International Paediatric Drug

Safety Studies

Asia Nasser Rashed

School of Pharmacy, University of London
PhD Thesis

January 2012



ProQuest Number: 10104753

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

Pro(Quest.
/ \

ProQuest 10104753
Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.
Microform Edition © ProQuest LLC.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346



Plagiarism Statement

This thesis describes research conducted in the School of Pharmacy, University of
London between April 2008 and September 2010 under the supervision of Professor Ian
Wong and Dr Imogen Savage. 1certify that the research described is original and that any
parts of the work that have been conducted by collaboration are clearly indicated. 1also
certify that 1have written all the text herein and have clearly indicated by suitable citation

any part of this dissertation that has already appeared in publication.

\D/ 0\

Signature Date



To: Latifah and Nasser



Abstract

There are limited data on incidences of drug related problems (DRPs) including adverse
drug reactions (ADRs) in children. The aim of this thesis is to increase knowledge of the
incidence of ADRs and other DRPs and to enhance the understanding of risk factors for
ADRs across several countries. This should facilitate the development of appropriate

prevention strategies.

Two large prospective cohort studies were conducted; ADVISE” recruited patients from
five countries to investigate the incidence and characteristics of ADRs. Multivariable
regression analysis was conducted to identify risk factors associated with ADRs in
hospitalised children.

The second study investigated DRPs in children attending the A&E department and/or
admitted to a hospital in the Kingdom of Saudi Arabia (KSA) and the UK. ADRs and

other DRPs were identified using intensive chart review.

In the ADVISE study, 1278 children were included (Australia n=149, Germany n=376,
UK n=313, HK n=143, Malaysia n=300). The overall ADR incidence was 18.5% (95%
CI, 16.3-20.9). There was significant variation in incidence between countries (p<0.001),
the highest was in the UK (34.9%). The use of >five low risk drugs per patient or >three
high risk drugs (e.g. opioids) were strong predictors for ADRs (OR 4.7, 95% CI, 2.4-9.3;
OR 6.5, 95% CI, 2.7-16.0; respectively, p<0.001).

.In the second study, 990 children were included (KSA n=507, UK n=483). The overall
incidence of DRPs was 39.2% (95% CI, 36.1-42.3). Incidence was highest in the
paediatric intensive care units (59.7%; 95% CI, 47.0-71.5). Dosing problems were the
most frequent DRP (n=303, 55.5%). 80.0% (n=437) of DRPs were preventable.

Using standardised methods in both studies enabled comparison of incidences of ADRs
and DRPs between countries. The variation between countries was considered to be
mainly due to differences in treatment strategies.

These studies indicated that improvements to current procedures could reduce DRPs and
hence improve patients’ health. Also, a focus on paediatric pharmacology and
pharmacotherapy within paediatric medical education is important to improve prescribing

practices and paediatric patient safety.
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Preface

The safe use of medicines is of particular concern in both paediatric and adult patients.
However, many drugs have not been tested in children, resulting in limited knowledge of
their adverse effects and problems related to the use of drugs in the paediatric population
when such medicines are prescribed in clinical practice. Particularly because the safety
data of a drug cannot be extrapolated from adults’ data to children due to the fact that the
adverse drug reaction (ADR) profile and severity of ADRs are not always the same in
adults and children. Furthermore, problems involving the use of drugs are different; for
example in children many dosages are calculated based on the patient’s weight, hence
smaller doses are needed which may require changes to the formulation. Few structured
investigations on large paediatric populations have been conducted to investigate the
extent of ADRs and other drug related problems (DRPs) in hospitalised paediatric
patients. However, thorough investigation is important to identify risk factors and areas of

concern to improve treatment strategies in this vulnerable population.

Therefore, the aim of this thesis was to evaluate drug safety in children in secondary care
at international level using standardised methods with a focus on ADRs. The thesis is
comprised of four chapters. The first chapter, the introduction begins with a general
overview of paediatric drug safety, then the epidemiology of drug-related problems based
on the literature is described and an overview of the current evidence on ADRs in
children is given.

The introduction is followed by the research questions based on the introduction and the
overall aim of the thesis. In Chapter 2 the first study that was conducted (ADVISE) is
described. This study focuses on the epidemiology and risk factors for adverse drug
reactions in hospitalised children in five countries. In Chapter 3 the second study which
investigated drug related problems is reported. This study was conducted in the UK and
the KSA and describes the epidemiology of DRPs observed in one hospital in each
country.

The final chapter of this thesis is an overall discussion of the topic and a summary of the
studies’ findings (Chapter 4). The final chapter also presents the overall conclusions and
discusses the implications of these for healthcare professionals. Future work based on this

project’s findings is also discussed here.
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Chapter ONE General Introduction

Chapter ONE: General Introduction

This chapter will discuss the need to conduct research in paediatric medication safety. An
overview of different aspects of drug safety in children is given, together with a
description of the drug-related problems (DRPs) and in particular, adverse drug reactions

(ADRs).

The search strategy used to identify the relevant articles for this chapter included
searching the databases (MEDLINE, EMBASE, CINAHL, BIOSIS, International
Pharmaceutical Abstract (IPA), and PubMed), and also conference proceedings citation
Index-Science on ISI Web of knowledge. Search criteria were limited to studies on
medicines or drug related problems from 1969 to April 2011 and reported in the English

language. Search terms used in various combinations included:

e Children/child/neonate/infant/adolescents/paediatric/pediatric/young/baby/babies/t
eenage/toddler.

e Medicine related problems/medication related problems

e Drug therapy problems

e Drug related problems

e Adverse drug reactions/adverse drug events/adverse drug effects
Bibliographies of the relevant studies and systematic reviews identified were hand
searched to identify any articles that might have not been captured by the search

strategies.
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1.1 Drug Safety in Paediatric populations

Medication use in children is a complex process with specific challenges due to the
differences in physical size, physiological maturity, and cognitive skills which complicate
the process of prescribing, administering, and monitoring drug therapy (Warner 1986;
Ghaleb et al. 2006a). Drug safety in children is becoming an area of increasing interest.
Nineteen percent of medication incidents reported to National Patient Safety Agency
(NPSA) through National Reporting and Learning System (NRLS) from hospitals in the
United Kingdom (UK) involved children aged 0-17 years (NPSA 2007). In the last two
decades medication safety in paediatric populations has received considerable attention at
a global level and has become a multi-professional concern (NPSA 2007; Vernacchio et

al. 2009; Wong et al. 2004).

In general, most medicines are used safely and effectively, but problems can occur at all
stages of the medication process (Figure 1.1). However, despite the fact that
pharmacotherapy for children follows the same principles as that for adults, the
developmental differences between children and adults and the complexity of the process
of administering medicines to children can result in children being at greater risk when
treated with medicines (Casavant & Griffith 2010). The developmental differences in
children from birth to adolescence are recognised in the following classification which is

widely used in studies of paediatric populations (Table 1.1).
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Figure 1.1: Medication process (taken from NPSA 2007)

Prescribing

Monitoring Dispensing/
preparation

Administration

Table 1.1: Subgroups of paediatric populations, classified according to age range”

Group Age
Preterm newborn infants Born at less than 37 weeks gestation
Tenn newborn infants 0-27 days
Infants and toddlers 28 days to 23 months
Children 2 to 11 years
Adolescents 12 to IS years (varies according to country/region)

“(ICH guidelines 2001)
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Children are in a constant state of growth, so monitoring their medication and reviewing
all phases of therapy should be performed at regular intervals. Any change needed in a
child’s medication initiates another possibility for errors to happen at any stage of the
medication processes (Choonara et al. 1996). Several studies have tried to classify the
different types of problem related to medications that might cause harm to patients. Three
main categories have been used in the literature; medication errors (MEs), adverse drug
events (ADEs), and ADRs (Dean et al. 2005; van den Bemt et al. 2000a). Generally,
ADRs are considered unavoidable, while MEs are considered to be potential and/or

preventable ADEs.

Currently, research into DRPs is limited, especially for children who might be more
susceptible to any problems which might be associated with their medications.
The following sections will give more details about problems related to drug use in the

population and in particular in children, as well as an overview of ADRs.

1.2 Drug related problems
The main purpose of this section is to look at DRPs concerning the paediatric population.
However, the following objectives will be addressed;

o Identify the different definitions used.

e Identify the importance of addressing and resolving DRPs in healthcare.

o Identify the causes of DRPs in paediatrics and explain why the paediatric

population is vulnerable to them.
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1.2.1 Drug-related problems: definition
There are a number of definitions for DRPs reported including; a rather unspecific
definition;

“Problems relating to the use of approved drugs” (Meyboom et al. 2000).

Strand et al (1990) defined a DRP as an “undesirable patient experience involving drug
therapy that actually or potentially interferes with a desired patient outcome”. In recent
years this definition has been modified to by the Pharmaceutical Care Network in Europe
(PCNE);

“an event or circumstance involving drug therapy that actually or potentially

interferes with desired health outcomes” (PCNE 2006).

Today this is the definition largely accepted and used in the literature. But this has not
always been the case. Therefore, there is a lack of uniformity between studies in the
definitions of the term ‘drug-related problem’ and the classification of DRP subtypes
used in literature. This poses a large problem when comparing studies containing DRP
data (van den Bemt et al. 2000a; van Mil et al. 2004). Studies refer to or imply the term
DRP by using other terms such as ‘medicine/medication related problems’, ‘drug-related
therapy problems (DTP’s)’, ‘drug-related hospitalisations’, ‘drug-related illness’ (Major
et al. 1998; Hewitt, 1995; Westerlund et al. 2001; Westerlund et al. 2008; Hammerlein et

al. 2007; Yosselson-Superstine & Weiss 1982).

26



Chapter ONE General Introduction

Other definitions which have been used in previous studies to contextualise problems
related to drug use in patients are given in Table 1.2. Some of these studies have failed to

state the exact meaning of such terms (Baena et al. 2006).

Table 1.2: Definitions of DRPs reported in previous studies
Study Definition

Hepler & Strand 1990 A drug-related problem is an event or circumstance involving
drug treatment that actually or potentially interferes with the
patient experiencing an optimum outcome of medical care.

Denneboom et al. 2005  User-related pharmaceutical care problem is non-adherence to
prescribed treatment; problems with correct self-administration
of medications; inappropriate medicine-taking practice.

Gordon et al. 2005 A medicine-related problem is any problem experienced by a
patient that may impact on their ability to manage or use their
medicines effectively.

AbuRuz et al. 2006 A treatment-related problem is an event or circumstance
involving patient treatment that actually or potentially

interferes with an optimum outcome for a specific patient.

1.2.2 Types of drug-related problems
A DRP encompasses many subtypes of problems such as adverse drug reactions (ADRs),
medication errors (MEs) including prescribing errors, and administration errors.

However, many studies do not present data on all subtypes of DRPs which are included in
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the overall DRP definition, but instead choose which DRP subtypes they wish to include.
There are also numerous studies that focus on just one single aspect or subtype of DRP,
particularly ADRs, therefore making it impossible to compare general DRP data
(Clavenna & Bonati 2009).
The main ADR definition used by many studies is the World Health Organisation (WHO)
definition of an ADR;
“any response to a drug which is noxious and unintended and which occurs at
doses normally used in man for prophylaxis, diagnosis or therapy of disease, or

for the modification of physiological function” (WHO 1972).

ADRs are synonymous with intrinsic toxicity aspects (problems that involve no errors) of

DRPs (van den Bemt & Egberts 2007).

Other subtypes of DRP include medication errors, which are defined 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” (National Coordinating Council for

Medication Error Reporting and Prevention ‘NCC-MERP’ 2011).

And prescribing errors which are defined as errors that;
“occur when, as a result of a prescribing decision or prescription writing
process, there is an unintentional significant (i) reduction in the probability of
treatment being timely and effective or (ii) increase in the risk of harm when

compared with generally accepted practice” (Ghaleb et al. 2005).
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Medication and prescribing errors are linked to the extrinsic toxicity aspect of DRPs,
which refers to the "problems caused by the handling of the drug either by the healthcare
professional or by the patient” (van den Bemt & Egberts 2007). Figure 1.2 shows the

relationship between the problems associated with medication (DRPs).

Non-compliance (non-adherence) is another major type of DRP. Where the opposite is
compliance which defined as;
“I[IC extent to M'hieh a person's behaviour coincides with medical or health
advice ” (Winnick et al. 2005).
Non-compliance would be; the extent to which a person's behaviour does not coincides

with medical or health advice.

Figure 1.2: Relationships between the problems associated with pharmacotherapy

(adapted from van den Bemt et al. 2000a)

Drug therapy Symptoms related to
diSMseortharapy

Adverse drug
reactions

Medication errors ¢
no morbidity Medication errors concu.rrent
‘Whadverse drug reactions

Medication errors
morbidity

Human or systematic
error
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Strand et al (1990) understood the need for uniformity and hence devised a uniform
definition and classification for DRPs into eight categories. The purpose of this
classification was to help in the development of a systematic method through which the
pharmacist contributes significantly to the overall positive patient’s outcome and to give
to pharmacy practice a vocabulary consistent with that of other healthcare professions
(Strand et al. 1990). Furthermore, results from studies that utilised a unified
classification/definition such as Strand’s system could now be communicated more

clearly and compared.

Strand et al (1990) set out two criteria that must be met for a DRP event to occur:
e Patient must be experiencing, or must be likely to experience, a disease or
symptomatology and
e These conditions must have an identifiable or suspected relationship with drug
therapy.
If the event meets such criteria then the DRP is classified according to one of eight DRP

categories (Table 1.3) defined by Strand et al (1990).

It is important to note that although Strand et al (1990) makes reference to non-
compliance in category 7 only, categories 3 and 4 could also be interpreted as patient’s
non-adherence, for example if patients themselves either decrease or increase the

prescribed dose or do not take the medicine at the frequency prescribed.
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Table 1.3: Categories of drug-related problems according to Strand et al (1990)

Category
1 Untreated indication
2 Inappropriate medicine prescribed
3 Under-dosage
4 Over-dosage
5 Adverse drug reaction
6 Interaction
7 Medicine not taken
8 Medicine use without indication

Description

For example, inadequate prescribing including untreated primary and secondary indications,
disruption in continuity of treatment. Non-prophylactic or premedication prescribed, non
prescribing of synergistic medicines (additional medicine therapy such as that used in active
tuberculosis).

For example, medicine currently used may be ineffective, a more effective medicine may be
available, patient has a known medicine allergy status, and contraindications exist for the
medicine use in this patient.

For example, suboptimal medicine where desired patient outcome not realised, suboptimal
dose, suboptimal interval, suboptimal regimen, suboptimal medicine form.

For example, inappropriate rapid increase in medicine dose, regimen for particular patient,
inappropriate change in medicine form leading to toxicity, excessive use of medicine for
particular patient.

Including Type A (e.g. dose dependent, common, consistent with pharmacology of the
medicine and fairly predictable) and Type B reactions (idiosyncratic reaction independent of
medicine pharmacology).

For example, milk and iron tablets, warfarin and aspirin, effect due to enzymatic
inhibition/induction, displacement of medicine from binding site.

For example, intentional and non intentional non-adherence, failure in medicine supply system,
failure in medicine administration system, medicine formulation problems for particular
patient.

For example, inappropriate self-treatment, substance abuse, unnecessary drug therapy.
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However, there are different classification systems that have been reported in the
literature. A review conducted by van Mil et al (2004) identified the different
classification systems reported in previous studies and discusses the suitability of each
system for documenting DRPs. These -classifications and their evaluations are

summarised in Table 1.4.
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Table 1.4: Overview of DRP classifications reported by different studies (adapted from van Mil et al. 2004)

System Main Based Hierarchical Causes Validation Intervention Used in
categories on clinical problem classification published classification published
(N definition classification i study
Meyboom (ABC) 3 No No I No No No
'ASHP 13 Yes No I No No Yes
Cipolle et al. 7 Yes No No No Yes Yes
Granada consensus 6 Yes No I No No Yes
Hanlon 10 No No I No No Yes
Hepler/Strand 8 Yes No No No No Yes
Krska et al. 13 Yes No No No I Yes
Mackie 13 Yes No No No No Yes
“NCC-MERP 14 Yes No I No Yes Yes
°PAS S No Yes Yes Yes Yes No
*PCNE 6 Yes Yes Yes Yes Yes Yes
°PI-Doc 6 No Yes I No Yes Yes
°*SHB-SEP 10 No Yes Yes No Yes No
Westerlund 13 Yes No I Yes Yes Yes

' ASHP=American Society of Health-System Pharmacist; I=cause/intervention integrated in the problem description; “NCC-MERP=National Coordinating Council for
Medication Error Reporting and Prevention; 3PAS=Problem, Assessment, and Solutions; 4PCNE=Pharmaceuti<:al Care Network Europe; 5PI-Doc=Problem-Intervention

Documentation; SSHB-SEP=Health Base Foundation Subjective Evaluation Plan. "N=number of main categories.
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1.2.3 Drug-related problems: epidemiology

Many studies have established that the percentage of hospital admissions related to drugs
was between 2% and 24% (Prince et al. 1992; Einarson 1993; Zargarzadeh et al. 2007).
Winterstein et al (2002) reviewed fifteen studies (1980 — 1999) investigating drug-related
hospital admissions (DRAs) and the number of preventable drug-related admissions
(PDRAs). The review concluded that drug-related morbidity is a significant healthcare
problem and a great proportion is preventable. However, all the studies reviewed by
Winterstein et al (2002) were conducted in adult populations. For paediatric populations,
although the available data are limited, drug-related admissions have been reported to be
as high as 18% (Yosselson-Superstine & Weiss 1982). Furthermore, many studies have
addressed drug-related emergency visits; a review of four prospective and eight
retrospective studies found that 28% of the emergency visits were drug related (Patel &

Zed 2002).

For pharmacists, pharmaceutical care is at the heart of pharmacy practice; with
pharmaceutical care being defined as;
“a practice in which the practitioner takes responsibility for a patient’s drug-
related needs and holds him/herself accountable for meeting these needs” (Strand

1997).

By working closely in cooperation with patients and physicians, pharmacists should
constantly strive to achieve the core objectives of pharmaceutical care, which are to
identify, resolve, and prevent potential DRPs (Nahata 2000, Westerlund et al. 1999).

Addressing DRPs should become an increasing priority particularly, due to the
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complexity of today’s drug therapy, which consequently makes appropriate drug
prescribing increasingly challenging (Blix et al. 2006).

However, if DRPs are left unrecognised and/or unresolved, then DRPs potentially can
lead to significant drug-related morbidity and/or mortality (Lassetter & Warnick 2003).
This would contradict and defeat the key objectives of pharmaceutical care and the roles

of pharmacists and other health practitioners alike.

1.2.3.1 Causes of drug-related problems
The possible causes of DRPs occurring have been reported in several studies (Howard et
al. 2008; Leendertse et al. 2008; van den Bemt et al. 2000a; Hepler & Strand 1990).
These include;

a) Inappropriate prescribing

b) Non-adherence

¢) Communication failures

d) Knowledge gaps

e) Inadequate monitoring

f) Inadequate review of medicines use

g) Inappropriate delivery of drug, such as unavailability of the drug or dispensing

CITOrS.

A more comprehensive study on the causes of DRP is given by Howard et al (2008). This
study, conducted in an adult population, sought to identify causes of preventable DRPs.
The following diagram (Figure 1.3) taken from the study by Howard et al (2008) clearly

illustrates the variety of contributing factors, proximal causes and active failures leading
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to preventable drug-related admissions; most of which have root causes resulting from
lack of knowledge of healthcare professionals, who are therefore partly at fault for many

of the paediatric DRPs reported.
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Figure 1.3: A Cascade diagram, illustrating the contributing factors, proximal

causes and active failures resulting in preventable DRP admissions (taken from

Howard et al. 2008)
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Many DRPs are the consequences of fundamental incidents during the prescribing,
dispensing, administering and monitoring processes; all of which involve healthcare
professionals, including pharmacists. The cascade diagram (Figure 1.3) clearly depicts
the central involvement that healthcare professionals have with DRPs. Contributing
factors include time and workload pressures; lack of training; communication problems
between healthcare professionals, GP’s and pharmacists and/or hospital doctors, and
communication problems between patient and healthcare professionals. These
contributing factors lead to proximal causes consisting of further communication
breakdown, knowledge gaps about patients and/or drugs, lack of patient understanding,
and administration problems. Examples of communication failures reported in the study
included the doctor prescribing high-risk medication, pharmacist dispensing incorrect
drug and/or dosage, patient not taking medication as prescribed or reluctant to question
healthcare professional about their medications, and insufficient counselling provided to
patients by the pharmacists. Ultimately, the end result was a large number of preventable

DRPs being reported.

The main findings in Howard’s study were that communication problems, knowledge
gaps about medications and knowledge gaps regarding a patient’s medical and medication
history were often lacking in healthcare professionals and therefore predisposed patients

to DRPs (Howard et al. 2008).

1.2.3.2 Economic impact of DRPs
The economic implications of DRPs are mammoth, with the main costs incurred in cases

where treatment of the DRP is required. This may be via additional visits to the physician,
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or emergency department, hospital admissions or via long term care admissions (Lassetter
& Warnick 2003; Tafreshi et al. 1999). Other costs that are incurred include changing
drug therapy, additional prescriptions and monitoring tests (Tafreshi et al. 1999). A
number of studies present the economic impact of DRPs. Johnson and Bootman (1995)
created a ‘Cost-of-Illness Model’ to describe the societal cost of drug-related morbidity
and mortality. They outlined costs in the ambulatory setting at $76.6 billion per year in
the US; 62% of such costs had been incurred as a result of drug-related hospitalisations.
The extent of such costs were highlighted again by Emst and Grizzle (2001) using the
Johnson and Bootman model, with DRPs in the ambulatory setting costing the US a
staggering $177 billion annually, more than double that of the previous study, with $121
billion or 69% of the total cost accounting for hospital admissions. A study in the UK
focusing on hospital bed occupancy due to DRPs (Ghose 1980) concluded that 8.8% of
hospital admissions were due to DRPs, with an average DRP patient occupying a medical
bed for 8 days, while Prince et al’s (1992) study from the US specifies costs relating to

drug-related hospital admissions at an average of $8888 per admission.

However, the astounding aspect is that many of the DRPs are preventable and the drug-
related morbidity and mortality that results from preventable DRPs are critical problems
that require urgent expert attention (Lassetter & Warnick 2003; Johnson & Bottman
1995). It has been reported that the preventability of DRPs ranges from 43% to 83%
(Tafreshi et al. 1999; Easton et al. 1998; Easton et al. 2003; Easton et al. 2004; Roughead
1999; Winterstein et al. 2002; Al-Olah & Al-Thiab 2008). Johnson and Bootman (1995)
pointed out that a significant proportion of drug-related morbidity and mortality resulting

from inappropriate behaviours (such as inappropriate prescribing or non-compliance)
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were preventable and preventing such cases would result in significant cost saving to
healthcare organisations. Tafreshi et al (1999) interviewed 253 patients in the United
State (US) presenting to the emergency department and found that the averaged cost to

the institution was $1444 per preventable medication-related visit.

Therefore, there are potentially vast cost savings that can be made in healthcare systems
by more fully using the skills of the pharmacist and provision of pharmacy service
(Johnson & Bootman 1997). Importantly by placing particular emphasis on preventing
DRPs occurring in the first place, as well as effectively identifying and resolving those
DRPs that are unpreventable. Although many studies do not present solutions needed to
minimize the occurrence of preventable DRPs, the studies of Guerreiro et al (2005) and of
Westerlund and Marklund (2009) concluded that the economic impact of preventable
drug-related morbidity are so substantial that even expensive interventions to deal with a

problem may be cost-effective.

Some studies actually outline the costs associated with DRPs that could be saved;
potential savings in Sweden at the national level were calculated at a colossal €358
million in 2006 (Westerlund & Marklund 2009), while two studies conducted at
Australian hospitals and also a Saudi Arabian study in the tertiary hospital setting,
reported that large potential savings could have been made due to preventable DRPs

(Easton et al. 2004; Easton et al. 2003; Al-Olah & Al-Thiab 2008).
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Therefore, it can be seen that the economic consequences of DRPs are substantial as well
as their impact on healthcare organisations, which make great efforts to maintain patient

health and welfare at a minimal cost.

1.2.4 Drug-related problems in paediatric population

The majority of the published studies on DRPs focus on the elderly population, and do
not consider the paediatric population. However, the majority of the available paediatric
studies focus only on a single subtype of DRP, mainly ADRs (Impicciatore et al. 2001;
Martinez-Mir et al. 1996), without addressing all subtypes that encompass the broader
definition of DRPs. Numerous studies acknowledge the limited research on DRPs in
paediatric populations (Westerlund et al. 2008; Yosselson-Superstine & Weiss 1982;
Easton et al. 1998; Easton et al. 2004; Easton et al. 2003; Barata et al. 2007). Although
the elderly population is a sector of society vulnerable to DRPs, paediatric population

also prone to DRPs.

1.2.4.1 Importance of addressing and resolving DRPs in paediatric population

Lack of suitable formulations

There are a number of factors associated with problems related to drug treatment in
paediatric populations, firstly a lack of suitable formulations (Conroy 2003; Leff &
Roberts 1987). Many commercially available drug formulations cater only for the adult
population, so they are inappropriate for use in paediatric populations (Leff & Roberts
1987). With such a small anticipated market for paediatric formulations for certain drugs,

drug companies are reluctant to invest time and financial resources, where the resulting
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financial gains are minimal, plus the recruitment of paediatric patients for clinical trials
also poses a difficult problem to overcome (Morkane et al. 2007; Leff & Roberts 1987).
Thus today we have many dosage forms available that have not been formulated for
paediatrics (e.g. sildenafil has been used to treat pulmonary hypertension in babies), and
therefore many dosages must be prepared extemporaneously with an increased risk of the

patient suffering from a DRP (Conroy 2003).

Despite the attempts that have been made by regulatory agencies to encourage and
motivate pharmaceutical companies to conduct clinical trials involving paediatric
population, the majority of drugs currently available are still lacking a license for use in

children (Neubert 2011; Conroy 2011).

However, in the European Union (EU) a new paediatric regulation on the development
and authorisation of drug use in children came into force in January 2007 (EMA 2007).
This regulation was introduced to require pharmaceutical companies to conduct
appropriate clinical trials in children. The paediatric regulation aims to improve paediatric
health in Europe by facilitating the development and availability of drugs for children
aged 0-17 years, and by increasing high quality, ethical research and information on drugs
for children. This regulation is applicable to all new marketing authorisations for new
chemical entities and to line extensions. All companies should submit their paediatric
investigation plan (PIP) to the paediatric committee (PDCO) at the European Medicines
Agency (EMA) before the start of phase II clinical trials. However, in certain situations, a
waiver can be requested from the PDCO for a medicinal product, if for example, the

product treats a condition that does not occur in children (Paediatric Regulation 2006).
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An important example, of the lack of suitable formulation affecting many children
worldwide today is the treatment for AIDS. Although recently there have been some
improvements in antiretroviral treatment for children, under the current WHO guidelines,
not all antiretrovirals can be used in children because of formulation problems (WHO

2005).

Off-label and unlicensed drug use

The consequence of limited formulations for use in paediatrics has resulted in substantial
off-label and unlicensed drug prescribing for children (Conroy 2003; Impicciatore et al.
2002), which in turn has impacted on the number of DRPs reported. In children ‘off-
label” use refers to the “use of a drug outside the terms of the product license”, whilst an
unlicensed drug means “drug not licensed for use in children” (‘t Jong et al. 2002). A
study conducted by Kimland et al (2007) which analysed the questions received by the
drug information centre in Karolinska University hospital in Sweden, reported that 31%
and 24% of DRPs were due to off-label and unlicensed drug treatment, respectively.
However, this study defined off-label as “any drug that was explicitly not recommended
or was given for an unproven indication, dose and/or age-group in children”, while
unlicensed was defined as “all drugs that were not listed in the Swedish catalogue of

medical products (FASS).

Potentially, the health of paediatric patients can be compromised if off-label and/or
unlicensed drugs are prescribed and administered, as there is limited data on such use.
ADRs are more likely to be reported for paediatric patients if unlicensed and/or off-label

drugs are used, as there are no age-related ADRs profiles for these drugs (Cuzzolin et al.
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2003). Many off-label and unlicensed drugs also contain undesirable excipients in their
formulations, causing adverse reactions when they are administered to paediatric patients,

such as benzyl alcohol induced gasping syndrome (Leff & Roberts 1987).

Drug dose calculations

Drug dose calculations for paediatric patients are more complicated than those for adults,
as they are based on the individual patient and must take into consideration a number of
factors such as age, body surface area, weight and condition (Ghaleb & Wong 2006b;
Morkane et al. 2007). Hence miscalculations for small paediatric doses can easily lead to
fatal consequences, for example a premature baby girl died 28 hours after birth as a junior
doctor prescribed 15mg of intravenous morphine instead of 0.15mg, which resulted in the
baby being given a 100 times overdose (Jacqz-Aigrain & Choonara 2006). Hence, the
paediatric population is at an increased risk of prescribing and medication errors,

compared to adults, some of which have the potential to be fatal (Wong et al. 2004).

Furthermore, dosing intervals in paediatric patients vary significantly from those in
adults, due to large differences in pharmacokinetics and pharmacodynamics (Bennett &
Brown 2003). Large differences in pharmacokinetics occur within the paediatric group,
depending on the stage of development of the child, which varies from neonates to
adolescents (Choonara et al. 1996; Conroy 2003). Also consideration must be given to the
fact that children are constantly growing, hence dosing must be reviewed regularly

(Barata et al. 2007).
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Bearing all this in mind, dosing for paediatrics is extremely challenging and dosing errors
can easily be made, thereby affecting drug and therapeutic effectiveness. This may be via
prolonged dosing intervals leading to therapy failure (due to decreased drug efficacy or
sub-therapeutic effects) or via too-frequent dosing (leading to drug accumulation and
toxicity) with potentially fatal consequences (Choonara et al. 1996). This applies
particularly to the treatment of acquired immunodeficiency syndrome (AIDs) in children,
where for some currently used antiretrovirals, the dosage adjustments for weight and age
are lacking or unclear and therefore result in underdosing of antiretrovirals in children

(Menson et al. 2006).

Errors also can be made during prescribing of drugs, including written instructions and
interpretation. Greenall et al (2009) reported a case of a physician, in the emergency
department, who accidentally wrote an order for hydromorphone 4mg to be given orally
on an infant’s chart, which was meant to be prescribed for an adult patient. The nurse
confirmed the order with the physician verbally and administered the drug to the infant.
Later, after the nurse had administered the drug to the infant, she discovered the mistake
because she was informed by the mother that her baby had not yet been examined by the
doctor. Activated charcoal by nasogastric tube and intravenous naloxone were given and

the infant was discharged next day.

Adverse drug reactions (ADRs)

Paediatric patients are more predisposed to ADRs because medicines are dealt with
differently by children at different ages (premature, newborns, school children, and

adolescents) as their physiology and biochemistry change with age.
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Two studies (Major et al. 1998; Easton et al. 2003) identified ADRs as the most
frequently reported type of DRP in paediatric populations, again highlighting that ADRs
are one of the most common sub-type of DRPs affecting the paediatric population and

thus need to be urgently addressed. ADRs will be discussed in detail in section 1.3.

Non-adherence

Non-adherence is another common subtype of DRP significantly affecting a large
proportion of the paediatric population today and in many cases can often be the
fundamental reason for therapy failure (Winnick et al. 2005). Two studies conducted by
Easton et al (1998 & 2004) showed that non-adherence accounted for 56.0% and 34.6%,
respectively, of DRPs in children. Another study by Yosselson-Superstine and Weiss
(1982) showed that the most common classes of drugs associated with non-compliance
were antimicrobial agents (64.5%), followed by anticonvulsants (22.6%). Therefore, it is
evident that non-compliance is of particular concern in paediatrics, but additionally it is
important to note that there are only a handful of studies that report paediatric non-

compliance data, thus presenting a large gap in paediatric research of this type of DRP.

There are various reasons to explain why non-compliance is often observed within the
paediatric population. Factors such as palatability (appearance, taste) and type of
formulation can deter children from adhering to a medication regimen, while
experiencing adverse effects can also contribute to non-compliance (Winnick et al. 2005).
Therefore, in such scenarios one type of DRP (ADR) can lead to another DRP (non-
compliance). Although it might have been expected that non-compliance in paediatric

patients would decrease over time due to familiarity with regimen, Winnick et al. (2005)
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found that the longer the duration and the more complex a medication regimen the patient
has to endure, the greater the risk of non-compliance. An obvious explanation for non-
compliance would be that children and some teenagers do not understand the reasons
behind taking medication, due to children being too young to do so and/or due to lack of
patient education (Winnick et al. 2005; Morkane et al. 2007). Kyngés et al (2000) pointed
out that psychological factors, such as the positive personal understanding of disease and
treatment, attitude and therapeutic motivation heavily impacts on adolescents’
compliance. Also, in the adolescent age group non-compliance can be a result of peer

pressure and a desire to “fit in” (Kyngis et al. 2000).

In many instances it is the parents themselves that are the crucial determinants of
paediatric compliance, particularly for the younger paediatric age groups (Winnick et al.
2005). Parents and/or guardians are responsible for their child’s welfare, as children are
unable to do so by themselves, thus parents are the ‘caregivers’ of the communication
triad (consisting of the health professional-caregiver-patient) (Sanz 2003). Parents’
morals, beliefs, culture, extent of health literacy, lifestyle, and financial status will
therefore impact on a child’s compliance with their medication regimen and the resulting
health outcomes (Winnick et al. 2005). Two cases of paediatric non-compliance taken
from a study by Yosselson-Superstine and Weiss (1982) are; a mother experiencing
difficulty with the directions for use of the medication for her child and another mother
who thought that her child had recovered from the illness, thus she made the decision not
to continue the treatment. These two examples illustrate the negative impact that parents
(the caregivers) can sometimes have on paediatric compliance, with negative implications

for reaching the desired health outcomes for their children.
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Howard et al’s (2008) study did not specifically look into the causes of DRPs in
paediatric populations, but investigated the causes of preventable DRPs. The study’s
findings demonstrated that the potential errors of healthcare professionals, combined with
the increased risk for paediatric patients, elevate the risk of DRPs occurring in children

even further.

Although effective pharmaceutical care is much more challenging and demanding, due to
the complex nature of the paediatric population, in many cases the risk of DRPs in
paediatric patients could have been minimised by effective management by healthcare

professionals, particularly pharmacists.

1.2.5 Interventions to reduce Drug-related problems
Vulnerable patients such as children and older patients, who are at higher risk of suffering
from DRPs, are the groups that would most benefit from an intervention to prevent or

resolve a DRP.

Identification, prevention and resolution of DRPs require a multidisciplinary team. A
review of eight retrospective and four prospective studies on drug-related Emergency
department (ED) visits carried out by Patel and Zed (2002) concluded that 70% of the
problems were preventable. Therefore, all healthcare professionals including physicians
and pharmacists should work together to provide care plans and monitor patients to avoid
preventable drug-related ED visits which would result in a reduction in morbidity and

mortality.
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There has been special focus on pharmacist-led interventions to reduce and resolve DRPs,
and also to improve patient adherence to treatment (Clifford et al. 2006; Blix et al. 2006;
Westerlund et al. 2009; Hammerlein et al. 2007). Part of the professional responsibility of
pharmacists is to provide efficient pharmaceutical care and improve patient safety in
cooperation with other healthcare professionals and also to involve patients (Hepler &

Strand 1990).

Several studies have shown the importance of direct supervision by the pharmacist on the
medication process. A systematic review by Kridhenbiihl -Melcher et al (2007) on DRPs
in hospitals involved 35 studies and concluded that inadequate pharmacy support was an
important factor for medication error incidents, therefore involvement of clinical
pharmacists on the wards (10 supervise drug preparation and administration processes)
would have an impact on reducing DRP incidence. Another systematic review was
conducted to evaluate the impact of pharmacists’ interventions on drug therapy in
hospitalised children. This review included 18 studies and concluded that pharmacists
reviewing patients’ medication charts is very important and is likely to be the most
effective method to improve paediatric drug therapy (Sanghera et al. 2006). However, the
benefit from the pharmacist’s intervention is not only in improving the patient’s quality of
life, but would also have an impact on the economic outcomes of the healthcare system.
Hatoum et al (1988) reported that accepting and implementing the interventions made by
clinical pharmacists would lead to a potential saving of $897,550 per year in a hospital’s
resources in the United States, while Virani and Crown (2003) reported a cost saving of

$5485 annually, in the child and adolescent mental health unit of the [zaak Walton Killam
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(IWK) Health Centre in Halifax Nova Scotia, due to the impact of pharmacist-initiated

interventions.

Though most of the available studies had an emphasis on the role of the pharmacist in
preventing or reducing DRPs, other healthcare professionals (such as nurses, physicians)
also contribute to the identification and implementation of strategies to reduce DRP
incidence in patients. Cunningham et al (1997) conducted a study where an educational
intervention was used to reduce DRPs and drug-related admissions caused by NSAIDs in
Tayside, Scotland. The intervention included written educational information to general
practitioners (GPs), a patient information leaflet distributed to the patients by community
pharmacists and an oral presentation to trainee GPs in the area. In the first four months
post intervention, a reduction in NSAID related DRPs was observed but did not persist
and the authors concluded that inappropriate NSAID prescribing decreased in the region

compared to other areas during the study time.

1.3 Adverse drug reactions (ADRs)

During the last decade, several studies have highlighted the importance of ADRs in
hospitalised patients, both adult and children in terms of frequency, implications for
patients’ safety, and costs for the hospitals (Pirmohamed et al. 2004; Impicciatore et al.

2001; Classen et al. 1997).

Several systematic reviews concerning ADRs in children and adults have been published
(Lazarous et al. 1998; Impicciatore et al. 2001; Pirmohamed et al. 1998; Kongkaew et al.

2008). For the paediatric population the latest two reviews were conducted in 2010 and in
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2009 (Aagaard et al. 2010; Clavenna & Botani 2009). Therefore, an in depth systematic
literature review on ADRs has not been carried out for this thesis. The following sections
will give a general overview on ADRs including definitions, importance of detecting

ADRs, and special focus on ADRs in children.

1.3.1 General overview on ADRs

The drug therapeutic effect is the desirable effect in order to treat or prevent illness or to
improve the patient’s quality of life. However, most drugs produce several other effects
which may be regarded as unwanted, whether they are intrinsically harmful or not. For
example, certain antihistamines cause drowsiness as well as controlling the symptoms of
allergies. When an over-the-counter sleep aid containing an antihistamine is taken,
drowsiness is considered a therapeutic effect. But when an antihistamine is taken to
control allergy symptoms during the daytime, drowsiness is considered an unwanted
effect. A major global problem of drug therapy that challenges all physicians on a daily

basis is the risk of ADRs (Dormann et al. 2004a).

The fact that no drug is 100% safe for all people in all situations is a truth little
acknowledged or understood (WHO 1972). Given that even the most seemingly and
familiar drugs, such as penicillin and aspirin, can cause serious illness, even death for
some people (e.g. penicillin anaphylaxis reaction may result in death), it is not surprising
that among the many thousands of other drugs on the market, there are many which can

have minor or major adverse effects.
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ADRs are an important clinical problem and represent a major contributor to mortality
and morbidity in adults (Pirmohamed et al. 2004; Classen et al. 1997). Although most
research to date has largely been confined to adults (Davies et al. 2009), the significance
of ADRs in children has been increasingly recognised (Star et al. 2011). ADRs in
children differ from those manifested in adults in term of frequency, nature and severity

(Kunac et al. 2009; Holdsworth et al. 2003).

The thalidomide tragedy of the 1960s — when large numbers of children were born with
physical deformities (including phocomelia) because their mothers took the drug during
the first trimester of pregnancy — was the principal motivation behind establishing
modern pharmacovigilance systems, in particular spontaneous reporting systems for
monitoring suspected ADRs in many countries and also the well-known international
system "Uppsala Monitoring Centre" [WHO] which collects suspected ADR reports data
from member countries of the WHO Programme for International Drug Monitoring
(WHO 2002). These are submitted by healthcare professionals, and in some countries by
patients, to their own national authorities, who then submit them to the WHO. Such
systems are the corners stone of current pharmacovigilance systems. Pharmacovigilance
is defined as;

“the science and activities relating to the detection, assessment, understanding

and prevention of adverse effects or any other drug-related problems” (WHO

2002).

A meta-analysis by Lazarous et al (1998) concluded that the average proportion of adults

and children suffering from an ADR during a hospital stay was 10.9% (95% CI, 7.9%-
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13.9%), of which 2.1% (95% CI, 1.9%-2.3%) were found to be serious and 0.19% (95%
CI, 0.13%-0.26%) had a fatal outcome. Another study, from US, demonstrated that ADRs
were associated with an average of 243 reported deaths each year, among young children,

from newborn to younger than two years of age (Moore et al. 2002).

ADRs have become an important economic burden with estimated annual cost of over
£400 million per year for the NHS in the UK (Pirmohamed et al. 2004). Furthermore,
Green et al (2000) who conducted a study in adults, admitted to an acute medical
assessment unit at the Royal Liverpool and Broadgreen University hospital in the UK,
found that the absolute number of hospital admissions due to ADRs has increased,
although the proportion of ADR-related admissions has remained relatively constant, and

consequently the cost of these has increased.

1.3.2 Definitions and Terminology

Adverse drug reaction
The ADR definition established by WHO, which has been in use for more than 30 years,
is;
“A response to a drug which is noxious and unintended, and which occurs at
doses normally used in man for the prophylaxis, diagnosis, or therapy of disease,

or for the modification of physiological function” (WHO 1972).

This is very similar to that given in ‘Volume 9A’ for the regulatory authorities in Europe

(Volume 9A 2008);
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“A response to a medicinal product which is noxious and unintended and which
occurs at doses normally used in man for the prophylaxis, diagnosis or therapy of
disease or for the restoration, correction or modification of physiological

Sfunction”

These definitions exclude adverse events caused by errors in drug administration or

noncompliance (taking more or less of a drug than the prescribed amount).

The terms “adverse reaction” and “adverse effect” are used interchangeably; an adverse
reaction is seen from the point of view of the patients while adverse effect is seen from
the point of view of the drug. These terms should be distinguished from the term “adverse
event”, as this term includes medication error and other medical events that might occur
during the therapy process (Edwards & Aronson 2000). Table 1.5 shows other related

terms and definitions that have been used in other studies.
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Table 1.5: Related terms and definitions (taken from Edwards & Aronson 2000)

Term

Unexpected Adverse

Reaction

Adverse Event / Adverse

Experience

Side Effect

1.3.3 ADR Classifications

Definition

An adverse reaetion, the nature or severity of which is
not consistent with domestic labelling or market
authorisation, or expected from characteristics of the
drug.

Any untoward medical occunence that may present
during treatment with a pharmaceutical product but
which does not necessarily have a causal relationship
with this treatment.

Any unintended effect of a pharmaceutical product
occurring at doses normally used in man which is related

to the pharmacological properties of the drug.

There are different classifications of ADRs available in various studies. ADRs form the

intrinsic toxicity aspect of DRPs; intrinsic toxicity is caused by the “interaction of the

pharmaceutical, chemical and/or pharmacological characteristics of the drug itself and the

human biosystem™(van den Bemt & Egberts 2007). The more common classification is

the classification proposed by Rawlins and Thompson (1991). In this classification,

ADRs were divided into two types:

* Dose-related reactions (type A); phamiacological reactions which are common

and related to the drug's desired effect. Examples are toxic effects or side effects.

* Non-dose-related reactions (type B); idiosyncratic reactions that are uncommon,

not predictable and unrelated to dose or serum drug concentration. Examples are

immunological reactions.
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Another four categories have been added to this classification by Edwards & Aronson

(2000);

Dose and time related reactions (type C); this type is associated with long-term
use and involves dose accumulation. Example, hypothalamic pituitary adrenal axis
suppression by corticosteroids, interstitial nephritis from the long-term use of
phenacetin, and ocular toxicity due to antimalarials.

Delayed reactions (type D); which occurred sometime after the use of the drug
such as teratogenesis (e.g., fetal hydantion syndrome) or carcinogenésis (e.g.,
vaginal adenocarcinoma in daughters of mothers who took stilboestrol during
their pregnancy in 1960s).

Withdrawal reactions (type E); these occur at the end-of-treatment, i.e., where
discontinuation is too abrupt, for example, rebound adrenocortical insufficiency,
lung oedema after stopping diuretics or opiate withdrawal syndrome.

Unexpected failure of therapy (type F); failure of treatment, often caused by drug
interaction or inadequate drug dosage. Example, inadequate dose of an oral

contraceptive when used with specific enzyme-inducing drugs.

To be memorised more easily these categories have been named as follows (Edwards &

Aronson 2000);

>

vV V Vv Vv VY

Type A < Augmented
Type B < Bizarre
Type C <> Chronic
Type D <> Delayed
Type E < End of use
Type F < Failure
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1.3.4 Factors that predispose to ADRs

Numerous studies have reported various factors that predispose to ADRs (Zopf et al.
2009; Zopf et al. 2008a & 2008b; Kanneh 2004; Thurmann 2001; van den Bemt et al.
2000b; Martinez-Mir et al. 1999). Table 1.6 shows the risk factors most reported

frequently in the literature.
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Table 1.6: Most frequently reported risk factors in the literature

Reported Risk factors
Gender (Zopfet al. 2008a & 2008b)
Age (Thurmann 2001 )
Number of drugs used per patient (polypharmacy) (Davies et al. 2009)
Organ dysfunction (e.g. liver or renal disease) (Sanchez Munoz-Torrero et al. 2010)
Multiple morbidity/number of clinical diagnosis (Dormann et al. 2004b)
Serious illness (chronic diseases) (Choonara & Harris 1984)
Genetic predisposition (pharmacogenetics) (Choonara & Rieder 2002)
Newly prescribed drug during hospitalisation (van den Bemt et al. 2000b)
Duration of hospital stay (Weiss et al. 2002)
Cessation of drug on hospital admission (van den Bemt et al. 2000b)
Most often prescribed drugs (five classes); gastrointestinal drugs, central nervous
system drugs, cardiovascular drugs, drugs acting on the blood, antibiotics
(Impicciatore et al. 2001. Lazarous et al. 1998)
Inappropriate medication prescribing, use, or monitoring (Kunac & Reith 2005)
Altered physiology (Pirmohamed 1998)
History of previous adverse drug reactions (dos Santos et al. 2006)
Dose and duration of exposure (Holdsworth et al. 2003)
Differences in drug metabolism/distribution (Casavant & Griffith 2010)
Drug interaction (Pirmohamed et al. 2004)
Race/ethnicity (Kanneh 2004)

Body temperature , erythrocyte count, thrombocyte count (Zopfet al. 2008)

Most of the studies consider age and number of concurrent medications taken as the most
important factors enhancing the risk of an ADR. For that reason more studies have been
conducted on elderly patients who often have co-morbidities, than in paediatric patients

(Thurmann 2001). In addition, female gender has been found to be more often related

58



Chapter ONE General Introduction

with ADRs both in adult and paediatric patients (Zopf et al. 2009; Zopf et al. 2008b;

Thurmann 2001; Martinez-Mir et al. 1999).

1.3.5 Importance of detecting and preventing ADRs

1.3.5.1 Importance of ADR detection in the general population

The importance of acknowledging ADRs comes from the fact that ADRs rank as one of
the top ten leading causes of death and illness all over the world. The cost is huge both in
terms of financial burden and also of human suffering. In 1994 ADRs were between the
fourth and sixth major cause of death in US; where it is estimated that over 100,000
hospitalised patients die each year as a result of ADRs (Lazarous et al. 1998).
Furthermore, ADRs are associated with an increase in hospital stay of two days which
resulted in an increase of the average cost by approximately $2,000 per ADR in US
(Classen et al. 1997). Pirmohamed et al (2004) assessed 18,820 hospitalised patients in
the UK and showed that ADRs were responsible for 6.5% of all hospital admissions.
Dormann et al (2004b) conducted a study in Germany on the economic impact of ADR-
related hospital admissions and readmissions. Their study showed that ADRs resulted in
hospitalisation of 6.2% of first time admissions and 4.2% of readmitted patients within
the 18-month study period. ADR-related cost was found to be more than 350,000 Euros
for the 12 month of study period. In addition, patients with ADRs had a two-fold

increased risk of death (Classen et al. 1991).
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1.3.5.2 Importance of ADR detection in paediatric population

The safety of medicines in the paediatric population is a key issue that requires more in-
depth study (Gupta & Waldhauser 1997). Some disease processes and their treatment are
more common in childhood than in adulthood, consequently, the impact of disease in the
paediatric population is different from that in adults. Neonates in particular are a sub-
group of paediatrics who are at an elevated risk of experiencing drug toxicity and ADRs
(Choonara & Rieder 2002; Choonara et al. 1996; Warner 1986). Details were given in

section 1.2.4.1.

In addition, the identification and reporting of ADRs in children is more difficult. Many
children, especially young children are unable to express their feelings, or to evaluate
symptoms that maybe related to their medication or to describe adverse events that they
might experience. This is an important issue that makes it more difficult to detect ADRs
in children, in many instances preliminary indicators of an impending ADR in a child are
missed and hence an ADR occurs (Carleton et al. 2007; Morkane et al. 2007). Other
reasons have been discussed in detail in the previous section (1.2.4.1) and are summarised

with examples in Table 1.7.
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Table 1.7: Examples of the reasons that distinguish children from adults

Reason

Children have pharmacokinetic and
pharmacodynamic differences compared to
adults

Children are growing and may be
susceptible to developmental disorders, as
well as, delayed ADRs not seen in adults
Efficacy ofdrugs in children cannot always
be assumed from adult efficacy data

Lack of appropriate dosing information may
lead to higher doses which may result in an
increase risk of type A reaction
(pharmacological reaction)

Lack ofappropriate liquid preparations

Excipients in adult liquid preparations may
have an independent risk of ADRs

Off-label or unlicensed prescribing in
children

"ADHD: Attention deficit hyperactivity disorder;

Example
Chloramphenicol causes ‘grey baby' syndrome if given to neonates due to their
impaired metabolism (Bennett & Brown 2003).

Tetracycline may permanently discolour tooth enamel if given to children during the
period when their teeth are being formed (up to age 8 years), (BNFC 2011).

The dose of chloramphenicol used in infants that led to ‘grey baby' syndrome was
extrapolated from adult dosage (Choonara & Rieder 2002).

Morphine dosage in children should be calculated carefully and needs to be adjusted
individually particularly in neonates as high doses of morphine may lead to serious
effects such as hypoventilation (BNFC 2011).

Licensed phénobarbital liquid contains 38% alcohol which is not suitable for young
children especially neonates (BNFC 2011).

Lorazepam injection contains benzyl alcohol as preservative which is contraindicated
in infants or children up to 3 years old (BNFC 2011; Lorazepam SPC 2010).

Salbutamol tablets (2mg) licensed for use in children >3 years old, given to a 3 month
child to treat bronchiolitis (Impicciatore et al. 2002).

Clonidine not licensed for use in children, but it has been used in hospitals for several
indications such as sedation, opioid withdrawal, ADHD\ and for GH” deficiency
diagnosis (BNFC 2011 ; Impicciatore et al. 2002).

GH: Growth hormone
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1.3.6 Overview on ADR studies in children

Compared to adults, there are far less data available regarding the incidence of and risk
factors for ADRs in children.

The systematic collection of information regarding the frequency, severity, and types of
drugs most frequently involved in ADRs in the paediatric population is of particular
interest, especially since information on the risks and benefits of drugs usually comes

from pre-marketing clinical trials on adults that usually do not involve children.

A recent pilot study conducted by Gallagher et al (2011) in the UK investigated hospital
admissions of children as a result of ADRs and found that 4% of admissions were related
to an ADR and in 71% of the cases ADRs were the direct cause of admission and 33% of
the ADRs were possibly avoidable. A previous study conducted by Allen et al (1988)
found that the proportion of hospital admissions prompted by ADRs increased between

infancy and S years of age.

A systematic review and meta-analysis on the incidence of ADRs in children has shown
that 2.1% of children’s hospital admissions were due to ADRs (Impicciatore et al. 2001).
This review showed that the overall incidence of ADRs is about 9.5% in hospitalised
children and 12% of these ADRs may be serious. However, there is substantial variability
in the reported incidence of ADRs which varies between 4.4% and 16.7% among studies

(Impicciatore et al. 2001).

Clarkson and Choonara (2002) indicated that drug toxicity in children is different than

that in adults. In their study, using yellow cards, which is the UK’s spontaneous ADR
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reporting scheme for monitoring safety of medicines that was introduced in 1964 after the
thalidomide tragedy, found that 390 drugs were suspected to be related to 331 deaths in
children aged 16 years or less. Another study done by Clarkson et al (2001), also using
yellow card suspected ADR reports, showed that the types of ADRs in children in UK
may be as broad as that in adults, and 26 (15%) of detected ADRs in this study were

medically significant.

As stated in the previous section (1.2.4.1), another risk factor particularly attributed to
paediatric drug safety is the fact that many drugs are used unlicensed or off-label. Many
of the drugs prescribed for children admitted to paediatric wards in many hospitals have
been found to be used off-label. Previous studies suggested that the highest risk of a
severe ADR in children is associated with the off-label or unlicensed use of drugs (Turner
et al. 1999). Clarkson et al (2004) conducted a study in children using yellow card reports
and found that 27% of identified ADRs concerned unlicensed or off-label drugs. Some of
the reported fatal ADRs were also found to be associated with medicines used off-label or

unlicensed.

Several surveillance studies have attempted to determine the incidence of ADRs in
children. The overall incidence reported in paediatric inpatients is between 5.6% - 16.8%
(Choonara & Harris 1984; McKenzie et al. 1976; Mitchell et al. 1979). The most frequent
medicines associated with ADRs in children include antineoplastics, anticonvulsants,
antibiotics, steroids, and theophylline.

As expected, the incidence of ADRs in neonatal intensive care units (NICUs) is much

higher. Bonati et al (1990) found a greater number of ADRs in premature infants when
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any of the following factors were present: gestational age < 28 weeks, diseases such as
respiratory distress syndrome, apnoea, use of mechanical ventilation, use of total

parenteral nutrition, and impaired renal or hepatic function.

Le et al (2006) studied the incidence and common types of ADRs with respect to severity
among hospitalised children. They found that ADRs rated higher in severity were
significantly more common among reactions that led to hospital admission or occurred
during surgery and were associated with certain drug classes, including anticonvulsants
and antineoplastic agents. Forty percent of the identified ADRs were life threatening.
Another study reported that the highest number of ADRs was associated with the
administration of respiratory drugs (35%), followed by anti-infective drugs (25%) and
drugs acting on the central nervous system (15%), (Martinez-Mir et al. 1996). The most
common types of ADRs reported were those to do with the central nervous system
(40.5%), gastro-intestinal system (16.7%) and the skin/appendages (14.3%). Of the ADRs
reported in this study, a high proportion, 38%, were classified as severe (Martinez-Mir et

al. 1996).

A recent study conducted on hospitalised children in New Zealand, identified 38/67
(56.7%) adverse drug events (ADEs) (which included ADRs or medication errors) which
were considered preventable, and 77 potential ADEs. This study concluded that ADEs
signify a substantial danger for inpatient children and a large cost burden to the healthcare
sector (Kunac et al. 2009). Another study conducted in Brazil, found that the majority of
the 47 detected ADRs (78.6%) were evaluated as moderate to severe, and resulted in the

introduction of special treatment, or changing the drug treatment plan, and/or extending
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the hospital stay of paediatric patients who experienced the ADRs (dos Santos & Coelho

2006).

Moreover, ADRs may affect children’s behaviour. A report of ADRs during the use of
inhaled steroids in children with asthma, in the Netherlands, showed that there is an
association between the use of inhaled corticosteroids and behavioural changes in young
children (de Vries et al. 2006). Alteration of behaviour (agitation, hyperactivity) was the
most frequently reported ADR due to inhaled corticosteroids in these children. In this

study adrenal insufficiency was the only reported potentially life-threatening ADR.

1.4 Summary of general introduction

One cannot overemphasise the importance of DRPs, due to the substantial morbidity,
physical, psychological and huge economic implications they have for patients in
particular and society in general, but also that for pharmacists as healthcare professionals,
effective recognition, prevention and resolution of DRPs are at the heart of effective

pharmaceutical care and pharmacy practice.

The major challenge of research into DRPs is that there is an overwhelming lack of
uniformity in the definition and classification of DRPs, as observed across many studies.
However, Strand et al’s (1990) definition and categorisation of different subtypes of
DRPs has allowed published studies to report DRP data more clearly, hence studies can
be utilised for the purposes of DRP research; though it must be noted that to date, only a

handful of studies actually have used this classification system.
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The overriding opinion from many studies is that there is a need for more research into
DRPs in the paediatric population, who are equally, if not at more risk of DRPs,
compared to the elderly population. Paediatric patients are predisposed to DRPs for a
variety of reasons; firstly due to substantial off-label and unlicensed drug prescribing for
children as a result of lack of suitable formulations, leading to substantial
extemporaneous preparation of medicines. Off-label and unlicensed use of drugs is

particularly associated with a high proportion of paediatric ADRs.

Healthcare professionals play a vital role in DRPs in paediatrics (as well as across all
ages in society); the cascade diagram (section 1.2.3.1, figure 1.3) by Howard et al (2008)
clearly illustrates fundamental flaws that occur amongst healthcare professionals
themselves, from the prescribing process to the administration and monitoring processes.
Thus the paediatric population are at risk of all kinds of preventable and unpreventable

DRPs.

As discussed in the previous sections, there is a large gap in research that focuses on
DRPs in paediatrics. It would be of great benefit to understand the overall extent of
DRPs, as well as to ascertain the extent of certain DRP subtypes; mainly problems at the
prescribing stage and also ADRs, which are arguably two of the most important sub-types
of DRP affecting large numbers of the paediatric population today. Further research needs
to be undertaken on paediatric non-compliance in particular, as there are only a few
studies which report non-compliance data, and additionally it would be useful to gain an
appreciation of the risk factors for paediatric ADRs. Furthermore, only a few studies

present us with figures on how many DRP cases could have been prevented, and such
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studies often do not provide solutions for preventing DRPs. Thus, further research needs
to be undertaken to explore possible ways for preventing DRPs, so we can reduce the

very large impact and burden that DRPs have on our society today.

1.5 Focus of the thesis

This overview of the literature has demonstrated that DRPs are reported to occur
frequently in children but there is a lack of evidence about the DRP extent, and therefore,
there is a need to gain a comprehensive understanding of DRPs extent and characteristics

in a broader sense in the paediatric population.

Additionally, ADRs can be regarded as the top of a pyramid containing all DRPs. There
are several studies that have been conducted to determine the incidence and nature of
ADRs in paediatric population. However, variation in methods, setting, design, size of
studies, definitions and statistics used, make it difficult to extrapolate the data on an
international level. A standardised methodology and the involvement of a wide range of
countries in one cohort would significantly enhance the knowledge of DRPs in a wider

context and in particular of ADRs in paediatric hospitalised patients at international level.

1.6 Research questions
The hypothesis behind the studies described in this thesis is that the incidences of
DRPs/ADRs are different in different countries. Based on the above considerations the

following research questions were derived for this thesis;

e What is the epidemiology of and the characteristics of DRPs in children?

e What are the predisposing factors for ADRs in children?
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e What is the incidence of ADRs in hospitalised children at international level?
The overall aim of this thesis is to assess the safety of medication use in children at an
international level based on data from developed and developing countries. The research
questions (above) arising from this aim were investigated in two studies; ADR study

(ADVISE) and DRPs study.

The specific aim and objectives for each study in this thesis are discussed in the following

two chapters; ADRs in hospitalised children (ADVISE) in chapter two and DRPs in

hospitalised children in chapter three.

Candidate’s involvement and inpul to the two studies

In the ADVISE study, I joined the team at the protocol development stage. I finalized the
protocol and applied for the NHS ethics approval. I designed the data collection form and
conducted the study at the UK site. I designed the ADVISE website to give our
collaborators and potential participants information about the study. I arranged the
teleconferences and meetings with the collaborators from the participating countries when
needed. Also, I followed up data collection and communicated with the involved
researchers in each country. After data was retrieved from participating countries I

conducted data cleaning, management, analysis, and wrote the papers.

In the DRP study, I conducted the initial literature research and wrote the protocol, which
was then submitted for NPPG grant application which was successful. I contacted the
KSA team and invited them to join the study. I applied for ethics amendments at the UK

site and helped the KSA team with their ethics application at their site. I designed the
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Access database that was used for the data collection in both countries and I trained the
staff involved in the data collection in the two countries. I followed up the data collection
from both countries and arranged teleconferences and meetings when needed. Also, I
conducted the data collection at the emergency department at the UK site. I retrieved the
data collected from the two countries and performed data management including data

cleaning, analysis and wrote the papers.
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Chapter TWO: Adverse drug reaction in hospitalised children

This chapter discusses a study on investigating the incidence of ADRs and potential
associated risk factors in hospitalised children in five countries using
pharmacoepidemiological techniques. Pharmacoepidemiology combines both the fields of
pharmacology i.e. the study of the effects of drugs; and epidemiology, which is the
distribution of conditions or diseases in populations, and is defined as;

‘the study of the use of and effects of drugs in large numbers of people’ (Strom

2006).

The methodology used in the ADVISE study is given including details of data collection,

study period, the study cohort and ethical approval. Statistical methods are described.

2.1 Adverse Drug Reactions in Children — International Surveillance and Evaluation

(ADVISE): a multicentre cohort study

A paper on this study is currently in press for publication by the journal Drug Safety.

2.1.1 Introduction

Adverse drug reactions (ADRs) are an important clinical problem globally and represent a
major contributor to mortality and morbidity in adults (Classen et al. 1997; Lazarou et al.
1998; Pirmohamed et al. 2004). Although most research to date has been confined to
adults; the significance of ADRs in children has been increasingly recognised

(Impicciatore et al. 2001). Children are thought to be at a higher risk of adverse drug
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events including medication errors and ADRs than the adults due to their physiology and
immature mechanisms for metabolising drugs (Choonara et al. 1996; Ghaleb et al. 2010).
Thus ADRs in children differ from those manifested in adults in terms of frequency,
nature and severity due to the distinct pharmacokinetics and pharmacodynamics of drugs
in children (Leary 1991; Choonara 2006; Kearn et al. 2003). In addition children are at a
higher risk for ADRs because many drugs are used without being studied adequately in

this population (Neubert et al. 2004; Turner et al. 1998).

A meta-analysis of 17 studies conducted in 2001 by Impicciatore et al identified that the
ADR incidence in hospitalised children is about 9.5% (Impicciatore et al. 2001).
However, the confidence interval (CI) was quite large (95% CI, 6.8-12.3) indicating
variation between the studies. In 2009, a review and a meta-analysis of six prospective
studies of ADRs in hospitalised children conducted by Clavenna and Bonati estimated
that the incidence of ADRs was 10.9%, though the CI (95% CI, 4.8-17.0) was wider

(Clavenna & Bonati 2009).

Major reasons for the differences in reported ADR incidences are the varying methods
used for identifying ADRs and differing definitions of ADRs (Thurmann 2001; Haffner et
al. 2005). In the previous meta-analyses lower ADR incidences were reported from
studies using intensified spontaneous reporting (Choonara & Harris 1984; Gill et al.
1995), compared to studies using chart review as part of their data collection (Martinez-
Mir et al. 1999; Neubert et al. 2006; Gonzalez-Martin et al. 1998; McKenzie et al. 1973;

dos Santos & Coelho 2006). The highest incidence was reported from a study which
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investigated adverse events and thus also included medication errors and overdosing
(Buajordet et al. 2002).

Appendix 1 provides a summary of the studies reported in those two meta-analyses.

Moreover, previous studies and reviews have reported different factors that predispose to
ADRs (Kanneh 2004; Martinez-Mir et al. 1999; Thurmann 2001; Fattinger et al. 2000,
van den Bemt et al. 2000b; Zopf et al. 2008a & 2008b). In some of these studies female
gender was considered as an important risk factor for ADRs (Martinez-Mir et al. 1999;
Thurmann 2001; Fattinger et al. 2000; Zopf et al. 2008b). However, compared to adults
fewer data are available regarding risk factors for ADRs in children (McKenzie et al.
1973; Gonzélez-Martin et al. 1998; Martinez-Mir et al. 1999). Impicciatore et al’s meta-
analysis reported that the number of drugs administered to the children was a potential
predictor for ADRs (Impicciatore et al. 2001). Other predictors, such as patient age,
diagnosis and drug prescription patterns were not considered as they were not adequately
reported in the studies included in the meta-analysis. A more recent qualitative review
conducted by Aagaard et al (2010) provides comprehensive information on ADRs
(including occurrence and characteristics of ADRs, therapeutic drug groups, category of
reporter, and distribution of ADRs by age and gender) in children from prospective and

retrospective studies, however, the authors did not report on risk factors.

Furthermore, although ADRs are a global problem limited research in multicentre
research has been carried out in the paediatric population in different countries. It has
been recognised that the nature of the population under study affects patterns of drug

utilization, which in turn affects the nature and frequency of ADRs as well as increasing
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the burden on the healthcare system (Choonara & Harris 1984). Most of the studies have
been conducted at a national level, mainly in North America and Europe (Impicciatore et
al. 2001). In Europe a disproportionate number of studies came from the UK. No studies

investigating ADRs in hospitalised children were found from Asia and Australia.

Literature showed that only a few multicentre studies in adults and in children used
intensive prospective chart review for ADR detection, which is considered to be the “gold
standard” for data collection in pharmacoepidemiological studies (Egger et al. 2003;
Dormann et al. 2004a; Bowman et al. 1996). However, these studies were conducted only

at a national level (Thomas & Brennan 2000; Caamafio et al. 2005; Takata et al. 2008).

Non-standardised reporting methods and a lack of data from various countries make it
difficult to extrapolate and understand the results at an international level. A standardised
methodology and the involvement of a wide range of countries in one study would
significantly enhance the knowledge on ADRs in paediatric hospitalised patients. In
addition, a study involving hospitalized children from different countries would be an
interesting population for studying potential risk factors that could predispose paediatric

patients to ADRs.

Given this background, the ADVISE study (Adverse Drug Reaction in Children —
International Surveillance and Evaluation) was designed to investigate the incidence and
characteristics of ADRs in paediatric hospitalised patients in five countries and also to

identify potential risk factors associated with the ADRs.
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The study was initiated by the Centre for Paediatric Pharmacy Research (CPPR) at the
School of Pharmacy, University of London in collaboration with the Paediatric University
Hospital Erlangen/Nuremberg, Germany and the Royal Children’s Hospital, Melbourne,
Australia. Later during development of the protocol, two other countries; China (Hong

Kong) and Malaysia joined the ADVISE project.

In the following sections of this chapter, the methodology, and results of the ADVISE
study will be given; including the incidences of ADRs from the five European and non-
European countries. Statistical analysis of potential risk factors associated with the ADRs
and the findings are discussed. But, first, an overview of ADR detection methods that

have been used in previous studies is given.

2.1.2 Overview on ADR detection methods

The detection of ADRs is a vital step in monitoring patient safety. Different detection
methods can be found in the literature. In this section, a brief overview will be given on
the common methods of ADR detection that have been used in previous studies in adults
and paediatric populations from different countries, as well as identifying the strengths

and weaknesses of the most commonly used detection methods.

2.1.2.1 Most commonly used methods

Below is a brief description of the methods most commonly used in previous studies;
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2.1.2.1.1 Traditional method/manual method

1. Spontaneous reporting

This is the most well known and established detection method. This method has made
important contributions to clinical science and to drug safety. The UK Yellow Card
System is a well known example of a spontaneous reporting system. Healthcare
professionals and more recently patients are advised to report ADRs to the Regulatory
Authority in the UK. However, the percentage of ADRs reported by this method is very
low compared to other detection methods (Bates 2002; Thurmann 2001; Jha et al. 1998).
Also common ADRs are likely to be missed by this method as health professionals tend
to report new or serious ADRs or unexpected ADRs more frequently (van den Bemt et al.

1999; Kimland et al. 2005; Clarkson & Choonara 2002).

2. Stimulated spontaneous reporting

Questionnaires, face-to-face or telephone interviews with patients, carers or guardians, or
with healthcare professionals, have been used to enhance ADR reporting. Also, an email
service has been used to encourage healthcare professionals to report ADRs. Stimulated
reporting helps in identifying problems that may be perceived as being related to the drug
therapy, and contributes to increase reporting of ADRs. The proportion of ADRs reported
by this method is higher than that reported by spontaneous reporting method (Clarkson et

al. 2004; Turner et al. 1999).

3. Intensive monitoring/chart review
This method is considered the ‘gold standard method’ in pharmacoepidemiological

studies, although it requires more resources and prospective access to patients’ charts, it
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provides denominator data allowing the incidence of ADRs to be determined and risk
factors to be identified. It is widely used as a data collection method in many studies in
hospital populations such as those examining incidence and prevalence of ADRs (Weiss
et al. 2002; Zopf et al. 2009). The literature indicates that the proportion of ADRs
identified by this method is higher than that reported by other methods and also can be
done in a short time (Jha et al. 1998). Also, the common ADRs are less likely to be
missed using an intensive monitoring approach than with voluntary reporting methods

(Gandhi et al. 2000; Thurmann 2001).

2.1.2.1.2 Computerised ADR surveillance methods

Computerised methods have been developed to help in the earlier identification of ADR
and hence reduce their impact on adult and paediatric populations (Seger et al. 2007,
Dormann et al. 2004a; Tegeder et al. 1999; Tavassoli et al. 2007; Neubert et al. 2006;
Shalviri et al. 2007). Such methods could also identify early signs and symptoms of an
ADR, and therefore help by preventing or decreasing ADR incidence.

These methods can be performed using;

1. Computerised monitoring of data from inpatient hospital information systems.

2. Signals/Alerts, such as abnormal laboratory data (e.g. elevation of liver enzymes) or
the use of an antidote (e.g nalaxone for morphine overdose), or methods supported by
information technology.

Moreover, using a combination of intensive monitoring with computerised surveillance
methods resulted in a higher number of ADRs being detected (Azaz-Livshits et al. 1998;

Dormann et al. 2000) than either method alone. Also, a study conducted by Haffner et al
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(2005) found that combining the two methods resulted in detection of a higher incidence

of ADRs in children (14.1%).

Another example of computerised surveillance methods to investigate ADRs is use of
computerised clinical databases such as the General Practice Research Database (GPRD)
and The Health Improvement Network (THIN) in the UK. These databases contain
anonymised primary care records for patients from general practices in the UK and have
been used to conduct studies, e.g. case control or cohort study, to monitor and examine
particular ADRs to specific drugs. For example, Ackers et al (2011) conducted a
retrospective cohort study using GPRD to investigate mortality rates and causes of death
in epileptic paediatric patients prescribed antiepileptic drugs. The study found that of the
151 children who died, antiepileptic drugs were probably (n=2) or possibly (n=3) causally

associated with the death of five children.

2.1.2.2 Summary

Methods such as spontaneous reporting, chart review and computerised monitoring were
the most commonly methods used to identify and report ADRs in an inpatient and
outpatient populations. Table 2.1 summarises the detection methods that were found in
the literature to be the most frequently used and also gives their advantages and

disadvantages.

Based on the above and although intensive chart review was found to be expensive and
time consuming, we have chosen this method for our ADR study because the proportion

of ADRs reported in the population under investigation is higher than using other
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methods. Jha et al (1998) conducted a study to identify ADEs using three methods to
detect ADEs; intensive chart review, computer monitoring and voluntary reporting. Their
study found that chart review identified the highest percentage of ADEs (65%) and the

lowest percentage (4%) of ADEs was identified by voluntary reporting.

Moreover, as mentioned before, intensive chart review is considered the ‘gold standard
method’ in pharmacoepidemiology studies. Also, unlike traditional spontaneous reporting
methodology, this method is less likely to miss common adverse reactions (Thurmann

2001; Neubert & Rascher 2007).
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Table 2.1: The most commonly used methods for detecting ADRs and their advantages and disadvantages'"

Detection Method

Spontaneous reporting

Stimulated spontaneous reporting

Intensive monitoring/chart review

Advantages
Find ADRs and potential ADRs

Inexpensive

Targets major issues

Inexpensive

High yield of ADRs detected in short time
Best for detecting prescribing errors

Effective in detecting symptom-related ADRs
Provides denominator data

No reporting bias

79

Disadvantages
Under-reporting (low detection rate of ADRSs)

More people need to report

Finds major adverse events but not daily issues or
trends
Cannot be done on a routine daily basis
Requires dedicated observers
Expensive as it requires employing more staffto
inspect each element in a patient's record and to
conduct training for chart reviewers
Time consuming
Needs medical staffto document events that occur
Highly dependent upon reviewers and their ability to
conduct adequate chart review and distinguish
between ADRs and other effects of drugs in the
medical records as well as consistency in extracting
data from charts

Continued..



Table 2.1: Continued

Detection Method

Computerised monitoring

Intensified monitoring supported by
computerised system

Advantages
Inexpensive
More sensitive
Can be done automatically based on rules (using
signals or trigger tools)
More effective in detecting ADRs associated with
laboratory data and certain medications
Effective in detecting more severe ADRs
Improves patient outcomes as a result of earlier
detection of ADRs
High rates of identifying ADRs saves hospital
resources
More effective in detecting ADRs associated with
laboratory tests
Utilises automated triggers or signals
More sensitive and can help in detecting an ADR
early in the time of ADR occurrence
Effective in detecting more severe ADRs
Improves patient outcomes as a result of earlier
detection of ADRs

Disadvantages

Requires electronic medical records and programming
Number of identified ADRs depends on integrated
information system links

Low specificity

Requires electronic medical records and
programming

Needs trained reviewer

“Dorman et al. 2004a; Dorman et al. 2004b; Azaz-Livshits et al. 1998; Neubert et al. 2006; Haffner et al. 2005; Thuermann et al. 2002; Fenanti et al.
2008; Dormann et al. 2001; Levy et al. 1999; Jha et al. 1998; Jha et al. 2008; Temple et al. 2004; Gandhi et al. 2000; Bates, 2002
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2.1.3 Aim and objectives

To investigate the incidence and characteristics of ADRs in paediatric hospitalised
patients in five European and non-European countries. The objectives were to identify the
incidence of ADRs in each study site, to compare the incidences of ADRs in all
participating countries, to determine the overall incidence of ADRs and to identify

potential risk factors for ADRs using logistic regression.

2.1.4 Methods

2.1.4.1 Study design

A multi-centre cohort study was conducted in paediatric general medical wards in five
hospitals in five countries [Australia, Germany, China (Hong Kong “HK”), Malaysia and
the United Kingdom (UK)]. In each country data were collected over a three-month
lsl

period, with the exception of Australia (see below), between 1% October 2008 to 3

December 2009.

2.1.4.2 Study setting

Data were collected prospectively from general paediatric wards which had at least 20
beds, over a period of three months except in Australia where, due to limited resources,
data collection was over one month only. Table 2.2 gives details of participating hospitals

and individual study wards.
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Table 2.2: Characteristics of participating study’s wards

ADVISE

Australia Germany China | Malaysia UK
City Melbourne | Erlangen HK Serdang London
Name of Royal University Hospital | Prince of | Serdang Evelina
hospital Children’s | for Children & Wales Hospital Children’s
Hospital Adolescents, Hospital Hospital

University of

Erlangen-Nuremberg
Type of Paediatric Paediatric hospital General | General Paediatric
Hospital hospital hospital | hospital hospital
Numberof | g, 120 1200 620 180
beds total
Number of
beds on 36 24 30 28 40
study ward

2.1.4.3 Study population

All children (0-18years) admitted to the study ward for at least 24 hours over a three

month study period with the exception of Australia, where data were collected over a one

month period only due to resource limitations. Patients with a hospital stay of less than 24

hours were excluded because of insufficient time to obtain enough information to identify

and classify an ADR.
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2.1.4.4 Sample size calculation

A previous meta-analysis suggested an incidence of ADRs in hospitalised children of
9.5% with a 95% Confidence Interval (CI) of 6.8-12.6 (Impicciatore et al. 2001).
Assuming the incidence of patients with ADRs is 9% (95% CI, 6% - 12%), the sample
size calculation was performed using the following formula adapted from Wade (2001)
after discussion with the author (personnel communication), who is a statistician from

UCL Institute of Child Health.

n=[4x196x1.96xpx (1 -p))/w
n=[4x1.96 x 1.96 x 0.09 x 0.91]/ 0.06 x 0.06
Where:

n= number of patients

p= probability value

w= CI width

Consequently, considering practicalities such as the resources needed from the
participating sites, the number needed for each site will be 350 patients (rounded up to the

nearest whole number).

2.1.4.5 Database and data collection

Data were collected in a standardised format using an online database application

designed specifically for this project (www.paediatric-adr.com), (Figure 2.1). The data
collected comprised patient demographics (age, gender), medications (dosage, route of

administration, frequency, start and end date of each prescription), and admission
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diagnosis (data collection form is given in Appendix 3). For prescribed drugs, each
chemical compound or combination of compounds [based on the Anatomical Therapeutic
Chemical (ATC) classification] was considered only once per patient irrespective of
whether the dose was changed or prescriptions were repeated during the hospital stay.

Fluid and electrolyte infusions and parenteral nutrition were not documented.

Figure 2.1: ADVISE website homepage

- Wmdow« Internet txpl US

* It I*tps:/ww..paceilrK -ail< »
Ffe E* VHw Favorties Tools Halp
Favortes  ~  >*<MBCEM JOJV DescrptiveStateba Excel-.. Aswat Al-Wainnel (Mww.a.. fj Thenddenliretxirtnosvite...
| | )
1# http://www.paodMitric-a<».coin; Il IR} I} Hui' Page. Safely Toob -«

ADVISE

(Adverse Drug Reactions in Children - International SunretBance and Evaluation)

TO»school i1 Pharmacy |
UnlwBfsily or London

Home
Each
v . .

participated
Home site has a
Background uni que
fUwul Us logi

ogin
Collaboralors g

Wel to the h f the ADVISE stud :

ADVISE Protect clicome fo the homepage of the study details'

fU)R Ctassdicalian
ADVISE stands tor Admise Drug Reactions m Children - Intemabonai Surveillance
Future Colaboralors and Evaluation and is an ntemaconal muW-cantre studi to mvestgate the incidence
and characlenstics ofadverse drug reactions (ADRs) m hospitalized children

The stud, was initiated b>the Centre of PacOiatnc Pharmac) Research at the School or
Pharmacy. UnlversiLy of London In coNaborabon with the Pacdiabic Umvers»y Hospdal
Erlangen/Nuremberg  Germany and the Royal Children's Hospital 1Zelboume.

[ I I I e 4o

~Centre for Paediatric Pharmacy Research (CPPR) controls the website

and has access to all the data from all countries

For standardisation the following established international terminologies were used:
Medications
The WHO-ATC classification was used for medications. The ATC classification

classifies drugs into distinct groups at five different levels according to the organ system
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which they act on and their therapeutic, pharmacological and chemical properties (WHO

Collaborating Centre for Drug Statistics Methodology 2011), (Figure 2.2).

Figure 2.2: Example of WHO-ATC hierarchy for classification of medications

Diazepam — NOSBAO1

N Nervous system (Anatomical group, 1* level)
NOS5 Psycholeptics (Therapeutic subgroup, 2" level)
NO5B Anxiolytics (Pharmacological subgroup, 3 evel)
NO5BA Benzodiazepine derivatives (Chemical subgroup, 4" level)
NO5BA01 Diazepam (Chemical substance, 5" level)

Diagnoses

International Statistical Classification of Diseases and Related Health Problems 10"
revision (ICD-10) was used for classifying diagnoses (WHO 2007). The ICD is a
hierarchical classification system, which includes twenty two chapter ‘blocks’ used to
classify diseases. It has become an international standard for the recording of clinical data
for epidemiological and quality purposes. In addition, it provides the basis for the
compilation of the World Health Organisation’s national mortality and morbidity
statistics. The first edition, known as the International List of Causes of Death, was
implemented for use by the International Statistical Institute in 1893. In 1948 the ICD
was created, encompassing causes of morbidity in addition to mortality, and the World
Health Organisation (WHO) assumed responsibility for the management of the

classification system. ICD-10 is the latest revision in the series, having been approved by
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the forty-third World Health Assembly in May 1990 and introduced for use from 1994

(WHO 2007).

ADR classification

ADRs were classified according to WHO Adverse Reaction Terminology (WHO-ART),
which classifies ADRs into system-organ classes (e.g. gastro-intestinal system) and into
preferred terms for the ADRs. WHO-ART has been developed over more than 30 years

for coding ADRs (WHO 2003).

In order to establish consistent data collection across all participating sites, a flowchart
and check list for chart review were provided (Figures 2.3, 2.4). The data were entered

onto an electronic database at each site and retrieved, managed and analysed at CPPR.
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Figure 2.3: ADVISE study flowchart

Research Ethics Approved Paediatric Medical ward

Admitted patients (Aged <18 years)

Assign an identification number for each

patient

Enter anonymous patient details on

electronic database” daily
3 Months - data

collection
Screen patients' charts by the researcher e .
P Y Do study criteria
fit?
YES
No ADRs NO Any potential ADRs found in medical
records?
NO
YES
*Local Research team alerted Excluded from the study
Enter ADR details into Obtain consensus Identify and assess ADRs
database by researcher within the team
“www.paediatric-adr.com Local research team consists of at least:
Analysis of obtained Data at CPPR 1 Paediatrician/Pharmacologist

1 clinical pharmacist
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Figure 2.4: Check list for reviewing patient records

ADMSE
SIMPLE GUIDANCE FOR REVIEWING PATIENT RECORDS

Screen Patient record considering the following to identify any potential ADRs:

1. Medication

Patient on
medications

1. What medication(s) does patient

Patient has been .
receive?

on any medication?
2. Was any new medication started since

last reviewirg this patient's chart?

3. Were any changes made to dose,
route of administration and/or
frequency of existing medications?

4. What side effects could be expected
for each Individual drug or any drug
combinations?

Answer Qs 1-4

2. Clinical condition

- Body Temperature - Are these conditions either

- Blood pressure jr any wanted or unwanted? (e g., Ifno, this should be

sudden changes or changes over lowering body temperature or considered as related to the
time? Bieatipressie) medication and causal

- Bowel movement (did pt ~Cantthesee coomdititomsteesemon as  relationship should be
develop diarrhoea or rediatettto patearttdlaagoasss further investigated
constipation?) aand)oarmeati ved liirttameanti onrss”?

Continued.
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Figure 2.4: Continued

3. Laboi Atoi® Data

Normal?
Abnormal?

Any significant changes since the last measurment?

¢ What are the abnormal results?

* Can the abnormalities be explained by patient diagnosis and/or medical
intervention?

» Ifno, assess the potential impact of the medication.

* What is the suspected drug causing these abnormalities.

* e.g., high blood glucose level, electrolytes level disturbance ..etc.

4. Physician Notes

Any notes indicating and/or pointing towards an ADR?

Any explanations given why changes were made in drug regimen?

What are the further recommendation given in case an ADR was
recognized?

5. Nurse Notes

Any symptoms mentioned which can not be explained by patient's clinical
condition? e.g. thrush, exanthema, fall, loss of consciousness, changes in
behaviour.

Ifany indicators are found further review the chart to verify the causality of

the event.

Consult literature sources (e.g. National Formulary, SPCs, Drugdex, etc.) to Identify
whether the event was previously reported in relation to this drug.

What evidence is available?

***]f Consensus is reached within the local research team, continue to
ADRSs assessment.***
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2.1.4.6 High-risk drugs definition

Based on drug groups being described as most frequently involved in the occurrence of
ADRSs in the literature (Pirmohamed et al. 2004; Thuermann et al. 2002; Thurmann 2001;
van der Hooft et al. 2008; Temple et al. 2004; van den Bemt et al. 2000b) and the
opinions of two paediatric clinical pharmacologists involved in the project (Professor
Wolfgang Rascher from Germany and Associate Professor Noel Cranswick from
Australia) we defined five drug groups (ATC Therapeutic level) as high risk which
comprised of analgesics (N02), antiepileptics (N03), antibacterials and antimycotics for
systemic use (JO1, J02), corticosteroids for systemic use (H02), and immunosuppressant
agents (L04). For the risk factor analysis all other prescribed drugs were grouped as low

risk drugs.

2.1.4.7 Associated diagnoses

To identify the potential impact of diagnosis on the occurrence of ADRs, the main
diagnosis for each patient was recorded based on WHO-ICD10 (WHO 2007). The higher
levels of ICD10 ‘blocks’ were used in the analyses. The inclusion of diagnoses in the
multivariable analysis was based on the significance of the association between each

‘block’ of disease and the occurrence of ADRs in the univariable analysis.

2.1.4.8 Identification of ADRs
ADRs were identified by intensive chart review, which has been recognised as the ‘gold
standard’ method for obtaining data which will be used in the calculation of the incidence

of ADRs (Weiss et al. 2002; Murff et al. 2003).
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One researcher in each team, who was either a qualified pharmacist or a clinician,
screened all patient records daily to identify all events potentially related to medications.
All suspected ADRs were presented to the local research team consisting of at least one
clinical pharmacist and one paediatrician/paediatric pharmacologist. The team reviewed
the patient record including laboratory data and assessed whether the event was an ADR
as defined by the WHO Technical Report No 498 as;

‘any response to a drug which is noxious and unintended and which occurs at

doses normally used in man for prophylaxis, diagnosis or therapy of disease, or

for the modification of physiological function’ (WHO 1972).

A final decision was made by consensus after thorough discussion within the group. All
events evaluated by the local research team as an ADR were documented in the study
database and electronically linked to the patient’s anonymised data. The process is

summarised in Figures 2.4 and 2.5.

2.1.4.9 Assessment of ADRs

All identified ADRs were assessed using previously established algorithms. The causality
of ADRs was estimated using the Naranjo score algorithm (Naranjo et al. 1981) while
severity was assessed using a weighted score employed by Dormann et al (2000). Tables

2.3 and 2.4 show the criteria for these algorithms.
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Table 2.3: Naranjo’s causality algorithm” for ADRs

Criteria

Are there previous conclusive reports on this reaction?

Did the adverse event appear after the suspeeted drug was
administrated?

Did the adverse reaction improve when the drug was
discontinued or specific antagonist was administrated?

Did the adverse event reappear when the drug was re-
administered?

Are there alternative causes (other than drug) that could on
their own have caused the reaction?

Did the adverse event reappear when a placebo was given?
Was the drug detected in the blood (or other fluids) in
concentrations known to be toxic?

Was the reaction more severe when the dose was increased
or less severe when the dose was decreased?

Did the patient have a similar reaction to the same or similar
drugs in any previous exposure?

Was the adverse event confirmed by any objective

evidence?

Yes

+1

+2

+1

+2

+1

+1

+1

+1

ADVISE
No Unknown
0 0
-1 0
0 0
-1 0
+2 0
+1 0
0 0
0 0
0 0
0 0

®The achievable scores are between -« and 13; Unlikely ADR: scores < 0; possible: 1to 4; probable: 5 to

8; certain/definite: >9
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Table 2.4: Severity assessment scales'* (Dormann et al. 2000)

Criteria Yes No Unknown
Did the adverse drug reaction impair the patient's quality of +1 -1 0
life?
Was the (immediate) discontinuance of the drug necessary +1 -0 0
or recommended?
Was the use of a different drug or other therapy necessary +1 0 0
or recommended?
Did the adverse drug reaction prolong or lead to +1 0 0
hospitalisation?
Did the adverse drug reaction cause temporary malfunction +2 0 0
of an organ (system)?
Did the adverse drug reaction cause temporary inability to +1 0 0
work?
Did the adverse drug reaction lead to permanent inability to +2 0 0
work?

Was the adverse drug reaction:

Potentially dangerous (treated on ward) +1 0 0
Potentially life threatening (treated on a critical care unit) +2 0 0
Or fatal? +3 0 0

"A total score of I to 4 indicates a mild; 5 to 8 a moderate, and >8 a severe ADR.

Whereas severity usually describes the intensity of an event (i.e. mild, moderate, severe),
seriousness is based more on patient/event outcome or action criteria (ICH Guideline
1995). Widely established and accepted criteria to assess seriousness are given by the
International Conference on Harmonisation (ICH) with input from the Council for
International Organizations of Medical Science (CIOMS) (ICH Guideline 1995) on which

we based the assessment of seriousness. Table 2.5 shows the adapted seriousness criteria.
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Table 2.5: Seriousness criteria®

A serious adverse event is:
1. Fatal
2. Life-threatening
3. Requires inpatient hospitalisation or prolongation of existing hospitalisation

4. Results in persistent or significant disability/incapacity

# Adapted from: ICH Guideline (1995).

Furthermore, we also established the preventability of each ADR using the criteria
provided by Schumock and Thornton (1992). Table 2.6 shows Schumock and Thornton

preventability criteria.

Table 2.6: Preventability criteria (Schumock & Thornton 1992)

“Answering yes to one or more of the questions suggests that the ADR in question

may indeed have been preventable”;

1. Was the drug involved in the ADR not considered appropriate for the patient’s clinical
condition?

2. Was the dose, route, or frequency of administration inappropriate for the patient's age,
weight, or disease state?

3. Was the required therapeutic drug monitoring or other necessary laboratory test not
performed?

4. Was there a history of allergy or previous reactions to the drug?

5. Was a drug interaction involved in the reaction?

6. Was a toxic serum drug level (or laboratory monitoring test) documented?

7. Was poor compliance involved in the reaction?
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Additionally, the predictability of ADRs was assessed using the classification published
by Rieder (1994). Rieder classifies ADRs as being predictable or not based on the
mechanism of action of drug and patient’s response. Table 2.7 shows Rieder

classification
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Table 2.7: Rieder (1994) Predietability classification

Mnemonic

Features

Type of reaction: Predictable

Toxicity

Side effect

interaction

Secondai} effect

Refers to the untoward effects
produced on specific organ
systems or to the patient in
general when drugs taken in
supratherapeutic amounts
(overdose)

Biological responses produced by
medication, often related to the
desired effect.

Common

Drug-drug interaction

Drug-disease, genetic
polymorphisms and enzyme

activity

Drug environment

Predictable but not inevitable
consequences of the biological

activity of a drug.
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Examples

Gentamicin in supratherapeutic
doses produces ototoxicity and

nephrotoxicity.

Paracetamol in supratherapeutic

doses produced hepatotoxicity

Tremor by 82-agonists

Cimetidine inhibits specific
enzymes of cytochrome P450 ,
phenytoin taken concurrently will
have exaggerated effects
Amoxicillin and maculopapular rash
when given during the course of
infectious mononucleosis.
Pharmacokinetic changes produced
by renal, hepatic diseases or genetic
changes

Metabolic changes induced by the
environment. Factors like body
weight, sex, age, dosage forms, time
of administration influences the
response to a drug.

Clindamycin and
pseuomembraneous colitis.
Penicillin in syphilis associated with

Jarish-Herxheimer reaction.

Continued..
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Table 2.7; Continued

Mnemonic

Features

Type of reaction: Unpredictable

Intolerance

Idiosyncratic

Immuno-Allergic

Subsets of patients.

Drug level within the therapeutic
range.

Involves an exaggerated response
which in most patients is
mediated on pharmacological
basis

Uncommon

ADRs which do not fit into any
of the other classifications
described.

Unknown mechanism,

fhese ADRs are often the
consequence of pharmacogenetic
variations in drug bioactivation
and drug metabolite, and
detoxification.

This category is a “waiting box"
until mechanism of action is
better known

Anaphylactic reaction

Pseudoallergic Anaphylactoid

reaction
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Examples

Erythromycin causes nausea and
vomiting.
Aspirin causes symptoms of

salicylate toxicity (tinnitus)

Hepatitis associated with
anticonvulsants

Halothane hepatitis
Sulphonamides associated with

Stevens-Johnson Svndrome (SJS).

Hypersensitivity or
allergic/immunological reactions
depend on the four pathomechanisms
described by Coombs and Cell
(1968).

Involves a direct release of
inflammatory mediators. At the first
manifestation of such a reaction, they
are absolutely unpredictable, often

serious.
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For each reported ADR the time of occurrence, e.g. before, during admission or leading to

admission was documented.

All drugs that were likely to be involved in an individual ADR were documented. If there
was more than one drug involved, the most likely one was considered as the main ADR
causative drug. This decision was based on pharmacological properties and side effect
profiles of the drug from the literature and the Summary of Product Characteristics

(SPCs).

2.1.4.10 Reliability of ADR detection and assessment across countries

The effectiveness of the methodology for ADR detection and its reliability across the
study sites was assessed. We randomly selected 10 patients from each study site and a
second reviewer (Dr Antje Neubert) assessed the selected patients with respect to the
presence of an ADR. In order to assess the reliability of ADR assessment
(causality/severity) we randomly selected 20 ADR cases from the study cohort and sent
them to four raters for re-assessment using Narajo scale for causality and Dormann et al

(2000) for severity.

2.1.4.11 Statistical analysis

2.1.4.11.1 Descriptive statistical analysis
Statistical analyses were performed using Stata 11 (StataCorp, College Station, Texas,
USA). Since the data did not exhibit a normal distribution, Kruskal-Wallis analysis of

ranks and Wilcoxon rank-sum tests were used to compare numerical variables, Chi-
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Square test was used to compare the proportions of categorical variables. In all statistical

tests significant differences were considered at p-value <0.05.

Kappa (k) statistics were used to assess the inter-rater reliability between the two
reviewers for ADR detection and between the four reviewers for ADR assessment

(Landis & Koch 1977).

Kappa is widely used to measure interobserver variability, that is, how often two or more
observers agree in their interpretations. The x is the preferred statistics because it
provides an indication of the level of agreement between two judges, taking into account
agreement by chance.

K is calculated by the equation; (O — E)/(1 — E), where O = observed agreement and E =

expected agreement by chance.

The Generalised kappa statistic, which is Fleiss’ extension of kappa, was used to measure
the inter-rater reliability between the four reviewers (STATA-11 2009).
Kk value of 0 indicates poor agreement (no agreement better than chance) and 1 indicates

total agreement (Landis & Koch 1977).

2.1.4.11.2 Statistical modelling

Regression
Regression is a mathematical method used to estimate the relationship between data

variables; the predictor (or independent) variable and outcome (or dependent) variable.
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The regression analysis assumes that the outcome of the dependent variable is ‘predicted’

by the independent variable (Altman 1991).

Logistic regression

Many epidemiological studies have used logistic regression where the outcome variable
of interest is the presence or absence of an event, such as the occurrence of an ADR as in
this chapter of this thesis. In such an instance, where the dependent variable has a
categorical binary outcome (e.g. no/yes, expressed as 0/1 respectively), logistic regression
should be used as a means for describing the relationship between the dependent variable
and independent variable(s). The basic principle of logistic regression is similar to linear
regression. The main difference is that in logistic regression a transformation of the
dependent variable is predicted, which is called the logit transformation of the odds of
developing the outcome. In the case of an ADR as an outcome, if P is the probability of a
subject having an ADR, then 1-P is the probability that they will not have one. The ratio

P/(1-P) is called odds and thus

Logit(P)=log. (P/(1-P) is the log of the odds (Altman 1991).

If we compare the prediction for a subject with or without a particular characteristic, such

as gender, then the odds for female as logit(Pf) and for male as logit(Pm) will be

estimated and the odds ratio (OR) will obtained as follows;

Logit(Pf) — logit(Pm) = log[Pf/(1-Pf)] — log[Pm/(1-Pm)] = log (OR)
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OR is an important method for relating the outcome (such as an ADR) to exposure (such
as a drug or disease). For example to investigate the probability of paediatric patients on
medications developing an ADR, the OR for children prescribed five or more drugs

developing an ADR is 4.7 (section 2.2.2.3.2).

However, in observational pharmacoepidemiological studies, the way one variable is
influenced by several variables is of interest. Therefore, multivariable logistic models are
particularly useful where different variables can be added or removed from the model in
order to get the best fit model using maximum likelihood. Such complex statistical
models are developed by statistical programmes such as STATA which has been used for

the analyses in this thesis (Altman 1991; STATA-11 2009).

Therefore, in the present study, to control potential associations and to determine
independent associations between ADRs and the risk factors for ADRs, the univariable

and multivariable logistic regression models at patient level were used.

Potential risk factors associated with ADRs were identified using ADR occurrence as the
outcome. Univariable odds ratios (OR) with 95% confidence intervals (CI) were
calculated for each independent variable. Those factors which showed a significant
association with the occurrence of ADRs in the univariable analysis were included in the
multivariable regression analysis. The final model included; age (in groups; 0-<2 years,
>2-<11 years, >11-<18 years), gender, number of low risk drugs per patient (in groups; 1-
4 drugs, 5-10 drugs, >10 drugs), number of high risk drugs per patient (in groups; one

drug, 2-3 drugs, >3 drugs), ‘diseases of the blood or blood-forming organs and certain
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disorders involving the immune mechanism’ (D50-D89), ‘diseases of the nervous system’
(G00-G99), ‘certain conditions originated in the perinatal period’ (P00-P96), ‘endocrine,
nutritional and metabolic diseases’ (E00-E90), ‘certain infectious and parasitic diseases’

(A00-B99). The final model was adjusted by country.

In addition, Gender and younger age (0-<2 years, >2-<11 years) were included in the full
model despite their non-significance in the univariable analysis because previous studies
had identified age and gender as risk factors for ADRs (Kanneh 2004; Martinez-Mir et al.

1999; Davies et al. 2009).

Data are presented as percentages, median with interquartile range [IQR (Q1-Q3)], and

ORs with 95% Cls unless otherwise specified.

2.1.4.12 ADR incidence

The overall proportion of patients experiencing an ADR was defined as the number of
patients with at least one ADR during the study period divided by the total number of
patients in the study cohort. The proportion of patients experiencing an ADR in each
country was defined as the number of patients with at least one ADR during the study

period divided by the total number of patients in the individual country cohort.

The calculation of the proportion of patients experiencing an ADR can be expressed as:

Proportion = Number of patients with ADR x 100

Total number of patients in the cohort
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The incidence of ADRs was calculated by including only patients receiving medications
in the denominator; the overall incidence of patients with ADRs was defined as the
number of patients with an ADR divided by the number of patients receiving medications

in either the total study cohort or in each country cohort.

The calculation of ADR incidence can be expressed as:

Incidence = Number of patients with an ADR x 100

Total number of patients receiving medications in the cohort

The incidence of patients with ADRs during hospitalisation was defined as the number of
patients with at least one ADR during their hospital stay divided by the total number of
patients receiving medications. Similarly, the incidence of serious ADRs was defined as
the number of patients suffering at least one serious ADR divided by the total number of

patients receiving medications.

The proportion of all patients admitted to hospital due to an ADR that resulted from a
drug taken prior to admission was calculated using the number of patients admitted due to

an ADR divided by the total number of patients in the cohort receiving medications.

All results were multiplied by 100 and stratified by country. For calculation of incidence

and number of ADRs per patient, only the first admission for each patient was

considered.
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We also calculated the number of ADRs per 100 admissions, per 100 days of hospital

stay and per 100 prescriptions to allow comparison with the existing literature.

2.1.5 Ethical Approval
The study protocol was approved by the local research ethics committee in each

participating country (Appendices 3-7: Ethics approvals).

2.1.6 Results

2.1.6.1 Study population

A total of 1278 paediatric patients (1340 admissions) were included in the cohort
[Australia n=146 (149), Germany n=376 (407), HK n=143 (149), Malaysia n=300 (314),
and UK n=313 (321)]. Of 1278 children 705 (55.2%) were male. The median age of the
study population was two years (IQR 0-7, range 0-18 years). The total length of hospital
stay in the whole cohort was 8347 days with a median of 4 days (IQR 3-7 days, range 1-
150 days). Of the 1278 hospitalised children 1140 (89.2%) received 5367 drugs during
their hospitalisation (median 3 drugs per patient, IQR 2-5 drugs, range 1-36 drugs).
Demographic characteristics of children included from each country are shown in Table
2.8. There was a significant difference between countries in regard to patient age, length

of hospital stay, and number of drugs prescribed per patient (p<0.05).

The number of drugs prescribed per patient in the UK was found to be significantly
higher than in the other countries (p<0.001). There was no significant difference in

gender among countries (p=0.63).
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Table 2.8: Demographic characteristics of study population

Country
Patients Characteristics Australia Germany UK HK? Malaysia® Total
°(~250/36) | °(120/24) °(180/40) | °(1200/30) | °(620/28)

Number of patients (admissions) 146 (149) 376 (407) 313 (321) 143 (149) 300 (314) (1{23750)
Number of patient by age groups, No. (%)

0-<2y 81 (55.5) 133 (35.4) 176 (56.2) 62 (43.4) 225(75.0) 677 (53.0)

>2y -<lly 51 (34.9) 156 (41.5) 102 (32.6) 43 (30.1) 72 (24.0) 424 (33.2)

>11y - <18y 14 (9.6) 87 (23.1) 35(11.2) 38 (26.6) 3 (1.0) 177 (13.8)
Age, years: median (IQR)* 2 (0-8) 5(1-10.5) 2 (0-6) 4 (0-13) 1(0-2.5) 2 (0-7)
Gender, No. (%):

Female 64 (43.8) 164 (43.8) 142 (45.4) 69 (48.2) 134 (44.7) 573 (44.8)

Male 82 (56.2) 212 (56.4) 171 (54.6) 74 (51.7) 166 (55.3) 705 (55.2)
Length of stay, days: median (IQR)° 4 (3-7) 4 (3-6) 4 (3-6) 6 (4-8) 5(4-8) 4 (3-7)
Number of patients who received medications (%) 140 (95.9) 293 (77.9) 303 (96.8) 116 (81.1) 288 (96.0) 1140 (89.2)
Total number of drugs prescribed 753 1343 2010 357 904 5367
Number of drugs prescribed per patient: median (IQR)* 4 (2-7) 2 (1-4) 5(3-8) 2(1-3) 3 (2-3) 3 (2-5)
Number of drugs prescribed per patient (only those with
medication): median (IQR)* ey ¢ 46D 3(25) 53-8) 224 329 325
Number of patients with high risk drugs (%) 124 (88.6) 237(80.9) 290 (95.7) 75 (64.7) 275(95.4) 1001 (87.9)

3General hospital, "Total No. of beds/No. of beds on study ward, “IQR=Inter-Quartile Range (Q1-Q3)
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Based on the ICD-10 classification system, ‘respiratory system’ diseases were the most
common diagnosis in all countries, followed by ‘infectious and parasitic’ diseases in
Australia, Germany, the UK, and Malaysia. Although in HK there were few infectious
diseases reported. Diseases of the nervous system were a common diagnosis in Germany,
Malaysia, and the UK. ‘Endocrine, nutritional and metabolic’ diseases occurred more
frequently in Germany than Australia but none were reported in Malaysia and the UK.
Table 2.9 shows the most frequent underlying diseases that the patients in each country

had when they were admitted with in each country and overall.
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Table 2.9: Most frequent main diagnosis recorded for children in total study cohort and in each country cohort

Number of patients with diagnosis (%) Total no. of
. . patients
Diagnosis ICD-10 code Australia Germany UK HK Malaysia "(n=1278)
(n=146) (n=376) *(n=313) (n=143) | *(n=300)

Diseases of the respiratory system J00-J99 45 (30.8) 89 (23.7) 83 (26.5) 23 (16.1) 184 (61.3) 424 (33.2)
Certain infectious and parasitic diseases A00-B99 11 (7.5) 85 (22.6) 29 (9.3) 4(2.8) 19 (6.3) 148 (11.6)
Diseases of the nervous system G00-G99 6 (4.1) 27(7.2) 19 (6.1) 8(5.6) 35(11.7) 95 (7.4)
Symptoms, signs and abnormal clinical and laboratory R00-R99 9(6.2) 20 (5.3) 28 (8.9) 20 (14) 16 (5.3) 93 (7.3)
findings, not elsewhere classified
Diseases of the genitourinary system NO00-N99 14 (9.6) 24 (6.4) 14 (4.5) 17(11.9) 11 (3.7) 80 (6.3)
Diseases of the blood and blood-forming organs and D50-D89 534 6 (1.6) 23(7.3) 5(3.5) 4(1.3) 43 (3.4)
certain disorders involving the immune mechanism
Certain conditions originating in the perinatal period P00-P96 3.1 2 (0.5) 16 (5.1) 9(6.3) 5.7 352.7)
Congenital malformations, deformations and Q00-Q99 6(4.1) 4(1.1) 12 (3.8) 2(1.4) 1(0.3) 25(2)
chromosomal abnormalities
Injury, poisoning and certain other consequences of S00-T98 2(1.4) 40 (10.6) 20 (6.4) 12 (8.4) - 74 (5.8)
external causes

Data presented as number (%); *n=total number of patients
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2.1.6.2 Drug prescriptions

A total of 5367 prescribed drugs were recorded in the study cohort. The most frequently
prescribed drug groups, classified by ATC therapeutic level, are presented in Table 2.10.
The highest number of prescriptions was for ‘antibacterials for systemic use’ (n=1355,
25.3%), followed by ‘analgesic’ drugs (n=903, 16.8%), ‘drugs for obstructive airway
diseases’ (n=472, 8.8%), ‘anti-inflammatory and antirheumatic products’ (n=269, 5.0%),
‘corticosteroids for systemic use’ (n=238, 4.4%), ‘drugs for acid related disorders’

(n=176, 3.3%), and ‘anti-epileptics’ (153, 2.9%).
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Table 2.10: Most frequently prescribed drug groups in each country

Number of prescriptions (%) Total no. of
. *AT iptions
Therapeutic level (Level T) codf Australia Germany UK HK Malaysia pl;:zirslggn
Pm=753) | "(n=1343) | °(n=2010) | °(n=357) | °(n=904)

Antibacterials for systemic use Jo1 189 (25.1) | 291 (21.7) | 397(19.8) | 61(16.8) | 417 (46.1) 1355 (25.3)
Analgesics NO02 123 (16.3) | 225(16.8) | 346(17.2) | 51(14.3) | 158(17.5) 903 (16.8)
Drugs for obstructive airway diseases RO3 45 (6) 60 (4.5) 174 (8.7) | 28(1.4) | 165(18.3) 472 (8.8)
Anti-inflammatory and antirheumatic products MO1 16 (2.1) 119 (8.9) 130 (6.5) 2(0.6) 2(0.2) 269 (5)
Corticosteroids for systemic use H02 52(6.9) 54 (4) 73 (3.6) 1(0.3) 58 (6.4) 238 (4.4)
Antiepileptics NO03 9(1.2) 53 (4) 45(2.2) 23 (6.4) 23 (2.5) 153 (2.9)
Blood substitutes and perfusion solutions BOS 8(1.1) 23(1.7) 87 (4.3) 21 (5.9) - 139 (2.6)
Drugs for acid related disorders A02 32 (4.3) 28 (2.1) 90 (4.5) 18 (5) 8(0.9) 176 (3.3)
Psycholeptics NO5 21(2.8) 23 (1.7) 64 (3.2) 17 (4.8) 1(0.1) 126 (2.4)
Laxatives A06 16 (2.1) 34 (2.5) 67 (3.3) 7() 1(0.1) 125 (2.3)
Antianemic preparations B03 12 (1.6) 26 (1.9) 37(1.8) 1(0.3) 4(0.4) 80 (1.5)
Antihistamines for systemic use R06 6(0.8) 12 (0.9) 38(1.9) 11 (3.1) 6 (0.7 73 (14
Diuretics C03 11 (1.5) 11(0.8) 32 (1.6) 1(0.3) 12 (1.3) 67 (1.3)
Cough and cold preparations RO5 7(0.9) 22 (1.6) 32(1.6) 3(0.8) 2 (0.2) 66 (1.2)
Drugs for functional gastrointestinal Disorders A03 9(1.2) 9 (0.7 38(1.9) 2 (0.6) 6 (0.7 64 (1.2)
Anesthetics NO1 5(0.7) 2(0.2) 54 (2.7) 2 (0.6) - 63 (1.2)
;\gr:;?;arrheals, Intestinal anti-inflammatory/anti-infective AO7 13(1.7) 17(1.3) 25(1.2) 1(0.3) 6(0.7) 62 (1.2)
Antivirals for systemic use JO5 7(0.9) 21 (1.6) 19 (0.9) 4 (1.1) 3(0.3) 54 (1.0)
Muscle relaxants MO03 3(0.4) 5(0.4) 37 (1.8) 2 (0.6) 1(0.1) 48 (0.9)
Immunosuppressive agents L04 5(0.7) 36 (2.7) 4(0.2) - - 45 (0.8)

Data presented as number (%); *ATC=Anatomical Therapeutic Chemical; "n=number of prescriptions
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The three most frequently prescribed drug groups were similar in all countries. Details on
the number of prescriptions and individual drugs in these three drug groups are given in

Table 2.11.
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Table 2.11: Most frequently prescribed drugs for the three most common drug groups by country

Australia Germany UK HK Malaysia
Total No. Total No. Total No. Total No. Total No.
Drug group Drug of Drug of Drug of Drug of Drug of
(No. of .. (No. of . . (No. of .. (No. of . . (No. of .
(ATC) rescriptions) prescriptions iptions) prescriptions rescriptions) prescriptions iptions) prescriptions rescriptions) prescriptions
p p (%) prescriptions (%) p pti (%) prescriptions (%)’ prescriptio (%)?
Amoxicillin &
enzyme A
.. Cefaclor (20), M Ampicillin .
Gentamicin (36), | 45 (53 gy cefotiam (44), | 66 (22.7) inhibitor (78), | ¢4 10 2y an, 13 (21.3) Cefuroxime 152 (36.5)
tobramycin (9) . piperacillin & - (152)
cefuroxime (2) amoxicillin (2)
enzyme
inhibitor (2)
R . Cefotaxime
?2"6")23’]"3"'“"'“ gzg’i“:e Q). @n, Cofuroimme Clarithromycin
. ’ 27 (14.29) axime 63 (21.6) ceftriaxone 73 (18.4) crurox 13 (21.3) (69), 75 (17.99)
Systemic phenoxymethyl- (54, (49) (13) azithromycin (6)
Antibacterials | penicillin (1) ceftazidime (6) f P Y
Jo1) ceftazidime (3)
Azithromycin Cefotaxime
Amoxicillin (12), (45)
Cefotaxime (21), ?:ﬁ;ﬁgrgi) gz;r)ithromycin Gentamicin cefta;zidime 3),
ceftazidime (2), | 26 (13.8) . e o0 [ 35(12.0) L . 56 (14.1) (9), amikacin 10 (16.4) ceftriaxone (14), | 66 (15.8)
- piperacillin & clindamycin
ceftriaxone (3) enzyme ) ) cefoperazone-
inhibitor (1) erythromycin combinations
%) )
Others 91 (48.1) Others 127 (43.6) Others 189 (47.6) Others 25 (40.9) Others 124 (29.7)
. Metamizole Paracetamol Paracetamol Paracetamol
z\l\?;zl)gesws Paracetamol (92) | 92 (74.8) sodium (115) 115 (51.1) 257) 257 (74.3) (35) 35 (68.6) (156) 156 (98.7)
Morphine (12) 12 (9.8) - - Morphine (53) | 53 (15.3) - - - -
Obstructive
airways drugs | Salbutamol (25)° | 25 (55.6) Salbutamol | 35 55 ) Salbutamol | ¢ 37 4) Salbutamol 1 605 Salbutamol 86 (52.1)
Yy g
(RO3) (33) (65) a7n (86)

“Percentages are calculated using number of prescriptions of each drug group in each country (Table 2.10);
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2.1.6.3 ADR incidence

211 of the 1278 patients experienced 380 ADRs. The overall proportion of patients
experiencing an ADR in the study cohort was 16.5% (95% CI, 14.5-18.7). 129 patients
experienced one ADR, 45 patients experienced two ADRs, 21 patients had three ADRs,
and 16 patients developed more than three ADRs. The overall incidence of patients with
an ADR was 18.5% (95% CI, 16.3-20.9). In the total cohort, there was no significant
difference in gender with regards to ADR occurrence [female: n=97/573 (16.9%); male:

n=114/705 (16.2%), p=0.717].

Table 2.12 shows the incidences of ADRs based on different denominators.

The incidence of patients experiencing an ADR was similar in Australia (7.9%), Germany
(9.2%), and HK (10.3%), (p=0.889). The incidence was found to be significantly higher
in Malaysia (19.1%) and in the UK (34.9%), (p<0.001) compared with Germany,

Australia and HK.

In the overall study cohort the proportion of patients with ADRs was found to be higher
in older children (>11y - <18 y) but not significantly so, however, in each country cohort

the age group with the highest ADR incidence was different (Table 2.12).

The incidence of patients admitted to hospital due to an ADR was 1.8% (95% CI, 1.1-2.7)

in the total study cohort, varying between 1.0% (95% CI, 0.21-2.9) in Germany and 2.6%

(95% CI, 1.1-5.1) in the UK. 189 of the 1140 patients on medications (16.6%; 95% CI,
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14.5-18.9) experienced at least one ADR during their hospitalization. Of the 380 ADRs,

26 (7.0%) were responsible for the admission of 20 patients (Table 2.12).

In the total cohort 380 ADRs were related to 488 drugs (9.1% of all drug prescriptions).

272 ADRs were due to single drugs and 108 reactions had multiple drug involvement.

The number of ADRs per 100 admissions was highest in the UK (69.5%, 95% CI; 64.1-
74.5) and lowest in HK (8.7%, 95% CI; 4.7-14.5). Similarly, the number of ADRs per

100 days in hospital and number of ADRs per 100 prescriptions was highest in the UK

(Table 2.12).
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Table 2.12: Proportions of patients with ADRs, ADRs incidences, and frequency of ADRs based on different denominators

Country Total
Australia Germany UK HK Malaysia
) - (N=11 N=27 ~106) —12) (N=55) (N=211)
Overall proportion of patients with ADRs (95% CI) | 7 ¢ (3.3;-13.1) (7.2 (4.3;-10.2) g.s (28.6-39.0) g.i (4.4-142) | 183 (14.1-23.2) | 16.5 (14.5-18.7)
0- years (N=3) (N=6) (N=53) (N=7) (N=23) (N=112)
= 3.7(0.77-10.4) | 4.5(1.7-9.6) | 30.1(23.437.5) | 113 (4.7-21.9) | 19.1 (14.224.9) | 16.5 (13.8-19.6)
2 - <1 years (N=7) (N=10) (N=32) (N=2) (N=10) (N=61)
= 13.7(5.7:263) | 6.4 (3.1-11.5) | 31.4(22.5-41.3) | 4.6 (0.57-15.8) | 13.9 (6.9-24.1) | 14.4 (11.2-18.1)
>1ly - <I8y (N=1) (N=11) (N=21) (N=3) (N=2) (N=38)
= 7.1 (0.18-33.9) | 12.6 (6.5-21.5) | 60.0 (42.1-76.1 | 7.9 (1.7-21.4) | 66.7(9.499.2) |21.5(15.7-28.3)
N=11 N=27 N=106 N=12 N=55 N=211

*Overall ADR incidence (95% CI),

7.9 (3.9-13.6) |9.2(62-13.1) |34.9(29.6-40.6) | 10.3 (5.5-17.4) | 19.1 (14.7-24.1) | 18.5 (16.3-20.9)
"Incidence of patients admitted due to ADRs N=2 N=3 N=8 N=2 N=5 N=20
(95% CI) 1.4(0.17-5.1) | 1.0(0212.9) | 2.6 (i.1-5.1) 1.7(021-6.1) | 1.7(0.57-4.0) | 1.8(1.1-2.7)
e . o N=10 N=25 N=101 N=7 N=46 N=189
I 0,
ncidence of ADRs during hospitalisation (9% CI) | 5} 35 19 7) | g5(5.6-12.3) |33.3(28.038.9) | 6.0 (2.5-12.0) | 16.0 (11.9-20.7) | 16.6 (14.5-18.9)
N=3 N=11 N=19 N=6 N=22 N=61
1' . . 0
Incidence of serious ADRs (95% CI) 2.1(0.4-6.1) |3.8(1.9-66) |6.3(3.8-9.6) 52(19-109) |7.6(4.8-11.3) | 54(4.1-6.5)
=21 =53 n=223 =13 n=70 n=380
/100 admissi
No of ADRs/ 100 admissions 14.1 (8.9-20.7) | 13.0 (9.9-16.7) | 69.5 (64.1-74.5) | 8.7 (4.7-14.5) | 22.3 (17.8-27.3) | 28.4 (26.0-30.9)
n=21 n=53 n=223 n=13 n=70 n=380
f ADRs/ 100 days i i
No of ADRs/ 100 days in hospital 17(1.02.5) | 2.6(2.03.4) | 123(10.8-13.9) | 1.3 (0.68-22) |3.1(2.4-3.9) 4.5 (4.1-5.0)
n=21 n=53 n=223 n=13 n=70 n=380
f ADRs/ ipti
No of ADRs/ 100 prescriptions 28(1.7-42) [39(3.0-5.1) |11.1(97-12.5) |[3.6(1.9-6.1) |7.7(6.1-9.7) 7.1 (6.4-7.8)

N=Number of patients with ADRs; n=number of ADRSs; "Incidence calculated taken into account patients on drugs only as the denominator (Table 2.8)
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2.1.6.4 ADR characteristics

The five “WHO’ system-organ classes most commonly involved in the 380 identified
ADRs were ‘gastro-intestinal system disorders’ (n=183; 48.2%), ‘skin and appendages
disorders’ (n=59; 15.5%), ‘metabolic and nutritional disorders’ (n=47; 12.4%), ‘heart rate
and rhythm disorders’ (n=41; 10.8%), and ‘psychiatric disorders’ (n=28; 7.4%), (Figure

2.5).

By comparing the most frequent clinical manifestations of ADRs between countries, we
found that ‘gastro-intestinal system disorders’ (such as diarrhoea, vomiting, nausea)
occurred similarly in all countries, while ‘heart rate and rhythm disorders’ (such as
tachycardia) were reported more frequently in the UK (34 cases out of 41 total cases)

compared to other countries.

Antibacterials were the drugs most frequently involved (n=200) in ADRs, mainly causing
‘gastro-intestinal system disorders’ (n=103) and ‘skin and appendages disorders’ (n=40).
In particular, second- and third-generation cephalosporins (n=64), penicillins (n=70) and
macrolides (n=41) were the antibacterials most frequently causing ADRs.

The second most frequently involved group of drugs were analgesics (n=83 ADRs), of
which morphine and clonidine (n=64, n=13, respectively) were the drugs most often

causing ADRs.

Heart rate and rhythm disorders (n=41) were mainly caused by respiratory drugs with

salbutamol (n=32) being the causative drug most often.
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Looking at the proportion of number of prescriptions involved in ADRs,
immunosuppressants, antivirals and diuretics were the three groups most frequently
associated with ADRs (33.3%, 20.4% and 14.9% of prescriptions, respectively), (Table

2.13).
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Figure 2.5: Number of ADRs in major WHO system-organ classes affected, in each country
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Table 2.13: Drugs most frequently associated with ADRs

Total no. No. of
Drug group (ATC) of patients N‘i(A‘,/D)RS Drugsc(::s::'ic:)(ﬁsuf(;r each Examples of ADRs
prescriptions | with ADRs ° g
Immunosuppressents 45 4 15 (33.33) Azathioprine (2), ciclosporin (2), Conjunctivitis (Azathioprin), hypertrichosis ( ciclosporin)
(L04) ) mycophenolic acid (1), tacrolimus (9) colitis (mycophenolic acid), hyperkalaemia (tacrolimus)
Antivirals (JO5) Aciclovir (6), foscarnet (2), Bradycardia (foscarnet), nephropathy toxic (aciclovir),
54 8 11(20.37) . . . . 4
ganciclovir (1) neutropenia (ganciclovir)
Diuretics (C03) 67 6 10 (14.93) Furosemide (7), spironolactone (3) Hypokalaemia (furosemide), hyperkalaemia (spironolactone)
Antibacterials (JO1) Penicinllins (70),macrolides (41), Diarrhoea (amoxicillin), renal function abnormal (gentamicin),
aminoglycosides (8), ciprofloxacin (1), | erythema multiforme (cefuroxime); alanine aminotransferase
1355 113 200 (14.76) | cephalosporins (67), carbapenems (2), | increased (clarithromycin), haemolysis (sulfamethoxazole &
vancomycin (3), Sulphonamides and trimethoprim), leukocytosis (vancomycin)
trimethoprim (7), linezolid (1)
Corticosteroids (H02) Systemic corticosteroids (34) Hyperglycaemia (methylprednisolone), cushing’s syndrome
238 16 34 (14.29) >
(prednisone)
Anaesthetics (NO1) General anesthetics (5), local Airways obstruction (propofol), respiratory distress (bupivacaine,
63 6 8 (12.70) anesthetics (3) .. combinations), allergic reactions (lidocaine, combination)
Antiepileptics (N03) Antiepileptics (19) Thrombocytopenia (valproic acid), nystagmus (phenytoin),
153 13 19 (12.42) . . :
leukocytosis (topiramate), rash (gabapentin)
Cough and Cold Bromhexine (1), codeine (6) Constipation (codeine), cyanosis (bromhexine)
. 66 7 7 (10.61)
preparations (R05)
Analgesics (N02) Acetylsalicylic acid (4), clonidine (13), | Hypoventilation (morphine), pulmonary oedema (acetylsalicylic
903 41 83 (9.19) metamizole sodium (1), morphine (64), | acid), bradycardia (clonidine), thrombocytopenia (metamizole)
tramadol (1)
Drugs for obstructive Salbutamol (44), epinephrine (1) Tachycardia, hypokalaemia and tremor (salbutamol)
. . 472 31 45 (9.53)
airway disease (R03)
Psycholeptics (NO5) 126 4 7(5.56) Midazolam (2), diazepam (1), Bradycardia (midazolam), drowsiness (clobazam), respiratory
. ) clobazam (3), chloral hydrate (1) disorder (chloral hydrate)
Others 789 32 49 (6.21) Others Others

*Percentages calculated using total number of prescriptions of each drug group as denominator
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2.1.6.4.1 Seriousness
Applying the outcome criteria defined by ICH/CIOMS (ICH Guideline 1995) we found
that 24% (n=91) of the ADRs were serious and, of these, one ADR had a fatal outcome,

four were life-threatening and one led to persistent incapacity, (Tables 2.14 and 2.15). Of

the 91 serious ADRs, 18.7% (n=17) were preventable. The incidence of patients with
serious ADRs in the study cohort was 5.4% (95% CI, 4.1-6.5), being highest in Malaysia

(7.6%; 95% CI, 4.8-11.3) and lowest in Australia (2.1%; 95% CI, 0.4-6.1), (Table 2.12).

Table 2.14: Number of ADRs with serious outcome” in each country

Australia | Germany UK HK | Malaysia | Total
ADR outcome (*n=21) | (n=53) | *n=223) | *n=13) | (*n=70) | ("n=380)
°n (%)

Fatal 1(4.8) - - - - 1(0.3)
Involved
persistence or
significant - - 1(0.4) - - 1(0.3)
disability or
incapacity
Involved or
prolonged inpatient | 3 (14.3) | 18 (34.0) | 24 (10.8) | 6 (46.2) | 34 (48.6) | 85 (22.4)
hospitalisation
Life threatening - 1(1.9) 3(1.3) - - 4(1.1)
Total serious
ADRs 4(19.0) | 19(35.8) |28 (12.6) | 6 (46.2) | 34 (48.6) | 91 (23.9)

*|CH/CIOMS criteria (ICH Guideline 1995), "n=number of ADRs
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Table 2.15: Fatal and life threatening ADRs

ADR ADR causative drug Outcome
Hypotension Morphine
Hypoventilation Morphine
Liver Cell Damage Clarithromycin Life threatening

Pseudotumor Cerebri | Immunoglobulins, normal human,

for intravascular administration

Hypomagnesaemia Tacrolimus Fatal

2.1.6.4.2 Severity

Using the severity scale reported by Dorman et al (2000), most of the ADRs (63.4%,
=241) were found to be mild, 35.5% (n=135) were moderate and 1.1% (n=4) severe. In

four countries the majority were mild; whereas in Malaysia the majority of the ADRs

(54.3%, n=38) were assessed as moderate, (Table 2.16).

2.1.6.4.3 Causality

Regarding causality, using the Naranjo score algorithm (Naranjo et al. 1981), 7.9%
(n=30) of the identified ADRs were assessed as ‘definite’, 65.3% (n=248) were assessed
as ‘probable’ and 26.8% (n=102) were assessed as ‘possible’, (Table 2.16). Most of the
ADRs were judged to be ‘probable’ in three countries; the exception is HK where all
ADRs identified were classified ‘possible’ and Australia where the majority were
‘possible’. The percentage of ADRs assessed as definite was particularly high in Malaysia
(24.3%, n=17), followed by Germany (18.9%, n=10). Only one case in the UK was

assessed as ‘definite’.
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2.1.6.4.4 Preventability
Using the preventability system published by Schumock and Thornton (1992), we found
that 16.6% (n=63) of identified ADRs were classified as preventable. The highest number

of preventable ADRs was in Germany (n=10; 18.9%) and the UK (n=40; 17.9%), (Table

2.16).

2.1.6.4.5 Predictability

Using the Rieder (1994) classification for ADR predictability, overall we found that
66.3% (n=252) of the identified ADRs were predictable and 65.5% (165/252) of them
were classified as listed side effects of the causative drugs. While 33.7% (n=128) of the
ADRs were unpredictable; of these with idiosyncratic ADRs were the most frequent
group of ADRs, (Table 2.16).

At a country level the pattern was similar in all countries except Malaysia where more

ADRs (55.7%, n=39) were classified as unpredictable than as predictable.
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Table 2.16: Classification of ADRs identified in the study cohort
Number of ADRs (%)
ADR Total
Australia | Germany UK HK Malaysia
characteristics (n=380)
(n=21) (n=53) (n=223) (n=13) (n=70)
*Severity: n (%)
Mild 15(71.4) | 48(90.6) | 136 (60.9) | 10(76.9) | 32(45.7) | 241 (63.4)
Moderate 5(23.8) 4(7.6) | 85(38.1) | 3(23.1)| 38(54.3)| 135(35.5)
Severe 1(4.8) 1(1.9) 2(09 - - 4(1.1)
bCausality: n (%)
Definite 2(9.5) | 10(18.9) 1(0.45) -1 17(24.3) 30 (7.9)
Probable 6 (28.6) | 27(50.9) | 167 (74.9) - | 48(68.6) | 248 (65.3)
Possible 13(61.9)| 16(30.2) | 55(24.7)| 13(100) 5(7.1) | 102(26.8)
‘Preventability:
n (%)
Preventable 7(33.3)| 10(189)| 40(17.9)| 3(23.1) 3(43)| 63(16.6)
Not Preventable 14 (66.7) | 43 (81.1) | 183 (82.1) [ 10(76.9) | 67 (95.7) | 317(83.4)
‘Predictability:
n (%)
Yes: Predictable, 13(61.9) | 29(54.7) | 170(76.2) | 9(69.2) | 31(44.3) | 252 (66.3)
Toxicity - 1(1.9) 627 20154 1(1.4) 10 (2.6)
Side effect 3(143)| 23(43.4)| 119(53.4)| 7(53.9)| 13(18.6) | 165 (43.4)
Interaction - 5(9.4) 1 (0.5%) - - 6(1.6)
Secondary effect 10 (47.6) -1 44(19.7) -| 17(243) 71(18.7)
No: Unpredictable; 8(38.1)| 24(45.3)| 53(23.8)| 4308 | 39(55.7)| 128 (33.7)
Intolerance 2 (9.5) - 18 (8.1) - 5(7.1) 25(6.6)
Idiosyncratic 5(23.8)| 23(43.4)| 28(12.6)| 4(30.8) 2(2.9)| 62(16.3)
Immuno-allergic 1(4.8) 1(1.9) 73.2) -| 32(45.7)| 41(10.8)

a Severity scale according to Dorman et al (2000)

b Causality according to Naranjo algorithm (Naranjo et al. 1981)

¢ Preventability according to Schumock and Thornton (1992)

9 Predictability according to Rieder (1994)
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2.1.6.5 Inter-rater reliability analysis

The inter-rater agreement between the original and second reviewers for identifying
patients with ADRs was found to be ‘almost perfect’ with «=0.89 (95% CI, 0.75-1.0) and
the agreement on the number of ADRs per patient was ‘substantial’ with ¥=0.77 (95% CI
(0.60-0.94) (Landis & Koch 1977).

The inter-rater agreement between the four raters for ADR causality assessment using the
Naranjo algorithm was found to be ‘fair’ with «=0.30, while the agreement on ADR
severity based on the scale reported by Dormann et al (2000) was ‘moderate’ with

k=0.55.

However, it needs to be mentioned that only four raters from the five countries were
involved in the reliability test for the assessment of ADRs. We randomly selected 20
ADRs cases from the study cohort to assess the inter-rater reliability between the four
raters, which might be an inadequate number for the reliability analysis and have an
impact on the obtained kappa values for both causality and severity assessment.

Another possible explanation, which was given in section 2.1.7.3 (page 129), is that
currently available ADR assessment scales are subjective and dependent, at least in part,

on the knowledge and experience of assessors.

2.1.7 Discussion
In this study we found that 211 of the 1278 (16.5%) children observed in the study cohort
experienced at least one ADR during the study period. The overall incidence of ADRs in

hospitalised children from five European and non-European countries is 18.5% (95% CI,
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16.3-20.9). This number is higher than in the previously reported meta-analyses (9.5%;

10.9%, respectively), (Impicciatore et al. 2001; Clavenna & Bonati 2009).

2.1.7.1 ADR Incidences

One reason for the higher ADR incidence found in our study compared to previous
research may be the use of intensive chart review as the detection method. This method is
said to be the gold standard in pharmacoepidemiology, however, because it is very time
and resource intensive it has been reported that it is of limited use in clinical research
projects (Thurmann 2001; Weiss et al. 2002; Murff et al. 2003). Also, not all of the
studies included in the previous meta-analyses used this method for ADR identification
which may explain their lower ADR incidences (Impicciatore et al. 2001; Clavenna &
Bonati 2009). Previous studies using intensive chart review have reported ADR

incidences of up to 20% (Haffner et al. 2005; Weiss et al. 2002; Neubert et al. 2004).

In our study, the ADR incidence was highest in the UK compared to that in the other
participating countries. The number of drugs prescribed per patient was also the highest
in the UK, and this may be a major contributing factor to the higher incidence of ADRs.
Furthermore, one of the drugs frequently associated with ADRs in the UK was morphine;
28.2% (63/223) of all the ADRs in the UK cohort were caused by morphine prescriptions
and 17.5% (53/303) of the UK patients receiving medications, were prescribed morphine.
Morphine was prescribed in only two countries, the UK and Australia and the majority of
the morphine prescriptions (81.5%; n=53/65) were issued in the UK. Whereas in
Australia, morphine was prescribed much less frequently [18.5% (n=12/65) of all

morphine prescriptions for 12 (8.6%) patients of all patients receiving medications].
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Higher use of opioids in the UK compared to other European Union (EU) countries has
been reported previously (Neubert et al. 2010). Morphine prescribing in hospitalised
children is also common in other western countries such as United States (US). A recent
study conducted in the US by Lasky et al (2011) reported that morphine was among the
top 10 drugs administered to children during hospitalisation. Nevertheless, the question
remains, as to whether the guidelines for using morphine in children and adolescents in

UK hospitals are appropriate or not and whether these guidelines should be investigated.

The frequent use of this high risk drug may be another factor contributing to the higher
ADR incidence in the UK. Other studies in hospitalised children from the UK and the US
also showed that morphine was among the drugs most commonly associated with ADRs
(Gill et al. 1995; Temple et al. 2004).

A very recent evaluation of voluntary safety reports in a paediatric hospital in Canada
revealed that about 10% of all reports were related to opioids with morphine being the

drug most often involved (McDonnell 2011).

Another drug frequently prescribed in the UK was salbutamol which was given to 18.2 %
(n=55) of all UK patients and related to 15.2% (n=34/223) of the ADRs observed in the
UK. Although, in Malaysia 27.8% (n=80) of patients received salbutamol, only two
ADRs (3.6%, n=2/70) were associated with this drug. Salbutamol was also frequently
prescribed in the other participating countries; i.e in Germany prescribed to 9.9% (n=29)
of patients, in Australia 17.8% (n=25), and in HK 14.6 % (n= 17), but rarely related to
ADRs. One reason for the higher number of ADRs seen in the UK may be that

salbutamol was not only administered by inhalation but also intravenously (about 11% of
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all salbutamol prescriptions in the UK; for 7 (12.7%) out of 55 patients receiving

salbutamol; while in other countries it was only administered by inhalation.

Of the total number of ADRs, 58.7% (n=223/380) occurred in the UK and 43.5%
(n=97/223) of them, in 56 patients, were associated with morphine and salbutamol.
Excluding these ADRs (n=97) from the incidence calculation, the number of patients with
ADRs in the UK decreased from 106 to 83 and the proportion decreased from 33.8% to
26.5% (83/313) which was still higher than in the other countries in the study (7.5% to

18.3%).

Another possible explanation of the high incidence of ADRs in the UK is the inclusion of
observations reported by the parents in the nursing notes. Similar information was not
found in the nursing notes of other countries. Patient reporting of potential ADRs has
been found to be an enhancement for ADR detection and reporting (Jarernsiripornkul et
al. 2002). In paediatric patients the parents pay close attention to their children and any
troublesome symptoms. Documentation of this information in the patient medical notes
may have led to increased observation of ADRs in the UK cohort. This might also explain

the high percentage of non-serious ADRs reported in the UK.

Previous studies from the UK reported lower ADR incidences which, however, may be
the result of the less intensive ADR monitoring. Gill et al (1995) and Turner et al (1999),
used an intensified volunteering reporting system where hospital staff were encouraged to
report any suspected ADR by completing green card, and this resulted in an overall ADRs

incidence of 11%. Intensified spontaneous reporting systems are more efficient than
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national spontaneous reporting such as the yellow card system in the UK but still suffer

from under-reporting.

To our knowledge there are no previously published data, in the international literature,
on the occurrence of ADRs in hospitalised children in Australia, HK and Malaysia. In
Australia, paediatric medication safety research has been conducted previously, but the
studies investigated drug related problems or adverse events identified by spontaneous

reporting (Easton et al. 1998; Runciman et al. 2003; Dunn et al. 2006).

Malaysia had the second highest ADR incidence (19.1%). Malaysia is a tropical country
and infectious diseases are common in children. Consequently, almost 50% of the
prescribed drugs were antibacterials for systemic use and 75.7% of the reported ADRs
were related to this drug group which is known to be frequently associated with ADRs

(Turner et al. 1999; Fattahi et al. 2005; Temple et al. 2004).

In our study the ADR incidences were similar for Australia, Germany and HK (7.9%,
9.2%, 10.3%, respectively). For Germany, previously reported incidences using a
comparable method were 21.9%, 17.4%, and 14.1% which are all above the incidence
found in our study (Weiss et al. 2002; Neubert et al. 2004; Haffner et al. 2005). However,
the length of hospital stay and the number of drugs prescribed were lower in our study
which may explain the lower ADR incidence. Furthermore, the study by Weiss et al was
conducted on an infectious disease ward where the use of more high risk drugs such as
antibiotics was apparent (Turner et al. 1999; Weiss et al. 2002; Fattahi et al. 2005;

Temple et al. 2004).
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Another explanation for the lower incidence in Germany in our study compared to the
study conducted by Weiss et al (2002) ten years earlier, might be due to changes in the
pharmacological treatment strategies in Germany during these ten years which may have
influenced the incidence of ADRs. For example, the anti-inflammatory indomethacin was
the drug most often associated with ADRs in the Weiss et al study, however, this drug has
been replaced by ibuprofen and indomethacin was not prescribed in our study. Schramm
et al (accepted) has discussed the reasons for the differences between Weiss et al study
and ADVISE study regarding to ADRs incidence in Germany. The authors concluded that
the lower number of prescribed drugs per patient and the improvement of treatment

strategies led to enhanced medication safety in children in Germany.

Similar to the findings in our paediatric study, data reported from the adult population in
previous studies suggest that between 10% and 20% of patients suffer an ADR (Dormann
et al. 2000; Thuermann et al. 2002; Davies et al. 2006). A more recent study from the UK
in adults which used a similar approach to that which we used in our study reported that
14.7% (95% CI, 13.6-15.9%) of 3695 adult patient episodes experienced one or more
ADRs during hospitalisation (Davies et al. 2009). Previously the same authors observed
at least one ADR in 19% of their patients (Davies et al. 2006). Much higher rates of up to
60% are seen in geriatric patients (Egger et al. 2003; Passarelli et al. 2005). Although in
the adult literature there is evidence that ADRs are more common in women compared to
men (Sanchez Mufioz-Torrero et al. 2010; Zopf et al. 2008a), our study did not show a

difference in proportion of girls and boys who had an ADR (16.9% vs 16.2%).
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2.1.7.2 ADRs leading to hospital admission

In this study we found that 1.8% (95% CI, 1.1-2.7) of patients were admitted to hospital
as a consequence of an ADR. This means that almost one in every 60 admissions was due
to an ADR. This proportion is similar to that in other paediatric studies whereas higher
proportions have been reported in the adult population (Moore et al. 1998; Dormann et al.

2003; Pirmohamed et al. 2004; van der Hoof et al. 2006, Clavenna & Bonati 2009).

2.1.7.3 Severity and sseriousness of ADRs

In this study the majority of ADRs were classified as mild (63.4%). This is in line with
many previously published studies which all found that about half of the ADRs were mild
(Gill et al. 1995; Martines-Mir et al. 1999; Gonzalez-Martin et al. 1998; Weiss et al.
2002). However, it has to be acknowledged that the assessment scales used in previous
studies are heterogeneous and therefore findings are difficult to compare (Macedo et al.
2003; Agbabiaka et al. 2008). Also, in our study the results of the inter-rater analysis with
respect to the severity assessment varied between countries and achieved moderate
agreement only. This is consistent with the currently available ADR assessment scales are

subjective and no single algorithm is accepted universally.

Using the ICH/CIOMS criteria, in our study, serious ADRs accounted for 24% of ADRs
identified. Other paediatric studies by Buajordet et al (2002) reported a similar percentage
of ADRs (19%) as serious whereas a higher percentage (37.5%) was reported by Temple
et al (2004). Among the serious ADRs in our study 18.7% were classified as preventable
which underlines the fact that treatment strategies need to be optimised in order to

improve patient outcome.
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One ADR had a fatal outcome which accounted for 0.3% (95% CI, 0.01-1.5) of the ADRs
in our study. Similar proportions have been reported previously for children and adults
(Lazarous et al. 1998; Clarkson & Choonara 2002) although higher numbers were
reported in more recent studies in both the adult (2.7%) and paediatric populations (1.1%)

(van der Hooft et al. 2006; Temple et al. 2004).

2.1.7.4 Economic impact

In our study the economic impact of ADRs on the healthcare systems was not investigated
as this was outside the scope of the study. However, we have shown that about 2% of
patients were admitted because of ADRs, accounting for a total of 114 days of hospital
stay. 22.4% (85/380) of ADRs resulted in a prolonged hospital stay. Thus, this clearly
indicates that, not only in adults but also in children, ADRs have an economic burden
since they lead to additional days of hospitalisation and therefore treatment costs (Classen

et al. 1997; Pirmohamed et al. 2004).

2.1.7.5 Study strengths and limitations

2.1.7.5.1 Strengths

To our knowledge this is the first multinational study to include European and Asian
countries and also Australia to investigate ADR incidence in hospitalised children. The
study used the gold-standard method for ADR detection of intensive chart review and a
standard protocol across five countries. The inter-rater agreement for ADR detection was
‘almost perfect’ indicating good and homogeneous ADR detection across the countries.

Hence, variances in reported ADR incidences are unlikely to be due to the detection of
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the ADRs and may reflect population differences and/or prescribing practices, and the

role of parental reporting.

2.1.7.5.2 Limitations

However, this study has several limitations. The sample size of two sites (Malaysia and
UK), although slightly less than 350, was acceptable based on the statistical power of the
sample size according to advice received from the statistician (Personal communication).
However, the sample size from two hospitals, Australia and HK, was smaller than
recommended. This was due to resource limitations in Australia which resulted in only
one month of data collection. The spread of pandemic flu (Influenza A HIN1) during the
second half of 2009 in HK led to restrictions in ward visits for research, thus a smaller
number of patients were reviewed. Consequently, variation in the number of the patients

from each country makes comparison between countries more difficult.

Differences in the documentation in patients’ medical records may have had an influence
on the detection of ADRs in our study. If important information is not documented
adequately, ADRs are unlikely to be identified by the research team reviewing patients’
records. This might apply mainly to mild and clinically less serious ADRs, however,

these may indicate an early sign of a potentially serious ADR.

Our descriptive analysis has shown that the most common diagnoses were similar in all
countries, with respiratory system diseases being the most frequent. The next section (2.3)
of this chapter will further investigate the possible relation between underlying disease(s)

and ADR occurrences using more in-depth statistical analysis.
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2.2 Risk factors associated with ADRs in hospitalised children

In the previous section (2.2) of this chapter descriptive results on the incidence of patients
with ADRs in the study cohort and in each participated country were reported. In this
section the results of an in-depth statistical analysis of potential risk factors associated

with ADRs in hospitalised children in the five countries are presented.

Patients who only had an ADR before admission or were admitted due to an ADR and did
not experience another ADR during hospitalisation were excluded from the cohort for the

analysis of risk factors.

This section has been published (online first: 14 December 2011) by European Journal of
Clinical Pharmacology (EJCP), paper entitled “Risk factors associated with adverse drug

reactions in hospitalised children: international multicentre study”.

2.2.1 Methods
Study design including study population, sample size calculation, data collection
methodology, statistical methods used, and ethical approval of the study have been

discussed in section 2.1.4.
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2.2.1.1 ADR incidence

The overall incidence of patients with ADRs during admission in the risk factor cohort
and in each country cohort was defined as the number of patients with at least one ADR
during their hospitalisation divided by the total number of patients receiving medications

multiplied by 100.

For the calculation of the incidence of patients with ADRs included in the cohort for risk
factors analysis, only patients with at least one drug prescription during admission were
included. Also, only the first admission was considered for calculating ADR incidence

and investigating the association between the incidence and the potential risk factors.

2.2.1.2 Risk factors
Risk factors investigated were; age, gender, number of low risk drugs, number of high

risk drugs, diagnoses, length of stay.

2.2.2 Results

2.2.2.1 Patient characteristics

1253 paediatric patients fulfilled the inclusion criteria and were included in the cohort, for
risk factor analysis, [Australia (n=145), Germany (n=372), Malaysia (n=291), HK
(n=138), and UK (n=307)]. Of 1253 children, 693 (55.3%) were male. The median age of
the study population was 2 years (IQR 0-7, range 0-18 years). The total length of hospital
stay in the whole cohort was 8198 days with median 4 days (IQR 3-7, range 1-150 days).

Of the 1253 hospitalised children 1115 (89.0%) received 5013 prescribed drugs during
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their hospitalisation (median 3 drugs per patient, IQR 2-5, range 1-36 drugs). 980 (87.9%)

of the 1115 children received at least one of the high risk drugs (median 2, IQR 1-3).

Demographic characteristics of the children, from each country, included in the cohort for
analysis of risk factors are shown in Table 2.17. There was a significant difference
between countries in regards to patient age, length of hospital stay, number of drugs
prescribed per patient, and the number of high risk drugs prescribed per patient

(p<0.001).

The number of drugs prescribed per patient in the UK was found to be significantly
higher than in the other countries (p<0.001) There was no significant difference in gender

between countries (p=0.899).

134



Table 2.17: Risk factors cohort; patients’ demographic characteristics

. L. Country

Patients Characteristics Australia Germany UK K Malaysia Total
Number of patients 145 372 307 138 291 1253
Number of patient by age groups, No. (%)
0-<2y 81 (55.9) 132 (35.5) 173 (56.4) 60 (43.5) 218 (74.9) | 664 (53.0)
>2y - <11y 52 (35.9) 154 (41.4) 100 (32.6) 42 (30.4) 70 (24.1) | 417 (33.3)
>11y - <18y 13 (9.0) 86 (23.1) 34 (11.1) 36 (26.1) 3(1.0) 172 (13.7)
Age, years: median (IQR)* 2 (0-7) 4.5 (1-10.5) 2 (0-6) 4 (0-12) 1 (0-3) 2(0-7)
Gender, No. (%):
Female 64 (44.1) 162 (43.5) 138 (45.0) 67 (48.6) 129 (44.3) 560 (44.7)
Male 81 (55.9) 210 (56.5) 169 (55.0) 71 (51.4) 162 (55.7) 693 (55.3)
Length of stay, days: median (IQR)* 4 (3-7) 4 (3-6) 4 (3-6) 6 (4-8) 5(4-8) 4 (3-7)
Number of patients who received medications (%) 139 (95.9) 289 (77.7) 297 (96.7) 111 (80.4) 279(95.9) | 1115 (89.0)
Total number of drugs prescribed 731 1158 1907 341 876 5013
Number of drugs prescribed per patient: median 4 (3-7) 3 (2-5) 5(3-8) 2 (2-4) 3 (2-4) 3 (2-5)
(IQR)*
Number of patients with high risk drugs (%) 123 (88.5) 234 (81.0) 284 (95.6) 72 (64.9) 267 (95.7) 980 (87.9)
Total number of high risk drugs prescribed 371 576 827 130 634 2538
Number of high risk drug prescribed per patient: 3(1-4) 2(1-3) 2 (14 1 (0-2) 2(1-3) 2 (1-3)

median (IQR)*

*IQR: Interquartile range (Q1-Q3), "percentage calculated using patients on drugs as the denominator
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‘Respiratory system diseases’ were the most common diseases in all countries, followed
by ‘infectious and parasitic diseases’ in Australia, Germany, UK, and Malaysia. In the
HK cohort only a few patients were reported with infectious diseases. ‘Diseases of the
nervous system’ were common in Germany, Malaysia, and the UK. Germany was the
country in which ‘endocrine, nutritional and metabolic diseases’ occurred most
frequently, followed by Australia but none were reported in Malaysia and the UK. Table
2.18 shows the main diagnoses most frequently recorded in the risk factors cohort,

stratified by country.
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Table 2.18: Risk factors cohort; number of patients with main diagnoses

Total no. of | Total no. of Number of patients with diagnoses (%)
Diagnosis (ICD-10 code) pa(tol/?)lts l::_t‘:eglslt(so/(:;l Australia | Germany UK HK Malaysia

Diseases of the respiratory system (J00-J99) 415 (33.1) 408 (36.6) 45 (31) 88 (23.7) 81 (26.4) 23 (16.7) | 178 (61.2)
Certain infectious and parasitic diseases 147 (11.7) 120 (10.8) 11 (7.6) 85 (22.8) 29 (9.4) 4 (2.9 18 (6.2)
(A00-B99)
Diseases of the nervous system (G00-G99) 94 (7.5) 85 (7.6) 6(4.1) 26 (7) 19 (6.2) 8 (5.8) 35(12)
Symptoms, signs and abnormal clinical and 92 (7.3) 74 (6.6) 9(6.2) 20 (5.4) 28 (9.1) 20 (14.5) 15(5.2)
laboratory findings, not elsewhere classified
(R00-R99)
Diseases of the genitourinary system (N00-N99) 77 (6.1) 75 (6.7) 13 (9) 24 (6.5) 13 (4.2) 16 (11.6) 11 (3.8)
Injury, poisoning and certain other consequences 74 (5.9) 44 (4.0) 2(1.4) 40 (10.8) 20 (6.5) 12 (8.7) -
of external causes (S00-T98)
Diseases of the digestive system (K00-K93) 56 (4.5) 45 (4.0) 7 (4.8) 22 (5.9 16 (5.2) 4 (2.9) 724
Endocrine, nutritional and metabolic diseases 50 (4.0) 39 (3.5) 19 (13.1) 22 (5.9) - 9(6.5) -
(E00-E90)
Diseases of the blood and blood-forming organs 38 (3.0) 38(34) 534 5(1.3) 22(7.2) 3(2.2) 3(1)
and certain disorders involving the immune
mechanism (D50-D89)
Certain conditions originating in the perinatal 35(2.8) 30 (2.7) 32.D) 2(0.5) 16 (5.2) 9 (6.5) 5(1.7)
period (P00-P96)
Congenital malformations, deformations and 25 (2.0) 24 (2.2) 6(4.1) 4 (1.1) 12 (3.9 2(1.4) 1(0.3)
chromosomal abnormalities (Q00-Q99)
Other diseases 150 (12.0) 133 (11.9) 19 (13.1) 34 (9.1) 51 (16.6) 28 (20.3) 18 (6.2)

Total | 1253 (100) 1115(100) | 145(100) | 372 (100) | 307 (100) 138 (100) | 291 (100)
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A total of 328 ADRs were identified in the cohort for risk factors analysis. Overall ADR

incidence during hospitalisation was found to be 16.7% (95% CI, 14.5-19.0). Table 2.19

gives details of the incidence, preventability, and seriousness of ADRs in the total study

cohort and in each country.

Table 2.19: Risk factors cohort; incidence, preventability, and seriousness of ADRs

stratified by country
Incidence of
Number of Number of Number of
patients with
Country ADR ADRs preventable ADRs | serious ADRs
s
(%) (%)’ (%)’

(95% CI)
Australia 7.2% 18 (5.5) 7 (38.9) 2(11.1)
(*n=10/139) (3.5-12.8)
Germany 8.0% 37 (11.3) 5(13.5) 12 (32.4)
(*n=23/289) (5.1-11.7)
HK 6.3% 8(2.4) 2 (25.0) 1(12.5)
(*n=7/111) (2.6-12.6)
Malaysia 16.5% 60 (18.3) 1(1.7) 26 (43.3)
(*n=46/279) (12.3-21.4)
UK 33.7% 205 (62.5) 39 (19.0) 21 (10.2)
(*n=100/297) (28.3-39.4)
Overall 16.7% 328 (100) 54 (16.5) 62 (18.9)
(*n=186/1115) (14.5-19.0)

n=total number of patient with ADRs/total number of patients on drugs. "Percentage of serious

and preventable ADRs related to total number of ADRs in each county.

Table 2.20 shows identified ADRs in the study cohort classified according to WHO-ART

classification.
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Table 2.20: Risk factors cohort; identified ADRs classified according to WHO-ART

classification
System-organ class Frequency Examples
y g (% of 328%) P
Gastro-intestinal system 118 (36) | Diarrhoea, constipation, vomiting, nausea

Skin and appendages 43 (13.1) | Rash macula-papular, angioedema,
itching

Heart rate and rhythm disorders 34 (10.4) | Bradycardia, tachycardia

Metabolic and nutritional 30 (9.2) | Hypokalaemia, hyperglycaemia,

disorders hyponatraemia

Cardiovascular disorders, 16 (4.9) | Hypertension, hypotension

general

Psychiatric disorders 15 (4.6) | Appetite lost, hallucination

White cell and °RES disorders 14 (4.3) Leukocytosis, eosinophilia

Central & peripheral nervous 10 (3.1) | Headache, tremor, convulsions

system disorders

Respiratory system disorders 10 (3.1) Respiratory distress, hypoventilation

Body as a whole, general 9.7 Fever, odema peripheral

disorders

Liver and biliary system 8(2.4) °ALT increased, bilirubin increased, ‘GGT
increased

Resistance mechanism disorders 72.1) Candidiasis, thrush

Platelet, bleeding & clotting 3(0.9) Bruise, thrombocytopenia

disorders

Urinary system disorders 3(0.9) Nephropathy toxic, urine discolouration

Vascular (extracardiac) disorders 3(0.9) Thrombophlebitis

Vision disorders 2 (0.6) Conjunctivitis, vision blurred

Endocrine disorders 1(0.3) Cushing’s syndrome

Red blood cell disorders 1(0.3) Haemoglobin decreased

Reproductive disorders, female 1(0.3) Genital ulceration

*Total number of ADRs in risk factors’ cohort; "RES=Reticuloendothelial system; “ALT= Alanine
aminotransferase; ‘GGT= gamma-glutamyltransferase
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2.2.2.3 Potential risk factors associated with ADRs

2.2.2.3.1 Descriptive statistics

In the risk factors cohort, children with ADRs were hospitalised longer compared to those
without ADRs (median 6 days, IQR 4-11 vs 4 days IQR 3-6, p<0.001). Overall, age and
gender were found not to be associated with the incidence of ADRs (p=0.117, p=0.776,
respectively). However, on a country level; in Australia, Germany, Malaysia, and the UK;
patients with an ADR were significantly older compared to those without an ADR
(»<0.05). The total number of drugs prescribed per patient for children with ADRs was
significantly higher compared to children without ADRs (median 6 drugs, IQR 4-10 vs
median 3 drugs, IQR 2-5, p<0.001). On a country level this was significant for all
countries except HK where most of the patients with ADRs had less than five drugs
prescribed. Moreover, the number of high risk drugs prescribed per patient was found to
be significantly higher in children with ADRs than in children without ADRs (median 3
drugs, IQR 2-5 vs 2 drugs IQR 1-3, p<0.001). This was the case in the overall study

cohort and in three country cohorts; the exceptions being Australia and HK.

2.2.2.3.2 Statistical modelling
The univariable analysis showed that 9 of the 15 variables were significantly associated
with the occurrence of ADRs. In the multivariable modelling only seven variables

remained statistically significant.
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The use of five or more low risk drugs per patient and the use of three or more high risk
drugs were strong predictors for the occurrence of ADRs (OR 4.7, 95% CI, 2.4-9.3; OR

6.5, 95% CI, 2.7-16.0; respectively, p<0.001).

In the full model adjusted by country, diagnoses on admission which were significantly
associated with an ADR, were diseases of the ‘nervous system’ or of ‘blood and blood-
forming organs and certain disorders involving the immune mechanisms’ or ‘certain

conditions originating in the perinatal period’.

The univariable analysis showed that older children aged between >11 and 18 years were
more likely to experience ADRs than younger children aged less than 11 years (OR 1.7,
95% CI, 1.0-2.8; p = 0.031). This remained significant in the full model adjusted by

country.

The univariable analysis for the association between ADR occurrence and the potential

risk factors and also the results of the full model of multivariable analysis are shown in

Table 2.21.
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Table 2.21: Risk factors® of ADRs in hospitalised children in the study cohort

adjusted by country

Risk factors Univariable p-value Full model p-value

OR (95%CI) OR (95%CI)

Age (years)

0-<2y 1.1 (0.79-1.6) 0.498 1.2 (0.80-1.9) 0.351

>2y-<lly 1.00 (reference) 1.00 (reference)

>11y-<18y 1.7 (1.0-2.8) 0.031 2.1(1.1-3.8) 0.020

Gender (female vs male) 0.96 (0.70-1.3) | 0.776 0.94 (0.65-1.4) | 0.739

Number of low risk drugs

prescribed

0? 1.00 (reference) 1.00 (reference)

1-4 1.4 (0.91-2.2) 0.129 2.3(1.4-4.0) 0.002

5-10 4.8 (2.8-8.2) <0.001 |4.7(2.4-9.3) <0.001

>10 18.4 (7.6-44.5) | <0.001 |11.5(3.6-36.3) |<0.001

Number of high risk drugs

prescribed

0° 1.00 (reference) 1.00 (reference)

1 1.2 (0.48-3.0) 0.690 0.91 (0.35-2.4) | 0.855

2-3 3.5(1.6-7.7) 0.002 2.4 (1.0-5.6) 0.045

>3 12.1 (5.4-27.3) | <0.001 |6.5(2.7-16.0) <0.001

A00-B99 (Yes/No) 0.33 (0.15-0.68) | 0.003 0.61 (0.30-1.4) | 0.225

D50-D89 (Yes/No) 3.9 (2.0-7.5) 0.001 2.3 (1.0-5.1) 0.043

G00-G99 (Yes/No) 2.2 (1.4-3.7) 0.001 23(1.34.2) 0.006

P00-P96 (Yes/No) 2.2(1.0-4.9) 0.053 2.6 (1.0-6.5) 0.049

E00-E90 (Yes/No) 0.13 (0.02-0.93) | 0.042 0.20 (0.02-1.6) | 0.132

*Patients have no low risk drug prescribed; "Patients have no high risk drug prescribed. A00-B99: certain
infections and parasitic diseases (e.g. enteroviral meningitis, Tuberculosis); D50-D89: diseases of the blood
and blood-forming organs and certain disorders involving the immune mechanisms (e.g. Sickle-cell anaemia,
agranulocutosis); G00-G99: diseases of the nervous system (e.g. epilepsy, sleep apnoea); P00-P96: certain
conditions originating in the perinatal period (e.g. congenital hypotonia, bacterial sepsis of newborn); E00-
E90: endocrine, nutritional and metabolic diseases (e.g. nutritional deficiency, insulin-dependent diabetes
mellitus). “Risk factors are presented as crude and adjusted odds ratios (ORs) with 95% confidence intervals (95% CI);
%Full model adjusted for possible confounding factors (age, gender, number of drugs prescribed, and above disease groups)
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Table 2.22 summarises the independent factors which were statistically significant in the

univariable and multivariable analysis.

Table 2.22: Independent risk factors

Predicator OR (95% CI)
Age (>11y-<18y) 2.1(1.1-3.8)
Number of low risk drugs prescribed;
5-10 4.7 (2.4-9.3)
>10 11.5 (3.6-36.3)
Number of high risk drugs prescribed
2-3 2.4 (1.0-5.6)
>3 6.5 (2.7-16.0)
*D50-D89 2.3 (1.0-5.1)
*G00-G99 2.3 (1.3-4.2)

*D50-D89: diseases of the blood and blood-forming organs and certain
disorders involving the immune mechanisms; "G00-G99: diseases of the

nervous system

We also considered another regression model including the above predictors plus length
of hospital stay to see the influence of hospital stay as a predictor. We obtained the same
conclusion from the model for the statistical significance of the included variables except
for the diseases variables (“D50-D89” and “P00-P96) which became not significant.

Therefore we chose to report the model without length of stay.
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2.2.3 Discussion

Data from a large prospective multicentre international cohort study were utilised to
investigate risk factors associated with ADRs in hospitalised paediatric patients. The
overall ADR incidence in this cohort was 16.7% (95% CI, 14.5-19.0). The previous
section (2.1) of this chapter discussed the differences between countries with regards to

ADR incidences as well as the characteristics of identified ADRs.

The early detection of ADRs is important to prevent unnecessary harm to the patients.
Knowledge of factors predisposing a patient to ADRs is important to develop appropriate

prevention strategies.

This study shows that the occurrence of ADRs depends on several factors, which
healthcare professionals should consider as key points for identifying potential ADRs; a
greater awareness of such factors should minimise patients’ risk of ADRs. This is
particularly important because the early detection of an ADR is most likely to depend on

the clinical observation of patients.

2.2.3.1 Risk factors

2.2.3.1.1 Polypharmacy

Undoubtedly polypharmacy is an important risk factor for ADRs. Previous data have
shown that it is significantly associated with the occurrence of ADRs in adults and
children (Impicciatore et al. 2001; Weiss et al. 2002; Fattinger et al. 2000; Zopf et al.

2008a). Our study confirmed these findings showing a statistically significant relationship
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between the number of drugs prescribed and the occurrence of ADRs. This relationship
remained statistically significant in the multivariable analysis in the overall study cohort
as well as in each individual country cohort except for HK where the total number of
prescribed drugs per patient was very small compared to other countries. The majority of

patients with ADRs in HK had less than five drugs prescribed.

Patients with five or more drugs prescribed during their hospital stay had the highest risk
of developing an ADR; three times higher compared to patients receiving between one
and four drugs, as shown in the multivariable analysis. Similar findings of polypharmacy
as a risk factor for ADR occurrence were reported in a study by Zopf et al (2008a),

conducted in an adult population.

The use of many drugs (polypharmacy), which was associated with ADRs in the present
study, is commonly seen in all types of paediatric wards. For example, antibacterials,
analgesics, and drugs for obstructive airway diseases were most often associated with

ADRs and most commonly prescribed together.

2.2.3.1.2 Age

When looking into the predefined age groups in the univariable logistic regression
analysis, the ORs indicated that older children were more prone to have ADRs than
younger children. This was confirmed in the multivariable analysis which showed that the
age group ‘“>11y-<18y” was an independent risk factor. A previous study by Gonzalez-

Martin et al (1998) showed that, although there was no statistically significant difference
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between age groups, older age children (10 to 16 years) had a tendency to have a higher

ADR frequency.

Similar findings have been reported in other published studies (McKenzie et al. 1973;
Mitchell et al. 1979). However, these findings should be interpreted with caution. Human
physiology is constantly changing from birth to adolescence, resulting in varying
responses to drugs among age groups. These differences in pharmacokinetics are
particularly significant in neonates and very young children (Kearns et al. 2003). Thus, a
higher ADR incidence would be expected in very young children such as neonates. The
question remains as to whether this association is because more high risk drugs are given

to older children causing more ADRs or because of the nature of the drugs.

2.2.3.1.3 Gender

Some studies in adults have shown that female patients are more prone to develop ADRs
than male patients whereas other studies do not (Fattinger et al. 2000; Bates et al. 1999;
Sanchez Mufioz-Torrero et al. 2010; Zopf et al. 2009). However, a recent paediatric study
which used the WHO VigiBase database found that a high proportion of ADR reports
among children were for boys (Star et al. 2011). In our study, we found that almost equal
proportions of ADRs were identified for female and male patients (17.0%, 16.4%,
respectively). Also, univariable and multivariable analyses showed that gender was not a
predisposing factor in either the overall study cohort or in any country cohort. However,
our results could be explained by the fact that due to the unique physiology and immature

systems in children, especially young children, gender might not be a predisposing factor
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for ADRs in children. A study by Zopf et al (2008b) found that females were at higher

ADR risk compared to males except for children and young adults.

Although the impact of other socioeconomic factors on the occurrence of ADRs has been
reported in adults and children (Caamatfio et al. 2005; Major et al. 1998), they were not
investigated in our study because it would have been very difficult to get comparable
information on such risk factors from the different countries and hence a bias could be

introduced. Nevertheless, it is an interesting area for further research.

A study by Knopf and Du (2010) showed that there was no significant difference in the
occurrence of ADRs between boys and girls with regards to their social status (defined by
parents’ education level, household incomes, and profession). However, another study
looking for drug-related hospitalisation in both adults and children in Lebanon found that
socioeconomic status was a risk factor for increased ADR incidence in children (Major et
al. 1998). But it did not comment on any difference between males and females with
regard to socioeconomic status. Though one hypothesis might be that less education
might led to more medicines being taken because the patients are less cautious and
therefore more ADRs might have occurred due to polypharmacy. However, an alternative
hypothesis could be that having low income could lead to less access to prescribed
medicines which in turn could result in greater use of either non-prescribed or traditional

medicines.
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2.2.3.1.4 Drugs involved in ADRs

Another factor we investigated as a potential risk factor for ADRs was the use of certain
drug groups which we had pre-defined as high risk drugs. There was a significant
association between the use of high risk drugs (analgesics; antiepileptics; systemic
corticosteroids; immunosuppressive agents; systemic antibacterials and antimycotics,
drugs for obstructive airway diseases) and the risk of ADRs. Bates et al (1999) using
univariable analysis, reported that in adults, diuretics, electrolyte concentrates, antitumor
agents and anticoagulants are associated with the occurrence of ADRs. However, the
majority of drugs identified in this study as risk factors in adults were not commonly
prescribed in our paediatric study cohort. Therefore, data from adults are not necessarily

applicable to children.

In our study antibacterials, analgesics and ‘drugs for obstructive airways diseases’ were
most often reported to be associated with ADRs. This is in line with what has been
reported by Turner et al (1999) and Neubert et al (2006). Gill et al (1995) also reported
similar drugs (morphine, salbutamol) as being most frequently involved in ADRs. Anti-
infective and respiratory drugs were found to be the medications most commonly
prescribed to children in primary care in the UK, Italy and the Netherlands (Sturkenboom
et al. 2008), therefore, it is important for both primary care and secondary care physicians
and pharmacists to be vigilant and to be aware of the risks associated with the use of these

medications and monitor patients for potential ADRs.
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2.2.3.1.5 Associated diagnosis

In this study, the univariable analysis showed that the risk of ADRs is higher if the patient
has one of the following four ICD diagnoses on admission; ‘certain infections and
parasitic diseases’ (A00-B99), ‘diseases of the blood and blood-forming organs and
certain disorders involving the immune mechanisms’ (D50-D89), ‘diseases of the nervous
system’ (G00-G99), ‘endocrine, nutritional and metabolic diseases’ (E00-E90). However,
in the multivariable regression model only two types of disease were shown as

independent variables and remained statistically significant (D50-D89, G00-G99).

These two disease groups which were independently associated with the occurrence of
ADRs, involve an impairment of biological defence mechanisms which may predispose
patients to the development of ADRs as the body has less capacity to compensate. This is
especially applicable to patients with suppressed immune systems and metabolic diseases
(Bennett & Brown 2003). On the other hand these findings could be because healthcare
professionals/caregivers use one or more of the high risk drugs to treat such conditions
which in turn predispose a patient to an ADR. Comparisons with previous studies are not

possible to make as none has investigated disease as a potential predictor for ADRs.

2.2.3.2 Length of hospital stay (LOS)

We considered the length of stay in hospital (LOS) as a consequence of having an ADR
though not as a risk factor to predispose to an ADR. Many previous studies have
considered length of hospital stay as a risk factor for ADRs (Weiss et al. 2002). However,
the fact of being hospitalised is not necessarily associated with the occurrence of ADRs.

By comparing the length of hospital stay for patients with an ADR with patients who did
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not experience an ADR (median 6 days vs 4 days, p<0.05) we could not exclude the
possibility that a longer hospital stay could be the consequence of an ADR rather than a
risk factor predisposing to an ADR. Previous studies conducted in adults, showed that
ADRs could be a cause of a longer LOS for patients with an ADR (Sanchez Muiioz-

Torrero et al. 2010; Fattinger et al. 2000).

Extended hospital stays due to ADRs lead to an increase in costs for hospitalisations,
which in turn increases the economic burden on the healthcare system. Previous studies
conducted in adults have shown that ADRs occurring during hospitalisation increase the
length of hospital stay, as well as increase the cost of hospitalisation (Classen et al. 1997,

Pirmohamed et al. 2004).

2.2.3.3 Strengths and Limitations

2.2.3.3.1 Strengths

This study used multiple logistic regression which allows us to better understanding of
the relationship between independent ADR predictors. This study was conducted on an
international level and involved five hospitals from five countries in Europe, Asia and
Australia which, we believe, overcomes variations reported in previous studies
(Impicciatore et al. 2001), such as study settings, patient group, and also standardised
methods were used to identify ADRs, for statistical analysis, and for ADR definition.
This makes the results of our study more generalizable to other healthcare settings in

other countries and/or hospitals. Moreover, this study also allowed us to get a clear
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picture regarding the effect of different treatment strategies and different study

populations on the occurrence of ADRs.

2.2.3.3.2 Limitations

A limitation of this study is that the effect of unlicensed and off-label use of medications
as potential risk factors for ADRs was not analysed. Another limitation was that the
duration of data collection in Australia was only one month due to resource limitations
which resulted in a small sample size from Australia. Other limitations are described in

detail in section 2.1.7.5.2 of this chapter.

2.3 Conclusions

This international paediatric study provides important information about the nature of
ADRs in hospitalised paediatric populations across different countries around the world.
Collecting data from five countries in Europe, Asia and Australia shows that there is great
variation between countries (e.g. frequency and nature of ADRs) which were likely to be
due to different populations and treatment strategies. However, the highest incidence of

ADRSs in children was reported in the UK.

The present study found that 1.8% of children were admitted to a hospital over the study
period as a result of an ADR. Furthermore, it also confirmed that ADRs are a
considerable risk for hospitalised children, i.e. on average every sixth child in hospital
experiences an ADR and every 18" has an ADR with serious consequences. Also the

number of drugs per patient is a major contributor to the occurrence of ADRs in all
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countries. The use of morphine and IV salbutamol contributed to the higher ADR

incidence in the UK.

Furthermore, the in-depth statistical analysis for the potential risk factors in this study
showed that the following were independent predictors of ADRs: number of drugs
prescribed per patient, older children, presence of ‘diseases of the blood and blood-
forming organs and certain disorders involving the immune mechanisms’; or ‘diseases of
the nervous system’; or ‘certain conditions originating in the perinatal period’. Gender,
however, did not appear to play such an important role in paediatric ADR epidemiology

in this study as has been reported in adult populations.

2.3.1 Implications for healthcare
e Opioids were found to be of particular concern regarding their use in hospitalised
children as well as the number of drugs prescribed per patient. Therefore,
optimising treatment strategies and reducing drug use (polypharmacy) are

important to maximise patient safety.

o The findings of the risk factors analysis indicate that to minimize the risk of
ADRs, healthcare professionals including pharmacists should keep the number of
prescribed drugs as low as possible, pay particular attention to children prescribed
five drugs or more, to those children at high risk such as immuno-compromised
patients, and also to children prescribed certain categories of drugs (high risk drug
groups). Improvements in the education of prescribers emphasising identification

of risk factors for ADRs and the importance of risk benefit assessments before any
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medicine is prescribed could help to implement such practices in paediatric

hospital departments.

e To facilitate the earlier identification of ADRs in the paediatric setting,
documentation in hospitals needs to be improved to include all potential data

sources such as relevant information given by parents.

o Sharing safety information is essential to enhance the benefit-risk profile of drugs
used in children. The findings from this study could act as baseline to which other
paediatric services around the world could compare their practice. Furthermore,
these data could be used to support evidence-based protocols for healthcare
professionals and policy makers to improve the awareness of the safety of drugs

used in children.
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Chapter THREE: Drug-related problems in children

The ADVISE study in the previous chapter (chapter 2) showed that ADRs were common
in hospitalised paediatric populations at international level and also that there were
variations in the ADR incidence across the five countries included in the ADVISE study
(7.9% - 34.9%). The overall incidence of ADRs was 18.5% for hospitalised children on
medication which is higher than was reported in previous ADR research in paediatric
populations. In addition, it was noted during the study that there seemed to be variation in
the treatment strategies used by healthcare professionals in different countries. Therefore,
a research study investigating this further in the wider context involving all types of
problems related to the medication process, including ADRs, considered to be one of the
most important drug-related problems (DRPs) as they are common and may cause serious
harm to hospitalised children, and also to establish whether there is a difference in the
safety culture within the healthcare profession treating paediatric patients in different

countries.

This chapter describes a pharmacoepidemiological study of DRPs problems, including
ADRs, that was conducted in hospitalised children and/or those attending the accident
and emergency department (A&E) in two hospitals, one in the UK and one in the

Kingdom of Saudi Arabia (KSA).
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3.1 Drug-related problems in children in United Kingdom and Saudi Arabia

The work in this chapter has been submitted as a paper to ‘BMJ Quality and Safety in

Health Care’.

3.1.1 Introduction
The use of medications can result in significant problems which might be associated with

morbidity and mortality (Johnson & Bootman 1995).

Drug-related problems (DRPs) are defined as “an event or circumstance involving drug
therapy that actually or potentially interferes with the desired health outcome”
(Pharmaceutical Care Network Europe “PCNE” 2006). DRPs encompass adverse drug
reactions (ADRs), inappropriate drug choice, medication errors, and untreated conditions
all these are common in adults and in children (Koh et al. 2005; Eichenberger et al. 2010;
Rashed et al. 2011). Previous studies have shown that DRPs are of major concern in the
adult population and the incidence of DRPs leading to hospitalisation has been reported to

be high as 24% in previous studies (Zed 2005; Koh et al. 2003; Zargarzadeh et al. 2007).

Hospitalisations, long-term care admissions, emergency department visits, additional
physician office visits, and additional prescriptions are some of the consequences
associated with DRPs (Howard et al. 2008; Zed 2005; Easton et al. 1998; Roughead,
1999; Major et al. 1998; van den Bemt et al. 2000a; Bednall et al. 2003). Therefore, the
economic burden of DRPs is extensive and this has been demonstrated in several studies

(Einarson 1993; Ernst & Grizzle 2001). It was found that drug-related morbidity and
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mortality could cost between $30.1 billion and $136.8 billion annually in the United

States (Johnson & Bootman 1995).

However, epidemiological and economic data on DRPs in the paediatric population are
limited as most of the published studies were conducted in adults. Studies in the
paediatric population focused mainly on one aspect of DRPs such as ADRs, non-
compliance or medication errors. Consequently the results of these studies are limited and
only partially reflect the wider picture of DRPs (Gallagher et al. 2011; Ghaleb et al. 2010;
Clavenna & Bonati 2009; Neubert & Rascher 2007; dos Santos & Coelho 2006; Classen

et al. 1997; Einarson 1993; Yosselson-superstine & Weiss 1982).

Data from Australia indicate that 4.3% (n=127/2933) of paediatric hospital admissions
and 3.3% (n=280/8601) of A&E visits are related to DRPs and 51.3% were found to be
preventable (Easton et al. 2004, Easton et al. 2003). We have not been able to identify any
other studies which reported on all types of DRPs in hospitalised paediatric patients in
other countries. In the United Kingdom (UK), the extent of DRPs in children is not well
known and there have been no studies conducted on the hospitalised paediatric population
in regard to DRPs in the Kingdom of Saudi Arabia (KSA). Only two previous studies
have been conducted in KSA on DRPs; one was conducted in both adult and paediatric
populations (Al-Olah & Al Thiab 2008), focusing mainly on DRPs causing admission
(Ahmed 1997, Al-Olah & Al Thiab 2008) and one of them (Ahmed 1997) was limited to

two types of DRPs.
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Recently at King Abdulaziz Medical City, Saudi Arabia, and in collaboration with the
Institute for Safe Medication Practices (ISMP), a system to improve medication safety
practice was established. Whilst in the United Kingdom (UK), as in many other European
countries, medication safety research and practice has been established for a long time.
Therefore, conducting drug safety projects such as investigating DRPs in these two
countries would help them to define opportunities for practice improvement and further

collaboration.

Given this background, the aim of this study was to determine the epidemiology of and to
identify the characteristics of DRPs in children admitted to hospital or attending an A&E
department in two teaching hospitals, one in KSA and the other in the UK. Furthermore,
areas of most concern were to be identified. This is particularly important to determine

opportunities for improving the practice of pharmacological treatment.

Originally, the plan was to include the same countries for the DRPs study that
participated in the ADVISE study. However, due to resource limitations and time
constraints this was not feasible, so the DRPs study was conducted in two countries; the
UK and the KSA. It had not been possible to collect ADR data for the ADVISE study
from the KSA site because they joined the team very late, however, the KSA team are
planning to conduct an ADR study later. Moreover, the German team are now applying
for a grant to conduct a DRP study, but due to time constraints it was not possible to

include their study in this thesis.
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Although, HK which was involved in the ADVISE study also conducted a study on DRPs
but the assessment of the DRP cases for severity and preventability was not completed in
time to be included in the analysis for this thesis, hence the HK data were excluded from
this thesis. However, the HK team are working to complete the assessment and their data
will be analysed and submitted for publication later.

The data collection at the UK site was funded by the Neonatal and Paediatric Pharmacists

Group (NPPG) ManMed award 2009 (NPPG 2009).

3.1.2 Aim and objectives
The aim of this study was to determine the epidemiology of and to identify the
characteristics of DRPs in children admitted to hospital or attending an A&E department
in two teaching hospitals, one in the KSA and the other in the UK.
The objectives were to identify:

e The incidence of DRPs at each study site.

e The types and causes of DRPs in children.

3.1.3 Method

3.1.3.1 Study setting

An observational study conducted in two large teaching hospitals (King Abdul-Aziz
Medical City in Jeddah and Evelina Children’s Hospital based at St Thomas’ Hospital in
London) in two countries (KSA & UK). The study was conducted in the paediatric
medical ward, the paediatric intensive care unit (PICU), the neonatal intensive care unit

(NICU), and/or in those attending the A&E department in each hospital.
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King Abdul-Aziz Medical City, in Jeddah, is a tertiary teaching hospital providing
services for the Saudi Arabian population in the western region of KSA. It has over 500
beds in total and the paediatric wards have a capacity of 83 beds but there are no special
beds for paediatric patients in A&E, although it receives on average 3000 children per
month (36,000 per year).

The Evelina Children’s hospital has 180 beds in total (Chapter 2, section 2.2.4.2, Table
2.2) and it has a specified paediatric A&E area located within St Thomas’ Hospital A&E

department. The A&E receives on average 1750 children per month (21,000 per year).

3.1.3.2 Study design

The aim was to collect data over a three-month period in each hospital between 1% April
2010 and 30" September 2010. Data were collected over a three-month period for all
wards in KSA. In the UK, data were collected over a three-month period for the medical
ward, but only over a one-month period for PICU and NICU due to shortage of
pharmacy’s staff. However, data were collected for one month period only for A&E in
both hospitals due to resource limitations. Table 3.1 shows the data collection period in

each ward in both countries.

All study wards were overseen on a daily basis (excluding weekends) by a staff
pharmacist except the A&E department which does not have regular pharmacist support
in either of the two countries, therefore, a researcher (research pharmacist/resident doctor)

collected the data.
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Table 3.1: Data collection period in each ward

Ward
Country
A&E Medical NICU PICU

1 -30" 1* June — 1% 1* June — 1° 1* June — 1%
KSA

September September September September

15" July - 15™ 15" July — 15"
UK 1 April — 1 July 15™ June — 15 July Y

August August

3.1.3.3 Study Population

Patients included were children aged 0-18 years admitted to the study wards or A&E
during the study period.

Children were grouped into five age groups modified from the International Conference
of Harmonization Guideline (ICH) E11 as following; <1 month, >1 month -to- <2 years,
>2 years - <6 years, >6 years - <12 years, and >12 years - <18 years (ICH guideline

2001).

3.1.3.3.1 Exclusion criteria
e Patients not on medication either on admission or during their stay were not
included in the study cohort.
e Patients whose records were not available for the pharmacist during the ward visit

were not included in the study cohort.
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3.1.3.4 Data collection

The staff pharmacists and the researchers visited the participating wards and the A&E
departments on a daily basis (excluding weekends) and reviewed all patients’ drug charts
(prescriptions), medical records, and laboratory data for potential DRPs. A DRP was
defined as;

“an event or circumstance involving drug therapy that actually or potentially

interferes with desired health outcome” (PCNE 2006).

Patients’ demographics and clinical details including age, gender, and principal diagnosis
were recorded for all patients included in the study. Details of potential DRPs including
type of DRP, causes (reasons for), action taken (intervention) and outcome of the

interventions were identified and recorded.

The data collection form was modified from the DRP-Registration Form version 5.01
designed by the PCNE (2006), (Appendix 8). The adapted collection form allowed
documentation of who identified the DRP and who took action to resolve it, as well as the

time spent per DRP.

For standardisation, established international terminologies were used;
e Anatomical Therapeutic Chemical (ATC) classification (WHO 2011) for drugs,
e International Classification of Diseases 10" (ICD-10) revised version (WHO

2007) for diagnoses.
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3.1.3.5 Classification of DRPs

3.1.3.5.1 Types of DRPs

PCNE developed a hierarchically structured system which contains codes for problems,
their causes, interventions and the outcome of the intervention. As previously shown in
Table 1.4 in chapter one (section 1.2.2) of this thesis, the PCNE classification system for
DRPs was the only system among the systems evaluated that has a clear clinical
definition and hierarchical classification for types of DRP, their related causes, and the
interventions taken. In addition, this system has a published validation, evidence of

usability in practice, and focuses on the medicines’ use process (van Mil et al. 2004).

We adapted the PCNE classification system (version 5.01) by adding subcategories to
classify the DRPs identified in our study. This modified PCNE classification system for
DRPs has six main categories and 25 subcategories (original version contains 21
subcategories). The main categories are; adverse drug reactions (ADRs), drug choice

problem, dosing problem, drug use problem, interactions, and ‘others’ (Table 3.2).
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Table 3.2: Type of DRPs based on the adapted PCNE” classification system (V5.01)

Main category Code Subcategory
Adverse Reactions P1
P1.1 |Side effect suffered (non allergic)
P1.2 |Side effect suffered (allergic)
P1.3 | Toxic effect suffered
Drug Choice P2
Problem P2.1 |Inappropriate drug
P2.2 |Inappropriate dosage form
P2.3 |Inappropriate duplication of drug group
P2.4 | Contra-indication for drug
P2.5 |No clear indication for drug
P2.6 |No drug but clear indication
Dosing Problem P3
P3.1 |Drug dose too low or dosing interval too long
P3.2 | Drug dose too high or dosing interval too short
P3.3 |Duration of treatment too short
P3.4 |Duration of treatment too long
bp3 5 Inappropriate infusion rate
®p3.6 | Inappropriate concentration
Drug Use Problem P4
P4.1 | Drug not taken/administered at all
P4.2 | Wrong drug taken/administered
®P4.3 | Admixture incompatible or unstable drugs
Interaction P5
P5.1 | Potential interaction
P5.2 | Manifest interaction
Others P6
®P6.1 | Wrong patient
P6.2 |Illegible writing and inappropriate abbreviation
P6.3 |Patient dissatisfied with therapy
P6.4 |Insufficient awareness of health and disease
P6.5 | Therapy failure (unknown reason)

*PCNE = Pharmaceutical Care Network Europe; "Subcategories that have been added
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3.1.3.5.2 Causes and interventions

The adapted PCNE form (V 5.01) classified the reasons (causes for) which may have lead
to the problem into six main categories; drug or dose selection (C1), drug use process
(C2), information (C3), patient/psychological (C4), and logistic (C5) (including:
prescribed drug not available, other prescribing error “information written wrong or
missing on the prescription”, dispensing error), ‘others’ (C6) and 36 subcategories

(original version contains 34 subcategories), (Table 3.3).
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Table 3.3: DRP causes based on the adapted PCNE? classification system (V5.01)

Main category Code Subcategory
Drug or Dose Selection Cl
Ci.1 Inappropriate drug selection
Cl.2 Inappropriate dosage selection
C1.3 More cost-effective drug available
Cl4 Pharmacokinetic problems
Cl.5 Synergistic/preventive drug required
Cl.6 Deterioration/improvement of disease state
Cl.7 New symptom/indication revealed
C1.8 Manifest side effect, no other cause
Drug Use Process C2
C2.1 Inappropriate timing of dosing
C2.2 Drug underused/ under-administered
C2.3 Drug overused/ over-administered
C2.4 No therapeutic drug monitoring
C2.5 Drug abused
C2.6 Patient unable to use drug/form as directed
Information C3
C3.1 Instructions for use/taking not known
C3.2 Caregiver unaware of reason for drug treatment
C3.3 Caregiver has difficulties reading/understanding drug label
C3.4 Caregiver unable to understand local language
C3.5 Lack of communication between health professionals
C3.6 Poor documentation of drug history
bc3.7 Misinterpretation of computer drug record
Patient/Psychological C4
C4.1 Caregiver forgets to use drug
C4.2 Caregiver has concerns with drugs
C4.3 Caregiver suspects side-effects
C4.4 Caregiver unwilling to carry financial costs
C4.5 Caregiver unwilling to bother physician
C4.6 Caregiver unwilling to change drugs
C4.7 Caregiver unwilling to adapt life-style
C4.8 Burden of therapy
C4.9 Treatment not in line with health beliefs
C4.10 Patient takes food that interacts with drug
Logistics C5
Cs.1 Prescribed drugs not available
C5.2 Other prescribing error (information wrong/missing on the
prescription)
C5.3 Dispensing error
Others Cé6
Cé6.1 Other cause
C6.2 No obvious cause

?PCNE = Pharmaceutical Care Network Europe; bSubcategories that have been added
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Potential interventions to solve the problem were classified into four main categories (at
prescriber level (I1), patient/carer level (I2), drug level (I3), and ‘others’ (I4), and 21
subcategories (original version contains 17 subcategories), (Table 3.4). For each DRP a

maximum of three causes and three interventions could be allocated.

Table 3.4: Type of interventions based on the adapted PCNE? classification system

(V5.01)
Main category Code Subcategory

No Intervention 10

At Prescriber Level Il
I1.1 Prescriber informed only
1.2 Prescriber asked for information
1.3 Intervention proposed, approved by prescriber
11.4 Intervention proposed, not approved by prescriber
I11.5 Intervention proposed, outcome unknown

At Patient/Carer 12

level 12.1 Patient (medication) counselling
12.2 Written information provided only
2.3 Patient referred to prescriber
12.4 Spoken to family member/caregiver

At Drug Level I3

I3.1 Drug changed
13.2 Dosage changed
13.3 Formulation changed
13.4 Instructions for use changed
°13.5 Route of administration changed
®13.6  |Duration of treatment changed
13.7 Drug Stopped
3.8 New drug started
*13.9 Recommend monitoring of drug concentration
°13.10 |Recommend monitoring of related laboratory data

Others 4
14.1 Other intervention

14.2 Side effect reported to authorities

*PCNE = Pharmaceutical Care Network Europe; "Subcategories that have been added
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3.1.3.5.3 Outcome of DRPs which had intervention(s)

The adapted PCNE form (V 5.01) classifies the outcome of the interventions into four
main categories; unknown (0O0), totally solved (OI), partially solved (O2), not solved
(O3) [with 4 subcategories]. The subcategories of the outcome of the interventions

remained unchanged. Only one outcome could be selected for each DRP that had

intervention(s) (Table 3.5).

Table 3.5: Outcome for a DRP which had intervention(s) based on the adapted

PCNE® classification system (V5.01)

Main category Code Subcategories

0. Not known 00.0 Outcome of intervention not known

1. Solved 01.0 Problem totally solved

2. Partially solved 02.0 Problem partially solved

3. Not solved 03.1 Problem not solved, lack of cooperation of patient
03.2 Problem not solved, lack of cooperation of

prescriber

03.3 Problem not solved, intervention not effective
034 No need or possibility to solve problem”

*PCNE = Pharmaceutical Care Network Europe; 'If the patient had transferred or was

discharged or died.
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3.1.3.6 Validation and analysis of DRPs

3.1.3.6.1 Validation of DRPs

All potential DRPs detected by the staff pharmacists or researchers were validated by an
expert panel in the individual country. The panel in each country consisted of a consultant
paediatrician, clinical pharmacist, and a researcher. The panel reviewed the cases and
validated whether it was a DRP as defined by PCNE (2006). Once a DRP was validated

by the panel, they assessed it for severity and preventability.

3.1.3.6.2 Severity

As there is no established measure of severity of DRPs, we adopted the validated scale
for medication errors published by Dean and Barber (1999). The members of the panel
scored the validated DRPs independently in terms of potential patient outcome on a scale
of 0 to 10, where 0 represents a case with no potential adverse effect and 10 a case that
would result in death. The mean score for each DRP was used as an index of severity, a
mean score of less than 3 was considered to be a minor outcome (very unlikely to have
adverse effects), a mean score between 3 and 7 was considered to be moderate (likely to
cause some adverse effects or interfere with therapeutic goals but very unlikely to result
in death or lasting impairment), and a mean score greater than 7 was considered to be a

severe outcome (likely to cause death or lasting impairment).
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3.1.3.6.3 Preventability

In each country, the preventability of each identified DRP was assessed by two members
of the panel, using the criteria provided by Schumock and Thomnton (1992) which have
been used in previous studies conducted on DRPs in paediatric populations (Baena et al.
2001; Easton et al. 1998; Easton et al. 2003; Easton et al. 2004). Schumock and
Thornton’s (1992) algorithm criteria have been given in Chapter two of this thesis

(Section 2.2.4.7, Table 2.6).

3.1.3.6.4 DRP incidence during study period

The incidence of patients with a DRP was defined as the number of patients with at least
one DRP during the study period divided by the total number of patients in the study
cohort and multiplied by 100, or by the number in each country or ward, as appropriate.

The incidence was calculated with 95% Cls.

3.1.3.7 Sample size calculation
As this is a descriptive study, assuming the incidence of DRP is approximately 3% of
patients; a sample size of 500 will be able to detect a DRP incidence with 95% CI

between 1.8% and 4.8%, using a spreadsheet based on Wilson’s method (Wilson 1927).

3.1.3.8 Statistical analysis

The data were entered into a database designed for this study using Microsoft Access
2007 and analysed using Stata 11 (StataCorp, College Station, Texas, USA). Descriptive
statistics were performed on all data. Generally, data are presented as number, percentage,

median, Inter-Quartile Range [IQR (Q1-Q3)] unless otherwise specified. The Chi-

169



Chapter THREE DRPs

Squared test was used to detect significant differences for categorical variables. As the
data did not exhibit a normal distribution, the Kruskal-Wallis rank test and the Wilcoxon
rank-sum test (Mann-Whitney U) were used to determine significant differences between
numerical variables. For all tests p<0.05 was selected as the level for statistical

significance.

3.1.4 Ethical consideration
The study was approved by the local NHS Ethics Committee as an amendment to the
ADVISE study in the UK and by the Research Committee at King Abdulaziz Medical

City, National Guard Health Affairs, Jeddah, KSA (Appendices 9 & 10).

3.1.5 Results

3.1.5.1 Characteristics of study population

A total of 990 patients were included in this study from the two countries (KSA n=507,
UK n=483). Their ages ranged from 0 to 18 years (median 3 years, IQR 10 months — 8
years) and 58.6% (n=580) were male. There was a significant difference in age between
patients from the two countries (p<0.01), while there was no statistical difference with
regards to gender (p=0.364). Overall, 281 patients experienced one DRP, 72 patients
experienced two DRPs, 22 patients had three DRPs, and 13 patients had more than three
DRPs. Table 3.6 gives details of patients’ characteristics and frequency of DRPs in the

study cohort as well as in each country cohort.
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Table 3.6: Patients demographics and frequency of DRPs in each ward

Gender; n (%)
Female

Male

Median age®*
(IQR;Q1-Q3)
Age in group; n (%)
0-1m

> lin-<2y
>2y-<6y
>6y-< 12y
>12y-<I8y

No. of DRPs (%)”

No. of patients with DRP (%y
No. of patients with DRP by
gender; n(%)

Female

Male

No. of patients with DRPs,
stratified by DRP type; n (% /
ADRs

Drug choice problem

Dosing problem

Drug use problem
Interactions

Others

A&E
(n=143)

59(41.3)
84 (58.7)
3.7
(1.3-8.3)

3(2.1)
43 (30.1)
51 (35.7)
36(25.2)

10(7.0)

51 (16.5)
41 (28.7)

18(30.5)
23 (27.4)

12.4)
2 (4.9)
39 (95.1)
1(2.4)

Medical
(n=302)

129 (42.7)
173 (57.3)
5.0
(2.0-8.0)

5(1.7)
97 (32.1)
91 (30.1)
89 (29.5)
20 (6.6)

210(68.0)
159 (52.6)

64 (49.6)
95 (54.9)

11 (6.9)
26(16.4)
135 (84.9)

3(1.9)

14(8.8)

4 (2.5)

KSA
NICU PICU Total A&E Medical
(n=45) (n=17) (11=507) (n=110) (n=273)
22 (48.9) 7(41.2)  217(42.8) 42 (38.2) 104 (38.1)
23 (51.1) 10(58.8) 290 (57.2) 68 (61.8) 169(61.9)
1d 5.0 4.0 4.8 3.0
(1.0d-7.0d)  (1.0-9.0) (1.0-8.0) (2.0-9.0) (1 1.0m-10.0y)
40 (88.9) 0 48 (9.5) 1(0.9) 15(5.5)
5(11.1) 8(47.1) 153 (30.2) 26 (23.6) 109 (39.9)
0 1(5.9) 143 (28.2) 41 (37.3) 52(19.0)
0 5(29.4) 130(25.6) 33 (30.0) 46(16.8)
0 3 (17.6) 33 (6.5) 9(8.2) 51 (18.7)
Fre<] uency of DRPs and of patients with DRPs in each ward
27 (8.7) 21 (6.8) 309(100) 17(7.2) 143 (60.3)
17(37.8) 10(58.8) 227 (44.8)  14(12.7) 93 (34.1)
9 (40.9) 3 (42.9) 94 (43.3) 3(7.1) 34 (32.7)
8 (34.8) 7 (70.0) 133 (45.9) 11 (16.2) 59 (34.9)
2(11.8) 3(30.0) 17(7.5) 8(57.1) 21 (22.6)
3(30.0) 31 (13.7) 1(7.1) 43 (46.2)
12(70.6) 10(100)  196(86.3) 2(14.3) 41 (44.1)
2(11.8) 6 (2.6) 4 (28.6) 13(14.0)
1(5.9) 1(10.0) 16(7.0)
5(29.4) 9 (4.0) 1(7.1) 11 (11.8)

UK
NICU
(n=50)

24 (48.0)
26 (52.0)
1d
(1.0d-2.0d)

50(100)

o O O o

28(11.8)
24 (48.0)

14(58.3)
10(38.5)
10(41.7)

11 (45.8)
2(8.3)

3(12.5)

PICU
(n=50)

23 (46.0)
27 (54.0)
7.5 m
(3.0m-2.3y)

8(16.0)

28 (56.0)
11 (22.0)
1(2.0)
2 (4.0)

49 (20.7)
30 (60.0)

14(60.9)
16(59.3)

16(53.3)
9(30.0)
12(40.0)
4(13.3)

2 (6.7)

Total
(n=483)

193 (40.0)
290 (60.0)
2.2
(6.0m-8.0y)

74(15.3)
163 (33.7)
104 (21.5)
80(16.6)
62(12.8)

237 (100)
161 (33.3)

65(33.7)
96 (33.1)

55 (34.2)
53 (32.9)
66 (41.0)
23(14.3)

17(10.6)

Study cohort
(n=990)

410(41.4)
580 (58.6)
3.0
(10.0m-3.0y)

122(12.3)
316(31.9)
247 (25.0)
210(21.2)
95 (9.6)

546
388 (39.2)

159 (38.8)
229 (39.5)

72(18.6)
84 (21.6)
262 (67.5)
29 (7.5)
16(4.1)
26 (6.7)

ward, countrv cohort, and study cohort) as denominator; "number of ehildren with various DRP types does not add up to total number in each ward, as one child can contribute to more than one DRP t\pe. % calculated

out of total number of patients with DRPs in each ward, each countiy or the overall study eohort.
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Using the WHO-ICD 10 classification, overall the most frequently reported diagnoses of

the conditions that the children had when they attended the hospitals were: “symptoms,

signs and abnormal clinical laboratory findings, not elsewhere classified” (n=157),

followed by “diseases of the respiratory system” (n=87), and “neoplasm disease” (n=79),

though the pattern differed by country. Table 3.7 shows the diagnoses most frequently

reported from each country and overall.

Table 3.7: Top ten diagnoses using WHO-ICD10 classification

KSA UK Study cohort
Diagnosis n=507 n=483 n=990
(%) (“o) (%)

Symptoms, signs and abnormal clinical and 123
laboratory findings (NOS)® (e.g. wheezing, fever) 34(6.7) (25.5) 157(15.9)
Diseases of the respiratory system (e.g.
bronchitis, asthma) 37(7.3) | 50(10.4) 87 (8.8)
Neoplasms (e.g. Leukaemia, severe combined
immunodeficiency [SCID] with reticular 63 (12.4) | 16(3.3) 79 (8.0)
dysgenesis)
Injury, poisoning and certain other consequences
of external causes (e.g. superficial injury of head, | 31(6.1) | 42 (8.7) 73 (7.4)
venom of scorpion)
Factors influencing health status and contact with
health services (e.g. presence of ontological and 4909.7) | 204.1) 69 (7.0)
audiological implants, attention to tracheostomy)
Congenital malformations, deformations (e.g.
cleft palate, patent ductus arteriosus) 36(7.1) | 29(6.0) 65(6.6)
Certain conditions originating in the perinatal
period (e.g. respiratory distress of newborn, 34(6.7) | 30(6.2) 64 (6.5)
bacterial sepsis of newborn)
Diseases of the digestive system (e.g. gatro-
oesophageal reflux disease, constipation) 0099 | 11@23) 61(6.2)
Certgm 1nfect1qus and parasitic diseases (e.g. 28(5.5) | 31(6.4) 59 (6.0)
septicaemia, chickenpox)
Diseases of the blood and blood-forming organ
and certain disorders involving the immune 22(43) | 27(5.6) 49 (5.0)

mechanism (e.g. sickle-cell anaemia, anaemia
due to G6PD" deficiency

INOS = not elsewhere classified; "G6DP = glucose-6-phosphate dehydrogenase
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3.1.5.2 Incidence of DRPs during the study period

A total of 546 confirmed DRPs (KSA n=309, UK n=237) were identified for 388 children
(KSA n=227, UK n=161), (Table 3.6). In the total cohort, the median fbr the number of
DRPs per patient was one (min 1, max 5, IQR 1-2). The difference in the number of DRP
per patient between KSA (median 1) and the UK (median 1) was not significant

(p=0.088).

The overall DRP incidence in the study cohort was 39.2% (95% CI, 36.1-42.3). The
incidence was significantly higher in KSA (44.8%; 95% CI, 40.4-49.2) compared to UK
(33.3%, 95% CI, 29.1-37.7), p<0.001, (Table 3.8). Overall, no significant difference in

DRP incidence was found between age groups and gender (p=0.567), (Figure 3.1).

The study found no association between gender and the occurrence of DRPs either in the
overall study cohort or within in each country. Also, no statistical association was found
between the patients’ age and DRP occurrence. However, in this study the median age of
the patients who experienced DRPs was three years which is the same as the overall

cohort and more than half of the patients with at least one DRP were aged older than two

years (Table 3.6).
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Figure 3.1: DRP incidence in each age group stratified by gender in the study eohort

Female
Male

0-1m >lm-<2y >2y-<6y >6y-<12y >12y-<18y
Age groups

Error bars represent 95% Cls.

In the overall study cohort there is a significant difference in the DRP incidence between
wards and also between the wards within each hospital (/7<0.001). Overall, the highest
incidence was reported in the PICU (59.7%; 95% Cl, 47.0-71.5) and the lowest in A&E
(21.7%; 95% Cl1, 16.8-27.3). Table 3.8 shows DRP incidences stratified by ward, age

group and gender.
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Table 3.8: DRP incidences stratified by ward, age group and gender®

KSA UK Study cohort
%(95% CI) %(95% CI) % (95% CI)
Overall 44.8 (40.4-49.2) 33.3(29.1-37.7) 39.2 (36.1-42.3)
Ward:
A&E 28.7 (21.4-36.8) 12.7 (7.1-20.4) 21.7 (16.8-27.3)
Medical 52.6 (46.9-58.4) 34.1 (28.5-40.0) 43.8 (39.7-48.0)
NICU 37.8 (23.8-53.5) 48.0 (33.7-62.6) 43.2 (33.0-53.7)
PICU 58.8 (32.9-81.6) 60.0 (45.2-73.6) 59.7 (47.0-71.5)
Age group:
0-1m 31.3 (18.7-46.3) 43.2 (31.8-55.3) 38.5(29.9-47.8)
>1m-<2y 43.8 (35.8-52.0) 37.4 (30.0-45.3) 40.5 (35.0-46.1)
>2y-<6y 44.8 (36.4-53.3) 26.0 (17.9-35.5) 36.8 (30.8-43.2)
>6y-<12y 47.7 (38.9-56.6) 27.5(18.1-38.6) 40.0 (33.3-47.0)
>12y-<18y | 57.6 (39.2-74.5) 30.6 (19.6-43.7) 40.0 (30.1-50.6)
Gender:
Female 43.3 (36.6-50.2) 33.7 (27.1-40.8) 38.8 (34.0-43.7)
Male 45.9 (40.0-51.8) 33.1(27.7-38.8) 39.5 (35.5-43.6)

*The total number of patients and patients with DRPs are given in Table 3.6

3.1.5.3 Type of DRPs

Overall, dosing problems had the highest frequency of the reported DRPs (n=303, 55.5%
of 546), followed by drug choice problems (n=91, 16.7% of 546). This was the case in
both countries. ADRs (n=76, 13.9% of 546) were the third most frequently reported type
of DRP, being higher at the UK site than at the KSA hospital (n=59, 24.9% of 237 vs.
n=17, 5.5% of 309). The overall incidence of patients with ADRs was 7.3% (n=72/990;

95% CI, 5.7-9.1).
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Interaction problems (n=17) were identified in KSA only; while most of the problems in
the ’others’ category of the DRP classification were reported from the UK (n=18/27). A
summary of the most common DRPs, according to the six main categories and related
subcategories of the adapted PCNE classification, from the two countries are given in

Table 3.9.
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Table 3.9: Most common type of DRPs identified from the two countries classified
according to the adapted PCNE classification (V5.01)

. Study
Main KSA UK
category Code Subcategory n (% of 309) | n (% of 237) n (f/:,) l::;."st 46)
Advi_l'se P11\ Total 17 (5.5) 59 (24.9) 76 (13.9)
reactions
P1.1 | Side effect suffered
(non-allergic) 13 (4.2) 44 (17.3) 57 (10.4)
P1.2 | Side effect suffered
(allergic) 2(0.6) 5@2.1) 7(1.3)
P13 | Toxic effects suffered 2(0.6) 10 (4.2) 12 (2.2)
Drug choice | P2 | 75447 32 (10.4) 59 (24.9) 91 (16.7)
problem
P2.1 Inappropriate drug 4(1.3) 7.0 11 (2.0)
P2.2 | Inappropriate dosage
form 9(2.9) 20(8.4) 29 (5.3)
P2.3 | Inappropriate
duplication of drug or 9(2.9) 9(3.8) 18 (3.3)
drug group
P2.6 | No drug but clear
indication 5(1.6) 19 (8.0) 24 (4.4)
Dosli"llg P3| Total 225 (72.8) 78 (32.9) 303 (55.5)
problem
P3.1 | Drug dose too low or
dosing interval too long | 135 437 38 (16.0) 173 (31.7)
P3.2 | Drug dose too high or
dosing interval too short 80 (25.9) 34 (14.3) 114 (20.9)
P3.6 | Inappropriate
concentration 229) 3(1.3) 12(2.2)
Drug use P4 | Total 9(2.9) 23 (9.7) 32(5.9)
problem P4.1 | Drug not
. ug n
taken/administered at all 723) 2203) 295.3)
P4.2 | Wrong drug
taken/administered 2(0:6) 10.4) 3(0.5)
Interactions | PS5 | ¢y 17 (5.5) - 17 3.1)
P5.1 | Potential interaction 17 (5.5) - 17 (3.1)
Others P6 | Total 9(2.9) 18 (7.6) 27 (4.9)
P6.1 Wrong patient 7(2.3) - 7(1.3)
P6.2 | lllegible writing and
inappropriate - 6 (2.5) 6(1.1)
abbreviation
P6.3 | Patient dissatisfied with
therapy - 8(3.4) 8(1.5)
P6.4 | Insufficient awareness 2(0.6) 3(1.3) 5(0.9)

of health and disease

"bold italics represent the most frequent DRPs.
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In the study cohort, a statistically significant association was found between the

occurrence of a DRP and certain disease categories that patients were admitted with;

‘diseases of the blood and blood-forming organs and certain disorders involving the

immune mechanism’ (D50-D89), p<0.01, also ‘injury, poisoning and certain other

consequences of external causes’ (S00-T98), p<0.001, (using the Chi-Square test).

On a country level, statistically significant associations were found only in the UK

between six types of disease category and DRP incidence (Table 3.10). While no

significant associations between the diseases and DRP incidence were found in KSA.

Table 3.10: Diseases associated with DRP incidence in the UK

Disease category (ICD-10 code) p-value®

Diseases of the blood and blood-forming organs and certain disorders 0.036
involving the immune mechanism (D50-D89)

Diseases of the respiratory system (J00-J99) 0.045
Diseases of the digestive system (K00-K93) 0.031
Diseases of the skin and subcutaneous tissue (L00-L99) 0.005
Diseases of the musculoskeletal system and connective tissue (M00-M99) 0.035
Injury, poisoning and certain other consequences of external causes 0.001

(S00-T98)

®Chi-Square test

3.1.5.4 Causes of DRPs

Overall, 762 causes were reported for the 546 identified DRPs using the modified PCNE

classification system. The majority (n=319, 41.9%) were related to the selection of the

drug and/or dosage (C1). The next most frequently reported causes involved the drug use
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process (n=219, 28.7%) (C2), followed by logistics problems (C5) (n=84, 11%). Table

3.11 shows the most frequently reported causes of DRPs in the two countries and overall.

There were statistically significant differences between the two countries for the three
main categories of causes; ‘drug use process’, ‘information’, and ‘logistics’, (p<0.001). In
the KSA, the causes of the DRPs, ‘drug under-used/under—administered’ and ‘drug-over-
used/over-administered’ causes were more frequently given compared to the UK [n=101
(21.8%) vs. n=7 (2.3%), n=53 (11.4%) vs. n=6 (2%), p<0.001, respectively]. Whilst,
‘poor documentation of drug history’ and ‘other prescribing error’ causes were more
frequent in the UK than in the KSA [n=26 (8.7%) vs. n=2 (0.4%); n=40 (13.4%) vs. n=9

(1.9%), p<0.001, respectively].
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Table 3.11: The most frequently reported causes of DRPs classified according to the
adapted PCNE classification (V5.01)

Stud
Main KSA UK coho:,t
Code Subcategory n (% of n (% of o
category 464°) 298") n (% of
762%)
Drug or dose | CI Total 184 (39.7) | 135(54.3) | 319 (41.9)
selection Cl.2 Inappropriate dosage selection 148 (31.9) | 49(16.4) 197 (25.8)
CL.8 Manifest side effect 13 (2.8) 48 (16.1) 61 (8.0)
Cl.1 Inappropriate drug selection 11(2.4) 15 (5.0) 26 (3.4)
Cl4 Pharmacokinetic problems 6(1.3) 8(2.7) 14 (1.8)
Drug use C2 Total 185 (39.9) 34 (11.4) 219 (28.7)
process Drug underused/under-
C2.2 administered 101 (21.8) 7(2.3) 108 (14.2)
C23 Drug overused/over-administered 53(11.4) 6 (2.0) 59 (7.7)
C2.1 Inappropriate timing of dosing 30 (6.5) 8 (2.7 38(5.0)
Information | C3 Total 32(6.9) 43 (14.4) 75 (9.8)
C36 Pf)or documentation of drug 2(0.4) 26 (8.7) 28 (3.7)
history
Instructions for use/taking not
C3.1 Known 10 2.1 72.3) 17 2.2)
Lack of communication between
€35 health professionals nes 403 15@2.0)
Patient/ C4 Total 14 (3.0) 14 (4.7) 28 (3.7)
Psychological can Caregiver has concerns with ] 7023 7(09)
drugs
C4.1 Caregiver forgets to use drug 4 (0.9) 1(0.3) 5(0.6)
C4.3 Caregiver suspects side-effects 2(0.4) 3(1.0) 5(0.6)
Logistics C5 Total 27(5.8) 57(19.1) 84 (11.0)
Other prescribing error
C5.2 (information wrong/missing on 9(1.9) 40 (13.4) 49 (6.4)
the prescription)
C5.3 Dispensing error 16 3.4) 4 (1.3) 20 (2.6)
C5.1 Prescribed drugs not available 2(0.4) 10 (3.3) 12 (1.6)
Others Cé6 Total 22 (4.7) 15 (5.0) 37 (4.8)
C6.1 Other causes 21 (4.5) 11 (3.7) 32(4.2)
C6.2 No obvious cause 1(0.2) 4 (1.3) 5(0.6)

#Total number of causes reported. Bold italics represent the most frequent categories
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3.1.5.5 Interventions

Overall 711 interventions were carried out to manage the 451 of the 546 identified DRPs
(median one intervention per DRP, min 1, max 3). A total of 302 (42.5% of all
interventions) were at drug level, followed by interventions at prescriber level (n=268,

37.7%), and only 84 (11.8%) interventions were at patient/caregiver level.

In total, for 95 of the 546 DRPs there was no intervention. A high number of the
problems (n=78/309, 25.2%) that had no intervention were in KSA and more than half
(57.6%, n=45/78) of these problems were from the A&E department. Table 3.12 shows
the most frequently reported interventions classified according to the adapted PCNE

classification (V5.01).
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Table 3.12: The most frequently reported interventions classified according to the
adapted PCNE classification (V5.01)

Main KSA UK csotll:::t
Code Subcategory n (% of n (% of
category 337% 374" n (% of
711%)
At 11
prescriber Total 147 (43.6) 121 (32.3) 268 (37.7)
level
11.1 Prescriber informed only 73 (21.7) 22(5.9 95(13.4)
11.3 Intervention proposed,
approved by prescriber 57 (16.9) 90 (24.1) 147 (20.7)
11.4 Intervention proposed, not
approved by prescriber 4@ >(1.3) @7
At patient/ 12 Total 43 (12.7) 41 (11) 84 (11.8)
Carer level 12.2 Written information
provided 29 (8.6) 2(0.5) 31 (4.4)
12.4 Spoken to family
member/caregiver >(13) 25(67 30(4.2)
12.1 Patient (medication)
. . 1
counselling 5(1.5) 10 (2.7) 15(2.1)
12.3 Patient referred to
prescriber 4(1.2) 4(1.1) 8(1.1)
At drug level | I3 Total 124 (36.8) 178 (47.6) 302 (42.5)
13.2 Dosage changed 46 (13.6) 67(17.9) 113 (15.9)
13.4 Instruction for use
changed 41 (12.2) 8(2.1) 49 (6.9)
13.8 New drug started 7@2.1) 38 (10.2) 45 (6.3)
13.7 Drug stopped 20 (6.0) 18 (4.8) 38(5.3)
I3.3 Formulation changed 3(09 20 (5.49) 23(3.2)
13.1 Drug changed 4(1.2) 12 (3.2) 16 (2.3)
Others 14 Other interventions 23 (6.8) 34(9.1) 57 (8.0)

*Total number of interventions reported. Bold italics represent the most frequent categories

Figure 3.2 shows the most common interventions carried out at drug level.
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Figure 3.2: Most common interventions at drug level
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Of the 147 interventions approved by the prescriber, 80.3% (n=118) were proposed by
pharmacists. The median time spent by a pharmacist per intervention for a DRP was five
minutes (IQR 5-10 minutes) compared to ten minutes (IQR 5-15 minutes) by other
healthcare professionals. 74.7% (n=221) of the 296 DRPs that totally resolved, were due
to pharmacists’ interventions. Phannacists intervened in relation to dosing and drug
choice problems [77.2% (n=234/303) cases, 80.2% (n=73/91) cases, respectively] more
often than other professionals [6.6% (n=20/303) cases, 14.3% (n=13/91) cases,
respectively]. Also, pharmacists more frequently intervened in relation to drug use
problems compared to other professionals [59.4% (n=19/32) cases, 40.6% (n=13/32),

respectively]. Pharmacists intervened in all the interaction problems (n=17). However,
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other healthcare professionals intervened more frequently in relation to ADRs, 75%

(n=57/76) compared to 6.6% (n=5/76) by pharmacists.

3.1.5.6 Outcome of DRPs which had intervention(s)

Overall most of the interventions resulted in resolution of the DRPs (65.6%, n=296/451).
Similarly in each country [KSA 57.6% (n=133/231); UK 74.1% (n=163/220)], the
majority of the DRPs resolved following the intervention(s). The percentage of problems
that were not solved was higher in KSA (13.9%, n=32/231) than in the UK (5.5%,
n=12/220). Table 3.13 gives details of the outcome of the interventions in both countries

as well as in the overall cohort.

Table 3.13: Most frequent reported outcome of DRPs which had interventions

KSA UK Overall
Outcome of intervention
n (% of 231%) n (% of 220%) | n (% of 451%)

Problem totally solved 133 (57.6) 163 (74.1) 296 (65.6)
Problem partially solved 13 (5.6) 16 (7.3) 29 (6.4)
Outcome not known 53 (22.9) 29 (13.2) 82 (18.2)
Problem not solved, lack of

17 (7.3) 7@3.2) 24 (5.3)
cooperation of physician
Problem not solved, intervention

10 (4.3) 2(0.9) 12 (2.7)

not effective

aTotal number of DRPs that had an intervention
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Overall, the majority of DRPs were found to be minor (71.4%, n=390/546,) and 27.8%

(152/546) DRPs were assessed as moderate, similarly at ward level in each country

except in A&E in the UK, where 11 (64.7% of 17 cases) were assessed as moderate.

Severe cases were only identified in KSA (n=4, 1.3% of 309). However, neither severe

nor any other DRPs caused actual harm to patients.

Overall there was no significant difference between the countries with respect to severity

(»p=0.098). Table 3.14 shows the severity of DRPs stratified by ward in each country and

overall.

Table 3.14: DRP severity stratified by ward

KSA UK Overall
Ward n (% of 309) n (% of 237) n (% of 546)
Minor | Moderate | Severe | Minor | Moderate | Minor | Moderate | Sever
39 12 6 11 45 23 -
A&E -
(12.6) 3.9 2.5) (4.6) (8.2) 4.2)
152 57 1 125 18 277 75 1
Medical
(49.2) (18.4) 0.3) | (52.7) (7.6) (50.7) (13.7) (0.2)
12 13 2 19 9 31 22 2
NICU
3.9 4.2) (0.6) (8.0) (3.8) (5.7) 4.0 (0.4)
10 10 1 27 22 37 32 |
PICU
3.2) (3.2 0.3) | (11.9) 9.3) (6.8) (5.9) 0.2)
213 92 4 177 60 390 152 4
Total
(68.9) (29.8) (1.3) | (74.7) (25.3) (71.4) (27.8) 0.7)
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3.1.5.8 Preventability

Using the Schumock and Thornton (1992) preventability criteria, overall and in both
countries, most of the identified DRPs (n=437, 80.0%) were found to be preventable. The
highest percentage of preventable DRPs was identified in the medical wards (54.8,
n=299/546) while the lowest percentage was found in NICU (7.1%, n=39/546). Table

3.15 shows preventability data stratified by ward in the two countries and overall.

Table 3.15: DRP preventability stratified by ward in the two countries

KSA UK Overall
Ward n (% of 309) n (% of 237) n (% of 546)
Yes No Yes No Yes No
A&E 50 (16.2) 1(0.3) 3(1.3) 14 (5.9) 53 (9.7) 15 (2.7)

Medical | 193 (62.5) | 17(5.5) | 106 (44.7) | 37 (15.6) | 299 (54.8) | 54 (9.9)

NICU 24 (7.8) 3(1.0) 15 (6.3) 13 (5.5) 39(7.1) 16 (2.9)
PICU 18 (5.8) 3(1.0) 28 (11.8) 21(8.9) 46 (8.4) 24 (4.4)
Country

285(92.2) | 24(7.8) 152 (64.1) | 85(35.9) | 437 (80.0) | 109 (20.0)
cohort

An example of a DRP deemed to be severe and preventable is given in Box 3.1
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Box 3.1 Case vignette for a severe drug-related problem

Case history: Study ID: 603-3
A boy aged 1 year admitted to medical ward as case of bronchial asthma.

Drugs:

Dompridone PO 2.2mg Q6H syrup

Piperacillin & enzyme inhibitor (Tazocin) IV 440mg Q8H

Ranitidine PO 8.4mg Q8H

Budesonide nebulizer 250mcg Q12H

Ipratopium bromide (Atrovent) nebulizer 250mcg Q6H

Sulfamethoxazole & trimethoprim (Bactrim) PO 20mg suspension Q12H twice weekly
Paracetamol PO 65mg syrup Q4-6HR PRN

Immunoglobulims, IV 1.2g 1 dose

Epinephrine IM 4mg 1 Dose
Description of the DRP:

Epinephrine was prescribed as a stand-by order for an anaphylactic reaction as patient
received immunoglobulin IV. Epinephrine was prescribed as 4mg IM (1 dose) which is a
high dose for this patient. The pharmacist contacted the prescriber to change the order to

0.04mg IM. The prescriber agreed and wrote a new prescription.

DRP classification based on PCNE classification:

Type of problem:

Dose too high.

Cause:

Inappropriate dosage selection

Intervention:

Intervention proposed by pharmacist and approved by prescriber, dosage changed
Outcome:

Problem solved

Severity classification (using Dean and Barber (1999) scale):
Severe

Preventability (using Schumock and Thornton (1992) criteria):

Preventable
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3.1.5.9 Drugs involved in the DRP occurrence

Using the WHO-ATC classification system for medications, the ATC anatomical group
(first level) most often involved in DRPs in the overall cohort was ‘systemic anti-
infectives’ (J) (n=207/546, 37.9%), followed by ‘alimentary tract and metabolism’ (A)
(n=115/546, 21.1%), and ‘nervous system’ drugs (N) (n=81/546, 14;8%). Overall, 122

different drugs were involved in the 546 DRPs.

At the ATC chemical level (fifth level) ‘amoxicillin & enzyme inhibitor’ was most
frequently associated with DRPs (n=56 cases) [KSA n=49/309 cases (15.9%), UK
n=7/237 cases (2.9%)]. The second most frequently involved antibacterial was
gentamicin (n=32 cases) [KSA n=19/309 cases (6.1%); UK n=13/237 cases (5.5%)].
Morphine and salbutamol were more frequently involved in DRPs in the UK than in KSA

[n=17/237 (7.2%); n=15/237 (6.3%) vs. n=5/309 (1.6%), n=2/309 (0.6%); respectively].

Table 3.16 shows the anatomical groups, based on the WHO-ATC classification, most

frequently associated with DRP cases.
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Table 3.16: Drug groups most frequently associated with DRPs, stratified by

country

Anatomical level KSA UK Overall

(ATCY ®n (% of 309) | "n (% of 237) | "n (% of 546)

Systemic anti-infective (J) 148 (47.9) 59 (24.9) 207 (37.9)
Alimentary tract and metabolism ( A) 76 (24.6) 39 (16.5) 115 (21.1)
Nervous system (N) 29 (9.4) 52 (21.9) 81 (14.8)
Respiratory system (R) 20 (6.5) 34 (14.3) 54 (9.9)
Blood and blood forming organs (B) 11 (3.6) 19 (8.0) 30(5.5)
Cardiovascular system (C) 5(1.6) 7 (3.0) 12 (2.2)
Musculo-skeletal system (M) 4 (1.3) 8(3.4) 12 (2.2)
Systemic hormonal preparations (H) 4(1.3) 8334 12 (2.2)
Anti-neoplastic and (L) 3(1.0) 3(1.3) 6(1.1)
Dermatologicals (D) 4(1.3) 2(0.8) 6(1.1)

®ATC= Anatomical Therapeutic Chemical classification, "n=number of DRPs

Figure 3.3 shows the ten drugs (chemical level) most frequently associated with DRP

cases.
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Figure 3.3: Top ten drugs most frequently causing DRPs
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At the therapeutic level ofthe WHO-ATC classification, ‘Systemic antibacterials’ was the
drug group that was involved in most of the categories (five categories) of DRPs, and was
the drug group most frequently associated with dosing problems (46.2%, n=140/303).
Drugs for ‘acid related disorders' were involved in four of the categories of DRPs and
were frequently involved in dosing problems (11.6%, n=35/303), while analgesics were
involved in three DRPs categories and were involved in a high number of the dosing
problems (8.3%, n=25/303). Drugs for obstructive airway diseases were also involved in
three of the DRP categories and were associated with a high number of ADR cases

(17.1%, n=13/76), mainly in the UK (92.3%, 12/13) (Table 3.17).
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Table 3.17: DRP types with the drug groups (LT)" most frequently implicated;

stratified by country

DRP Type Involved drug (total No. of cases) (no.I:f:lses) (no. (ﬂ‘ljases)
Analgesics (15) 2 13
ADRs Systemic antibacterials (22) - 22
Drugs for obstructive airway diseases (13) 1 12
Drug choice | Systemic antibacterials (24) 13 11
problem Drugs for acid related disorder (21) 10 11
Systemic antibacterials (140) 123 17
Drugs for acid related disorder (35) 31 4
Analegesics (25) 12 13
Dosing Drugs for obstructive airway diseases (7) 3 4
problem Drugs for functional gastrointestinal 6 6
disorders (12)
Systematic antihistamines (10) 8 2
Antiepileptics (9) 4 5
Drugs for obstructive airway diseases (5) 1 4
Drug use . . .
Systemic antibacterials (3) 2 1
problem Antianemic preparations (3) - 3
Mineral supplements (6) 6 -
Drugs for acid related disorders (3) 3 -
Interactions | Other alimentary tract and metabolism 3 -
products (3)
Antiepileptics (2) 2 -
Analgesics (4) 2 2
Others Drugs f.or aci'd relatc?d disorders (4) - 4
Systemic antibacterials (3) - 3
Systemic corticosteroids (3) - 3

LT= Therapeutic level according to WHO-ATC classification
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3.1.6 Discussion

The extent of DRPs in hospitalised children or children attending an A&E department has
not previously been studied in the two countries (UK and KSA) included in this study.
Our study shows that DRPs are a frequent healthcare issue in the hospitalised paediatric
populations in these two countries and also that most of the DRPs could be prevented by
healthcare professionals. The combined data from the two countries showed that 39.2%
(388/990; 95% CI, 36.1-42.3) of the children included in the study, from the three wards
(medical, NICU, PICU) and the A&E departments, experienced at least one DRP; dosing

and drug choice problems were the most common.

Comparable data from other studies investigating DRPs in hospitalised paediatric
population are limited. A retrospective US study investigating the rate of pharmacists’
clinical interventions in adult and paediatric inpatients concluded that the rate of DRPs
was 19 times greater in the paediatric patients than in the adults (Chan & Kotzin 1998).
Other studies on paediatric populations have mainly addressed drug-related admissions to
hospitals (Yosselson-Superstine & Weiss, 1982; Easton et al. 2004; Easton et al. 1998).
The reported incidences of DRPs associated with paediatric admissions from these studies

ranged from 3.4% to 18%.

The majority of the published studies on hospitalised children have focused on one aspect
of DRPs, for example ADRs or medication errors, or exclusively focused on the
interventions of pharmacists for the purpose of justification of the clinical pharmacy
services (Munzenberger et al. 1972; Koren et al. 1991; Falck et al. 1997; Blix et al. 2006;

Virani & Crown 2003; Fattinger et al. 2000, Chua et al. 2010, Krupicka et al. 2002).
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Previous studies from the UK were conducted to identify the interventions and the impact

of pharmacists in relation to medication errors (Guy et al. 2003; Krupicka et al. 2002).

3.1.6.1 Types and causes of DRPs

Our study shows that the majority of DRPs in both countries were related to dosing and
drug selection. Other studies on medication errors have shown that dosing errors are the
most common medication error affecting the paediatric population (Blum et al. 1988;
Ghaleb et al. 2010; Chua et al. 2010; Ghaleb et al. 2006a; Wong et al. 2004; Kaushal et

al. 2001; Al-Jerasiy et al. 2011).

One reason for the high frequency of dosing problems identified in study cohorts might
be related to the difficulties in calculating the dosage for paediatric patients, as the dose
for a child is dependent on several factors such as the child’s age, weight, body surface
area, and their associated clinical condition (Wong et al. 2009). Thus the medication
process in the paediatric population is complex which may explain why dosing errors are
the most common DRP. Electronic prescribing systems have been shown to be effective
in optimising the prescribing process in children (Jani et al. 2008; Jani et al. 2010; Conroy
et al. 2007), however, evidence based rules and paediatric information (including dosing
information) are essential for the successful implementation of electronic prescribing
systems. At the time the study was conducted there was no electronic prescribing system

in none of the two hospitals.

ADRs were the third most frequent type of DRP in both countries accounted for 14%

(n=76/546) of all DRPs with an incidence of 7.3% (n=72/990, 95% CI, 5.7-9.1) in the
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overall study population. This is similar to the incidence (9.5%; 95% CI 6.8-12.3)

reported in a previous meta-analysis (Impicciatore et al. 2001).

However, in the current study, looking at the individual countries, more ADR cases were
reported in the UK (24.9%, n=59/237) than in the KSA (5.5%, n=17/309). There is no
clear explanation for this difference, but it might be explained by the fact that in KSA
healthcare professionals (i.e physicians and nurses) tend not to record all ADRs in the
medical notes. In other words, differences in documentation between countries might be
an explanation, as the ADVISE study showed that in the UK, healthcare professionals
tend to document more information including parental concerns (Rashed et al. In press).
Another explanation might be that the UK team were also involved in the ADVISE study,
thus the team was already trained to detect ADRs and probably more focused on this
problem than the KSA team. However, the percentage of ADRs (24.9%) in the UK in this
study was less than that (34.9%) reported from the UK in the ADVISE study (Chapter 2,

section 2.1.6.3, Table 2.12).

Among the reported causes for the DRPs identified in this study, using the PCNE
classification system, ‘inappropriate dosage selection’ and ‘under-using/under-
administering the prescribed drug’ were the most frequent causes in the two countries.
This could be explained by the fact that many drug formulations that are used in children
are used either unlicensed or off-label and as shown in previous studies that data on

medication use in children are not well established in different countries (Neubert et al.

2004).
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Also, among the logistics causes, the study showed that ‘other prescribing errors’ were
more frequently involved in DRP cases in the UK (n=40/298 cases, 13.4%) compared to
cases in the KSA (n=9/546 cases, 1.9%), while ‘dispensing errors’ involved in DRPs
were more in KSA (n=16/546 cases, 3.4%) than in the UK (n=4/298 cases, 1.3%).
Moreover, the problems occurring because of unavailability of prescribed drugs were
more frequent in the UK (n=10/298 cases; 3.3%) compared to the KSA (n=2/464 cases,

0.4%).

Problems related to drug choice were also higher in the UK (n=59/237, 24.9%) than in
KSA (n=32/309, 10.4%). However, problems related to drug dosing were more frequently
reported in KSA (n=225/309 cases, 72.8%) compared to UK (n=78/237 cases, 32.9%).
This study was not designed to justify the differences, however it might be explained by
the fact that pharmacists and other healthcare professionals use different data sources,
hence there is heterogeneity in the information sources used in practice, in each country.
In KSA information sources are not standardised among healthcare professionals
(pharmacist and physicians) with more variety of sources are available. They tend to use
American references (such as Micromedx electronic version, Lexi-Com Pediatric Dosage
Handbook, Harriet Lane, and Neofax) in addition to the British National Formulary for
Children (BNFC) and the hospital’s formulary. Whilst, in the UK more standardised

sources are used, they depend more on BNFC and the hospital’s own formulary.

DRP cases related to potential interactions (n=17) and problems related to drug treatment
being given to the wrong patient (n=7 cases) were identified in KSA only and all of them

were deemed preventable. However, problems related to ‘illegible writing and
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inappropriate abbreviations’ (n=6 cases) which were also assessed to be preventable were
identified in the UK only. All of the cases (n=8) of patients dissatisfied with therapy were

reported in the UK; seven of them were found to be preventable.

The DRP classification used in this study was adapted from PCNE (V5.01) and covers the
entire range of DRPs. This classification takes into account the basic characteristics and
differences between DRPs, and, we believe, it is generally applicable to be used by both
healthcare professionals and researchers as a structure for a good understanding of the
wide-range of problems related to drug therapy. Moreover, this system may help to
improve systematic documentation of such problems and also communication between
healthcare providers. This may in turn lead to further studies concerning specific types of
drugs. Lampert et al (2008) conducted a study to evaluate the use of the PCNE
classification system as tool to evaluate a clinical pharmacy service in identifying and
minimising DRPs in a hospital setting. The authors concluded that this system is an ‘easy-
to-use’ tool which could be used in daily practice at a hospital and help in reducing drug

costs.

In another study conducted by Eichenberger et al (2010), in which they used the same
version (VS5.01) of the PCNE classification, and also made modifications to the
categories. They collected data from primary care and hospital discharge prescriptions for
adults with DRPs. In this study the author asked the observers (n=64) eight questions
regarding their opinion about the practicality and usability of the modified PCNE

classification system used in the study, and found that 33% (21/64) of them agreed that it
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is easy and practical means to use for identifying and documenting DRPs, while 34%

(22/64) were ‘neutral’ in their opinion but 29% (19/64) disagreed.

However, the two above studies were conducted in the same European country
(Switzerland) and one of the authors was involved in the assessment of both studies
which may have been a source of bias regarding the assessment of usefulness and
practicality of this classification. There is a draw-back to this system as it gives the
opportunity to choose several interventions for a DRP, which may led to some over
coding. Though, we believe, the use of this classification system in daily practice can
provide reasonable data on the impact of pharmacists on drug use management. In our
study we calculated the acceptance of pharmacists’ interventions at prescriber level based
on one subcategory (I1.3), which may have resulted in a lower percentage than in other
studies where they included all other subcategories to show the acceptance of the
pharmacists’ interventions to reduce or manage a DRP (Lampert et al. 2008). Therefore,
additional modifications and rules for the use of this classification system are needed to

achieve consistent classification based on one choice only for the intervention taken.

3.1.6.2 Drugs involved in DRPs

The ATC drug classes most frequently implicated in DRP cases were ‘systemic anti-
infective’, ‘alimentary tract and metabolism’, and ‘nervous system’ in both countries.
This is consistent with published data (Chan & Kotzin 1998; Easton et al. 2004; Koh et
al. 2005; Rashed et al. 2011). However, when making comparisons between the two
countries using the chemical level (fifth level) of WHO-ATC classification system,

‘amoxicillin & enzyme inhibitors’ were mostly involved in DRPs in KSA (15.9%,
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n=49/309) compared to the UK (3.0%, n=7/237) whilst morphine and salbutamol were
more frequently reported to be associated with DRPs in the UK [7.2% (n=17/237); 6.3%
(n=15/237) vs. 1.6% (n=5/309); 0.6% (n=2/309), respectively). The ADVISE study in
Chapter two (section 2.1) showed that morphine and salbutamol were more frequently
involved in the ADRs in the UK compared to the other countries involved in the study
(Rashed et al. In press). Neubert et al’s study (2010) also showed that morphine was
prescribed more frequently in the UK than in Italy and the Netherlands. Moreover, a
report published in 2009 by the National Patient Safety Agency (NPSA) in the UK,
‘Safety in Doses’, indicated that morphine was among the five drugs most frequently
implicated in the reported medication incidents involving children from different NHS
sectors in 2007 (NPSA 2009). Our study’s results from the UK are in line with this report

and these other studies.

Whether the above differences between the two countries occurred because certain drugs
were prescribed more often in one country than the other could not be determined from
this analysis of this study. Further analysis of medications usage in the two countries
would be required and exceeds the scope of the current study. Additional work on this

area would be of great interest.

3.1.6.3 Interventions

In both countries pharmacists detected more DRPs than other health professionals,
particularly problems at drug level. This probably reflects the fact that pharmacists are
primarily focused on the use of pharmacological treatments in terms of safety and

efficacy due to their specialised knowledge of drugs. Recommending a change to the dose
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and/or starting a new drug were the most common interventions in the UK, whilst
changing the instructions for using the prescribed drug was the intervention cited more

frequently in the KSA than in the UK.

Of the 81.4% (367/451) of cases had an intervention where pharmacists intervened,
60.2% of them (n=221/367) were totally resolved and 90.5% (n=200/221) of these DRPs
were deemed to be preventable. This was similar in each country which shows the
importance of hospital pharmacists in improving the safety of drug therapy in children.
The findings are consistent with previous studies where pharmacists have been shown to
be effective in intervening and resolving prescribing problems in children (Sanghera et al.

2006; Guy et al. 2003; Krupicka et al. 2002, Falck & Darsey 1997).

3.1.6.4 Preventability and severity

The majority of identified DRPs were found to be preventable (80.0%, n=437/546). This
is true for all wards except at A&E in the UK where most of the reported DRPs were not
preventable. This might be due to the fact that most of the identified DRPs occurred prior
to the patient attending A&E, and thus were not seen as preventable by the hospital

healthcare team.

Most of the preventable DRPs were associated with dosing problems (67.3%, n=294/437)
and drug choice problems (18.1%, n=79/437). All the potential interaction cases (n=17)
occurred in the KSA and were deemed preventable as were the cases of illegible writing

and inappropriate abbreviations (n=6) which occurred in the UK.
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An Australian study which used the same preventability criteria as our study, found that
of children’s admissions due to DRPs, 66.6% of the DRP cases were preventable which is
similar to our findings (Easton et al. 1998). The same author conducted another study on
paediatric attendance at A&E due to a DRP, and found that 51.3% of identified DRPs
were deemed to be preventable (Easton et al. 2003). Another study conducted by Kunac
and Reith (2008) in hospitalised children in New Zealand and used the same
preventability criteria reported that majority (92.2%) of medication-related events were
preventable. In an adult study it has also been shown that a high percentage (92%) of
detected DRPs was preventable or probably preventable and most of the DRPs were

associated with prescriber or patient errors (Zargarzadeh et al. 2007).

Regarding DRP severity, most of the DRPs were assessed as minor (n=390/546, 71.4%)
and overall most of them (n=277/390; 71%) were from the medical wards in the study
cohort as well as in each country cohort. All the DRPs assessed as severe were from the
KSA (n=4/309, 1.3%) and were deemed preventable; two of the four were from the
NICU. One possible explanation for the high percentage of moderate DRPs from the
A&E department in the UK (64.7%, 11/17) could be that parents took their children to
A&E only if they had a relatively serious disease/condition. Similar findings regarding
severity of DRPs in children attending A&E department were reported previously from
Australia (Easton et al. 2003). The study found that most of the identified DRPs (42.1%

of 280 cases) were assessed as moderate.

Overall there is a high incidence of preventable DRPs in children; the results suggest that

a better pharmaceutical care service is needed in this patient group. It has long been
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acknowledged that paediatric pharmacology and pharmacotherapy training within the
medical and nursing professions is limited. It is important to provide more training to
these health professionals in prescribing medications and their use in the paediatric
population. Furthermore, a high percentage of DRPs were identified and resolved by
pharmacists; demonstrating the important role of the clinical pharmacist in optimizing

pharmacotherapy in children which reflects their specialised training.

However the severity scale used in our study was originally established to assess
medication errors. Although the preventability criteria used in our study were used in
previous DRP studies, this classification was originally developed for ADR assessment.
Therefore, the question remains as to whether this tool is adequate for DRPs or should
specific tools be developed and further studies undertaken to develop more specific tools

for assessing DRPs.

3.1.6.5 Strengths and limitations

3.1.6.5.1 Strengths

To our knowledge this is the first study to quantify the occurrence of DRPs in children
admitted to paediatric wards or attending A&E in a tertiary teaching hospital in the KSA
and to a teaching NHS paediatric hospital in the UK. Data collection by chart review has

been recognised as the gold standard in pharmacoepidemiology (Murff et al. 2003).

Our study showed that DRPs are a common healthcare issue in hospitalised paediatric

populations as well as in adults and most of the DRPs are preventable by healthcare
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professionals. The data were collected from paediatric wards in both countries by the
hospital staff and this suggests that data on DRPs could be collected by healthcare
professionals as daily routine which would increase their awareness of DRPs. This in turn

could lead to changes in procedures or training to minimize the incidence of DRPs.

3.1.6.5.2 Limitations

Certain limitations must be considered when interpreting our findings. The study only
included two teaching hospitals and the results are not necessarily representative of other
hospitals in these countries. Another limitation of our study is that data collection in
NICU and PICU in the UK was done over a one month period due to shortage of staff.
Also, the hospitals in the UK and the KSA, included in the study do not have pharmacy
support at their paediatric A&E departments; therefore, a researcher collected the data for
a one month period and was not allowed to intervene with the patients’ treatment which
resulted in a large number of DRPs that had no intervention. Different people collected
the data from the wards and from A&E which might have impacted on the data collected,
though training was done for all staff involved in the data collection to maximise
consistency of these procedures. Due to time constraints, no kappa statistics (inter-rater
test) were performed to evaluate the agreement on identifying DRPs, as we did in the

ADVISE study for ADR detection.

Finally, unlicensed or off-label use of medication in children was not considered in the

analysis of this study.

202



Chapter FOUR Overall discussion & conclusions

3.1.6.6 Conclusions and implications for healthcare

In summary, this study addressed an important and under-researched area in the
paediatric population, that of DRPs. The study showed the magnitude of DRPs in
hospitalised paediatric patients and those attending A&E and their high degree of
preventability, in two countries, the UK and the KSA. These findings require healthcare
providers to initiate new policy measures. This would not only improve the patients’
health and quality of life, but would also enhance the efficiency of the healthcare system

in the countries studied.

Dosing and drug choice problems were the most frequent DRPs, in both countries. Anti-
infectives and analgesics were frequently associated with the majority of the DRPs. Thus
prescribing and monitoring of these drugs needs particular attention. A focus on
paediatric pharmacology and pharmacotherapy within paediatric medical and nursing
education is an important step to improve prescribing practises and the involvement of
clinical pharmacists in the education process should lead to better prescribing. Also, a
high percentage of DRPs are resolved by pharmacist’s interventions, which confirms the

important role of clinical pharmacists in dealing with DRPs in hospitalised children.

Though there are differences between the KSA and the UK, for example with regard to
drug choice and dosing problems, this study’s results provide a basis for future studies
investigating and quantifying the potential risk factors of DRPs which would give more
information on the clinical and economic considerations for providing healthcare services
to children. Also, this is a first step to establish further collaboration between these two

countries.
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Chapter FOUR: Overall discussion and conclusions

In Chapters 2 and 3 the individual studies were presented with discussion of the methods
used, results and also the limitations and strengths of the studies. This chapter provides an
overall discussion on the safety of the medications used in children considering the key
findings of the studies described in this thesis. The overall conclusion draws attention to
the original contribution made by this work. Further areas of future research are identified

to build on and add to the current knowledge in this field.

4.1 Overall discussion

Medication safety in children has become a leading concern in most countries including
those with western culture (e.g. United Kingdom, Germany, and Australia) and those with
Middle Eastern or Asian culture (e.g. Kingdom of Saudi Arabia, Hong Kong, and
Malaysia). During the last decade, improving the rational use of drugs in children is one
of the recurrent topics that has influenced the activities of many paediatricians, clinical
pharmacists, clinical pharmacologists, regulatory agencies, and political decision makers
in different countries (Campino A et al. 2009; Takata et al. 2008; Broussard 2010; Al-

Jeraisy et al. 2011; Gallagher et al. 2011).

Children and adolescents are considered a population at risk from a safety point of view
concerning medication use, due to their specific characteristics as discussed in Chapter 1
(Table 1.7). Currently data from the paediatric population are often scarce and not

homogenous, therefore it is difficult to evaluate the risks of DRPs such as ADRs.
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Assessing the incidence and characteristics of ADRs and other DRPs at an international

level will help to better characterise the risk.

Therefore, the aim of this research was to investigate and evaluate the safety of
medication use in children at an international level to help in the development of
strategies to improve paediatric patient safety. The objectives of the thesis were based on
the knowledge that DRPs including ADRs are a significant global concern in paediatric
patients (Aagaard et al. 2010; Kunac & Reith 2005; Ghaleb et al. 2006a). The work on
this project began in 2008 as much of the literature in the last decade on the safety of
medicines used in children, had raised concerns about the difficulties of comparing or
extrapolating data from one country or hospital to another due to variation in the methods,
setting, design, and the population included in the studies (Impicciatore et al. 2001). As a
result, in the research reported in this thesis, a standardised methodology was used to

collect data from several countries.

The aim of the studies described in this thesis was to assess the safety of medication use
in paediatric populations using pharmacoepidemiological methods. A standardised
methodology was used in all participating countries with data collected by intensive chart
review. To achieve this aim two studies were conducted; the first was the ADVISE study
(Chapter 2) which was conducted in five countries; two European countries (UK and
Germany), two Asian countries (HK and Malaysia), and also in Australia to investigate
the incidence and characteristics of ADRs in hospitalised children and to identify
potential risk factors for ADRs. The second was the DRP study (Chapter 3) which was

conducted in the UK and in a Middle-Eastern country (KSA) to investigate the incidence
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and characteristics of DRPs in hospitalised children and children attending the A&E

department.

The NPSA (2007) report concluded that hospitals tend to have sicker patients who need
medicines that may have a small therapeutic window and such medicines may increase
the risk of harm. Therefore, there is a need for close monitoring of hospitalised patients
and close collaboration of all healthcare professionals to maximise safety when medicines
are used. For the above reasons, we chose to conduct our studies on hospitalised children
rather than children from primary care sectors or from community pharmacies as
hospitalised children are likely to be more ill and might need a wide range of medicines
to be used in their treatment resulting in polypharmacy. Thus there is a greater potential

for harm to occur.

4.1.1 Adverse drug reactions in hospitalised children in European and non-
European countries (ADVISE study)

The results of the ADVISE study given in Chapter 2 showed that 16.5% of hospitalised
children to a general paediatric medical ward experienced at least one ADR. Though the
current practice is to focus on severe or serious ADRs, it is important to remember that
apparently non-serious or mild ADRs, for example constipation from using opioids, can
have a significant impact on the patients’ quality of life and require the development of
preventive strategies. Furthermore, although the majority of detected ADRs were mild in
severity; it is recognised that, serious outcomes may develop over time from initially mild
ADRSs, so early detection of ADRs, and interventions to resolve them where feasible, are

important for patients’ heath. The study showed that there is a strong relationship
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between pharmacological treatment strategies and the occurrence of ADRs. In the UK, for
example, morphine was used regularly on the ward via both oral and parenteral routes and
a high percentage of the ADRs reported was in relation to the use of morphine (17% of
ADRs) (Rashed et al. In press). This raises the question as to whether the guidelines for
the use of morphine in the hospital in the UK are appropriate. On the other hand, in
Malaysia which had the second highest ADR incidence, 76% of the reported ADRs were
associated with systemic antibacterial drug groups which were the highest proportion of

prescribed drugs in this country.

The in-depth analysis of the ADVISE data using logistic regression (Chapter 2, section
2.2) identified polypharmacy and certain drug groups (analgesics, or antibacterials, or
drug for obstructive airways) as risk factors of ADRs (Rashed et al. 2011). So patients
receiving these medicines and those on polypharmacy need careful monitoring by the
whole healthcare team (physicians, pharmacists, and nurses), with its range of skills, to

improve the safety of drugs used in children.

4.1.2 Drug-related problems in children in developed/developing countries

The results of the DRPs study given in Chapter 3 showed that DRPs are of major concern
in the paediatric population in both developed and developing countries. The magnitude
of the incidence of DRPs and the high percentage of preventability of them in the two
countries studied, requires public policy measures to be initiated, not only to improve the
paediatric patients’ health and quality of life, but also to enhance the efficiency of the

healthcare system.
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This research found that 39.2% of children admitted to medical, PICU, NICU wards or
who attended the A&E department, experienced at least one DRP. Dosing and drug
choice problems were the most frequently reported in the study cohort as well as in each
country cohort. This is consistent with a retrospective study conducted very recently, on
medication prescribing errors in paediatric inpatients (Al-Jeraisy et al. 2011) in the KSA
in KAMC in Riyadh (which is the same organisation involved in our study but in a
different region of the country). A total of 1333 (56%) medication errors were found. The
highest number of errors was related to dose errors (39.4%, n=526/1333) followed by
route of administration errors (21.4%, n=286/1333). A study conducted by Kunac and
Reith (2005), to identify and prioritise potential failures in the NICU medication use
process, found that prescribing of medications and preparation of them for administration

were the main stages where most errors occurred.

ADRSs were the third most frequent type of DRP that occurred, with an overall proportion
of 18.6% (n=72/388) of patients with DRPs, which supports the ADVISE study’s results

and emphasises the importance of identifying and preventing ADRs in children.

The importance of pharmacists in patient’s medication safety has been acknowledged in
several studies (Krupicka et al. 2002; Bedouch et al. 2008; Sanghera et al. 2006). This is
confirmed in our study as the majority of DRPs were identified by pharmacists and most
of them were assessed as preventable. Pharmacists have a specialised knowledge of
medications and a crucial role in the medication process. Hospital pharmacists reviewing

patient’s medication records can identify children at risk of experiencing DRP.
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Thus pharmacists are in a unique position to prevent drug-related problems particularly at
drug level and at prescribing level (i.e. before an error affects a patient) and ensure

appropriate use of medications.

4.1.3 Summary

The prospective nature of this research allowed a more detailed review of events leading
to the occurrence of ADRs and/or other DRPs in hospitalised children. Data collected
prospectively can be collected with greater confidence in its reliability and accuracy and

using standardised methods.

These two studies (ADVISE & DRPs) highlight areas in the use of medicines in
hospitalised children [such as poly-pharmacy, high risk drug groups, dosing and drug
choice problems, (chapter 2 & 3)] that need more attention from both healthcare providers
and policy makers. A good example of the impact of increased attention and effort from
healthcare providers can be found in Germany, which was a participant in the ADVISE
study. A similar study using the same methodology which had been conducted there, ten
years earlier in 1999, by Weiss et al (2002) showed that Between 1999 and 2008, the
incidence of patients with ADRs had decreased significantly from 20% to 7.8%, p<0.01,
(Schramm et al. submitted). One reason for this decline could be related to a clear change
in the prescribing behaviour, drugs within particular categories that were used in 2008
were often different to those used in 1999 and have been shown to have fewer side
effects. For example, indomethacin which is a drug known to have many side effects
(Indomethacin SPCs 2011) was replaced by ibuprofen which is considered safer than

indomethacin (FDA 2002). Also, an improvement in paediatric pharmacovigilance has
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been noticed in terms that the awareness of healthcare professionals towards ADRs had
been increased. Furthermore, the introduction of diagnosis-related groups (DRGs) as the
hospital repayment system may have resulted in decreasing the length of hospital stay
(Schramm et al. submitted).

The work in this thesis is an original contribution to enhance the knowledge in the area of
patient safety in paediatric populations. The studies described in this thesis have
generated evidence on medication safety and provided quantitative data on incidence of
ADRSs and DRPs across a large paediatric population from Europe, Asia, the Middle-East,

and Australia.

The following section summaries what is known in the field of children’s medication use

and the key findings of this research;

4.1.3.1 What is already known

e ADRs are a global problem for patient safety. Their significance has been shown in
adults and children, but to date the data available in children are limited.

e A meta-analysis conducted in 2001 by Impicciatore et al, estimated that the incidence
of ADRSs in hospitalised children was 9.5% (95% CI, 6.8-12.3).

e However, differences in methodology used in the studies included in this meta-
analysis for detecting ADRs made it difficult to extrapolate findings to an
international level.

e Most previous studies have shown that a high number of drugs being taken is the most

important factor for increasing the risk of an ADR in children.
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Other potential risk factors such as age, associated diseases, and drug prescription
patterns have not been adequately studied.

Previous studies have shown that the frequency of DRPs associated with paediatric
hospital admissions ranged from 3.4% to 18%.

Published research regarding the incidence and nature of DRPs in children is limited

and none has been conducted in the UK and the KSA.

4.1.3.2 What this thesis adds

The frequency of ADRs in hospitalised children was similar to some of the figures
(15%) published for adults (Davies et al. 2009); occurring in 16.5% of children
admitted to hospital and accounted for 1.8% of paediatric hospitalisations.

ADRs are a considerable risk for children admitted to hospital, as on average one in
six children in hospital experienced an ADR and one in 18 children had an ADR with
serious consequences.

There were significant differences between countries in the incidence of ADRs which
may be explained by differences in treatment strategies, in the use of different drugs,
in the routes of administration and also in the recording of data in the medical records.
Data from five countries showed that polypharmacy, older children, and the presence
of certain types of disease were independent risk factors for ADRs.

Antibacterial, analgesic and drugs for obstructive airways diseases were often
associated with ADRs, therefore, clinicians and pharmacists should monitor closely
the children receiving these drugs.

The number of prescribed drugs per patient should be kept as low as possible to
prevent or minimize the risk of ADRs.
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e The overall incidence of DRPs in children admitted to the hospital or attending A&E
was 39.2% (95% CI, 36.1- 42.3).

e Dosing and drug choice problems were the most frequent DRPs.

e 80% of confirmed DRPs were deemed to be preventable.

e The high percentage of preventable DRPs emphasizes the importance of providing
more training to healthcare professionals in prescribing and medication use.

e There were differences between the two countries included in the DRPs study, in the
incidence, characteristic and types of DRPs, which might be due to the different

treatment strategies used.

4.2 Implications for healthcare

o The studies described in this thesis have shown the importance of understanding
drug safety problems in children and also that these problems frequently differ
between countries. Hence there is a need for each country to carefully monitor
drug use in children and to identify problems based on their particular prescribing
practises so that any new strategies developed are applicable to their hospitals; as
developing new strategies based on data from other countries and/or settings is
unlikely to be appropriate.

o The selection and use of the best and safest medication(s) for a given child
requires considerable skill for the prescriber as there are many choices available.
Therefore, there should be a focus during the education of healthcare professionals
to enhance their knowledge of and the skills required in the practice of paediatric
medicine. This should enable them to recognise the warning signals of DRPs and
minimise potential harm to the children.
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The high percentage of identified DRPs which were assessed as preventable
suggested that, to prevent or reduce harm to a child, mechanisms for monitoring
and evaluating the safety of medicines in clinical use are vital in each country.
Such procedures would improve paediatric patients’ health and should also
enhance the efficiency of the healthcare system as well as the economic burden by
reducing the time patients spend in hospitals. Therefore, this thesis’s findings may
have implications in setting policies for dispensing of drugs and their use in
hospitalised children.

The majority of the ADRs identified were assessed as of minor severity. However,
it is important that healthcare professionals and carers are aware of them and
recognise that they might be an early symptom or sign of a more serious adverse
reaction.

The findings of these two studies suggest that a more widespread acceptance of
the role of hospital pharmacists in monitoring drug treatment would result in a
decrease in the number of DRPs and an improvement in drug therapy as well as in

the quality of care for paediatric patients.

4.3 Recommendations for future work

The studies described in this thesis have provided comprehensive information on DRPs

and ADRs from different countries across the world. They have also added to the

knowledge currently available on this topic, and provide baseline data for healthcare

professionals and scientists for further research to improve safety of drugs used in

children.
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e From the ADVISE study (Chapter 2) in this thesis;

This study showed that different treatment strategies might be one of the
major influences on the ADR incidence in each country, therefore, if a drug
utilisation study were conducted involving the same five countries, more
information about this would be obtained which could help to establish the
reasons for such variations. Probably selecting a certain drug group to be
studied across the five countries and investigating each country’s prescribing
guidelines for those drugs.

As the ADVISE study showed that morphine and salbutamol were associated
with a high incidence of ADRs in the UK, a study on the rational use of the
these two drugs in children in the UK would be worth conducting to help in
improving the guidelines for using these drugs.

A study focusing on one of the high risk drug groups (e.g. antibacterials),
identified in the ADR occurrence, in patients with specific conditions (e.g
respiratory diseases) could prove very useful; such a study could help to
design interventions or prevention strategies to minimise the occurrence of
ADRs in this particular patient group and if successful could be applied to
other drug classes and to other clinical problems.

In the ADVISE study (Chapter 2), the inter-rater agreements between the four
raters for ADR causality and severity assessment was not high. It could be
that such assessment scales might not be appropriate for use in paediatric
studies. Therefore, it would be useful to undertake a study to evaluate the

appropriateness of currently available paediatric assessment scales for
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causality and severity and if necessary to develop specific assessment tools

for paediatric populations.

e From the DRP study (Chapter 3) in this thesis;

- It has been recognised that computerized physician order entry (CPOE) and
electronic prescribing systems can reduce medication harm (Jani et al. 2010;
van Rosse et al. 2009; Wong 2009, Fortescue et al. 2003). The hospital in
Saudi Arabia (King Abdulaziz Medical City-Jeddah) which participated in the
DRPs study is implementing a CPOE system in 2011 which could have an
impact on the incidence of DRPs. Therefore, a follow-up study in this hospital
post implementation of the CPOE system is recommended to investigate the
impact of CPOE on the incidence and nature of DRPs. Also this study could
investigate whether the CPOE system resulted in clinical benefit to the
children by improving hospital care for paediatric patients. Such a study
would also enable it to be established whether or not new types of DRPs could
occur as a result of implementing a CPOE system. In addition, the
implementation of CPOE system could impact positively on the economic cost
of their healthcare system.

- Since the DRPs study in this thesis was primarily descriptive and an in-depth
statistical analysis was not conducted, future studies could identify and/or
investigate possible risk factors associated with or confounders for the risk of
DRPs such as co-morbidities, co-medications, ethnicity and overall

therapeutics’ management.
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- Ttis clear from this work that DRPs are common in paediatric populations and

pharmacists play an important role in their identification and prevention. To

enlarge the study to other countries including those which do not have a

pharmacist on the wards will;

1.

ii.

Increase the size of the paediatric population being studied so that
an adequate sample size can be obtained to enable evaluation and

statistical comparison of the interventions made.

Increase the generalisability of the results of such a study.
Moreover, a large study will enable further investigation of
recurrent problems and look at clinical need, for example should
intravenous salbutamol be used as in current practice in the UK. In
addition, there is a need to study current interventions that are used
to reduce DRPs occurrence in paediatric populations, a large
observational study of such interventions will be useful to explore
the most effective way of reducing the incidence of DRP in

children.

- The economic impact of ADRs and other DRPs in paediatric populations is

still unclear. Therefore, optimisation of drug therapy in the paediatric

population can be improved by targeting the medicines used and by careful

monitoring of the medication process and the patients to identify and to

resolve DRPs.
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4.4 Overall conclusions

We have shown that the incidence of ADRs in children is at least as high as in adults.
There is a great variation in the incidences between countries which was mainly due to
treatment strategies and might be due to populations’ differences (geographically and
culturally). Clinicians and pharmacists should aim to minimise polypharmacy and be
aware of the higher ADR risks associated with some drug groups. Particular attention
should be given to use of opioids in hospitalised children, to reduce the risk of ADRs in
these children. DRPs are a significant problem in hospitalised paediatric populations in

the UK and the KSA and the majority of them are preventable.

Therefore, a focus on paediatric pharmacology and pharmacotherapy within paediatric

medical and nursing education is an important step to improve prescribing practices and

medication use in children.
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Appendix 1: Summary of studies reported in the two meta-analyses (Impicciatore et al. 2001; Clavenna & Bonati 2009)

Reference
Country/ Year

Turner et al
UK /1999

Choonara &
Harris
UK/1984

Gill et al
UK /1995

Whyte &
Greenan
UK/1977

. Stud
Study title ,y
duration

Adverse drug reactions to 13 Weeks
unlicensed and off-label
drugs on paediatric wards: a
prospective study
Adverse drug reactions in 6 Months
medical inpatients
Adverse drug reactions in a 28 Months
paediatric intensive care unit
Drug usage and adverse drug 10 Months

reactions in paediatric

patients

Setting

5 paediatric wards at
regional children’s
hospital

General medical ward

at children’s hospital

PICU at children’s
hospital

Medical paediatric

unit

Methodology

Prospective cohort study

A green card for any suspected ADRs was
requested to be completed by healthcare
professional on all study wards. Then a research
pharmacist reviewed the completed forms and
reviewed the clinical records of each reported
case.

Sample size: 1046 admissions, patient age range
from 1dav to 18 vears.

Prospective study.

Method not clear. Record of drugs given in
hospital. Also drug history was obtained from
parents, referral letters and to questionnaire to
GP. ADRs searched prospectively by medical
and nursing staff daily.

Sample size: 268 admitted children aged 1-12
years

Prospective study.

Green card for ADR detection was requested to
be filled by medical staff (nurse, doctor,
pharmacy). Then clinical research pharmacist
reviewed the clinical records for each reported
ADR case.

Sample size: 899 patients, age range from 0-
l6vears.

Admissions with responsibilities for cardiac
investigation and the treatment of leukaemia
were intensively monitored using a method
similar to Slone et al (1966).drugs; medical and

241

Number of reports or reporting
rate/
ADRs incidence rate

Overall ADRs incidence was 11%.

15 0f 268 children had definite or
probable ADRs during admission

63 of 899 had an ADR (incidence
7.01%).

This paper focusing on drug usage

Total ADR=119

Overall ADR incidence 6% (51/844),

ADR incidence of 6.5% reported for
Continued.



Reference

t titl
Country/ Year Study title

Mitchell et al.
US/1979

Drug utilization and reported
adverse reactions in

hospitalized children

Mitchell et al.
US/1988

Adverse drug reactions in
children leading to hospital

admission

Study
duration

1974-1977

11 years

Setting

340-bed paediatric
teaching hospital

Paediatric wards at 4
teaching hospitals
and three community

hospitals

Methodology

nursing recodes were examined daily research
nurse who interviewed parents also.

Sample size: 932 admission episodes related to
844 patients, age range (0-12+)

Prospective study.

Intensive monitoring using a Pediatric Drug
Surveillance (PeDS) program. Trained
paediatric nurses collected data for all children
admitted to the study ward using data forms.
Then, a nurse and physician at the drug
epidemiology unit reviewed these forms. Later
the data entered onto a computer file after
certain validation tests.

Patients exclusion: a) patients have been
previously monitored by the PeDS program, b)
under care of physician who works on other
wards, c¢) patients admitted for <24hrs, d)
patients transferred from unmonitored wards.
Sample size: 1669 patients (aged 0-> 17 years).
Prospective study.

Previous PeDS program which quantify acute
AED ofdrugs in paediatric population. Trained
nurses intensively monitored medical records of
admitted children to the selected study wards
and collected information systematically.
Neonate and patients with cancer were
excluded.

Sample size: 10,297 patients (age range <30
days and > 15 years).

242

Number of reports or reporting
rate/
ADRs incidence rate
only children (595) who received
medication in the hospital, 1(39/595).

16.8% of patients had ADRs.

2.1% of admissions in the teaching
hospitals were provoked by ADRs.
While ADRs were the cause of
1.8% admissions in community

hospitals.

Continued.



Reference
Country/ Year

Martinez-Mir et
al.
Spain/1996

McKenzie et al.
US/1976

Martinez-Mir et
al.
Spain/1999

Gonzalez-
Martin et al
Chile/1998

McKenzie et al.
US/1973

Study title

A prospective study of
adverse drug reactions as a
cause of admission to a

padiatric hospital

Adverse drug reactions
leading to hospitalization in
children

A prospective study of
adverse drug reactions in

hospitalized children

Adverse drug reactions
(ADRs) in hospitalized
pediatric patients. A
prospective study

A pharmacist-based study of
the epidemiology ofadverse
drug reactions in pediatric

medicine patients

Study
duration

Summer
(105 days).
Winter (99
days)

3 Years

Two
periods;
Summer
(105 days).
Winter (99
days)
Jan-Dee
1997

1" Feb-30""
Sep 1971
(8 months)

Setting

Two medical
paediatric wards at
Hospital Infantil
Universitario La Fe
in Valencia

Paediatric medical
services of teaching

hospital.

Two medical
paediatric wards at
Hospital Infantil
Universitario La Fe

in Valencia

Hospital of Universi-

dad Catolica de
Chile, (ward not
specified)

Pediatric medicine
services at Shands
teaching hospital in

Gaiesville

Methodology

Prospective study.

One ofthe authors screened the medical records
for all admitted patients and collected data using
structured questionnaire and interview
parents/caregivers. Patients' charts were then
evaluated for suspected ADRs.

Sample size: 512 admissions related to 490
patients (aged 1-24 months).

Prospective study.

Patients' chart review and attending physician
rounds were performed to collect the data for all
patients admitted due to ADR.

Sample size: 3556 admissions

Age: not specified???

Same cohort study as paper 1996, but in this
they look at ADRs in general not only those
causing admission

Sample size: 512 admissions related to 490
patients (aged 1-24 months).

Prospective study

Intensive drug surveillance program where
medical orders and progress notes were
searched daily by clinical pharmacist.
Sample size: 219 patients, age range (0-16
years)

Prospective study

Physician interviews and charts review was
done by pharmacist who also participated in
ward rounds.

Sample size: 658 patients, age range (<ly->10y)

243

Number of reports or reporting

rate/
ADRSs incidence rate

4.3% ofadmissions were found to be

due to ADRs.

64 (2%) patients admitted because of

ADRs.

Cumulative ADR incidence 16.6°6

from both periods.

30 (13.7%) patients suffered an ADR
majority of ADRs were classified as
miid (51.2%), 27.9% were severe.

113(17.2%) patients suffered an
ADR. ADR incidence in hospital was

10.6% (70 patients).
Incidence of ADR leading to
admission 3.0% (19 patients)



Reference

Study titl
Country/ Year udy ttle

Vazquez De La Adverse reactions caused by

Villa et al. drugs in paediatrics
Spain/1989
(article in Spanish, only
abstract in English)
Yosselson- Drug-related hospitalization

Superstine &
Weiss
Israel/1982

in paediatric patients

Easton et al.
Australia/1998

The incidence of drug-
related problems as a cause
of hospital admissions in
children

Study
duration

12 Months

7 Months

56 days
(from 24"
Jun-19"" Aug
1996)

Setting

Paediatrics' services
of the University of
Granada Hospital

Paediatric ward in the
Hadassah-Hebrew
University Hospital

in Jerusalem

University-affiliated
paediatric hospital

Methodology

ADR detected using screening program aimed
at detecting ADRs to medications. The program
based on monitoring the patients for 12 months
period.

Sample size; 597 patients, age range (1-8years)
Data collected by clinical pharmacist who
participated in physician's rounds, interviewed
patients/their guardians, and reviewed medical
charts.

Sample size: 906 admissions, age range (0-

l6years)

Prospective study

Data collected by ward pharmacists and
researcher who reviewed case notes and
interviewed parents to determine if an
admission was associated with a DRP.
Surgical, trauma or oncology patients were
excluded. Also, patients whose
parents/guardians who couldn't speak adequate
English were excluded.

Sample size: 1682 patients, age range (19 weeks
-18years)

244

Number of reports or reporting
rate/

ADRs Incidence rate
Incidence of ADR on admission 8.1%
(53 patients)

Incidence of patients with ADRs on
admissions and developed ADR
during hospital stay 1.6% (10
patients).

4.4% of patients had an ADR.
ADRs classified as confirmed in
33.3%, probable in 30%, possible in
36.6%. (Naranjo scale used)

They were looking to three types of
drug-related hospitalization:

1. Inappropriate therapy related to
11.0% of admissions

2. Non-compliance related to 3.4% of
admissions

3. ADRs related to 3.2% of
admissions.

They were looking for incidence of
DRP causing admission not ADR
incidence in particular. They used the
8 categories of DRPs defined by
Strand et al (1990)

3.4% of admissions were associated
with DRPs.

Incidence of ADR (as one ofthe 8§
categories) leading to admission was
0.95% (10 cases).

Continued..



Reference
Country/ Year

Lamabadusuriya
& Sathiadas
Sri Lanka/ 2003

Jonville-Bera et
al.
France/2002

Buajordet et al.
Norway/2002

dos Santos &
Coelho
Brazil/2006

Neubert et al.
Germany/2006

Study title

Adverse drug reactions in
children requiring hospital

admission

Frequency of adverse drug
reactions in children; A

prospective study

Adverse drug events in
children during
hospitalization and after
discharge in a Norwegian

University Hospital
Adverse drug reactions in

hospitalized children in

Fortaleza, Brazil

Are computerized

monitoring systems of value

to improve

pharmacovigilance in

Study
duration

11 Months

1 Week

5 Months

5 Months

6 Months

Setting

Medical units of
Lady Ridgeway
hospital

175-bed regional
paediatric hospital.
35 private
paediatricians

Paediatric department
at Ullevaal university

hospital

Paediatric ward of
public hospital

22-bed paediatric
isolation ward at the
children’s university
hospital

Methodology

Prospective, descriptive study

Investigator visited the medical ward and
collected information from patient’s records.
Sample size: 39,625 Children (aged 1-5 years).
Prospective study

Sample size: 260 children (mean age 76.1 +
61.5 months).

1. Intensive monitoring of all admissions was
performed by the nurse in charge using a
specific form designed for this study. Then
medical records were screened to confirm
admission reasons by one ofthe authors.

2. 35 private paediatricians were asked to record
the reason for consultation for all children seen.
Sample size: 665 patients (aged 0-16 years).
Intensive monitoring of all admitted patients
and data collection was done in two ways:

a) Spontaneous reporting of suspected ADEs
either by the physician or by the parents.

b) Reviewing medical records by pharmacist.
Prospective cohort study.

Sample size: 272 children (aged 0-16 years).
Data collected for all admitted patients by
clinical pharmacist using questionnaire giving to
children’s mothers or relatives and a formulary
to collect data from medical records,
prescriptions and nurse notes.

Prospective Study

Sample size: 396 patients (aged 0-18 years)

1. ALS generated by CMS*

2. Spontaneous reporting by physician

245

Number of reports or reporting
rate/
ADRs incidence rate
0.16% ofadmissions were due to
ADRs

1.53% of children were admitted due
to ADRs, 2.64% developed ADRs
during admission, 0 .93% attended
A&E due to ADRs, and 0.67%
consulting a private paediatrician for
ADRs.

28% of 579 children treated with
drugs had ADEs; 7% at time of
admission, 18% during
hospitalization, and 9% after

discharge.

47ADRs detected in 33 0f 265
children treated with drugs, incidence

12.5%.

73 ADRs detected among 52 patients

Continued.



Reference
Country/ Year

Neubert et al
Germany/2004

Oshikoya et al
Nigeria/2007

Study title

paediatric patients?

The impact of unlicensed
and off-label drug use on
adverse drug reactions in

paediatric patients

Adverse drug reactions in
Nigerian children

Study
duration

8 Months

Two
periods:
Jan2004-
Jun2006
6 Months

Setting Methodology

3. Intensive chart review

10-bed paediatric Prospective study

isolation ward at Intensive patient charts reviewed by

University hospital pharmacoepidemiology team.
Erlangen-Nuremberg All prescriptions were evaluated retrospectively

as to unlicensed or off-label uses on the bases of
product information.

Sample size: 178 patient, age range (0-17years)

Children's ward at Retrospective and prospective study

Lagos state university =~ Retrospective suspected ADRs noted in the

teaching hospital hospital record from Jan 2004-Jun2006 were
collected.

Sample size: 3139 children.
Prospective: pharmacovigilance by a
multidisciplinary team was performed.

Sample size: 682 children

246

Number of reports or reporting
rate/
ADRs incidence rate

46 ADRs detected in 31 patients,
incidence 17.4%

From both study: 17 (0.4%) admitted
due to ADRs, 27 (0.7%) had ADRs in
hospital.
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Appendix 2; ADVISE Data collection form

e°

~

AECe® &

»O'Nsvc

Date:

Pt Initials

D.O.B/Age

Pt Gender

Pt weight

Ethinicity

Recorded:

Pt hieght

Recorded:

Pt allergies Recorded:

Admission ID

Admission Date

Type of admission n Scheduled

n Emergency

Q Transferred from

Diagnosis on

Admission

Actual Diagnosis/

Medical History

Diagnosis Date

Tpye of diagnosis

Comments

247

Pt Study ID:

Not Recorded

Ward:

Not Recorded

[l

Not Recorded

[

NKD~*

Continued.
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Continued: Appendix 2

Discharge Date
0>
2?2 JC

P Type of discharge

Temperature ("C)

Blood Pressure

fi
E
g Heart rate
.0
m
ifc
Respiratory rate
0
S
E Pulse
m
to
[V
0 Oxygen Saturation
1
: Comments

Continued.

248



Appendices

Continued: Appendix 2

Drugs on Admission (Drug History)
Pt Study ID
No DH for the Pt

Drug History (DH)
02~ No DH recorded

DH taken from parent(s)/
medical notes

Comment

249

Continued.



Continued: Appendix 2

Drug name Dose Frequency Route Start Date/Time End Date/Time Order Type Comments

Continued.
250



Continued: Appendix 2

Intravenous and Subcutaneous infusions (Pt Study ID:..eevnvecsnccennnene )

Addition to
Infusion Fluid . . Route Start
Date infusion
1V/SC time

Type/Strength Volume Drug Dose

251

Rate ML/Hr)

Comment

Continued.



Continued: Appendix 2

Pt study ID Medical Notes

Any other treatment

Remarkable nurse's

note

Remarkable
physician's note

Comment

252 Continued.



Appendices

Continued: Appendix 2

Lab Data (Pt Study ID: )

Lab Test(s)

Order Date

Lab Unit

Sample Date

Sample Time

Result

Upper Limit Lower Limit
Standard

Range

Comments

Continued.
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Continued: Appendix 2

Date

Comment

Date

Comment

Date

Comment

Date

Comment

Follow up notes (Pt Study ID

254

Continued.
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Appendix 3: ADVISE Letter

of Ethics Approval UK

NHS

Nationaf Research Ethics Service

Rive>t?kidec R esearch Ethks Cownrntttoo

Wayn4W"2. djh
Charnel Cfiin

* PdK fRw,j

Lmdir

*encpoyCfle [DC BMC 7782
f«CirriM C» BMfi 72SC

D' Ai%e Naufcert

Researc”i Feler®'

Centne for Paedatrc Pharmacy Research

The Schad cf Phamnry, Unrvflrsrly at LrxxJen
Pret Poor. BMA HDOBe

TB"Block Square, Ldictor

08 Drtoter 20D6

Dear Dr Neuker

Full title of study; AOV«r«e dru>g r«vc(lorr8 in children Intefostlorwl
Surveillance and Evaluation |ADVISER

REC reference number. 0afHt>70"»9¢

Thank you 'or your leflo" of 22 October 20u6, reepordh” to the Commnee * rectje* Fo'
further Irrlorrriat’Of or the abo”t research

Tha furthft' nformuror been cofwictnrcl Oh beheM (Y the Commflee the Vioe-Cha»r
Confkrmetlon of ethical opinion

On hrhab tY the CorrmiM*p. Iam p«p?ec 10 n fpvourade ethica opngn ter the
Ahovf resesnch on ire deter bed in the apsbcalion forrr,, protocol ard eupponihj
documentation, subjec to the oonaiticns specified below.

Ethical ravlaw of rfrsearch s4«S

The CDmmrtlee has desgrvafea this study as exempt from sitc-spccific assessment (SSA)
The favourable opinion for the slwdy aopA&s to ail eite® nvoived n the research, Thens ib rx)
reduirer“ent othf Local Reeeanch Ethics Commete*s to be nformp'd or 5SA to be
carried cut at each she.

Conditions of the fevourebie opinion

The favixjrabe Dwrion is subject lc Ihc fotoAirg oonditions being net prior to the start cf
the study,

Management permrssbn or acprovar must bie otitamcd fom each host organisabon prior to
Ihc sign of tt'c gtudv at the sie ccocemcd

Management pennisskin at NfiS sites ("A&D approvd') stxiiJd t>e olxained from the
nelevant cere orgam&atJenfB) n acccfdance with NHS roseaixfi gavwriarx» arrangemerrs
Guicorrc* ori acpyirva for NHS cermnisskm is avalaithe fi the Irvegrated Research
Apgqicalran System cr at http .".hyw rdfpoim ntu uk

Thn «<KMMU, t1U ti CaiVfffl«a« n Jrt Ctitinhlrt W L(»vje« Hwllh AufUVhf

TA< WKW 1 AfiMrth ft>»c .V'iV frWfS rcyrw fnir fW? WAFS Ot'Frnvpn* kMtnvi
|hf ftiikviil ftinmi UfPly A pfffy ppwranrh ilH ii Cerrvartrn in
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Appendix 4: ADVISE Letter of Ethies Approval Germany

Medizinische Fakultat Frledrich-Alexander-Universltat
Ethik-Kommission Erlangen-Niirnberg

ElhiK-Kommission « KrankenhaussU. 12- D-91054
Geschattsstelle der Ethik-Kommission
Herrn (09131)85-22270
Prof. Dr, Dr. h.c. W. Rascher ax (09131)85-26021
. . - -Mall: ethik@zuv.uni-erlangen.de
Direktor der Kinder- und Jugendklinik htpsy/www cthik med uni-erlangen de
Loschgestr 15

91054 Erlangen Erlangen. 15.11.2007

Antrag an die Elhik-Kommission/Re.-No. 3731
International Pharmacovigilance Study in Children.
Sludienprotokoll Draft Version 2

(Eingang der vollstandigen Unterlagen am 02 11.2007)

Sehr gechrter Herr Kollege Rascher.

die Ethik-Kommission der Medizinischen Fakultat hat in ihrer Sitzung vom 13.11.2007 iiber berufsethische
und berufsrechlliche Aspekte Thres oben bezeichneten Antrags beraten

Die Studie wurde zustimmend bewertet

Auch bei einer positiven Beurteilung des Vorhabens durch die Ethik-Kommission der Medizinischen Fakultat der Friedrich-
Alexander-Universitat Erlangen-Niirnberg verbleibt die arztliche und juristische Verantwortung fur die Durchfiihrung des
Projekts uneingeschrankt bei lhnen und lhren Mitarbeitem/innen.

Sollten sich zu diesem Projekt elhisch relevante Nachtrage ergeben, bitte ich Sie, diese der Ethik-Kommission
unverzuglich zusammen mit einer Bewertung der Nutzen-Risiko-Relation bekannt zu geben. Andemngen in den
Dokumenten sind zum Zweck einer treschleunigten Beartjeitung deutlich zu kennzeichnen. Die Ethik-Kommission erbittet
einen Kurzbericht nach Abschluss der Studie sowie im Falle einer Publikation einen Sonderdruck.

Mil freundlichen kollegialen GrOden

/% L
(Prof. Dr. m&j. P. Betz)
Stellv. Vorsitzender der Ethik-Kommission

Aniage:
Teilnehmerlisle
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Appendix 5: ADVISE Letter of Ethics Approva!_Australia

AGENDA ITEM 3.2
The Royal ChUdren” Hospital, Melbourne

Flemington Road, Parkville

Victoria. Australia. 3052

RCH CLINICAL AUDIT AND QUALITY ASSURANCE APPROVAL FORM

Please forward:
m  completed 2 page Audit Form form, with original signatures 1 4 AR 2008
m and a 1page projectdescription

To the Ethics and Research Office, Ist Floor Main Building. RCH.
RCH REFERENCE NO: (Internal Use only)

PROJECT TITLE: Audit of adverse drug reactions using the ADR detection tool

DURATION: 1 month

IN'VESTIGATOR(S): A/ProfNoel Craiswick
Dr Valerie Sung

Principal Investigator: (print name) A/ProfNoel Cranswick

Appointment: ...Director, Department of Clinical Pharmacology

Mailing Address:... Department of Clinical Pharmacology, Royal Children’s Hospital
Contact Phone Number:........ 9345 6987

/ undertake thatl have the necessary resources to conduct this clinical audit/quality
assurance activity and | have discussed the likely Impactofthe project with all
Departments to be Involved.

PRINCIPAL
INVESTIGATOR: ... nTTT. (signature)
(Date)
The Royal Children's Hospital ADR Audit Draft 17/03/2008
Flemington Road Parfcviile Victoria 3052 Australia
Telephone 03) S345 5522 Facsimile 03) 9345 5789 Page 10f1 CA asSo030
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Appendix 6: ADVISE Letter of Ethics Approval HK

/q fK * B
FacultyCMBdic,ne NJL/A Hospital Authority TUT

dr 1 The Chinese University Of Hong Kong New Temtofiri Fail Cluster *

Joint The Chinese University of Hong Kong - Nel\w Territories East Cluster
Clinical Research Ethics Committee

Fiat 3C, Block B, Staff Quarters, Prince of Wales Hospital, Shatin, HK
Tel :(852) 2632 3935 /2144 5926 Fax : (852) 2646 6653 Website : httpi/Avww.crece.cuhk.edu.hk

To:  Prof. Kenneth Kwing Chin 1JiB (Frincipallnvestigator) Id ocr 03
School of Pharmacy
T’hc Chinese University of Ilong Kong

Ethics Approval of Research Protocol

CRF.C Ref.No.: CR1t-2009,474
Date of Approval: 06 October 2009*
Study Iitic: Adverse Drug Reactions inChildren -InternationalSurveillance and

Evaluation Study Protocol (ADVISE)

Investigatoi(s); Kenneth Kwing Chin LLEE, Ellis K.L.LHON andBenjamin S.C. LEE

1write to inform you that ethics approval has been given for you to conduct the captioned study
ill accordance with the following document(s) submitted:

¢ Study Protocol, Version 3 (ADVISE_v3_20080804)

1his ethics approval* will be valid for 12 months. Application for further renewal can be made
by submitting Ihc Ethics Renewal and Research Progress Report Form to the CREC (Download the electronic
form template from the http://ww w.erec.culik.cdu.lik or hllp:'7nlec.iioiiic/kesciirdi%2U[.lliics/maiii asp) Yon arc kindly
requested to report to the Committee upon completion of the project.

The Joint CUHK-NTCC Clinical Research Ethics Committee is organized and operates
according to ICH-GCP and the applicable laws and regulations.

Miss Winkie Lui
CRF.C Officer
Joint CUHK-NTCC
Clinical Research Ethics Committee

Liicl. |
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Appendix 7: ADVISE Letter of Ethics Approv al Malaysia

PEJABAT TIMBALAN KETUA PENGARAH KESIHATAN

OFFICE OF THE DEPUTY DIRECTOR-GENERAL OF HEALTH

(PENYELIDIKAN & SOKONGAN TEKNIKAL)

(RESEARCH & TECHNICAL SUPPORT)

KEMENTERIAN KESIHATAN MALAYSIA

MINISTRY OF HEALTH MALAYSIA

Aras 12, Blok E7, Pansel E, Presint 1

Level 12, Block E7, Parcel E, Precinct 1

Rusal Pentadbiran Kerajaan Persekutuan Tel ;03 88832543
Federal Government Administrative Centre Faks 03 88895184
62590 PUTRAJAYA

WATANKUASA ETIKA & PENYELIDIKAN Ruj. Kami : (2) dim.KKM/NIHSEC/08/0804/P08-173
*RUBATAN Tarikh 511Jun2008

IMENTERIAN KESIHATAN MALAYSIA
IlInstitut Pengurusan Kesihatan
Jalan Rumah Sakit, Bangsar

59000 Kuala Lumpur

Pn Tea Ming Hui
Pegawal Farmasi
Hospital Serdang

Puan,

NMRR-08-847.2002
Adverse drug reactions in paediatric patients

LokaslI projek : Hospital Serdang

Dengan hormatnya perkara di atas adalah dirujuk

2. Jawatankuasa Ellka & Penyelidikan Perubatan (JEPP), Kementerian Kesihatan Malaysia (KKM)
mengambil maklum bahawa projek tersebut tidak mempunyai intervensi ke atas subjek kajian dan
ianya mellbatkan pengambilan maklumat dari rekod perubatan pesakit.

3. Segala rekod dan data pesakit adalah SULIT dan hanya digunakan untuk tujuan kajian dan
semua isu serta prosedur mengenai data conMentiaJity mesti dipatuhi. Kebenaran daripada Pengarah
hospital di mana kajian akan dijalankan mesti diperolehi tedebih dahulu sebelum kajian dijalankan.
Puan periu akur dan mematuhi keputusan beliau.

Sekian terima kasih.

BERKHIDMAT UNTUK NEGARA

Saya yang me lurut pehntah.

(DR CHANG

Pengerusi \

Jawatankuasa Etika & Penyelidikan Perubatan
Kementerian Kesihatan Malaysia

j-k. Urusetia NIH
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Appendix 8: DRPs Data collection form

Drug-related problems (DRPs) in hospitalised children

Drug-related Problem Registration Form
[\lodified from: DRP-Registration Form V5.01 (PCNE Classification 2006)]

Ward: oIMedical o PICU oNICU O0A&E
Patient Data:
MRN Sex: oMale oFemale Allergs :
StudyED:.........u..... Age of patient (days months years):_ /_
oW eight (Kg):
Date of admission: .../..J.
T>-pe of Admission: oScheduled Diagnosis: Principlediagnosis...........

oTransferred Associated disease states

cEmergency

All Medications*
Genetic name Dosage/unite Route Dosage form Frequency Start date/time End date/time

¢Include OTC and complementar\ medicines

260

Comment

Continued.



Continued: Appendix 8

ooo

Name of medication: ...
Mam active substance: .

No.ofdmgs piescnbed.

Pioblem discoveied: oby
oby

Details of DRP (with related labs when needed):

Time spent on evaluation and intervention : ...

Date evaluation ofo u tcom e : ...

DESCRIPTION OF DRP

oRx oOTC
oNew oRefill

OAccordmg to caregiver
ODAccordme to medication record

physician oby milse
phannacy O none Date:

............. mill Inteiv ention initiated by:

o Phaiinacist Oother

oProblem soh ed

oProblem partially solved
oProblem not solved
oFJnknomi

TYPE OF PROBLEM (please tick only ONE problem)

PI. Adverse Reactions

Side effect suffered (non allergic)

Side effect suffered (allergic)

Toxic effect suffered

(please specifv diiic name & plasma dine level:

P4. Drug F se Problem
o  Divig not taken, administered at all
[u] Wrong ding takeu/admimstered
u] Admix incompatible or unstable drugs

P5. Intel actions

Continued.
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Appendix 8

P2. Drug Choice Problem
Inappropriate ding
Inappropi-iate dosage fonn
Inapprophate duplication of drug(-

group)
Contia-indication for ding

No clear indication for ding
No ding but clear indication

P3. Dosing Problem
Ding dose too low or dosing inter\ al too long

Ding dose too high or dosing internal too short
Duration of treatment too short

Duiation of treatment too long

Inappropriate infiision rate
Inappropiiate concentration

(=T =T < I -]

d Potential interaction

d M anifest interaction

P6. Others

Wrong patient

Illegible writing and inappropriate abbreviation
Patient dissatisfied with therapy

Insufficient awareness of health and disease
Therapy failure (unknown reason)

CAT SE OF DRP (max. 3 boxes to be ticked)

Cl. Drug or Dose Selection

Inappropriate ding selection

Inappropriate dosage selection

More cost-effective drug available
Pharmacokinetic problems
Synergistic/preventive drug required
Deterioration improvement of disease state

C4. Patient Psychological

Caregivei forgets to use ding

Caregiver has concerns with drugs
Caregiver suspects side-effects

Caregiver unwilling to cany financial costs
Caregiver unwilling to bother physician
Caregiver unwilling to change dings

262

Continued.



Continued: Appendix 8

Bm e ON

Oy N RN

Manifest side effect, no other cause

C2 Drug t se Process

Inappropriate timing of dosing

Diiig undeiiised under-administered
Ding ovei-used over-administered

No therapeutic diug monitoring

Di-ug abused

Patient unable to use ding form as directed

C'S. Inronnation

Instructions for use taking not known

Caregiver unaware of reason for drug treatment

Caregiver has difficulties readmg understanding ding label
Caregi\ er unable to understand local language

Lack of conuuunication between health professionals

Poor documentation of ding hisfoiw

Misinterpretation of computer ding record

w

Caregiver unwilling to adapt life-style
Burden of therapy

Treatment not in line with health beliefs
Patient takes food that interacts with ding

CS5. Logistics

Prescribed dings not available
Prescribing error (slip of the pen)
Dispensing enor

C6. Others
Other cause
No obvious cause

TYPE OF INTERVENTION (Max. 3 boxes to be ticked)

10. No Intervention

263

13. Drug Level

Continued.
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e end s

II. Piescriber Le» el

Prescriber infonned oulv

Piescriber asked for infonuation

Intern ention proposed, approved by
prescriber

Inters entioH proposed, not approved by
prescriber

Intervention proposed, outcome unknown
within 72 hoius

12. Patient Care: les el

Patient (medication) counseling
Written information provided only
Patient refeired to presciiber
Spoken to family member caregiver

a e aaaan

d

d

Ding changed to ..ccecucncnnnne.

Dosage changed to ..cececeenecnee

Formulation changed to

Instructions for use changed to ..

Route of administration changed to .............

Duration of treatment changed t o ...ceceennen.

Ding Stopped

New ding staited

Recommend monitoring of drug concentration

Recommend monitoring of related laboratoiy data
14. Others

Other inteiv ention

Side effect reported to authorities

OX TCOME OF INTERX ENTION (Tick one box onlv)

00. Xtnknosvn
Outcome of intemention unknown

01. Solved
Problem totally solved

=TI =P =Tl =

264

03. Problem NOT sols ed

Lack of cooperation of caregiver

Lack of cooperation of physician

Inteiv ention not effectis e

No need or possibility to sols e problem

Continued.
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02. Partially solved
o Problem partially solved

INSTRUCTIONS FOR COMPLETINO THE DRP (DREG-RELATED PROBLEM) REGISTR-LTION FORM

I.U se only one form foreach drug-related problem you detect

2.V ou moay indicate m ore than one cauvse for a particular drug-related problem (m

ax 3

3.0Y ou moay indicate moore than one intersention made per drug-related prodblem (m ax 3).

4 The drug(s) involved in the drug-related problem are entered vnder the 'Name ofmedication section

S0 R orelates to a prescribed drug, and 0 TC relates to products purchased w ithout
6. Com plete the section 'N ew "and “Refill' only if the medicme involved is a pres
T.0f the caregiver initiates the discussion of the drug problem | tick the by caregiv
section Ifthe drug problem is discovered by a mem ber of the Pharm acy staff, tick
Problem discovered: section.

§. The Numberof drugs prescribed  refers to the num ber of differentprescription
according to the patient’s m edication profile oraccording to the caregiver

9 The 'Tim ¢ spenton intervention dis the time spentactively involved m dealing
Thismehides the time from identification of the drug problem , time spentm discu
any otherhealtheare professional, obtaining inform ation and finalcoinm vivcation

resolution of the drug-related probdblem .

prescription
cribed moedicine
er' box in the Problem

the by pharm acy box

discovered:'

in the

drugs taken by the patient,

woith the drug problem .

ssion w ith the caregiver

woith the caregiver at the
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Appendix 9: Appendix 10: DRPs Ethics approval KSA

Kingdom of Saudi Arabia
National Guard
Health Affairs
King Abdulaziz Medical City - Jeddah %

ReiecrchComm lilee. KAKC. wk
m: (02)624-0000x21891 / K : 6466

INTERNAL MEMORANDUM

To Dr. Ahmed Attar
ConsultantNeuwrologist, M edicine Dept
Chairman, M edication Safety Com m ittee

Dale 194" June 2000G / 07»" Rajab 1431H

Studv title Evaluation of service to resolve drug-related problem s In children
on adm ission to hospital (multicenter study)

HRC ref. ¢ RCJ0510-14J

Upon receiptoftire am ended protocol in response to ourmemo of3 t*>May 2000 which requires revision
of yourapplication, please be advised thatthe Hospital Research Com m ittee, Jeddah hereby approve
yoursubm itted research study proposalentitled above

Condition ofapproval:-
Thisnotice ofacceptance is based on dieapproved application, protocol and supporting
docum entation. Any significantdeviations orunanticipated developm ents w ithin the research
study should be browghtto the attention of tlw Hospital Research Com m ittee tor subsequent
approval
Thisapprovalis valid for "I year” in which you have to apply forre-approvalshould you need
furtlierextension.

Kindly note that we may,forthe purpose ofauvdit,contactyou from time to time to ascertain the status
ofyourstudy and wedo hope in due course to be informed of the progressand finaloutcome of the
study once itiscom pleted.

Bestwishes fortlie successfulcom pletion of yourstudy.

Kind regards

Dr. sWman A. Karsou
Chairman, Rescarch Com m ittee
Section Head, Nephrology U nit

King Abdulaziz M edical City, W R

cri/nvdoc\frorc\s’'wdi«s\PCX$iO lillopriovol.aoc

P.0.BOX 9515 FAX :624 7444 AZIVE <t 3
JEDDAH 21423 TEL.: 624 0000 nr | ; 0jiyil Vit

KINGDOM OF SAUDI ARABIA d 4/j«]1 Xdall
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Appendix 10: DRPs Ethics amendment approval UK

NHS

National Research Ethics Service

Riverside Research Ethics Committee
Room 471*52 4" Ftocv Wasf:
Chenrg Ctow
Fulham Palace Rjoad
London VMS BRF
Tel 020 8546 72%2
Fax DZC BB4C 72S0
Dr Anije
Centre for PawK"atric Pharma::y Research
The School of Pharmacy. University of London
First Floor, BWIA House,
TavislocV Squa-'o, Lon-dor
WC1H9JP

05 Octobe' 2000

Dear Dr NeubeM

Study tide: ADVerse drug reactions in children Intenrurtlonsi
Surveillance and Evaluation (ADVISE)

REC reference: 08/H070«/96

Amendment number: 1

Amendment dale: 07 September 2009

The above amerx|'TierU was reviewed by the Sub-COTimitlee in correspondence
Ethical opinion

Tbo members of the Committee taking part in the review gave a favourable ettwcal opinion
of the amendment on the basis descnbeO Intlie notice of amendmenl form and supportlrg
docuimentahcn

Approved documents

The documents rrvricwed and approved at the meeting were:

Document (version Date

Protocol 4 04 September 2009
Notice cf Substantial A-mcndrnent (non-CTIMPs) H 07 September 2009
Covering Leber 04 September 2009

Membarshlp of the Com m ittee

Tfte momberB of the Committee v/ho took part in the review are listed on the attached
sheel

R&D approval
All investigators and research collaborators in [hc NHS should notify the R8.D office for the

relevant NHS care organisation of this amendment and check whether 1t affects R&D
approval of the research

Tr»s ReriM fCh behte CornTvanc « y , «ijvtSDry com m itiec to lonrtnn >i";1#gi( wpnMli AiilhorHy

The 1i0>Voyi'Ftrim ffV KT fAW % rfyy?ipn*? thm UM i Dirmitaftity WM lliyi
Jhv NMtktTtif Packnr S*tery AQVIKS Amwroh fiTVes Ctvrvnifrm in mig>Vntr
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statement of compliance

The Comnrwttee i» con«tluteO in BCCorOam=e wtlh the Governance Arrangementa lor
Research Ethics Commttees IJuly 2001) complies fully wrth The Standard Operating
Procsediarc* for Research Elhics Commitiecs in the UK.

I 0ayHO706<"6: P-teasc quote ttifcs number on ail correspondence

Y ours Bsncerely

Arul Patel
Committee Co-ordinator

E-mail atui patelgStimporial.nhs uk

Enotoau/es. Ltst, of narrrea a.od profeasidas of merrrders «.-fjo /Ook part iti ttje
acviIClv
Copy fo' Mx M/tftrvon Boyfpn
TA-i REWMny' Etr«3 cO@MTIIOM-D» an -cowviTHCwe w L-onnan Scoiegtc Heiltn Auc”nt”
Tfte Var.Sorvil ISCTMrfh ; eHrj jHW-rr )>*« W rr*TW -nrs tifte WArS OinrrtorptT wirArn
ftir Awrmnecl and Mr»MneA f rfw? fwnnwftw? vn
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