinguished from medi-

cation errors. Further sources for errors with marketed

products include parenteral formulations requiring complex

dilution or reconstitution steps for preparation for admin-

istration and potential incompatibilities with diluents.

Errors related to the use of complex drug-delivery devices

(e.g. pre-filled injector devices) are a concern, particularly

if devices are not used in line with user instructions or if

instructions are unclear or not supported by appropriate

illustrations.

7 Common Errors in Paediatric Patients

Due to the variation in age, body surface area, body weight

and size depending on the degree of development, the risk

of medication errors is particularly high in paediatric

2 ISO 14971—medical devices—application of risk management

http://www.iso.org/iso/iso_catalogue/catalogue_ics/catalogue_detail_

ics.htm?csnumber=38193.
3 IEC62366—medical devices—application of usability engineering

to medical devices http://www.iso.org/iso/catalogue_detail.htm?

csnumber=38594.
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patients, with both overdosing [23] and under-dosing [24]

commonly reported in the literature as a result of paediatric

medication errors. Errors may be due to the prescribing of

medicines based on patient weight or body surface area,

which is not routinely measured in clinical practice at each

prescription, or due to the lack of adequate paediatric

formulations, increasing the risk of dose miscalculations

when adult-strength formulations are used instead. Marked

differences in the pharmacokinetic profile of neonates

compared with older children and adults mean that careful

dose adjustment is required if other than paediatric for-

mulations are used. Specific dosing devices such as oral

syringes for liquid oral formulations have been shown to

reduce dosing errors in paediatric patients [25], and the risk

of mix-ups of different strengths should be minimised by

adequate naming, labelling and packaging distinct from

similar medicines used in children and/or adults.

8 Common Errors in the Elderly

Polypharmacy in elderly patients is a common cause for

mix-ups and confusion of medicines, with a high propen-

sity for errors. Physical and/or cognitive impairment in

elderly patients adds to difficulties in taking medication

according to the instructions for use, i.e. opening child-

resistant containers, pushing tablets or capsules through

aluminium blisters, counting drops, etc. Dexterity problems

and impaired eyesight should be taken into account in the

design of medicines intended for use in older patients to

avoid difficulties in reading labels, dialling units on an

insulin pen, etc. The pharmaceutical development of

medicines used in these special populations should con-

sider the potential for medication errors in the product

design. Post-authorisation experience has demonstrated

that novel high-strength insulin products (i.e. higher than

the EU-wide standard 100 units/ml concentration) should

ideally be manufactured in pre-filled insulin pen devices

that automatically adjust for strength without the need for

dose conversion or re-calculation [26].

9 Minimising the Risk of Medication Errors

Based on the product-specific past experience of the

EMA’s Pharmacovigilance Risk Assessment Committee

(PRAC), the potential sources of medication errors in

medicinal product design have been reviewed, and an

overview of design features that have been proven to

reduce the risk of medication errors for common pharma-

ceutical formulations is provided in the annex of the good

practice guide [15]. The potential for medication errors is

an integral part of a medicine’s RMP in line with GVP

Module V [16], taking into account user-tested product

design and routine risk minimisation with a focus on the

naming, labelling and packaging of the medicinal product.

The invented name of a medicinal product should avoid

orthographic or phonetic similarity with other invented

names to avoid confusion in print, speech and handwriting,

and should not include international non-proprietary names

(INNs). In line with the EMA’s guideline on the accept-

ability of invented names for medicinal products processed

through the centralised procedure [27], the risk of cognitive

errors due to similarity with approved invented names is

routinely assessed by the CHMP’s (Invented) Name

Review Group [28]. User instructions for patients, carers

and healthcare professionals in the patient information

leaflet (PIL) and summary of product characteristics

(SmPC) should be clear, understandable and tailored to the

target population, explaining (and illustrating with pictures

or pictograms if necessary) how the product is used safely

under normal conditions of use. Good labelling ensures that

a medicinal product can be clearly identified to reduce the

risk of confusion with other products when selecting a

medicine, and the minimum information is provided on the

outer packaging (or immediate packaging when there is no

outer packaging) for the safe storage, selection, prepara-

tion, dispensing, administration and tracking of medicines

in line with the labelling requirements of Directive

2001/83/EC, outlined in Articles 54–57 and 61–63 [9]. The

packaging should be designed in a way that the critical

information necessary for the safe use of medicine is leg-

ible and easy to assimilate. Colour coding products from

the same MAH and to match multi-constituent components

of a medicinal product (e.g. concentrate and solvent) may

help to distinguish and identify products correctly. Use of

colour is also recommended to highlight the name, strength

or warnings on the primary packaging.

If all options towards optimising the product design,

naming, packaging and labelling to prevent medication

errors have been sufficiently explored, in exceptional cir-

cumstances and after evaluation by the responsible EMA

Scientific Committee, additional risk minimisation such as

patient and/or healthcare professional educational material

may be implemented as a condition of marketing authori-

sation to manage the risk of medication errors. Any addi-

tional risk minimisation measures designed to tackle

medication errors must be agreed with NCAs and measures

of their effectiveness in daily practice included in the RMP.

To promote the safe use of medicines, the EMA has recently

launched a new webpage to highlight the specific measures

recommended by the EMA’s Scientific Committees to

prevent medication errors, with clear and easy-to-under-

stand information to patients and healthcare professionals

[29]. The EU funded Joint Action on ‘Strengthening Col-

laboration for Operating Pharmacovigilance in Europe

T. Goedecke et al.



(SCOPE)’ [30] will deliver tools for the media on scientific

risk communication, one of the key regulatory outputs for

medication error prevention.

10 Conclusion

For more than 15 years, EU pharmacovigilance has pro-

vided a robust system for the proactive monitoring of the

risk of medication errors, which feeds into the continuous

evaluation of the benefits and risks of medicinal products.

To further enlarge the evidence base for regulators and

health authorities to take preventive actions against medi-

cation errors, close collaboration between various stake-

holders is important, including between NCAs and PSOs at

EU Member State level as has been required by the phar-

macovigilance legislation since 2012. The exchange of

data between national pharmacovigilance and patient

incident reporting and learning systems should also include

errors that did not result in harm to the patient. The

assessment and evaluation of data from both systems not

only provides a tool to regulators to more quickly detect

and communicate safety issues related to medication errors

but also opens opportunities for quality of care improve-

ment and error prevention through changes in policy and

practices that improve safety. To further improve health-

care professionals’ engagement in reporting and learning

from medication errors, the role of medication safety

officers introduced by the UK NHS in 2014 is a model to

be further explored more widely across Europe [31].

Beyond the data exchange and communication aspects,

there is a need for new methodologies to support the

detection of safety signals4 associated with medication

errors in pharmacovigilance databases. The EU pharma-

covigilance legislation requirement for reporting medica-

tion errors does not formally apply to clinical trials, which

are therefore outside the scope of the EU good practice

guide on medication errors. Nevertheless, clinical trials

provide an opportunity to monitor errors in a controlled

setting where the therapeutic margin of a product may be

less understood, but learning from those errors provides a

significant contribution to the development of risk min-

imisation and error-prevention strategies for the marketed

product.
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