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Abstract

Aim
To develop and test a new tool to assess the avoidability of adverse drug reactions that is
suitable for use in paediatrics but which is also applicable to a variety of other settings.

Methods

The study involved multiple phases. Preliminary work involved using the Hallas scale and a
modification of the existing Hallas scale, to assess two different sets of adverse drug reac-
tion (ADR) case reports. Phase 1 defined, modified and refined a new tool using multidisci-
plinary teams. Phase 2 involved the assessment of 50 ADR case reports from a prospective
study of paediatric inpatients by individual assessors. Phase 3 compared assessments with
the new tool for individuals and groups in comparison to the ‘gold standard’ (the avoidability
outcome set by a panel of senior investigators: an experienced clinical pharmacologist, pae-
diatrician and pharmacist).

Main Outcome Measures

Inter-rater reliability (IRR), measure of disagreement and utilization of avoidability
categories.

Results

Preliminary work—Pilot phase: results for the original Hallas cases were fair and pairwise
kappa scores ranged from 0.21 to 0.36. Results for the modified Hallas cases were poor,
pairwise kappa scores ranged from 0.06 to 0.16.

Phase 1: on initial use of the new tool, agreement between the two multidisciplinary
groups was found on 13/20 cases with a kappa score of 0.29 (95% CI -0.04 to 0.62).
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Phase 2: the assessment of 50 ADR case reports by six individual reviewers yielded pair-
wise kappa scores ranging from poor to good 0.12 to 0.75 and percentage exact agreement
(%EA) ranged from 52—90%.

Phase 3: Percentage exact agreement ranged from 35—-70%. Overall, individuals had
better agreement with the ‘gold standard’.

Conclusion

Avoidability assessment is feasible but needs careful attention to methods. The Liverpool
ADR avoidability assessment tool showed mixed IRR. We have developed and validated a
method for assessing the avoidability of ADRs that is transparent, more objective than previ-
ous methods and that can be used by individuals or groups.

Introduction

Adverse drug reactions (ADRs) contribute significantly to patient morbidity, mortality and
hospitalisation costs. ADRs are a major patient safety issue and they can have significant con-
sequences both for the patient and health care system [1]. A recent systematic review of ADRs
in children reported incidences of ADRs in hospitalised children ranging from 0.6 to 16.8%
among studies [2]. This is similar to the incidence rate in hospitalised adults of 14.7% [3]. The
annual cost of drug related morbidity and mortality has been estimated in the United States at
more than $136 billion and ADRs contribute significantly to these costs [4]. Davies et al. esti-
mated that, in the UK, ADRs cost the NHS in excess of £637 million a year; this figure repre-
sents an extrapolation from a single NHS hospital to the NHS as a whole [3]. Children are
considered to be particularly susceptible to ADRs [5,6].

Avoidability (or preventability, as it is also called) is an important concept in the study of
ADRs [7]. The terms are often used interchangeably but for the purpose of this paper, the term
avoidability has been used. A meta-analysis of avoidable ADR studies conducted by Hakkarai-
nen et al. concluded that avoidable ADRs are a significant burden to the healthcare system and
a cause of morbidity among outpatients [8]. They found that roughly half of all ADRs amongst
adult inpatients (45%) and outpatients (52%) may be avoidable [8].

The study of avoidability is complex. A key factor causing this complexity is the lack of
commonly accepted definitions [7]. Hakkarainen et al. listed inconsistent terminology as one
of the problems; there is wide variation in the terms and definitions used (for example ADRs
and adverse drug events (ADEs)) and this hinders the comparison of studies [9]. Ferner and
Aronson [7] stated that there are two aspects to avoidability: whether in principle an event is
avoidable in the absence of error and, if it is, whether we can in fact prevent it. There have
been many attempts to devise tools or scales to help assess avoidability including from Hallas
[10], Schumock and Thornton [11], Dorman et al. [12] and Olivier et al. [13]. The most com-
monly used scales include Hallas [10] and Schumock and Thornton [11], which are based on
appropriateness of prescribing or treatment choice.

In the Adverse Drug Reactions in Children (ADRIC) programme [14], we conducted a
series of studies investigating ADRs including a systematic review, an admissions study and an
inpatient study. The incidence of ADRs detected at the point of admission was 2.9% with the
most commonly implicated drugs being cytotoxics [6]. 17.7% of inpatients experienced at least
one ADR and the most commonly implicated drugs were opioid analgesics and drugs used in
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general anaesthesia [15]. During the ADRIC programme we identified a need to develop a
new ADR causality assessment tool following difficulties using the Naranjo tool. The Liverpool
Causality Assessment Tool (LCAT) is a flow diagram designed by a multidisciplinary team
(MDT) to be quick and easy to use [16]. The assessment of avoidability was central to the
ADRIC study, but during the course of this programme we identified that (a) few previous
studies (19/101) in the ADRIC systematic review had examined avoidability and those that
had, used different methods [2]. The review concluded that the available instruments for the
avoidability assessment of ADRs vary in reliability and validity [2]; and (b) difficulties were
encountered during the assessment of avoidability using existing tools in the ADRIC inpatient
study [15].

The Hallas scale [10] is a series of four statements linked to standards of care. Although the
Hallas scale was used for the ADRIC admissions study, it appeared unsuitable for the ADRIC
inpatient study as the user would need to have comprehensive knowledge of optimal treatment
for all conditions represented in the cohort and the fact that guidelines are incomplete or sim-
ply do not exist. Specifically, Hallas was difficult to use in the inpatient study as treatment was
often guided by tertiary paediatric specialist advice. “Present day knowledge of good medical
practice” of treatments for paediatric diseases covers a vast range of information. Comprehen-
sive awareness of the information required to assess avoidability of ADRs would require exten-
sive reading and synthesis of information. Many paediatric conditions are rare or ultra-rare
which makes information difficult to locate. In contrast, the ADRIC admissions study pre-
dominantly involved a relatively small number of common acute conditions that the research
team were familiar with, or, a relatively small number of acute complications of chronic ill-
nesses that the research team were familiar with. The Hallas scale also had a requirement to
assess whether the event could have been avoided by, “an effort exceeding the obligatory
demands of a case”, which was very difficult to assess consistently and objectively. In view of
these issues, we decided to develop a new avoidability assessment tool. Ideally, a newly devel-
oped tool should be generalisable to a variety of different patient groups, reproducible and
easy to use. The development of the new avoidability assessment tool followed a similar meth-
odology to the development of the LCAT [16]. The aim of this paper is to report the develop-
ment of the tool (termed the Liverpool avoidability assessment tool [LAAT]) and its initial
evaluation.

Methods

A modified version of the Hallas Scale (Fig 1) was used as the starting point for the develop-
ment of the LAAT. A LAAT development team was convened and included experienced
paediatricians, clinical paediatric pharmacists, a paediatric research nurse and research meth-
odologists. The first principle that the development team agreed on was that the LAAT would
be based on information available in identifiable sources that prescribers would be expected to
use (rather than judgments about best practice). The intention was to keep the tool as generali-
sable as possible by asking if accessible management or treatment plans were available. These
could be local, national or international. We recommended that only high-quality guidelines
were considered. A guideline that is widely available and would be recognised as appropriate
by a reasonable body of opinion for example, in the United Kingdom (UK); Scottish Intercolle-
giate Guidelines Network (SIGN), National Institute for Health and Care Excellence (NICE),
Royal College of Paediatrics and Child Health (RCPCH) or other peer-reviewed guidelines
[17]. Information sources could include the British National Formulary for children (BNF-C),
Summary of Product Characteristics (SmPC) in the UK, or the local equivalent depending on
where the LAAT is being used.
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The second principle was, once the best available management plan had been identified,
that an ADR would be unavoidable if the best available treatment or management plan was fol-
lowed. Thus the steps in the LAAT fell into two types: establishing what the best available
information was and then establishing whether best available information was followed. In all

Hallas Scale (1)

e Definitely avoidable: The event was due to a drug treatment procedure inconsistent with present-
day knowledge of good medical practice or was clearly unrealistic, taking the known
circumstances into account

e Possibly avoidable: The prescription was not erroneous but the event could have been avoided
by an effort exceeding the obligatory demands

e Not avoidable: The event could not have been avoided by any reasonable means, or was an
unpredictable event in the course of a treatment fully in accordance with good medical practice

e Unevaluable: The data for rating could not be obtained or the evidence was conflicting
Problems

Inconsistent evaluations due to difficulties around the definition of “effort exceeding the obligatory
demands of present day knowledge of good medical practice”

Numbers of reactions which are impossible to assess.

Modified Hallas Scale
Definitely avoidable

e Treatment not used in accordance with relevant source documentation (SPC, BNFC, Local
Guidelines or pathway)

e Non-administration of a prophylactic treatment specified in the relevant source documentation
which could have been given within a realistic time course

Possibly avoidable

e One or more alternative approaches are found in relevant source documentation

e Prophylactic or mitigating treatment available in theory, but not part of source documentation

Not avoidable

e |diosyncratic reaction
o Anaphylaxis with penicillin in a patient with no previous history of allergy
e Treatment used in accordance with source documentation

Unevaluable

e Lack of information about optimal care (no relevant source documentation)

Fig 1. Hallas and the modified Hallas scale.

doi:10.1371/journal.pone.0169393.9001
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phases of this process, assessors were not provided with the relevant guideline and were
expected to apply their awareness and understanding of the current guidelines. The develop-
ment of the LAAT followed the recommendations described by Hakkarainen et al. [9]. They
recommended that future studies include reliability and validity testing; take action to stan-
dardise the measurement process; provide information on the assessors in terms of training
and experience in assessing avoidability; and describe how the assessments took place [9].

Preliminary work—Pilot phase: assessment of modification of an existing
tool

Three reviewers independently assessed 50 cases using a modified version of the Hallas scale
(Fig 1) and 50 cases using the original Hallas scale [10]. The results were compared and inter-
rater reliability (IRR) testing was carried out on both groups using kappa statistics.

It was decided that the LAAT should be converted to a flow diagram in an attempt to make
it easier and more consistent to use. It was also decided that some questions needed reviewing
and that this should be done by a consensus approach. We achieved consensus by agreement
among peers without pre-set criteria and the consensus group was a MDT comprising a
research children’s nurse, paediatrician and pharmacist.

Phase 1: Define the tool

The format of the new tool was a flow diagram with dichotomous responses to each question
followed by a routing to the next relevant question. In Phase 1a, 20 cases were reviewed to
define the tool. This was carried out by an MDT working together to discuss clinical practice
and avoidability outcome and observed by a research pharmacist (Fig 2: The development of
the Liverpool ADR avoidability assessment tool). Any cases which were classified as “unasses-
sable” had the rationale recorded: due to either lack of information about the case or of avail-
able guidance. A clinical pharmacologist, who also reviewed the iterations as they moved
through the various stages of development, reviewed any areas of disagreement or discrepan-
cies. Other steps in Phase 1 are summarised in Fig 2.

Phase 2: Testing and validation of the tool

The refined tool (Fig 3) was then tested on a further set of cases from the ADRIC inpatient
study with the aim being to improve IRR. This phase involved the assessment of a further 50
cases by six individual reviewers using the newly refined tool. See the accompanying glossary
and guide to the questions in the tool for further details on completing an avoidability assess-
ment in S1 Appendix. These 50 cases were a stratified sample (causality assessed as possible,
probable and definite cases: 26 surgical, 9 oncology, 9 medical and 6 cardiology). The reviewers
included two nurses, two pharmacists, and two doctors. These cases were assessed in terms of
pair-wise agreements between the investigators. Avoidability categories ranged from ‘unasses-
sable’, ‘not avoidable’ ‘possibly avoidable” and definitely avoidable’. As in the development of
the LCAT cases where extreme disagreement occurred, i.e. where the avoidability assessment
differed by more than one category e.g. ‘not avoidable’ and ‘definitely avoidable’ and any cases
where half of the raters differed in assigning a category were identified and the questions
which caused the discrepancies were reviewed [16].

Statistical analysis was carried out using IBM SPSS,Version 22 and StatsDirect Ltd. Stats-
Direct statistical software. http://www.statsdirect.com. The results were presented as categori-
cal scores and inter-rater agreements were calculated using unweighted kappa scores with 95%
confidence intervals (CI). Pair-wise kappa scores were compared to a global kappa score. A
global kappa score measures agreement across multiple assessors [18,19]. The percentage
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» A modified verison of the Hallas Scale was used as a starting point (Figure 1) \
» 3 reviewers (a paediatric nurse and two paediatric research pharmacists)
independently assesed 50 cases using the Hallas scale and a second set of 50
i cases using the modified version of Hallas
:ﬁ'l'("j'gﬁg » Kappa scores were low for both groups
v » The assessment tool was converted into a flow diagram to make it more user friendlyj
i )
» Consensus meetings MDT (New tool v1)
» 20 randomly selected cases from ADRIC inpatient study
Phase 1a: . i
i Develop glossary to accompany flow diagram )
tool
~\
e Determine changes to be made to tool: re-phrasing questions
* Develop new tool v2
Phase 1b: | * Consensus opinion on V2 of tool using the 20 cases from phase 1a
» Consensus meetings two MDT groups looking at a further 20 cases from ADRIC )
inpatient study
e Stratified sample (11 surgical, 4 oncology, 2 medical and 3 cardiology)
Regz: thcé » Compare results for two MDT groups and calculate kappa scores
\id/ » Modify tool if any changes are to be made Yy,
. . )
» Re-test new tool (Figure 3) on 50 cases (stratified sample)
* Individual assessment by 6 reviewers
Phase 2: . Calculate kappa scores
Testing & )
validation
of tool
*» Test the hypothesis that groups are better at assessing avoidability than individualg
» Using 20 'gold standard' case reports (cases with consensus from panel of three
ADRIC senior investigators)
Phase 3: + Case reports assessed by three MDT consensus groups (nurse, pharmacist, doctor)
mgg{i‘s;;‘”aid » Case reports assessed independently by nine individuals (mixture of nurses,

pharmacists and doctors)
*Individual and group assessment results will be compared to the outcomes reached
by the panel of senior investigators )

Analysis of
results

*The overall series agreement for individuals and groups will be summarised using
descriptive statistics, means with 95% confidence intervals

*Percentage exact agreement statistics

Fig 2. Flow chart of the development of the Liverpool ADR avoidability assesmsent tool.
doi:10.1371/journal.pone.0169393.g002

extreme disagreement (%ED) where the avoidability scores between two raters of the same

case are wider than one interval apart were calculated to measure extreme disagreement
between pair-wise kappa scores. Pair-wise kappa scores were also calculated by speciality to
investigate the differences between surgical, medical, oncology and cardiology cases. Kappa
values were interpreted according to the guidance from Altman: poor <0.2; fair 0.21-0.4;
moderate 0.41-0.6; good 0.61-0.8 and very good 0.81-1 agreement [18].
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LIVERPOOL ADVERSE DRUG REACTION AVOIDABILITY ASSESSMENT TOOL
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Information available

about the case and the |

No Unassessable

treatment to allow /

assessment? //

Yes

Was the reaction Was there a known

predictable on the history of allergy

basis of the known or previous similar Not

— — No 5
pharmacology of the No reaction to the avoidable
drug (s)? drug?
I T No

Yes Yes

Were there known
preventative strategies
and/or appropriate
management plan(s),
with information about
ADR avoidance
available?

Yes

Were the
strategies and/or

history available for
—No —) =, —Yes =P

v

Were other
information sources,
or information in the

Was
appropriate
action taken to
avoid the ADR?

Possibly

N0 avoidable

prevention of the
ADR which could
have been followed?

Yes

Definitely

management
plan(s) followed?

No avoidable

Fig 3. The Liverpool ADR avoidability assessment tool (LAAT).

doi:10.1371/journal.pone.0169393.g003

Phase 3: Consensus methods and individual testing

None of the available formal methods were suitable for our study because the target users of
this tool do not work in large groups. Accordingly we elected to use an informal method that
drew on some elements of the formal methods. The tool was designed for use in real-world
clinical settings. Hence the consensus method chosen should be applicable in real-world set-
tings. The main characteristic of the informal method was small MDT groups. Each group had
3 reviewers including nurse, pharmacist and doctor with experience of prescribing, adminis-
tering, or dispensing medicines for children. It was anticipated that the small groups would
work informally in line with standard practice that does not include formal group processes.

Participants were assigned either to assess a selection of ADR case reports (a purposive sam-
ple of 20 ADR cases, see S1 Table) independently, or to take part in one of the three MDT con-
sensus groups. Nine individual participants (a mixture of nurses, pharmacists and doctors)
independently assessed the selected cases in their own time. Multidisciplinary groups were
formed to assess the cases and reach consensus, during a 3 hour consensus group meeting.
The results were compared to the ‘gold standard’—the avoidability outcome set by a panel of
ADRIC senior investigators (the panel consisted a Clinical Pharmacologist, Paediatrician and
Pharmacist). The extent to which individuals and groups agreed with the ‘gold standard’ using
percentage exact agreement (%EA) was examined.

PLOS ONE | DOI:10.1371/journal.pone.0169393 January 3, 2017
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Ethics statement

This study used routinely collected clinical data in an anonymized format. The Chair of the
Liverpool Paediatric Research Ethics Committee informed us that this study did not require
individual patient consent or review by an Ethics Committee. The participants in the study
were all NHS employees who were recruited by virtue of their professional role and therefore
this study did not need NHS REC approval.

Results
Preliminary work—Pilot phase:

The assessment of 50 ADR cases using a modified version of the Hallas scale and a second set
of 50 ADR cases using the original Hallas scale by individuals (a paediatric nurse and two pae-
diatric research pharmacists) [10]. The kappa scores for the Hallas group were fair, with pair-
wise kappa scores ranging from 0.21 to 0.36. The modified Hallas kappa scores were poor,
with pairwise kappa scores ranging from 0.06 to 0.16.

Phase 1

The assessment of 20 ADR cases by two MDT's showed agreement between the groups on 13/
20 cases with a kappa score of 0.29 (95% CI -0.04 to 0.62). Group members commented that a
mixture of professions was needed to give a full assessment of avoidability.

Phase 2

The independent assessment of 50 ADR case reports by six individual reviewers (R1—R6) led
to overall pair-wise kappa scores which ranged from poor to good (0.12 to 0.75). The assessors
achieved fair inter-rater reliability with a global kappa score of 0.31. Overall percentage exact
agreement (%EA) ranged from 52-90% (Table 1) and %ED ranged from 2-24%. Agreement
between specialties varied. Table 2 shows the %EA and %ED between the specialties.

Phase 3

The extent to which individuals and groups agreed with the ’gold standard’ was examined
using %EA. The mean agreement for individuals was 54% (SD 12.4) and 47% (SD 7.6) for the
consensus groups. %EA ranged from 35-70%.

Discussion

We have defined and validated a tool to support the assessment of the avoidability of ADRs
that is based on identifiable information available to the prescriber and an evaluation of
whether the management plan suggested by the best available information was followed. In
addition we have compared the assessments made by groups with the assessments made by
individuals. Agreement with a ‘gold standard’ was similar for individuals and groups. Given
the logistical difficulties with groups, individual assessments can be used in further work. Feed-
back from individuals was generally positive with most participants agreeing that the tool was
easy to use and that it might have potential utility in the future.

Preliminary testing of the LAAT has shown it has face validity and is easy to use. However,
anumber of issues were raised. These include the dependence on guidelines and variations in
clinical practice. In phase 2, comparison of reviewers by specialty type highlighted that agree-
ment was better for certain specialties, particularly oncology. This may be explained by the
number of guidelines available in this area as many have detailed protocols and treatment

PLOS ONE | DOI:10.1371/journal.pone.0169393 January 3, 2017 8/11
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Table 1. Avoidability a

Assessor 1 R1

R2

R3

R4

R5

R6

nent of ADR «

Assessor 2

% EA
Kappa (95% Cl)
% EA
Kappa (95% ClI)
% EA
Kappa (95% ClI)
% EA
Kappa (95% CI)
% EA
Kappa (95% Cl)
% EA
Kappa (95% Cl)

from phase 2.

R2 R3 R4 R5 R6
90% 84% 78% 60% 70%
0.75(0.53,0.97)  0.60(0.42,0.79)  0.49(0.26,0.72) = 0.23(0.07,0.38)  0.34(0.11, 0.56)
80% 68% 60% 60%
0.49(0.31,0.67)  0.26(0.05,0.46)  0.20(0.03,0.37)  0.12(-0.09, 0.32)

70% 66% 64%
0.30(0.12,0.49) = 0.32(0.17,0.47)  0.21(0.03,0.39)
58% 62%
0.23(0.08,0.38)  0.20 (-0.02, 0.42)
52%

0.18 (0.03, 0.33)

Kappa values were interpreted according to the guidance from Altman [18].

doi:10.1371/journal.pone.0169393.t001

regimens; however, the level of detail varies amongst different protocols. Also, it became
apparent that despite guidelines being available for some cases, not all reviewers chose to look
them up. Some cited guidelines from memory correctly or incorrectly and some clinicians
used experience or prior knowledge to assess the cases. The subtlety in definitions between
prevention, management and amelioration of ADRs caused confusion with reviewers. If the
tool is used by experts then some of these issues may not be relevant.

Avoidability assessment is feasible but needs careful attention to methods. The LAAT
showed mixed IRR when individuals made assessments; further testing was conducted to com-
pare the use of the tool by individuals and groups. One of the limitations was the number of
cases used in some of the development phases. The number of cases was limited due to practi-
cal issues and feasibility. The effect of the small number of cases used is reflected in the wide
confidence intervals for the kappa scores. However, it would not have been possible to have
asked healthcare professionals to assess more ADR cases as conducting avoidability assess-
ments took a considerable amount of time. Also, there was no preset level for kappa acceptabil-
ity for the development of the LAAT. It may have been useful to have assigned a minimum
kappa score for agreement. As the LAAT was designed as a research tool rather than a clinical
tool, the minimum value for kappa might have been set at a lower value than if the LAAT was
designed as a clinical tool. For a clinical tool the minimum kappa score might be set to a mini-
mum of 0.80 which indicates good agreement according to Altman [18] and for the LAAT asa
research it might be more reasonable to set a lower kappa of 0.60 which indicates moderate
agreement. A higher kappa of 0.80 may not be realistic for the LAAT given the complex nature
of avoidability assessments; depending on the expertise of the reviewers conducting the assess-
ments. In any future testing of the LAAT or in re-development of the LAAT into a clinical tool

Table 2. Breakdown of percentage agreement and extreme disagreement between specialties.

Specialty
Oncology
Cardiology
Medical
Surgical

Number of ADR cases

9

6

9
26

doi:10.1371/journal.pone.0169393.t002

%EA Mean Standard deviation %ED Mean Standard deviation
56—100% 80.2 11.16 0-22.2% 11.1 7.3
33-100% 59.0 17.8 0-66.7% 25.5 18.7
33-100% 69.7 20.9 0-22.2% 6.7 7.0

50-92% 64.5 12.3 3.8-30.1% 19.1 8.8
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for assessing ADRs “a priori” kappa value of 0.6 could be set for the minimum level of agree-
ment for reviewers.

The results from Phase 3 showed that individual assessments had marginally better agree-
ment with the ‘gold standard’ evaluation than group assessments. Qualitative analysis of meet-
ing observations may help identify reasons for this and inform the optimisation of the LAAT
for use in ADR avoidability assessments. The reviewers, particularly in the groups used in
Phase 3 were experienced clinicians with little or no experience with assessment of ADRs. This
pragmatic selection of reviewers may have increased the variability in responses. This could be
investigated in future work to look at the impact of having more experienced group members
assess avoidability and compare inter-rater reliability between the different groups. External
validity testing using expert groups would overcome the lack of understanding about ADRs
and confusion over terminology and is therefore likely to improve the tool’s IRR. In addition,
the provision of training or additional instruction about the use of the tool might help to
improve agreement. A pilot study, randomised controlled trial (RCT) was conducted to test
whether an e-learning tool which was developed to provide training in the use of the Liverpool
causality assessment tool (LCAT) improved the ability of medical trainees to assign ADR cau-
sality using a series of reference ADR cases [20].

Although the LAAT was predominantly designed as a research tool it may have an applica-
tion in other settings. It could potentially be used for organisational change. Inviting members
of the drug and therapeutics committee and senior clinicians with experience in the regulatory
field to assess the avoidability of a selection of ADR case reports using the LAAT, may help to
identify prevention strategies. A thorough exploration of avoidable ADR cases could inform the
development of practical interventions that can be translated into clinical practice. In conclusion
we have developed and validated a method for assessing the avoidability of ADRs that is trans-
parent, more objective than previous methods and that can be used by individuals or groups.

Supporting Information

S1 Appendix. Liverpool ADR avoidability assessment tool glossary.
(DOCX)

S1 Table. Phase 3—Avoidability category assignments of individual reviewers and consen-
sus groups—a comparison to the ‘gold standard’.
(PDF)

Author Contributions

Formal analysis: LEB JJK MAT.

Investigation: LEB AJN M. Pirmohamed MAT.

Methodology: LEB AJN JJK M. Pirmohamed MAT RLS JA M. Peak.
Visualization: LEB.

Writing - original draft: LEB.

Writing - review & editing: LEB AJN JJK M. Peak JA RLS M. Pirmohamed MAT.

References

1. LovborgH, Eriksson L, Jonsson A, Bradley T, Hagg S. A prospective analysis of the preventability of
adverse drug reactions reported in Sweden. Eur J Clin Pharmacol. 2012; 68: 1183—-1189. doi: 10.1007/
s00228-012-1237-2 PMID: 22349466

PLOS ONE | DOI:10.1371/journal.pone.0169393 January 3, 2017 10/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0169393.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0169393.s002
http://dx.doi.org/10.1007/s00228-012-1237-2
http://dx.doi.org/10.1007/s00228-012-1237-2
http://www.ncbi.nlm.nih.gov/pubmed/22349466

@° PLOS | ONE

Development of the Liverpool ADR Avoidability Assessment Tool

10.

11.

12

13.

14.

15.

16.

17.

18.
19.

20.

Smyth RMD, Gargon E, Kirkham J, Cresswell L, Golder S, Smyth R, et al. Adverse drug reactions in
children-A systematic review. PLoS ONE. 2012; 7.

Davies EC, Green CF, Taylor S, Williamson PR, Mottram DR, Pirmohamed M. Adverse drug reactions
in hospital in-patients: A prospective analysis of 3695 patient-episodes. PLoS ONE. 2009; 4.

McDonnell PJ, Jacobs MR, Monsanto HA, Kaiser J-. Hospital admissions resulting from preventable
adverse drug reactions. Ann Pharmacother. 2002; 36: 1331-1336. PMID: 12196047

Le J, Nguyen T, Law AV, Hodding J. Adverse Drug Reactions Among Children Over a 10-Year Period.
Pediatrics. 2006; 118: 555-562. doi: 10.1542/peds.2005-2429 PMID: 16882807

Gallagher RM, Mason JR, Bird KA, Kirkham JJ, Peak M, Williamson PR, et al. Adverse Drug Reactions
Causing Admission to a Paediatric Hospital. PLoS ONE. 2012; 7: €50127. doi: 10.1371/journal.pone.
0050127 PMID: 23226510

Ferner RE, Aronson JK. Preventability of drug-related harms—part I: a systematic review. Drug Saf.
2010; 33: 985-994. doi: 10.2165/11538270-000000000-00000 PMID: 20925436

Hakkarainen KM, Hedna K, Petzold M, Hagg S. Percentage of Patients with Preventable Adverse Drug
Reactions and Preventability of Adverse Drug Reactions- A Meta-Analysis. PLoS ONE. 2012; 7:
€33236. doi: 10.1371/journal.pone.0033236 PMID: 22438900

Hakkarainen KM, Andersson Sundell K, Petzold M, Hagg S. Methods for assessing the preventability of
adverse drug events: A systematic review. Drug Saf. 2012; 35: 105—126. doi: 10.2165/11596570-
000000000-00000 PMID: 22201475

Hallas J, Harvald B, Gram LF, Grodum E, Brdsen K, Haghfelt T, et al. Drug related hospital admissions:
the role of definitions and intensity of data collection, and the possibility of prevention. J Intern Med.
1990; 228: 83—-90. PMID: 2394974

Schumock GT, Thornton JP. Focusing on the preventability of adverse drug reactions. Hosp Pharm.
1992; 27: 538. PMID: 10118597

Dormann H, Criegee-Rieck M, Neubert A, Egger T, Geise A, Krebs S, et al. Lack of awareness of com-
munity-acquired adverse drug reactions upon hospital admission: Dimensions and consequences of a
dilemma. Drug Saf. 2003; 26: 353—-362. PMID: 12650635

Olivier P, Caron J, Haramburu F, Imbs J, Jonville-Bera A, Lagier G, et al. Validation of a measurement
scale: example of a French Adverse Drug Reactions Preventability Scale. Therapie. 2005; 60: 39—45.
PMID: 15929472

Smyth R, Peak M, Turner M, Nunn A, Williamson P, Young B, et al. ADRIC: Adverse Drug Reactions In
Children—a programme of research using mixed methods. Programme Grants Appl Res. 2014; 2.

Thiesen S, Conroy E, Bellis J, Bracken L, Mannix H, Bird K, et al. Incidence, characteristics and risk fac-
tors of adverse drug reactions in hospitalized children—a prospective observational cohort study of
6,601 admissions. BMC Medicine. 2013; 11: 237. doi: 10.1186/1741-7015-11-237 PMID: 24228998

Gallagher RM, Kirkham JJ, Mason JR, Bird KA, Williamson PR, Nunn AJ, et al. Development and Inter-
Rater Reliability of the Liverpool Adverse Drug Reaction Causality Assessment Tool. PLoS ONE. 2011;
6: €28096. doi: 10.1371/journal.pone.0028096 PMID: 22194808

Brouwers MC, Kho ME, Browman GP, Burgers JS, Cluzeau F, Feder G, et al. AGREE II: advancing
guideline development, reporting and evaluation in health care. Canadian Medical Association Journal.
2010; 182: E839-E842. doi: 10.1503/cmaj.090449 PMID: 20603348

Altman D. Practical Statistics for Medical Research. London: Chapman & Hall; 1991.

Fleiss JL. Measuring nominal scale agreement among mant raters. Psychological Bulletin. 1971; 76:
378-382.

Conroy EJ, Kirkham JJ, Bellis JR, Peak M, Smyth RL, Williamson PR, et al. A pilot randomised con-
trolled trial to assess the utility of an e-learning package that trains users in adverse drug reaction cau-
sality. International Journal of Pharmacy Practice. 2015; 23: 447-455. doi: 10.1111/ijpp.12197 PMID:
26032626

PLOS ONE | DOI:10.1371/journal.pone.0169393 January 3, 2017 11/11


http://www.ncbi.nlm.nih.gov/pubmed/12196047
http://dx.doi.org/10.1542/peds.2005-2429
http://www.ncbi.nlm.nih.gov/pubmed/16882807
http://dx.doi.org/10.1371/journal.pone.0050127
http://dx.doi.org/10.1371/journal.pone.0050127
http://www.ncbi.nlm.nih.gov/pubmed/23226510
http://dx.doi.org/10.2165/11538270-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/20925436
http://dx.doi.org/10.1371/journal.pone.0033236
http://www.ncbi.nlm.nih.gov/pubmed/22438900
http://dx.doi.org/10.2165/11596570-000000000-00000
http://dx.doi.org/10.2165/11596570-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/22201475
http://www.ncbi.nlm.nih.gov/pubmed/2394974
http://www.ncbi.nlm.nih.gov/pubmed/10118597
http://www.ncbi.nlm.nih.gov/pubmed/12650635
http://www.ncbi.nlm.nih.gov/pubmed/15929472
http://dx.doi.org/10.1186/1741-7015-11-237
http://www.ncbi.nlm.nih.gov/pubmed/24228998
http://dx.doi.org/10.1371/journal.pone.0028096
http://www.ncbi.nlm.nih.gov/pubmed/22194808
http://dx.doi.org/10.1503/cmaj.090449
http://www.ncbi.nlm.nih.gov/pubmed/20603348
http://dx.doi.org/10.1111/ijpp.12197
http://www.ncbi.nlm.nih.gov/pubmed/26032626

