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Executive Summary 

Background 
Integration and extension of product vigilance capability in New Zealand is required to deliver a 
comprehensive and interdisciplinary product vigilance research system (see Figure I). The 
overarching aim of this research programme was to develop such an approach to enable timely and 
effective identification, investigation, and communication of medicine safety issues. 

 
Figure I. Summarised System Design 

 

Aims and Methods 
Specifically, we aimed to: 

1. Inform strategies for Effective Communication of Medicines Safety Information  
i) Communication Case Study of a New Zealand medicines safety issue 

(influenza vaccine and febrile reactions in children). 
ii) Survey of International Medicines Regulators to examine NZ and international 

practice in communicating with the public and HCPs about medicines safety 
issues. 

iii) Survey of the New Zealand Public to assess the general level of awareness 
among the public about medicines safety issues; and public preferences 
regarding sources and channels of communication about medicines safety. 

 
2. Improve Data Sources  

i) Review of ethical, privacy and governance concerns, issues, and/or risks 
pertaining to the use of general practice patient data for regional or national 
pharmacovigilance monitoring activities.  

ii) Development and deployment of a proof-of concept Electronic Data 
Acquisition Module for General Practice Healthcare Data (GP-EDAM). 
 
 

Improved Data Sources –  
Database Development & Linkage 

Robust Signal Evaluation –  
Formal Epidemiological Studies 

 Timely & Targeted Communications 

Enhanced Signal Detection –  
Bayesian Modelling & Machine Learning 

 



 
iv Final Deliverable Report from the University of Otago Product Vigilance Research Team 

3. Enhance Signal Detection  
i) Application of hierarchical Bayesian modelling & Machine Learning techniques 

to linked prescription & outcome data and general practice data. 
 

4. Improve Signal Evaluation through Formal Epidemiological Studies  
i) Testing and validation of the method of using linked dispensing and health 

data from the National Collections to investigate medicines safety signals. 
Study 1: Simvastatin and rhabdomyolysis. Study 2: Proton-pump inhibitors 
and interstitial nephritis. 

ii) Development of procedures for managing and analysing linked dispensing 
and health data. 

The different tiers of this system were developed simultaneously, some using externally validated 
data. Although no one medicines safety issue has been taken through the system sequentially, the 
system is certainly amenable to this approach. 

Key Findings and Implications 
Key findings and their application to an integrated product vigilance system for New Zealand are 
described below.   

1. Effective Communication of Medicines Safety Information 

Medsafe as a Public Communicator of Drug Safety Information 

Web-based Communications 

• Results from the national survey suggest that awareness of Medsafe and CARM is low 
amongst the New Zealand public. Only 1% of participants could correctly name these 
agencies, and 93% of participants had never visited the Medsafe website. 
 

• While several stakeholders in the communication case study noted a need for more modern 
channels of communication, the interest in signing up for drug safety alerts from Medsafe by 
email, cell phone or social media (e.g. Facebook) was generally low in the national survey.  
 

These findings suggest that the Medsafe website is currently not an effective channel for direct 
communications with the public. To establish the website as a source for information on medicines, 
Medsafe’s low public profile would need to be addressed and promotion of the site should be 
considered. In conjunction with this, it would be sensible to evaluate the current website’s fit with the 
needs and preferences of public visitors with regard to structure and content.  

While the importance of new communication channels (such as social media on the Internet) is 
rising, and it would be sensible to have a presence in these channels, the national survey findings 
suggest it may be too early to depend heavily on these channels for communicating drug safety 
issues to the broader public. The apparent low interest in signing up for direct communications from 
Medsafe generally would likely have been higher if public awareness of Medsafe had not been so 
low among participants. 

Collaboration in Drug Safety Communication 

• A large proportion of participants in the national survey said they would most likely learn 
about Medsafe drug safety news through mass media. 
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• Drug safety communications for the public were adapted to different numeracy or literacy 

levels by less than half of the agencies in the regulator study, while even fewer agencies 
adapted their communications for the needs of people with certain disabilities. The two by far 
most commonly used channels to reach the public were the agency website and mass 
media coverage via press releases. 
 

• Almost all agencies in the regulator study had implemented strategies to improve the quality 
of drug safety coverage in the mass media. The three main strategies were: developing 
relationships with the media, educating the media, and media training for agency staff. 
 

• The communication case study showed that Ministry staff are well aware the media are a 
key channel to the public. Several comments reflected frustrations with the way the media in 
general report on medicine safety issues; although most were actively looking for solutions 
to these difficulties. Some frustrations were also expressed by journalists in dealing with the 
Ministry. This was coupled with an enthusiasm for fostering relationships, continuing 
education in the area of medicines safety for reporters, and facilitating a joint understanding 
of the needs of the Ministry and the needs of the media. 
 

• Several stakeholders in the communication case study saw a need for fostering good 
working relationships between groups to facilitate more effective coordination of risk 
communication when a safety issue arises. Further comment suggested a need for 
clarification of roles and responsibilities of various stakeholders before a safety issue arises.  

These findings underline the need for collaboration and good working relations with partners in drug 
safety communication to get the message out. Such partners include professional organisations, 
government agencies, the pharmaceutical industry, HCPs, patient organisations and, in particular, 
the mass media. Media strategies require special attention to improve the prospects for good quality 
drug safety coverage in the New Zealand mass media.  

   

Drug Safety Awareness amongst the New Zealand Public  

Strategies to Raise Public Awareness 

• While there is a high use of medicines in New Zealand, the national survey indicates a low 
awareness of medicine safety issues. There is, for example, widespread unawareness about 
the fact that new medicines may have serious side effects that have not yet been 
discovered. Fewer than half of medicine users could recall a known side-effect of their 
personal medicines, and less than half of those using more than one medicine had found out 
if there was a risk for interactions. Furthermore, less than half of those having experienced 
an ADR had been aware of the risk of that ADR before it occurred.  
 

• The national survey demonstrated quite a strong scepticism against buying prescription 
medicines on the Internet. Additionally, there is also desire to learn more about personal 
medicines – 40% of participants wanted more information than they were given when 
prescribed a new medicine by their doctor.  
 

• The top three selected information sources for drug safety information in the national survey 
were doctor, pharmacist and medicine package. As expected, the Internet was used to a 
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larger extent by younger age groups; in the oldest age group and lowest education group 
approximately one third did not have Internet access.  
 

• Information from HCPs and a trusted NZ Internet resource were the two most commonly 
suggested ways that participants in the national survey would like to obtain drug safety 
information in the future.  
 

• Comment from the Ministry and others in the risk communication case study suggested a 
need to ensure that the location and form of drug safety messages are in line with media 
consumption patterns and health literacy levels of the target audience.  
 

• About half of the agencies in the regulator survey had a defined strategy to raise public 
awareness of drug safety issues in their respective countries. Strategies included improving 
the agency website and promoting it to the public, refining the criteria for when to issue a 
drug safety communication, developing mechanisms to measure effectiveness of drug safety 
communications, identifying best practices in risk communications, and strengthening 
relationships with patient and HCP groups to identify their information needs and preferred 
methods of dissemination.  
 

• Most regulatory agencies felt that their knowledge of the amount and type of risk-benefit 
information required by the public to enable them to make informed decisions about the use 
of therapeutic products was an area in need of improvement. 

It is important to keep in mind the low level of drug safety awareness among the general public 
when designing communications for the public, and also when communicating with HCPs and the 
mass media; HCPs and the mass media both have important roles in educating and informing the 
public on drug safety issues. Additionally, it should be noted that more than half of adult New 
Zealanders have been estimated to have poor health literacy skills. In the longer-term, developing 
strategies for raising health literacy levels and drug safety awareness amongst New Zealanders 
should be considered – liaising with New Zealand’s Health Quality and Safety Commission and 
learning more of their health literacy initiatives may be a useful starting point for this. In the shorter-
term, ensuring communications are adapted to current levels of health literacy and drug safety 
awareness is paramount. The development and provision of resources that facilitate understanding 
(e.g., pictorial depictions of harms and benefits) may be particularly useful for HCPs when 
consulting with their patients. 

Different audiences (age, gender) have different preferences for the channels they use to obtain 
drug safety information; from the sender’s perspective, this should be used to target communication 
efforts to maximise chances of reaching a certain group.  

HCPs are important sources for drug safety information for the public – and as such, important 
channels for drug safety communications from Medsafe. The fact that package leaflets were highly 
valued sources for drug safety information indicates that the introduction of package inserts for all 
medicines on the New Zealand market would be welcomed by patients and consumers. 

 

Emerging Drug Safety Issues 

• With regard to emerging drug safety issues, 57% of participants in the national survey 
preferred early communications from Medsafe (at first suspicion/at first suspicion for serious 
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side-effects), while 43% thought communications should wait until there was firm advice to 
give to HCPs and patients, or until Medsafe was absolutely sure that the medicine was 
causing the side-effect.  

In the case of emerging drug safety issues, it is useful to bear in mind that a majority of the public, 
and especially older people, favour early communications, thus preferring prompt information with a 
higher degree of uncertainty over later information with a lower degree of uncertainty.  

Measuring the Effectiveness of Communications 

• Measuring the effectiveness of drug safety communications was not routinely part of the 
communications process at any of the agencies in the regulator survey. However, it was 
acknowledged that measuring the results of drug safety communications is an important part 
of the communication cycle, and one which is most often overlooked due to limited 
resources and time constraints.  
 

• As an example of a recent drug safety communication, the national survey aimed to gauge 
public awareness of Medsafe’s updated recommendations on the use of cough and cold 
medicines in children under six years. The results suggest that the cough and cold 
communication campaign was relatively effective with regards to message, but ineffective 
with regards to dissemination: 
 
Only 15% of all participants and 22% of those caring for a child under six years had heard 
about the updated cough and cold recommendations. Of the caregivers who had given a 
cough and cold medication to a child under six within the past 12 months, 31% had heard 
about the recommendations. Mass media and HCPs were the most commonly mentioned 
sources for the information. 
 
Five of the 11 caregivers who had heard about the recommendations had stopped using the 
medicines and four used them less often and/or in smaller amounts than before; thus, 9 of 
11 had changed their behaviour in some way. 
 

• No formal evaluation of the communication of the influenza vaccine and febrile reactions 
issue was conducted by the Ministry or other stakeholders.  To this end, lessons learned or 
pre-event activities that could enhance future drug safety communications were not 
documented or communicated to others.  There was universal agreement amongst 
stakeholders that debriefing in this way would be valuable. 

While measuring the effectiveness of communications demands a certain amount of time and 
resources, it is essential in order to evaluate whether communications reach their goals. Moreover, 
it is an investment in future communications as it provides vital information on what may need to be 
improved or changed to achieve future communication goals. Less resource-demanding follow-up 
methods include surveying and evaluating mass media coverage, monitoring activity on relevant 
Internet forums/blogs/Twitter, following prescription and/or sales patterns and counting webpage 
visitors/telephone calls.  

Following up on communication activities also has a motivational and debriefing function for 
communication personnel, and provides an opportunity to talk through and evaluate the 
communication process.  
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2. Improved Data Sources 
• We undertook development and deployment of a proof-of-concept Electronic Data 

Acquisition Module for General Practice Healthcare Data (GP-EDAM) across a sample of 
sentinel GP practices in NZ and made extracted data available for pharmacovigilance signal 
detection. The eventual ambition of this development is the expansion of the system into a 
national GP network/database available to fulfil a number of pharmacovigilance and 
pharmacoepidemiological surveillance needs.  
 

• To inform the development of the proof-of-concept module we established a 
Pharmacovigilance Ethics Advisory Group (PEAG) comprised of key stakeholder 
representatives and academics. PEAG explored a range of existing and potential ethical 
issues, resulting in draft guidelines that informed the deployment phase of the GP-EDAM 
module. This PEAG document has been released to key stakeholders for consultation as a 
discussion report in order to gain National input.  
 

• We developed a proof-of-concept database system that collected anonymous patient 
information from GP’s computers and removed identifying details and was sent electronically 
over a secure network to a centralised server for analysis. This system was designed to 
apply the broadest application to pharmacovigilance and pharmacoepidemiology, with 
potential capability to detect signals such as; class/ agent switching due to an ADR; 
combinations of agents causing ADR’s; agent safety in ‘at risk’ populations; prescription 
uptake by class/ agent 
 

• The GP-EDAM module now uniquely features a ‘dynamic trigger’ capability, which gives it 
the flexibility to extract any defined information from the PMS system without requiring a 
change in software architecture. Its fully automated capacity permits multiple queries to be 
loaded, without input at the GP surgery. The ‘dynamic trigger’ feature adds considerable 
functionality by permitting searches for any defined parameters/criteria within the PMS (any 
medication class or agent of interest, any patient selection criteria, any defined recall period, 
any selection of returned fields) and the ability to host/run multiple queries simultaneously. 
The client module runs autonomously without user input.  
 

• The extraction module has been defined, developed and tested and was able to fully 
replicate the extraction features of the IVMP data programme which had previously been 
developed by the New Zealand Pharmacovigilance. It is able to: process a query into the 
database, schedule it to run at the client, the client checks to see what it needs to run, runs 
the query, and uploads the results to the server.  
 

• A data schema was developed and New Zealand Pharmacovigilance systems configured to 
recognise and receive data in that format. Test data was then sent from the Pegasus GP-
EDAM server and successfully received by the New Zealand Pharmacovigilance Centre. The 
first full data query has been designed, and developed examining Dabigitran usage and 
safety. Dabigatran is the first of a new class of anticoagulant, recently approved in New 
Zealand for use in atrial fibrillation and venous thromboembolism.  
 

• As a result of an initial focus group with practice representatives, we instigated an additional 
step in the process to allow GP’s the opportunity to manually inspect their extracted data 
files for any potentially confidential information which may not have been detected by the de-
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identification process. This was a necessary step given the degree of protection GP’s have, 
especially with the use of ‘free text fields’ for this extraction.  
 

• Following data extraction and feedback GP’s expressed intial scepticism, suspicion and 
distrust when asked to share electronic patient consultation notes, however this changed 
and by the end of the project they were ‘impressed’ that the data extracted had real potential 
for very significant drug findings if deployed nationally. 

 

3. Enhanced Signal Detection 
• New Bayesian methodology for signal detection in longitudinal health care databases has 

been developed. The approach is new to pharmacovigilance but builds on the well-
developed framework of hierarchical Bayesian modelling.  The method is tailored towards 
open-minded investigations of the safety of a group of medicines, rather than a complete 
screening of all medicines represented in a given database.  We envisage our methods 
being applied in targeted investigations built around the monitoring of newly marketed drugs 
in comparison to medications currently used for treating the same condition. “Open-minded” 
means the methodology has been designed with analysis of multiple outcomes in mind and 
these outcomes are not restricted to those for which there is some a priori suspicion of an 
association, though such associations can of course be included.  The methodology is 
designed for the territory between spontaneous reporting and formal epidemiological studies 
and does not compete with, or replace, either of those types of investigation. 
 

• The new Bayesian methodology was applied to two examples; one of these had features 
typical of linked pharmaceuticals–health outcomes databases, and the other had features 
typical of medical practice databases. Thus, our examples cover the major data sources 
likely to be used for enhanced signal detection. These applications highlight some drug-
outcome associations. 
 

• Highlighted associations were evaluated from a clinical viewpoint using multiple methods 
and data sources, including review of available information on case-histories. This review 
found that the highlighted associations were either recognised adverse reactions, or, if not, 
were clinically plausible and could not be ruled out from the case-history information.  Some 
established associations were not identified from the Bayesian analyses. This may, in part, 
have been due to small cohort size, and in some cases may also represent limitations of the 
hospital discharge data as a source of outcomes data (e.g. a condition like Type 2 diabetes 
will typically be managed  in primary care so is rarely a principal reason for admission). 
 

• The clinical review of highlighted associations is human resource intensive but is an 
essential step in building the evidence for a signal.  Funding of clinical input would therefore 
be essential for future applications of the Bayesian methodology and for enhanced signal 
detection in general. 
 

• The application of Decision Trees to pharmacovigilance was investigated by applying this 
approach to the same two examples used for testing the Bayesian methodology. There was 
some correspondence between results of the Decision Tree analyses and the Bayesian 
analyses, and clinical evaluation of the Decision Tree analysis suggested none of the 
identified associations were implausible. 
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• Further  investigation and adaptation of Decision Tree methods is required to tailor them to 
fit the requirements of New Zealand pharmacovigilance data (e.g. some very rare outcomes, 
some quite common). 
 

• Text mining methods for processing medical consultation notes were investigated. Progress 
was made in understanding and documenting the complexities of this field. Visualisation 
methods for initial exploration of databases and of consultation notes were investigated and 
seem a promising avenue for further development. 
 

• Further development of automated or semi-automated methods for handling consultation 
notes would require specific investment (e.g. a full-time research fellow or PhD studentships) 
but the potential benefits of even a modest degree of progress in automating the processing 
of consultation notes are great. 
 

• We have developed software shells for a toolbox of signal detection methods and supporting 
database methods. These shells are not operational at this point but illustrate the potential 
for making our methods available to other researchers. Development of the toolbox concept 
and supporting documentation would require further investment.  

 

4.  Robust Signal Evaluation 
In terms of overarching objectives, we have: 

• Tested, and validated, the method of using linked dispensing and health data from the 
National Collections to investigate medicine safety signals.  This was achieved by 
undertaking studies of known medicine safety issues and finding the expected associations, 
and by examining spontaneous reports received by the New Zealand Pharmacovigilance 
Centre (NZPhvC) and determining that our studies had detected the cases they should have. 
 

• Developed procedures for managing and analysing linked dispensing and health data.  We 
identified several critical points at which delays could, and did, occur when acquiring data for 
the two epidemiological studies; however, these issues have largely been resolved for future 
studies.  We identified and excluded linked records in which the dispensing information and 
health data clearly did not refer to the same person (an extremely small proportion of the 
total records for which the National Health Index [NHI] recorded in Pharmaceutical Collection 
[Pharms] must have been incorrect), and have established potential means of enhancing this 
process in the future with the use of extra data.  In addition, the various initiatives which 
have been introduced to improve the coverage and accuracy of NHIs recorded in Pharms 
data should also help to minimise incorrect linkage in future studies.  We have developed 
rules to derive values for some key variables (‘days supply’ and ‘daily dose’) when these are 
missing in Pharms data, and other rules to deal with multiple dispensings, which could easily 
be applied to future studies.  Finally, we have developed and refined steps for extracting and 
deriving variables from the linked dispensing and health data in order to produce case-
control analysis datasets and to estimate person-years of use.  
 

• Contributed to workforce development by supervising a Master of Public Health candidate to 
undertake one of the studies.   
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More specifically, we have: 

• Explored the association between the current dose of simvastatin and severe 
rhabdomyolysis resulting in hospital admission or death. We have confirmed the dose-
response relationship and have also generated useful new information – information which is 
likely to be of interest to regulators and prescribers internationally.  A manuscript which 
describes the study methods, presents the results, and discusses the implications of the 
findings will be submitted to an international peer-reviewed journal and a link to the paper 
will be provided once the study is published.   
 

• Estimated the absolute risk of rhabdomyolysis in current users of simvastatin according to 
dose.  Previous estimates of the incidence of rhabdomyolysis in users of simvastatin have 
often been based on the highly selected participants in clinical trials.  By contrast, we have 
provided population-based estimates in a ‘real world’ setting.   
 

• Examined the association between current, and recent, proton pump inhibitor use (relative to 
past users) and the risk of interstitial nephritis.  This investigation has generated new 
information about the postulated relationship between proton pump inhibitors and interstitial 
nephritis which is likely to interest international regulators and prescribers, as well as 
patients in countries where proton pump inhibitors can be obtained over-the-counter.  A 
manuscript will be submitted to an international peer-reviewed journal and a link to the paper 
will be provided once the study is published. 
 

• Estimated the absolute risks of interstitial nephritis in current, recent, and past users of 
proton pump inhibitors.  As with the simvastatin study, in this study we have provided useful 
population-based estimates of incidence rates in a general population of users. 
 

• Described the demographic characteristics of proton pump inhibitor users in New Zealand.  
This aspect of the study has highlighted the widespread use of proton pump inhibitors by 
New Zealanders of all ages.   

 

Drug safety questions with potential to be investigated using the National Collections 

Linked dispensing and health data from the National Collections can be used to undertake formal 
epidemiological investigations into medicine safety issues.  However, whether a particular safety 
issue can be investigated using this approach will depend on: 

• Whether the medicine of interest is subsidised by the Government and is dispensed through a 
community pharmacy (the majority of medicines prescribed in New Zealand). 

 
• Whether the health outcome of interest is of a serious nature and will result in hospital 

admission, cancer registration, or death. 
 
• Whether information about important confounders of any relationship between the medicine 

and adverse event can be obtained from the National Collections. 
 

The feasibility of exploring an issue will depend on:  

• The proportion of the New Zealand population who are users of the medicine of interest 
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• The background incidence of the health outcome of interest  
• The likely strength of the relationship between the medicine and the outcome 

 

Potential uses of general practice data in future pharmacoepidemiological studies 

We are fortunate in New Zealand to have access to high-quality routinely collected electronic 
dispensing and health data for the entire population.  Because of the standardised approach to 
coding and recording such data, the National Collections are likely to remain the preferred source of 
information about the dispensing of subsidised medicines, hospital discharges, cancer registrations, 
and deaths. Nevertheless, the prospect of obtaining access to general practice data throughout New 
Zealand raises exciting possibilities.  Such data would extend the range of medicine safety issues 
which could be investigated using linked data from the National Collections by providing information, 
for study members, about potential confounders which is not consistently (if at all) recorded in 
hospital discharge and mortality data (e.g. weight, height, smoking status).  Furthermore, the 
availability of general practice data might also allow the investigation of potential adverse drug 
reactions that do not result in hospital admission or death, with the caveat that the potential for bias 
in such studies would be greater than in those investigating more serious events. Finally, general 
practice records would be useful for identifying users of non-subsidised medicines – although this 
would identify prescribed rather than dispensed medicines.    

 
Other practical issues for future studies 

• Most of the issues related to obtaining copies of hospital discharge letters have been 
resolved; however, it is possible that this could still be a rate-limiting step in future studies. 
 

• The number of District Health Boards (DHBs) who request financial reimbursement for the 
retrieval and copying of discharge letters may increase in the future.   
 

• It is anticipated that the level of detail contained in discharge letters will increase with the 
adoption of electronic discharges which include verbatim results of diagnostic tests; this has 
obvious advantages for validating diagnoses. 
 

• It will depend on the potential adverse event of interest as to whether there is a specific 
(enough) ICD rubric which identifies that outcome;  when several conditions share the same 
ICD rubric, the use of that rubric to identify potential cases will inevitably cast a wide net and 
it will be necessary to develop a diagnostic algorithm  
 

• The services of an experienced data manager who can produce analysis datasets in a timely 
fashion are vital to undertaking epidemiological studies based on linked dispensing and 
health data.  Hence, the establishment of a long-term employment arrangement with a data 
manager who possesses such expertise would be essential to the viability of any future 
programme of pharmacoepidemiological research based on data from the National 
Collections. 
 

• New Zealand has very few pharmacoepidemiologists and there is an urgent need to develop 
and maintain a critical mass of expertise in this field.  One option for developing capacity 
would be to offer competitive funding for post-graduate students to undertake Masters and 
PhD pharmacoepidemiological research projects. 
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Conclusion 
The findings from this research programme inform the development of a comprehensive system to 
monitor the safety of medicines in New Zealand. This programme integrates and extends this 
expertise to improve product vigilance data sources, enhance signal detection, formally investigate 
specific issues, and assist in ensuring effective communication of medicines safety information. 
Implementation of these findings, and investment in areas requiring further development, will better 
enable New Zealand to safeguard the health of its own population and contribute to the identification 
and evaluation of medicine safety issues of global importance.     
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1 Developing an Integrated Pharmacovigilance System for New Zealand 

Introduction 
As little is known about uncommon or long-term harmful effects of new medicines when they are 
first released, it is essential to have an ongoing monitoring system for timely identification and 
investigation of unwanted effects. The chapters that follow cover key components of a 
comprehensive system to monitor, evaluate, and communicate the safety of medicines in New 
Zealand: 

• Effective Communication of Medicines Safety Information 
• Improved Data Sources 
• Enhanced Signal Detection 
• Signal Assessment – Formal Epidemiological Evaluation  

In addition to extending expertise and collaborations among current medicine safety researchers, 
the benefits of this system include earlier and more accurate identification and investigation of 
safety issues, together with enhanced communication about the safety of medicines with health 
professionals and the public (see Figure II). 

 

Figure II: Pharmacovigilance Integrated System Design 

 

The different tiers of this system were developed simultaneously, some using externally validated 
data. Although no one medicines safety issue has been taken through the system sequentially, the 
system is certainly amenable to this approach. 
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Chapter 1: Effective Communication of 
Medicines Safety Information 

General Summary 
Effective communication of the risks and benefits of medicines between public authorities and their 
populations, and between healthcare professionals (HCPs) and their patients, is imperative.  Not 
only does it enable HCPs to offer their patients optimal guidance but it enables patients and 
consumers to make astute and informed decisions about their healthcare.1,2  

Internationally, there is widespread agreement that the art of effectively communicating information 
about the risks and benefits of medicines to HCPs and the public is yet to be mastered.3,4 In recent 
years, much thought and effort has been dedicated to improving pharmacovigilance risk 
communication.2,5-8 The following studies add to this body of work, with a particular focus on New 
Zealand.    

 

Aims & Methods 
The overall objective of this arm of the research programme was to inform strategies for improved 
communication of medicines safety issues through the identification of New Zealand’s key gaps and 
priorities in this area. 

Specifically, we aimed to examine: 

• International practice in communicating with the public and HCPs about medicines safety 
issues 

• New Zealand practice in communicating with the public and HCPs about medicines safety 
issues 

• General level of awareness among the public about medicines safety issues 
• Public preferences regarding sources and channels of communication about medicines 

safety 

Three studies were conducted to investigate these aims: 

i. Risk Communication Case Study of a New Zealand medicines safety issue (influenza 
vaccine and febrile reactions in children) 

ii. Survey of International Medicines Regulators  
iii. Survey of the New Zealand Public (this was preceded by a survey of the Otago public) 

A summary of the aims and methods for these studies is provided in Figure 1.  Key findings from 
across the studies are then highlighted, together with implications for improved medicines safety 
communication. For a more detailed description and discussion of rationale, methods and 
analyses for the Communication Case Study, Survey of International Medicines Regulators, and 
Survey of the New Zealand Public, please see Sections 1.1, 1.2, and 1.3, respectively. For more 
information about the Otago survey, please refer to Appendix 1. 



 
3 Developing an Integrated Pharmacovigilance System for New Zealand 

Figure 1: Summary of Aims and Methods for the 3 Primary Studies 

Study 1 
Risk Communication 

Case Study 

 
 
 
 
 

Key Aims 
Compare communication of 
the 2010 ‘Influenza vaccine 
& febrile convulsions’ issue 
against a best practice risk 
communication framework 
Identify practical 
implications for effective 
communication of future 
medicines safety issues 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 

Methods 
A case overview was 
developed using archival 
material and government 
documents. Please see 
Section 2 for a detailed 
overview and timeline of 
this case. 
Further data were collected 
through key informant 
interviews with personnel 
from MoH (incl Medsafe), 
IMAC, CARM, RNZCGPs, CSL 
Biotherapies, & newspaper 
journalists 
Texts & key informant 
narratives were categorised 
& compared against a 
framework of best practice 
in risk communication. 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Best Practice in Risk 
Communication Framework 

1. Approach Risk Communication 
as a Process 
2. Understand the Target 
Audience 
- ensure communications are 
accessible to target audience 
3. Trust the Public & Respect 
Different Levels of Risk Tolerance 
4. Collaborate and/or Coordinate 
with other Information Sources 
- meet the needs of the media 
5. Present messages with 
Compassion, Concern & Empathy 
6. Acknowledge the Uncertainty 
Inherrent in Risk 
7. Provide Messages of Self 
Efficacy 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Study 2 
Regulator Survey 

 

 
 
 
 
 
 

Key Aim 
Investigate national and 
international practice in drug 
safety communication with 
HCPs & the public  
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Methods 
On-line survey 
Participating countries 
included UK, USA, Australia, 
Canada, Ireland, Germany, 
New Zealand, Norway, 
Sweden, Morocco, Denmark 
& Singapore 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 

Survey Sections 
 

1. Target Groups 
Who are your target groups; 
Adaption of communications for 
different target groups; Pre-testing; 
Knowledge of target group 
needs/preferences  
2. Communication Channels 
Types of communication channels 
used 
3. Measuring the Effectiveness of 
Drug Safety Communications 
Extent to which this is done; Extent 
to which goals are reached  
4. Organisation & Resources 
Skill sets involved and how these 
are organised 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Study 3  
National Survey of 

New Zealand public 

 
 
 
 
 
 
 
 
 
 
 

Key Aims 
Explore public level of 
understanding &awareness 
of medicines safety issues 
Identify public preferences 
regarding sources and 
channels of  communication 
for obtaining information 
about medicines 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Methods 
Computer-assisted telephone 
survey 
Potential participants randomly 
selected from NZ general & 
Maori electoral rolls; landline 
phone numbers matched 
where possible 
An invitational letter and 
follow-up phone call gave 
opportunity to provide landline 
or cell phone number via free-
post form, text message, or e-
mail 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Survey Sections 
1. Personal Use of Medicines 
Current or recent medicine use 
2. Experience of Adverse Effects 
Personal experience of side effects; 
Knowledge of CARM 
3. Obtaining Information about 
Medicines 
From WHO/WHERE & HOW the 
public obtain information about 
medicines 
4. Weighing Risks & Benefits of 
Medicines 
Knowledge of Medsafe; Views on 
how Medsafe should communicate 
safety information 
5. Safety Issues with Specific 
Medicines 
General awareness of medicine 
safety issues 
6. Cough & Cold Medicines 
Awareness of recommendations for 
use of cough & cold medicines in 
children 
7. Demographic Details 
Education & ethnicity 
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Key Findings & Implications 
Key findings from each of these studies can be categorised into three focal areas: 

1. Medsafe as a public communicator of drug safety information 
2. Drug safety awareness in NZ – the public as a target group for drug safety communications 
3. Measuring the effectiveness of drug safety communications 

Significant findings and subsequent implications for effective communication of medicines safety 
issues by Medsafe are discussed under these three categories below. 

 

1. Medsafe as a Public Communicator of Drug Safety Information 

Key findings 

• Results from the national survey suggest that awareness of Medsafe and CARM is low 
amongst the New Zealand public. Only 1% of participants could correctly name these 
agencies, and 93% of participants had never visited the Medsafe website. 
  

• While several stakeholders in the risk communication case study noted a need for more 
modern channels of communication, the interest in signing up for drug safety alerts from 
Medsafe by email, cell phone or social media (e.g. Facebook) was generally low in the 
national survey. Highest interest was seen for an email service – almost one third of 
participants were ‘very likely’ or ‘somewhat likely’ to register their email address for email 
alerts from Medsafe. This is likely to be a small underestimate due to the disproportionate 
number of older residents in the national survey (although older people are also higher users 
of medicines). 
 

• A large proportion of participants in the national survey said they would most likely learn 
about Medsafe drug safety news through mass media (TV, newspapers, radio and Internet 
news sites). The mass media is currently one of Medsafe’s key channels for drug safety 
communications. 
 

• Drug safety communications for the public were adapted to different numeracy or literacy 
levels by five of the agencies in the regulator study, while two agencies adapted their 
communications for the needs of people with certain disabilities. Five agencies used new 
social media on the Internet, and nine agencies used some form of print media (e.g. 
brochures, books). The two by far most commonly used channels to reach the public were 
the agency’s website and mass media coverage via press releases. 
 

• Almost all (9/11) agencies in the regulator study had implemented strategies to improve the 
quality of drug safety coverage in the mass media. The three main strategies were: 
developing relationships with the media, educating the media, and media training for agency 
staff. 
 

• The risk communication case study showed that Ministry staff are well aware the media are 
a key channel to the public. Several comments reflected frustrations with the way the media 
in general report on medicine safety issues; although most were actively looking for solutions 
to these difficulties. Some frustrations were also expressed by journalists in dealing with the 
Ministry. This was coupled with an enthusiasm for fostering relationships, continuing 
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education in the area of medicines safety for reporters, and facilitating a joint understanding 
of the needs of the Ministry and the needs of the media. 
 

• Several stakeholders in the communication case study saw a need for fostering good 
working relationships between groups to facilitate more effective coordination of risk 
communication when a safety issue arises. Further comment suggested a need for 
clarification of roles and responsibilities of various stakeholders before a safety issue arises.  

Implications 
 
Web-based Communications 

These findings suggest that the Medsafe website is currently not an effective channel for direct 
communications with the public. To establish the website as a source for information on medicines, 
Medsafe’s low public profile would need to be addressed and promotion of the site should be 
considered. In conjunction with this, it would be sensible to evaluate the current website’s fit with the 
needs and preferences of public visitors with regard to structure and content.  

While the importance of new communication channels (such as social media on the Internet) is 
rising, and it would be sensible to have a presence in these channels, the national survey findings 
suggest it may be too early to depend heavily on these channels for communicating drug safety 
issues to the broader public. However, younger target audiences – and likely the mass media - 
could well be effectively reached through such channels. The apparent low interest in signing up for 
direct communications from Medsafe generally would likely have been higher if public awareness of 
Medsafe had not been so low among participants. 

Collaboration in Drug Safety Communication 

These findings underline the need for collaboration and good working relations with partners in drug 
safety communication to get the message out. Such partners include professional organisations, 
government agencies, the pharmaceutical industry, HCPs, patient organisations and, in particular, 
the mass media. Media strategies require special attention to improve the prospects for good quality 
drug safety coverage in the New Zealand mass media.  

The fact that the majority of participants in the national survey said they would most likely learn 
about Medsafe drug safety news through mass media supports previous research showing that 
people rely more on news reports to learn about emerging health issues than sources such as 
HCPs.63 Indeed, the media are a central institution in today’s society and can play a fundamental 
role both in triggering public engagement and in shaping public understanding about risk issues.64 
Indeed, given the high level of influence the media can have on individuals’ attitudes, decisions and 
action, it is imperative that Medsafe has a strategic and proactive approach to communication and 
that reactive-style communication is reduced where possible. If aspects like media liaison, collection 
of relevant data for target audience analysis, user participation, etc, become part of a 
communication continuum in pharmacovigilance, then any current need to act ‘on the fly’ should 
ease. This would also improve the ability to communicate effectively in situations subject to extreme 
time pressure.2 Clearly, any endeavours to create better understandings between the fields of 
pharmacovigilance and media reporting would be valuable.65 
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2. Drug Safety Awareness in New Zealand – the public as a target group for drug safety 
communications 

Key findings 

• While there is a high use of medicines in New Zealand, the national survey indicates a low 
awareness of medicine safety issues – both in general (such as the safety status of new 
medicines and knowledge about Medsafe and CARM) and more specifically (such as 
awareness of possible interactions and side effects of personal medicines). There is, for 
example, widespread unawareness about the fact that new medicines may have serious 
side effects that have not yet been discovered. Fewer than half of medicine users could 
recall a known side-effect of their personal medicines, and less than half of those using more 
than one medicine had found out if there was a risk for interactions. Furthermore, less than 
half of those having experienced an ADR had been aware of the risk of that ADR before it 
occurred. Frequent concurrent use of different product types (prescription, OTC, herbal 
remedies and dietary supplements) presents a potential drug safety issue, as patients may 
not inform their prescribing doctor about concurrent use of these products. 
 

• Reassuringly, the national survey demonstrated quite a strong scepticism against buying 
prescription medicines on the Internet. Additionally, there is also desire to learn more about 
personal medicines – 40% of participants (47% women; 28% men) wanted more information 
than they were given when prescribed a new medicine by their doctor.  
 

• In both the national survey and the Otago survey, the top three selected information sources 
for drug safety information were doctor, pharmacist and medicine package. As expected, the 
Internet was used to a larger extent by younger age groups; in the oldest age group and 
lowest education group approximately one third did not have Internet access.  
 

• Information from HCPs and a trusted NZ Internet resource were the two most commonly 
suggested ways that participants in the national survey would like to obtain drug safety 
information in the future. It is important, therefore, to bear in mind that stakeholders in the 
risk communication case study indicated that improved, alternative or additional methods of 
communicating drug safety information to HCPs should be considered, both in terms of 
reaching and being understood by the target audience.  
 

• Comment from the Ministry and others in the risk communication case study suggested a 
need to ensure that the location and form of drug safety messages are in line with media 
consumption patterns and health literacy levels of the target audience.  
 

• Six of 11 agencies in the regulator survey had a defined strategy to raise public awareness 
of drug safety issues in their respective countries. These included improving and promoting 
the agency website, refining criteria for when to issue drug safety communications, 
developing mechanisms to measure effectiveness of drug safety communications, identifying 
best practices in risk communication, and strengthening relationships with patient and HCP 
groups to identify information needs and preferred methods of dissemination.  
 

• Most regulatory agencies felt that their knowledge of the amount and type of risk-benefit 
information required by the public to enable them to make informed decisions about the use 
of therapeutic products was an area in need of improvement. 
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• With regard to emerging drug safety issues, 57% of participants in the national survey 
preferred early communications from Medsafe (at first suspicion/at first suspicion for serious 
side-effects), while 43% thought communications should wait until there was firm advice to 
give to HCPs and patients, or until Medsafe was absolutely sure that the medicine was 
causing the side-effect. . As younger people were less likely to prefer early communication, 
this is likely to be a small over-estimate. 

Implications 

Strategies to Raise Public Awareness 

It is important to keep in mind the low level of drug safety awareness among the general public 
when designing communications for the public, and also when communicating with HCPs and the 
mass media; HCPs and the mass media both have important roles in educating and informing the 
public on drug safety issues. Additionally, it should be noted that more than half of adult New 
Zealanders have been estimated to have poor health literacy skills – i.e., poor ability to obtain, 
process and understand basic health information and services in order to make informed and 
appropriate health decisions.9 In the longer-term, developing strategies for raising health literacy 
levels and drug safety awareness amongst New Zealanders should be considered – liaising with 
New Zealand’s Health Quality and Safety Commission and learning more of their health literacy 
initiatives may be a useful starting point for this. In the shorter-term, ensuring communications are 
adapted to current levels of health literacy and drug safety awareness is paramount. The 
development and provision of resources that facilitate understanding (e.g., pictorial depictions of 
harms and benefits) may be particularly useful for HCPs when consulting with their patients. 

Different audiences (age, gender) have different preferences for the channels they use to obtain 
drug safety information; from the sender’s perspective, this should be used to target communication 
efforts to maximise chances of reaching a certain group.  

Package Inserts 

HCPs are important sources for drug safety information for the public – and as such, important 
channels for drug safety communications from Medsafe. The fact that package leaflets were highly 
valued sources for drug safety information, both in the national survey and in the smaller Otago 
survey, indicates that the introduction of package inserts for all medicines on the New Zealand 
market would be welcomed by patients and consumers. 

Emerging Drug Safety Issues 

In the case of emerging drug safety issues, it is useful to bear in mind that a majority of the public, 
and especially older people, favour early communications, thus preferring prompt information with a 
higher degree of uncertainty over later information with a lower degree of uncertainty.  

Needs of Different Ethnic Groups 

More work is needed to gain knowledge on the level of drug safety awareness and communication 
preferences of different ethnic groups, such as Māori and Pacific Islands people.  

3. Measuring the Effectiveness of Communications 

Key findings 

• Measuring the effectiveness of drug safety communications was not routinely part of the 
communications process at any of the agencies in the regulator survey. Four out of ten 
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agencies “sometimes” measured the effectiveness of their drug safety communications, five 
“rarely” and one “never” engaged in such activities. However, it was acknowledged that 
measuring the results of drug safety communications is an important part of the 
communication cycle, and one which is most often overlooked due to limited resources and 
time constraints. Methods used include surveying prescription rates and sales figures, web 
page visitor numbers, accuracy of media coverage, seeking feedback from HCPs, and the 
use of public consultations and surveys. 
 

• As an example of a recent drug safety communication, the national survey aimed to gauge 
public awareness of Medsafe’s updated recommendations on the use of cough and cold 
medicines in children under six years – both in the general population and what could be 
defined as the prime target group: caregivers for children under six years.  
 
Only 15% of all participants and 22% of those caring for a child under six years had heard 
about the updated cough and cold recommendations. Of the caregivers who had given a 
cough and cold medication to a child under six within the past 12 months, 31% had heard 
about the recommendations. Mass media (TV, newspaper) and HCPs (doctor, pharmacist) 
were the most commonly mentioned sources for the information. 
 
Five of the 11 caregivers who had heard about the recommendations had stopped using the 
medicines and four used them less often and/or in smaller amounts than before; thus, 9 of 
11 had changed their behaviour in some way. 

The results suggest that the cough and cold communication campaign was relatively 
effective with regards to message, but ineffective with regards to dissemination. 

• No formal evaluation of the communication of the influenza vaccine and febrile reactions 
issue was conducted by the Ministry or other stakeholders.  To this end, lessons learned or 
pre-event activities that could enhance future drug safety communications were not 
documented or communicated to others.  There was universal agreement amongst 
stakeholders that debriefing in this way would be valuable. 

Implications  

Measuring Effectiveness 

Measuring the effectiveness of communications demands a certain amount of time and resources, 
however, it is essential in evaluating whether communications reach their goals. Moreover, it is an 
investment in future communications as it provides vital information on what may need to be 
improved or changed to achieve future communication goals. Less resource-demanding follow-up 
methods include surveying and evaluating mass media coverage, monitoring activity on Internet 
forums/blogs/Twitter, following prescription/sales patterns and counting webpage visitors.  

Debriefing 

Following up on communication activities also has a motivational and debriefing function for 
communication personnel, and provides an opportunity to talk through and evaluate the 
communication process.  
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1.1 Risk Communication Case Study: Influenza vaccine & febrile 
reactions in children 

 

1.1.1 Aims  
This case study was conducted to gain insight into how the 2010 drug safety issue of febrile 
convulsions following seasonal influenza vaccine was communicated in New Zealand. This 
particular issue was chosen as an example of a relatively recent drug safety concern that involved 
multiple stakeholders and was not out of the ordinary in terms of the types of medicine safety issues 
that might arise in New Zealand. 

 Specifically, the study aimed to: 

• Examine and describe communication of the ‘influenza vaccine & febrile convulsions’ 
vaccine safety issue in New Zealand  

• Compare communication of this issue against a framework of best practice risk 
communication principles 

• Identify practical implications for effective communication of future medicines safety issues 

 

1.1.2 Methods 

Justification for the Case Study Approach 

A case study approach was selected to investigate communication of this safety issue on the 
grounds that it would provide greater insight into the risk communication process than a survey. A 
case study is ideal when a holistic and in-depth investigation of an issue is required.10 The utility of 
the case study methodology in exploring, describing and explaining the dynamics of a given 
situation lends itself to the complexities of risk communication. Furthermore, the use of multiple 
sources of information (textual materials, websites, interviews, media accounts, etc) to draw 
inferences or conclusions about a situation serves not only to corroborate data gathered from 
different sources but enables a multi-perspectival analysis of the situation under study.10-12 

In case study research, a theoretical framework is often used to guide data collection and analysis.  
This framework provides an overlay for data used to explore, describe or explain what happened in 
a particular situation.  For this case study, best practices for risk communication were used as a 
theoretical framework and are described in section 1.1.3 below.  

 

Data Collection 

Data were collected by way of document analysis and key informant interviews. A case overview 
and timeline was developed by searching archival records and government documents. National 
and regional newspapers were searched via the Factiva database (http://global.factiva.com) for 
2010-2011 articles pertaining to influenza vaccine and febrile convulsions. This was used to help 
identify key informants and in the development of semi-structured interview templates.  

Key Informant Interviews 

Key informants were invited by letter and follow-up phone call/e-mail to participate in a one-hour 
face-to-face semi-structured interview.  Informants included: five Ministry of Health officials 
(including one Medsafe employee); four Immunisation Advisory Centre (IMAC) employees; one 
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employee from the Centre for Adverse Reactions Monitoring (CARM); one employee from CSL 
Biotherapies; and one staff member of the Royal New Zealand College of General Practitioners 
(RNZCGPs). Additionally, two newspaper health reporters were interviewed by telephone. A Radio 
New Zealand reporter was invited to take part but declined. Each informant signed a consent form 
before being interviewed – this confirmed that they were willing to have the interview audio-taped 
and that every effort would be made to preserve their confidentiality. All interviews were recorded 
and later transcribed for analysis. 

 

Data Analysis 

Data analysis was based on a thematic methodology,13 whereby sections of texts and key informant 
narratives were categorised according to the themes of the best practice in risk communication 
framework. Archival material (e.g., newspaper articles, radio interviews, and government 
documents) was also analysed to provide a more detailed picture and to verify information provided 
by informants. Findings from the content analyses were then compared with the aforementioned 
best practice risk communication principles with a view to identifying lessons to be learned from 
adherence to, or deviation from, these principles.  

 

1.1.3 Best Practices in Risk Communication Framework 
The following seven best practices for risk communication are generated from the research 
literature and organisational guidelines around risk communication.  They are adapted largely from 
the work of Sellnow et al (2009), Seeger (2006) and Sandman (2006), and are grounded in core 
communication values of honesty and openness.12,14,15 Accurate and honest communication of risk 
information is necessary for people to make informed choices about risks.  Furthermore, maintaining 
honesty and openness fosters credibility and trust.12,14,16 

 

i) Approach Risk Communication as a Process 

Following a process model allows for a more comprehensive and systematic approach to risk 
communication.  By dividing a safety issue into phases, the information needs of the media, general 
public and other stakeholders can more easily be anticipated. Risk communication is likely to be 
most effective when an integrated and ongoing process model is used (see Figure 2).2,14  

Two elements of particular importance in a process model are pre-event communication activities 
(such as risk communication planning and education campaigns) and a post-event evaluation 
phase. Debriefing to assess the effectiveness of communications and to identify matters you might 
wish the target audience had an understanding of before the safety issue arose can inform pre-
event communication activities and facilitate the effectiveness of future communications.   

A further element critical to a process approach to risk communication is feedback and the 
involvement of others in dialogue about risk (as opposed to an organisation(s) simply providing 
information).  This allows for adjustments to messages, channels, and audiences so that 
effectiveness and understanding can be improved.12,17 An open, transparent, participatory process 
allows members of the public to express their positions and make informed choices. Such models 
require timely and accurate communication of information, and solicitation of concerns and 
questions from the public.12,14 
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Figure 2.  Example Process Model based on Centres for Disease Control’s 5-stage Crisis & 
Emergency Risk Communication model.16,17 

 

o Consider the types of medicine safety issues 
that may arise. What are likely to be necessary 
response resources? 

o Education can facilitate monitoring & recognition 
of emerging risks, together with general public 
understanding of risk 

o Gain understanding of target audiences (media 
consumption preferences etc) 

o Often a time characterised by some confusion and 
intense media interest. Information is usually 
incomplete.  

o Reduce uncertainty by providing timely & accurate 
facts about what has happened (based on 
available information), what is being done, & 
actions one might take (incl. how/where to get 
more information). 

o Explain & inform about the issue in simplest forms.  

 
o Anticipate sustained media interest/scrutiny. 
o Facilitate more accurate understandings of the 

issue & ongoing risk.  
o Unexpected developments & misinformation may 

add to these demands.  
o Expect that others may comment publically on the 

issue & may contradict or misinterpret messages. 

o Potentially reduced public & media interest.  
o Facilitate public understanding of new risks/new 

understandings of risk 
o Consider the opportunity to reinforce public 

health messages while the issue is still current. 

o Create links with pre-event activities  

Pre-Event Activities 
• Risk communication planning 
• Fostering relationships 
• Communication & Education Campaigns 

 

Safety Event: Initial Communication 
• Reduce uncertainty  
• Simplicity, credibility,  timeliness & empathy 

 

Safety Event: Maintenance Communication 
•  Facilitate informed decision-making by the 

public based on understanding of 
risks/benefits  

• Obtain feedback & correct any 
misunderstandings 

Post-Event Resolution 
• Facilitate open & honest discussion and 

resolution of issues regarding cause, 
adequacy of response etc 

 

Post-Event Evaluation 
• Assess response, including communication 

effectiveness 
• Document & communicate lessons learned 
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ii) Understand the Target Audience 

Ensure communications are accessible to the target audience 

Accessibility of information has many dimensions, including both the form of information and 
channels of communication. Characteristics such as literacy level, education, age, and culture may 
influence people’s ability to access information.12  

For example: 

• Risk information is often characterised by scientific jargon or technical terminology.  In many 
cases, information in this form is simply not accessible to lay persons.   

• Research indicates that individuals from some cultures prefer information to come from a 
trusted cultural figure, as opposed to established authority figures or technical experts.  

• Language barriers can create profound challenges.   
• Different channels of communication can be more or less familiar and accessible to various 

members of the public 
 

Accessibility is therefore highly variable by audience, information, and channel. Simply making 
information available on the Internet or on a product label will not ensure accessibility. The location 
and form of messages should be adapted to fit the preference and media consumption patterns of 
the target audience.  It is vital to have an awareness of the general public’s proficiency level – 
messages should be targeted at this level or lower.  Such targeting of messages increases the 
likelihood they will be received and understood.  Additionally, meeting the informational needs of the 
public in this way helps to establish credibility, believability, and trust.12,14,18 

A closed or inaccessible stance can create the impression that there is something to hide and media 
and members of the public may become more aggressive in their efforts to access information.  
Moreover, the public will obtain information from other sources and the ability to manage the risk 
message may be lost.   

 

iii) Trust the Public and Respect Different Levels of Risk Tolerance 

The acceptance and validation of people’s feelings about a risk issue will achieve a more trusted, 
and potentially more effective, dialogue about that issue.19 It is important not to ridicule those who 
disagree with your point of view as hysterical or apathetic.15 Messages created in the belief that 
people will make logical decisions may fall short of expectations. Long before accepting the logical 
basis of a message, people are likely sold on an emotive level.20 

One of the impediments to a dialogue approach to risk communication is the myth that the public will 
panic if it has accurate information about a crisis.  It is important to trust the public –most people can 
bear dire warnings and will want to do the right thing.15 

 

iv) Collaborate and/or Coordinate with other Information Sources 

A variety of organisations, agencies and groups will likely serve as sources of information for a 
particular risk.  Establishing networks of good working relationships between groups and agencies 
before a significant safety issue occurs enables more effective coordination of risk assessments and 
risk communication strategies when an issue does arise. The free-flow of information and an open 
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and honest approach will foster and prolong accommodating relationships with a variety of 
stakeholders in the long-term.12 

Establishing these relationships may necessitate overcoming institutional and political boundaries – 
for example, significant barriers can exist between regulatory agencies and industry groups. 
Traditionally these groups have mistrusted one another, and cooperation and collaboration, 
including information sharing, correspondingly has been limited.12,14  

Open communication and information sharing can also help clarify where risk perceptions diverge 
and identify points of convergence.  The outcome may not be universal agreement but where there 
are actual differences of opinion, what is said about those differences can be coordinated.15 

 

Meeting the needs of the Media 

The media are a key channel to the public – rather than viewing the media as a liability, risk 
communicators should engage with the media and use it as a strategic resource.14 However, 
journalists face time and space constraints that limit what they can include in their stories, and 
deadline constraints that restrict the time they have for gathering information.  Additionally, for 
various reasons, some journalists may dramatise stories involving risk. It is clearly important to note 
these tendencies and their potentially harmful consequences.  Monitoring of the media is crucial 
both to learning what journalists have found and to correcting misinformation.19 

 

v) Present messages with Compassion, Concern and Empathy 

Communicating with compassion, concern, and empathy is likely to enhance the credibility of the 
message. If the public sees an expression of genuine concern and empathy, it is likely to have more 
faith that the actions being undertaken or recommended are appropriate and legitimate.12,14,16  

 

vi) Acknowledge the Uncertainty Inherent in Risk 

Risks always include some level of uncertainty and new information about risks continually 
emerges.  This inherent uncertainty can complicate the decision to issue warning messages.12 
Warnings often must be issued when some level of uncertainty exists about the exact nature of the 
harm. An impediment to open, honest and frank communication is fear that acknowledging 
uncertainty may heighten public concern; however, waiting until all uncertainty is reduced usually 
means that the warning is simply too late.14 Therefore, messages are most accurate and effective 
when stated in equivocal terms (e.g., we do not yet have all the facts).  The message can be refined 
as more information becomes available.  Overly reassuring messages (e.g., this product is perfectly 
safe) can imply a lack of openness or honesty about the risk; thereby undermining trust and 
compromising credibility.12,14   

 

vii) Provide Messages of Self Efficacy 

Providing specific information telling people what they can do to reduce their harm can help restore 
some sense of control over an uncertain and threatening situation.14 
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1.1.4 Case Overview 

Background – The 2010 Seasonal Influenza Campaign 

New Zealand 

The 2010 New Zealand seasonal influenza campaign commenced on February 1. Phase 1, an early 
protection programme of limited extent, used a monovalent pandemic influenza vaccine targeting a 
small at-risk group of largely “front-line’ personnel. Phase 2, beginning early March, used a trivalent 
seasonal influenza vaccine that protected against three strains of influenza, including the pandemic 
influenza strain. As in previous years, children with certain chronic conditions were eligible for 
government-funded seasonal influenza vaccination with the trivalent vaccine. On March 5, these 
eligibility criteria were broadened to include healthy Maori, Pacific, and high needs children between 
the ages of six-months and five years; these children had been identified as being at higher risk for 
hospitalisation with swine flu. General Practices could use their discretion to offer seasonal 
influenza immunisation free of charge to children from high deprivation backgrounds. Children in 
lower risk groups could receive the vaccine at full cost on the private market. As a result of the 
expanded eligibility criteria, it was expected that 2010 would see an increase in the number of 
paediatric influenza vaccinations.21,22   

The most widely used brands of the influenza trivalent vaccine in 2010 were Vaxigrip® (Sanofi-
Pasteur), Fluvax® (CSL Biotherapies), and Influvac® (Solvay). Over one million doses of seasonal 
influenza vaccine were distributed: 275,000 doses of Influvac®; 265,000 doses of Fluvax®; with the 
remainder, and the most widely distributed, being Vaxigrip®.  

The general uptake of seasonal influenza vaccine in 2010 was such that, by the end of March, New 
Zealand’s stocks of vaccine were extremely low. Supplies of Fluvax® were all but exhausted, and 
the disruption of flights to and from Europe due to the Icelandic volcanic eruption looked likely to 
impact on the weekly shipment of New Zealand’s main stock of seasonal influenza vaccine, 
Vaxigrip®.  

  
Australia 

In 2010, all children in Western Australia aged from six-months up to five years were offered free 
seasonal influenza vaccination.  This subsidised paediatric influenza vaccination programme had 
been offered by the Government of Western Australia since 2008, after the deaths of three pre-
school-aged children with influenza the previous year.23-25 In other Australian states and territories, 
seasonal influenza vaccination programmes focused on individuals in high risk categories, including 
those aged six-months and over with medical conditions predisposing to severe influenza. The 
vaccine predominantly used in Australia in 2010 was Fluvax®, with little utilisation of Influvac® and 
Vaxigrip®. 

During the week of April 12 2010 emergency department clinicians at a specialist paediatric referral 
hospital in Western Australia noted an apparent increase in children presenting with fever, vomiting 
and occasionally febrile convulsions, usually within 12 hours of vaccination with seasonal influenza 
vaccine. Further reports to the passive surveillance system resulted in a temporary suspension of 
the Western Australia paediatric influenza vaccination programme on April 22 2010.25 On April 23 
2010, the Australian Department of Health and Ageing suspended the use of seasonal influenza 
vaccine for all children aged five years and under across Australia. 
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Communication of the ‘Influenza Vaccine & Febrile Reactions in Children’ Issue in NZ 

On Friday April 23, 2010, New Zealand Ministry of Health (MoH) officials learned from their 
Australian counterparts at the Department of Health and Ageing that the use of seasonal influenza 
vaccine for all children aged five years and under across Australia had been suspended pending an 
investigation into an apparent increase in febrile convulsions after seasonal influenza vaccination in 
Western Australia.  Within hours, a press release outlining the Australian situation, and advising 
New Zealand immunisation providers to avoid giving Fluvax® to children under five, was issued from 
the New Zealand MoH.26 In contrast to the action in Australia, the MoH advised that children at 
higher risk for influenza complications should continue to be immunised using the Vaxigrip® brand of 
the trivalent influenza vaccine.  There had been some reports of febrile convulsions after seasonal 
flu vaccination in New Zealand, all linked to the Fluvax® brand; however, as most of the Fluvax® had 
been used during March, the Ministry believed the risk of febrile convulsions should be well past. 
The message also offered reassurance that fever is a common reaction to influenza vaccines and is 
part of the immune response. Additionally, a small percentage of children will have a short 
convulsion if they get a high fever from any cause – and while this is frightening for parents, febrile 
convulsions do not cause long-term harm. Information for parents regarding what to do in the event 
of fever or febrile convulsions was given. The media release was quickly picked up by national 
television, newspaper, radio and Internet news site reporters with the following headline 
examples.27-34 

“Convulsions in children linked to flu vaccine” NZPA 23 April 2010 
“Fluvax warning for young children” NZ Herald 24 April 2010 
“Doctors advised against use of Fluvax in young children” The Press 24 April 2010 

“Children suffer serious reactions to flu vaccine - some NZ children have suffered serious 
adverse reactions after being given a seasonal flu vaccine.” RadioNZ website 23 April 2010 
“Flu vaccine linked to convulsions” Radio NZ News 
“Fits-linked vaccine still to be given to adults” Radio NZ News 
“Doctors drop vaccine linked to convulsions” Radio NZ News 
 
“Ministry warns over flu vaccine” TVNZ 

Early the following week, the MoH faxed a letter to immunisation providers advising them of the 
MoH recommendation not to give Fluvax® to children under five years until there is more information 
about a possible association between Fluvax® and increased risk of febrile convulsions.35 The letter 
advised that there had been at least three cases of febrile convulsions following influenza 
vaccination in New Zealand, and that all three appeared to be linked to Fluvax®. Providers were 
advised to give other brands of the vaccine (Vaxigrip® or Influvac®) to children at risk of 
complications from influenza – it was noted that New Zealand had not followed Australia in 
suspending all seasonal flu immunisations for children under five years but MoH officials were 
monitoring the situation closely. An e-mail contact (the MoH Immunisation Team) and an 0800 
number (the Immunisation Advisory Centre, IMAC, at Auckland University) were provided for any 
queries about information in the letter. 

A further MoH media release was issued on Wednesday 28 April 2010.36The advice given in the 
initial media release was reiterated and it was noted that, while the MoH is liaising with Australian 
health authorities, data available for New Zealand do not suggest an increase in febrile reactions in 
young children following influenza vaccination. Healthcare professionals and parents were reminded 
to report adverse reactions to vaccines to the Centre for Adverse Reactions Monitoring (CARM), 
who had received five reports of febrile convulsions within 24 hours of influenza vaccination for the 
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2010 year (three following Fluvax®, one following the monovalent pandemic influenza vaccine, 
Celvapan, and the other unknown). While a MoH “Follow us on twitter” link was provided, no tweets 
about the influenza vaccine and febrile convulsions issue were made.  

While some journalists reported on the fact that Australian authorities were investigating the death 
of a two-year-old girl the day after she had received the influenza vaccine, media reports focused 
largely on the number of New Zealand reports of children experiencing febrile convulsions following 
influenza vaccination, and on the uncertainty of information at this stage.  Example headlines 
included:37-41 

 “NZ kids react to flu vaccine” NZPA 28 April 2010 
 “Vaccine reactions deter mother” NZ Herald 28 April 2010 
 “Five NZ kids react to flu vaccine” Australian Associated Press 28 April 2010 

 “Caution over cause of serious flu jab reactions, The Health Ministry says it's too early to 
say whether a brand of the seasonal flu vaccination is causing a higher number of serious 
reactions in young children.” RadioNZ website 28 April 28 2010 
“Health Ministry says too early to say if Fluvax safe for preschoolers” Radio NZ News 

To a certain extent the MoH’s communication of the influenza vaccine and febrile reactions safety 
concern was affected by the fact that, when the issue surfaced, supplies of Fluvax® were extremely 
low. This, coupled with the fact that New Zealand had not observed atypical rates of febrile 
convulsions following influenza vaccination through CARM, led officials to focus on public 
confidence in the seasonal influenza immunisation programme and to largely communicate 
messages of reassurance. 

MoH: “[With regard to the initial communication] we made a decision based on risk 
perception rather than airtight scientific evidence as the scientific information wasn’t 
really very good. The risk of losing public confidence in immunisation outweighed the risk 
of bolting early”...”We had to manage the immunisation programme rather than the 
vaccine.”  

Medsafe: “We had the luxury of not having the problem vaccine available”...“It became 
an issue of media and public expectation handling, rather than risk of the vaccine”...“The 
flu vaccine/febrile convulsions issue was really a risk to the programme rather than the 
specific vaccine; particularly as at that time we had no aggregated data for any of the 
particular brands of the vaccine.”  

IMAC: “Because CSL supplies of the vaccine had been depleted when advice went out it 
was relatively easy. If it had happened earlier when the CSL vaccine was still being 
used, I think there would have been a lot more confusion.”  

This was also evidenced by comment from the Director of Research at IMAC in an ‘Experts 
Respond’ section of the Science Media Centre blog on April 23, 2010:  

“The Centre for Adverse Reactions Monitoring isn’t receiving reports of unusual reactions 
or excessive numbers of events given that we are vaccinating a lot more people than in 
previous years. Uptake of the flu vaccine has been a lot higher this year. Some children 
are prone to febrile convulsions (having a seizure with a high fever). We do not see any 
reason to change current seasonal influenza vaccination activities.” 

and by comment from the Director of IMAC in a Nine-to-Noon Radio New Zealand interview with 
Kathryn Ryan (KR) on 28 April, 2010:23 
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IMAC: Fluvax has been used in New Zealand...now we have supplies of two other 
different vaccines in the country - Vaxigrip and Influvax. So the New Zealand Ministry of 
Health advised last week not to use Fluvax in children under five in view of the Australian 
concerns. 
 
KR Does that make any sense? Is there any difference between the vaccines? 
 
IMAC: Having said that, they are all very similar formulations. I think it would be 
surprising to see that there was a difference between the different vaccines. I think that 
because New Zealand has got very little Fluvax left in the country, it was a very sensible 
thing for the New Zealand Ministry of Health to say in light of the Australian concerns. 
 
KR: In that case, should the same concerns or awareness be made available about 
giving the vaccine to children under five full stop? 
 
IMAC:  We know that febrile convulsions do occur in children and flu vaccines do cause 
high fevers...so we are aware that febrile fever occurs after flu vaccines particularly in 
children under 3. So it is a risk/risk ratio of recognising that when you use a flu vaccine 
with a child, particularly with a child under 3, they have a high likelihood of getting a 
fever. Some children, approximately 2 – 4 % of all children do get febrile convulsions 
with any fever. So this is a known problem that NZ has with any illness that causes a 
fever. The New Zealand recording system at this stage did not show an increased 
recording of febrile convulsions...this is a passive recording system...we record what is 
informed. But what we do know is fevers are expected from flu vaccines and febrile 
convulsions occur. 
 
KR So what you are saying is that there is no indication so far that it is higher than the 
normal rate of adverse events. 
 
IMAC: There is no indication in New Zealand so far. 

 

On Thursday 29th April, IMAC published ‘Key messages for Health Professionals’ on the Advisory 
Centre website.42 This communication was also e-mailed to Immunisation co-ordinators, District 
Health Board steering groups and the paediatric society, and was sent out via ePulse (an electronic 
weekly newsletter sent out to subscribers by the Royal New Zealand College of GPs). The 
document outlined the situation in both Australia and New Zealand, acknowledging the uncertainty 
of the available data and offering reassurance that New Zealand had not observed atypical rates of 
febrile convulsions following influenza vaccination through the passive safety monitoring system 
(CARM). This was also the first communication to address the fact that Australia had suspended the 
use of all brands of the trivalent seasonal influenza vaccine, while New Zealand was continuing to 
recommend the use of Vaxigrip® or Influvac® for children at higher risk for flu complications. IMAC 
noted that there were no clinical data to support or refute the proposal that there may be increased 
reactogenicity with Fluvax® over other vaccines, and that the vaccines were very similar in terms of 
formulation. The potential consequences of influenza infection in children were outlined and, in 
IMAC’s opinion, the risk of the vaccine was likely to be considerably lower than the risks associated 
with influenza in children at high risk of flu complications. 

The NZ Doctor publication reported that both IMAC and CARM were now fielding phone calls from 
parents concerned about the use of influenza vaccines and fever, and wanting to make sense of 
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information they had heard in the media.43 Meanwhile, media headlines continued to focus on the 
number of New Zealand cases (e.g.,“More flu jab reactions for under fives” Waikato Times 29 April 
2010;44 “Reports rise of child flu-jab convulsions” Dominion Post 29 April 2010).45 

On Friday 30th April, a week after the initial media release, a further statement was issued from the 
MoH aiming to put the issue of febrile convulsions following influenza vaccination in perspective.46 It 
reassured that febrile convulsions in children under five can occur for many reasons, and while 
alarming for parents, they do not cause long-term harm and rarely prove life threatening. It 
reiterated that CARM had received five reports of febrile convulsions within 24 hours of influenza 
vaccine in children under five this year and that this number would inevitably increase due to 
publicity around this issue. It further reassured that fever is a common reaction to an immunisation – 
it shows the immune system is working – and restated the Ministry’s original advice that children 
under five at increased risk of complications from flu should get a flu vaccine. 

Media reporting of the issue markedly decreased at this point. A further media release from the MoH 
the following week advised that the Ministry was continuing to gather data and liaise with Australian 
health authorities over the best approach to seasonal influenza vaccination for children under five 
years.47 It reiterated that all of the evidence the Ministry had seen to date indicated that there had 
not been any perceptible increase in the overall rate of febrile convulsions occurring in New 
Zealand.  The MoH advice remained the same – people, including children under five, at increased 
risk of complications from flu should get a flu vaccine. 

The following week, a ‘Fact Sheet for Parents and Caregivers’ on the influenza vaccine and febrile 
convulsions in children was published on the IMAC website and was available for the IMAC 0800 
Team to send out to callers.48 The focus of this was on febrile convulsions and what do if your child 
has one; similarly to the MoH, IMAC highlighted that fever is a common reaction to influenza 
vaccines and is part of the immune response. While the first draft of this document was e-mailed to 
DHB influenza teams for comment on April 30, it went through several different versions with the 
final published on the IMAC website on May 12. 

On June 1, the Australian Government released interim findings and recommendations from an 
investigation into febrile convulsions in young children after seasonal influenza vaccination.49 
Epidemiological analyses pointed to higher than expected rates of febrile convulsions following the 
Fluvax® vaccine; although no explanation for the apparent rise had been identified. As a precaution, 
it was recommended that the suspension of seasonal influenza vaccination should continue for 
healthy children under five years of age but be lifted where a child under five has medical risk 
factors that would cause serious health effects for the child if they got the flu. On Monday June 14 
2010 a MoH letter was faxed to immunisation providers informing them of the interim findings in 
Australia and reiterating the New Zealand advice – continue to vaccinate children in need of 
protection from influenza with the currently available seasonal influenza vaccine, Vaxigrip®.50 
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Subsequent Events 

2010 

On July 2, 2010, the Australian investigation concluded that there was indeed an increased risk of 
fever and febrile convulsions associated with Fluvax®. While there was no evidence of a similar 
safety signal with Influvac® or Vaxigrip®, numbers of administered doses of these vaccines in 
Australia were too small to be conclusive. No biological, clinical, or epidemiological factors had been 
identified to explain the higher than expected rates of febrile convulsions.51 By July 30 2010, survey 
data from a University of Auckland study concurred with the finding of increased febrile reactions in 
the first 24 hours after Fluvax® administration. This study, which evaluated parental recall of fever in 
their child following receipt of the influenza vaccine, found no evidence of increased febrile reactions 
for Vaxigrip®.52 The suspension of the use of Influvac® and Vaxigrip® for healthy children less than 
five years of age was lifted in Australia on July 30 2010. The recommendation not to use Fluvax® 
remained. 

2011 

As a result of the 2010 febrile convulsions safety concern, CSL Biotherapies, with the involvement 
of the Australian Therapeutic Goods Administration, the US Food and Drug Administration and 
others began extensive investigations into the cause of the increased febrile reactions.  

Fluvax® was not licensed for use in children under five years of age for the 2011 seasonal influenza 
programme. As an additional precaution, and because a slight increase in febrile events was also 
observed in children aged five to eight years, the New Zealand MoH further recommended that 
Fluvax® be used in this age group only if no alternative vaccine was available. These warnings and 
precautions were inserted into the product datasheet for Fluvax®, and were issued in the form of a 
fax from the MoH to immunisation providers.53,54 This information was also published for both HCPs 
and the public on the IMAC and the National Influenza Specialist Group (NISG) websites.  

An article in Medsafe’s bulletin for health professionals, ‘Prescriber Update’ provided an analysis of 
seasonal influenza trivalent vaccine suspected adverse reaction reports to CARM.  At the time of 
the MoH advisory not to use Fluvax® in children under five years, CARM had received four reports 
of febrile convulsions – three in association with Fluvax® and one brand unknown.  Subsequent to 
the advisory, CARM received a further six reports of febrile convulsions in children. These events 
had occurred before 22 April 2010 and possibly reflected stimulated reporting. Of the ten cases of 
febrile convulsion, seven were associated with Fluvax®, one with Influvac® and two were unknown.55  

2012 

In June 2012, CSL Biotherapies issued a press release in Australia outlining preliminary findings 
from a two-year investigation involving analysis of clinical and epidemiological data, in-depth 
reviews of the manufacturing and quality processes, and laboratory testing of the vaccine.56 
Findings confirmed Fluvax® was associated with a higher rate of fever in children. CSL’s preliminary 
conclusion is that its “standard method of manufacture retains more virus components than that of 
other manufacturers, and that the particular characteristics of the 2010 virus components elicited an 
excessive immune response in some young children, triggering increased fever and fever-related 
convulsions”. Studies to further understand how the characteristics of the reactive virus components 
in Fluvax® contributed to the adverse events in children in 2010 are ongoing.  

This press release was not picked up by New Zealand media. Fluvax® remains unlicensed for use in 
children under five years of age and the MoH continues to advise against the use of Fluvax® in 
children aged five to eight years.57,58 
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Summarised Timeline of Events 

April 22, 2010 Suspension of the Western Australian paediatric influenza programme following 
an apparent increase in the number of children presenting with febrile events 
following vaccination. 

April 23, 2010 NZ MoH officials learn the Australian Dept of Health and Ageing has suspended 
the use of all seasonal influenza vaccine for children 5 years and under across 
Australia. The MoH issues a media statement advising immunisation providers to 
avoid giving Fluvax® to children under 5; children at risk for influenza 
complications should be immunised using the Vaxigrip® brand. NZ supplies of 
Fluvax® are already all but exhausted. 

April 27, 2010 MoH faxes immunisation providers advising not to give Fluvax® to children under 
5 years until there is more information about a possible association between 
Fluvax® and increased risk of febrile convulsions.  At least 3 cases of febrile 
convulsions following influenza vaccination have been reported in NZ, with all 3 
linked to Fluvax®.  

April 28, 2010 A further MoH media release reiterates the initial advisory. Data available for NZ 
do not suggest an increase in febrile reactions in young children following 
influenza vaccination. CARM had received 5 reports of febrile convulsions within 
24 hours of influenza vaccination. 

April 29, 2010 IMAC publishes ‘Key messages for Health Professionals’ on the Advisory Centre 
website. 

April 30, 2010 A MoH media release aims to put the febrile convulsions following influenza 
vaccination safety concern in perspective. No further press releases are issued 
and media reporting of the issue reduces significantly.  

May 12, 2010 IMAC publishes a Fact Sheet for Parents and Caregivers on the Advisory Centre 
website. 

June 14, 2010 MoH faxes immunisation providers informing that interim investigation findings in 
Australia point to higher than expected rates of febrile convulsions following the 
Fluvax® vaccine; no explanation for the apparent rise has been identified. The NZ 
advice is reiterated – continue to vaccinate children in need of protection from 
influenza with the currently available vaccine, Vaxigrip®. 

July 30, 2010 The suspension of the use of Influvac® and Vaxigrip® for healthy children less than 
5 years of age is lifted in Australia. The recommendation not to use Fluvax® 
remains. 

2011 Fluvax® is not licensed for use in children under 5 years of age and the Fluvax® 
datasheet contains a boxed warning to this effect. The datasheet is also updated 
with related warnings and precautions. The MoH recommends that Fluvax® is 
used in children aged 5-8 years only if no alternative vaccine is available. 

2012 Based on a comprehensive 2-year investigation, CSL Biotherapies draws the 
preliminary conclusion that the method of manufacture resulted in components of 
the inactivated virus retained in Fluvax® in 2010 overstimulating the developing 
immune systems of some young children. Fluvax® remains unlicensed for use in 
children under 5 years. The MoH continues to advise against the use of Fluvax® in 
children aged 5-8 years. 
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1.1.5 Application of Best Practices in Risk Communication Framework to 
Communication of the Influenza Vaccine and Febrile Convulsions Safety Issue 
Several elements of the best practice framework were well adhered to in the communication of the 
influenza vaccine and febrile convulsions issue.  In particular, the degree of uncertainty about the 
risk of febrile reactions due to incompleteness of data and lack of information did not impede the 
speed at which the Ministry openly communicated information. The fact that there was uncertainty 
surrounding the exact nature of the risk was clearly acknowledged in communications, and action 
the Ministry was taking to gather more information was conveyed. 

MoH: “There is never enough information. New Zealand issued a warning regarding 
Fluvax® quickly.” ...“Uncertainty has never been an impediment to communications, on 
my watch at least. It can lead to a delay as you need to think how best to communicate 
information...upfront, timely (relative to the degree of concern), accurate but at the same 
time addresses the outrage factors.  You can’t change the hazard factors - the science of 
it - but what you can and should change and address is the outrage factors...Never delay 
or change but portray it in a way that educates and empowers people rather than doing 
the opposite.”  

The fact that several of the communications regarding febrile convulsions were delivered with 
compassion and empathy may well have enhanced the credibility of the messages in the eyes of 
parents and caregivers.  
 

MoH Media Release 23 April 2010: “Febrile convulsions are frightening for parents” 
 
IMAC Nine-to-Noon Radio New Zealand interview 28 April 2010: “...be aware that it is a 
very terrifying sight but well healthy children managed well do not come to harm from 
febrile convulsions...often febrile convulsions run in families so many families are aware 
of this. But it is very very scary.” 

Additionally, it was a conscious strategy of the Ministry to provide messages of self-efficacy “we aim 
to be very clear what we want people to do – choices, options, ways of managing the risk 
themselves”.  Information about what people could do to reduce their potential for harm, or give 
them some sense of control over the situation, was seen in several communications from the 
Ministry and other stakeholders. In addition to the advice not to use Fluvax® in children under five 
years of age, this included detailed information about symptoms to look out for after vaccination, 
management of fever, and actions to take in the event of high fever or convulsions. Parents, 
consumers and healthcare professionals were also encouraged to report all suspected adverse 
reactions to CARM.  

Other aspects of the best practice framework were adhered to only in part, or in some cases not at 
all.  These elements are discussed in more detail below. 

 

i) Approach Risk Communication as a Process 

While features of a process approach can be seen in the communication of this issue, key elements 
of a systematic and ongoing process approach were not included. Overall, it was noted by key 
informants that having a more systematic process model would be desirable; however there may be 
some practical aspects to overcome. 
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IMAC: “I think there could be a lot more effective approaches to having 
frameworks/strategy for crisis communication management...I’ve seen that time and time 
again at the Ministry.  This is not a reflection of this [influenza vaccine and febrile 
convulsions] particular incident. I think we got away with this incident by a lot of things 
around timing and knowing each other”. 

RNZCGP: “I don’t think this [safety issue] – or these sorts of things – are approached in 
a rigorous way...”  

Medsafe: “[An integrated process approach] would be an ideal risk communication 
strategy. The practicalities of the situations you face in terms of risk communication for 
medicines don’t lend themselves to that strategy...there certainly isn’t time to get 
feedback from users before...often the media are pounding at your door and you’re being 
reactive rather than proactive”  

  

a) Pre-Event Planning 

Pre-event planning for risk communication, through the identification of types of risk areas and 
necessary response resources, has several benefits.  These include increased preparedness, 
provision for more efficient decision-making during an event, and the fostering of alliances and 
partnerships.14,16 While it was noted that there would be no “one-size-fits-all” in terms of risk 
communication planning for medicines safety issues, there was support for such pre-event activities. 

MoH: “[It would be good to] have a rapid reactive structure where something has to be 
addressed quickly...these are things we should do...this would be a good recommendation 
to make...The general principles that underlie it could also apply to any other health 
emergency that appears...people would be different but underlying processes would be 
the same.”  

CARM “General plans for different scenarios – you could, and I suppose you should.”  

RNZCGP “The response to the febrile convulsions issue seemed very ad hoc...with 
respect to a communication pre-plan...I didn’t get a sense that that had been done”  

MoH: “One of the things I’ve learned from responding to crises when they come up is don’t 
try to create a new system in a crisis. Use your existing systems wherever possible which 
means if you need to have a degree of crisis management...you need to have practised 
it...either build them into your business as usual systems or run simulations.”  

Medsafe: “There is no clear plan to follow...there isn’t an SOP for risk communication 
because it’s difficult to create a one-size-fits-all SOP”  

 

Risk communication plans might include elements such as: designated roles and responsibilities, 
procedures to coordinate with other agencies/groups; information-sharing networks; identified 
subject area experts; designated spokespersons; identified channels for information dissemination 
appropriate to different target audiences; and more.16 There was certainly preparedness 
surrounding the communication of this issue in terms of designated spokespersons, information 
sharing networks, and channels for dissemination of information which were in place through day-
day business. Comments from key informants, however, indicated there are several areas where 
some specific pre-planning would markedly enhance the effectiveness of communications (this is 
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discussed in detail in the Understand the Target Audience, Collaborate and/or Coordinate with other 
Information Sources, and the Meeting the Needs of the Media sections below).   

 

b) Feedback and Involving the Public in Dialogue about Risk 

One of the primary tools for soliciting concerns or questions from health professionals and the public 
was the IMAC 0800 telephone service.  While IMAC would normally feed this information back to 
the MoH, it was noted that it is not always acted upon, albeit sometimes for practical reasons. 

IMAC: “[We are] listened to/heard by the Ministry and Medsafe. They don’t always 
respond rapidly...I don’t think people necessarily know how to respond and some of it 
isn’t that simple to fix.  There are some bureaucratic blocks along the way.  Feedback is 
not always acted upon, particularly as quickly as we’d like” 

IMAC: “When a GP fax goes out from the Ministry, we always get calls...and so we will 
be getting very quick feedback about what’s confusing and what they don’t understand 
which we’ll feed back to the Ministry. But obviously they’re not in a position where they 
want to then make corrections and re-send it, for good reason...I mean its only one fax 
out of who knows how many that get sent out.” 

Overwhelming health professionals with correspondence is a valid concern and was noted in this 
case. 

MoH: “One of the things that struck me was that an awful lot of communications were 
going out and I heard feedback from some people saying, ‘look I’ve got the same 
messages 3 or 4 times, do we need this?’...The faxes go to the DHBs and some DHBs 
send them to their PHOs and the PHOs send them to practices...It’s also sent to Medical 
Officers of Health and sometimes the DHBs also send them to the Medical Officers of 
Health and so you get the same fax 3 or 4 times...or e-mails as well...e-mails probably 
more so than faxes, although GPs certainly I think prefer faxes to e-mails...It’s the sort of 
fine line between putting too much information out and putting enough information out 
when it will actually be read. You want GPs to read it. You want practice nurses to read 
it. How’s the best to send it?” 

Calls from the public and healthcare professionals to CARM provided further opportunity for 
feedback. Within a few days of the initial MoH advisory to use other brands of the influenza vaccine 
rather than Fluvax®, CARM began to receive calls from parents. These calls indicated a need for 
clarification and reassurance, particularly around the safety of the Vaxigrip® and Influvac® brands. 

CARM: “’My child had the first dose, what’s going to happen if we give the second dose?’ 
That was one of the questions that was a dilemma to them. ‘Will my child get febrile 
convulsions with other vaccines?’ They’d understood there was a problem and that it 
was of sufficient severity that another country had suspended the immunisation 
programme but yet New Zealand’s saying carry on and the unsaid thing is that ‘use the 
other vaccine’ – the other vaccine’s safe by implication, without actually saying those 
words. And that was the question they wanted reassurance on and nobody of course 
could give that reassurance. It’s the unsaid stuff that was not in the communication, in 
contrast to what had been a very definitive act elsewhere, that I think led to that kind of 
misunderstanding.” 

This was supported by calls from health professionals to the IMAC 0800 telephone service. 
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IMAC: “Once the Ministry sent out the fax about ‘don’t give Fluvax® brand to under 5’s, 
we had health professionals ringing and saying – “can we give Vaxigrip or not?” or “we 
gave Fluvax® the first time, now we can’t give Fluvax® do we give a different brand or do 
we have to start again?”. They hadn’t understood it or they needed clarification. 

It followed that there was some divergence of opinion regarding who should take responsibility for 
providing clarity and reassurance to the public around such issues. CARM informed Medsafe of the 
feedback, who in turn believed the parent should be advised to speak to their GP.  

CARM: “Those first couple of days around public uncertainty, I don’t think that has ever 
really been addressed. When I did let Medsafe know about it the response was – well, 
they should go and see their GP about it. But the trouble is, we don’t know, how would 
[the GP] know?...It’s all very well to say, that’s a clinical question, they need to discuss 
with their GP as to whether they should have another vaccine. Well, that’s unfair...what 
do they know?...they read the same stuff in the press, they know nothing...all they know 
is there’s a big concern out there.” 

Undoubtedly, in times of such uncertainty, GPs will also be acting on limited information.  Indeed, in 
this case, GPs did not receive targeted information about the issue from the Ministry until four days 
after the first MoH media release. 

MoH: “[The initial fax to immunisation providers] ended up not going until the Tuesday 
which is a good few days later and that should’ve been quicker...what we should have 
done is just fax [the initial media release] to providers and what we ended up doing was 
trying to re-cut it slightly into language that was more suited for a provider and by doing 
that we lost probably another day and a half...just in paraphrasing and changing the 
content slightly to suit a different audience...the speed was probably more important than 
tailoring it slightly. We are quite careful about tailoring our messages for GPs and 
practice nurses because they’re busy people. They get a lot of information sent to them 
from the Ministry of Health so we want to make sure that what they get is sharp, targeted 
and relevant to what they need.” 

Feedback from healthcare professionals did however lead to adjustments and several iterations of 
IMAC’s Factsheet for Parents and Caregivers before it was published online.  

IMAC: “...the feedback we had was really ‘well, this is all very well sort of talking about 
the vaccines, Adverse Events Following Immunisation, what febrile convulsion is and the 
fact that they are actually common and that they do happen anyway so that what you are 
observing might not be related to the vaccine...but for parents and caregivers it seemed 
it was much more about...well they want to know what to do if their child has one so we 
changed it round to talk about what to do if my child has a convulsion and when to call 
an ambulance...” 

The Ministry also indirectly seeks feedback from the public through other means, although does not 
actively engage in a dialogue with the public. It was noted that this was “a new area of work for us 
and it’s about building trust”. 

MoH: Immunisation blogs (e.g., parent websites with chat rooms about immunisation), 
and social media sites are used to ‘judge the temperature’ of the public and also see 
what the media are saying. Every now and then [we] might contribute but it’s a bit 
informal...we want to work on this over the next year. We want to improve public trust in 
immunisation and one way to do this is to participate in some of the online discussions.” 



 
25 Developing an Integrated Pharmacovigilance System for New Zealand 

MoH: “We don’t do a lot of formal stuff...but people keep checks of what’s going on in the 
newspapers...we get e-mails and ministerials sent in to us so we get a degree of what 
issues are hot enough that will prompt people to write to the Minister or e-mail the 
Ministry of Health. I keep a track on some of the blogs and TradeMe message boards 
and various things like that to see what issues are really important and going on.  So we 
kind of keep a sense of it...also the media is actually quite a good barometer of what 
people are worried about.” 

Medsafe: “There are no feedback mechanisms...We’d never get feedback on the media 
releases. Do we need feedback on them? I don’t know...that’s the honest answer...you 
can say whatever you like to the media but it always gets changed. Always.” 

 

c) Post-Event Resolution 

With regard to facilitating public understanding, neither the July 2010 report of the Australian 
investigation into febrile reactions in young children following the 2010 seasonal trivalent influenza 
vaccination, nor the 2012 CSL Biotherapies press release outlining preliminary findings from its 2-
year investigation of Fluvax® received media coverage in New Zealand. Other than a small amount 
of information online (e.g., IMAC and NISG websites), communications after June 2010 have largely 
been limited to MoH faxes to health professionals at the start of each seasonal influenza campaign 
advising against using Fluvax® for children under nine years, and the publication of research papers 
in the academic press.52,59 

CARM: “Even down the line I still don’t think there’s been an adequate answer – I mean, 
there might be in the scientific literature now, I know there’s been stuff published about 
what happened in Western Australia and IMAC have done a study...”  

 

d) Post-Event Evaluation 

There was no formal evaluation of the response to, or communication of, this issue by the Ministry 
or other stakeholders.  To this end, lessons learned or pre-event activities that could enhance future 
drug safety risk communication were not documented or communicated to others.  There was 
universal agreement amongst stakeholders that debriefing in this way would be valuable. 

MoH: “[We] sometimes debrief but are not good at writing stuff down. We rely on 
continuity. There’s the issue of when and if [someone] leaves – what happens then? 
Passing on collective knowledge and how best to do stuff is not done very well.” 

MoH: “...it does come up a bit but we haven’t formally evaluated, sat round the table, and 
sort of got all of the impacts back on that.”  

IMAC: “No, there’s never enough and there should be a debriefing...These crises are not 
unusual – they come in different ways and shapes. What could we do better etc? We 
don’t stop and evaluate what we’ve done... We hardly ever debrief, we just move on from 
one crisis to another”... “...all of us communicating well together, which sometimes 
happens and sometimes doesn’t...let’s be honest, works sometimes and not others and 
how do you embed it better? I think the idea of better evaluation would help a lot, and 
just being really clear about roles and support of each.”  
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CARM: ”The interesting thing about [a previous safety issue] was that when we were in 
the height of it...we thought ah, this has really caught us again – we’ve really got to put a 
plan together so when these sorts of things happen we’ve got a kind of cascade of things 
that we can pull together so we can pre-empt it. We said we were going to do that after 
[the previous safety issue] and we still haven’t”  

CSL: “Debriefing is fantastic. If you don’t debrief you can’t improve because you’ve got 
no idea what to change.” 

 

ii) Understand the Target Audience  

Ensure communications are accessible to the target audience 

The MoH Immunisation Team does partition the public into different groups: “1. Happy to immunise; 
2. Happy to immunise but busy and may not get around to it; 3. Not opposed but worry or are 
anxious about it and may delay; 4. Not anti-immunisation but don’t trust the government; 5. Anti-
immunisation” and is aware that communication with each group may require a different approach.  

MoH: “We need to build confidence in Group 3 and trust with Group 4. Don’t go head-
head with Group 5 but try to identify them and help to look after their kids through other 
means, e.g., good nutrition, access to primary care etc...For effective communication we 
need to understand the audience, be clear about the message, and be clear about the 
communication modality...right message to the right people the right way.” 

Certainly, with regard to the influenza vaccine and febrile reactions safety issue, the Ministry was 
clear about who the target audiences were.  

MoH: “On the day we did think...we absolutely think about target audiences and what our 
messages are. There is no point in putting a message out without thinking about who it is 
for...On day 1 [the target audience] was definitely the public and we were criticised a bit 
by health professionals for not giving them the information before it was in the media. But 
my view was that as soon as there was a decision and we knew that we had a vaccine 
that people shouldn’t use that I wanted the information to get out as fast and to as many 
people as possible, and in particular the public...I thought they needed to know first.” 

However, comment from the Ministry and other stakeholders suggests room for improvement in 
terms of ensuring that the location and form of the messages is in line with the media consumption 
patterns and health literacy levels of the target audience. 

MoH: “[In terms of thinking about levels of health literacy in New Zealand and media 
consumption patterns of the target group]...not on this day...um, but that is the sort of 
expertise that I want to have available in the Team...we do have a degree of knowledge 
and expertise in that area...so we do think about it quite a lot, probably not quite to the 
level of health literacy...well again, it’s probably subconscious...I guess we think about 
who are our target audiences and how do we best get the message to them and what is 
our message to them.”  

While there is no formal user-testing of messages, the Ministry’s ideal process for a fax to GPs is to 
first e-mail a draft to DHBs and Medical Officers in Public Health Units  - “we do it for a little bit of 
user testing and to kind of test that we haven’t done anything really silly. Then we’ll send the final 
fax out and when we fax it we will also e-mail the pdf version to a whole lot of people and put it up 
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on our website so that it’s available in multiple ways.”  Comment from other stakeholders indicated 
that improved, alternative or additional methods of communicating medicines safety information to 
healthcare professionals should be considered. This was both in terms of communications reaching 
the target audience, and being understood by the target audience. 

 IMAC: “...we started getting parents saying “I took my child in for flu vaccine and the 
doctor said they’re not giving to under 5’s because the Ministry of Health said they can’t 
have it”...And how many people didn’t ring us? They just got sent away and thought oh 
well, I can’t do it. Most people have blind faith in their doctors – we just had the handful 
of parents who couldn’t understand why and wanted more information thank goodness. I 
followed up a couple with the practice and rang the nurse – “oh, oh, we didn’t realise...I’ll 
make sure the whole nursing team knows...we didn’t realise it was just one brand... ...it 
may not have been a lot of practices, we heard about a few, but it’s enough of a concern 
the fact that this was misinterpreted... “[we need to find] effective communication 
channels that would actually get to the people that need the information.” 

IMAC: “[The Ministry of Health] sent a fax to GPs, which raises its own problems 
because...it doesn’t seem to go to every single GP in the country somehow. It might go 
on the fax machine and the receptionist goes “oh, spam-faxing”, or it goes to the GP who 
goes “oh, another one and puts it on his desk and the practice nurse never sees it...so 
even if it gets to the health professional they’ve got to read it...”  

There was comment by several stakeholders about the need to look towards more modern channels 
of communication; however it was noted that these methods would not necessarily suit the 
preferences of all target audiences. 

MoH: “Social networking, is that a better way?...difficult to do...can create dilemmas for 
over 30’s who have grown up with individual communication but certainly not for under 
30’s.” 

IMAC: “I think the Ministry’s communication is not strong – the immunisations team are 
great but their overall communications are relatively old-fashioned...they don’t move with 
modern media.”  

 IMAC: “I think that social media, social communication media, will certainly be 
something that is going to become part of our toolbox.”  

CSL: “[In terms of channels of communication] I think we [NZ pharmacovigilance] are 
backwards. We could think a lot more about Facebook etc.  [In general] we still have the 
classic white male, 45-55 years in decision-making positions. They cannot necessarily 
relate to say the 20 year olds that need information. Almost get a disconnect. User-
testing is not formally done by the Ministry or Medsafe. Companies marketing always 
use testing/focus groups. As crises happen so fast, we need to be proactive about it and 
now run focus groups...you could stratify by age and sex and have the target audience 
data available for next time.” 

Further comment signalled a need for more awareness about the general public’s proficiency 
level. 

 IMAC: “[In general I think] we’re aiming our communications at the moment at white, 
middle class, slightly older people...I don’t think we actually target young parents at all 
and I think that anything like Facebook/Twitter, anything like that that we can get the 
facts, the evidence-based information out there is just...we’re crying out for it.”...”Is the 
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language used pitched at the right level – not if you’re trying to target young mums, let’s 
face it, no..but there’s such a wide variation – you’ve got the young, reasonably 
uneducated parents compared with the really educated, tertiary educated people who 
want more information and don’t mind the technical language...they can decipher that, as 
opposed to people who can’t decipher that and are just freaked out and intimidated. You 
need to have information that suits.”  

Additionally, research has shown that individuals from some cultures prefer information to come from 
a trusted community figure rather than government or technical experts. It was suggested that this 
may be a significant issue to consider for Maori, and raises the question of the need for appropriate 
resources for healthcare professionals.  

 IMAC: “I’ve done a lot of work...with Maori providers and if you talk to those people it’s 
all relationships...it’s long-term relationships that count. They will trust their health 
professional so education for health professionals is so crucial. And one thing that I’ve 
become aware of is that there’s very little – especially for say up in Northland. Y’know, 
the nurses right up in the Hokianga, they don’t get out and they don’t get the education 
they need.” 

IMAC: “...sometimes [healthcare professionals] do want the information in a form that 
makes it easier to communicate to their patients...[for example] something that’s much 
more visual so that it becomes a conversation piece – a doctor can hold it up...with a 
picture and maybe 3 bullet points on that side for the patient to see...and they’ve got 
more information on the other side that they can talk about...”. 

 

iii) Trust the Public and Respect Different Levels of Risk Tolerance 

It was commented that one of the biggest barriers to effective communication is that people don’t 
trust the public to deal with risk as well as the public actually does, which can lead to an 
unwillingness to talk about uncertainties and what isn’t known. 

MoH: “The public copes with risk much better than people give them credit for and you’re 
far better off talking to them much earlier and much more honestly and much more adult 
about here are the risks, this is what we know and this is what we don’t know.  We don’t 
know what all of this means but you need to know that there is something...it might be 
nothing but this is what we’re doing about it.” 

This was supported by IMAC where it was noted that “It’s not about denying risk but helping it go 
into context and reducing the outrage so that people are in a place to balance the risks and 
benefits.” 

 

iv) Collaborate and Coordinate about Risk with Credible Information Sources 

Communication of the influenza vaccine and febrile convulsions safety issue required the 
collaboration and/or coordination of several groups including: the Immunisation Team and Medsafe 
within the MoH; IMAC; CARM; and the RNZCGPs.  While collaboration and coordination between 
most of these groups appeared to work quite well in this instance, several comments indicated this 
was due to relationships between individuals, rather than embedded structure. In addition to this, 
the relatively frequent restructuring at the Ministry was seen to have a destabilising effect. 
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IMAC: “New Zealand’s effective communication relies on relationships rather than 
structure, which has both its strengths and weaknesses.  I don’t think we have probably 
enough embedded structure...so we’re really clear about roles and responsibilities” 

RNZCGP: “The reason I heard [about the influenza vaccine and febrile convulsions 
safety issue] is that I’ve worked at the Ministry of Health and have contacts...I think if it 
wasn’t me in this role the communication would be a lot more formal.”  

MoH: “In the health system in New Zealand we are incredibly people-oriented in that you 
have a post but it’s actually the individual that makes the difference...and the structure 
forms round the individual but we don’t have enduring structures to some extent.  So, if 
an individual leaves, then often what they’ve been associated with can unravel quite 
quickly.  I think that’s a universal deficit in health...and it’s partly because we’re living in 
small communities and individuals make a difference...the success or failure of it nearly 
always depends on the individuals that are there which is a bit worrying. You can get 
mediocre performance with structures but can only get outstanding performance with 
individuals...maybe that’s just life...it would be nice to put in place a structure that gave 
outstanding performance” 

Medsafe: “We have quite a good network of physicians and doctors...actually 
pharmacists as well through our expert committees. We have personal contacts. [X] 
certainly is well networked and I’m beginning to establish a network so I think we’ve got a 
reasonable network of people in the professions who we can reach out to.” 

IMAC: “...biggest problem historically is that the Ministry Team changes and you don’t 
have stability. When links are nurtured it’s easy to pick up the phone and talk 
immediately, when there are lots of personality changes it makes it very hard. A lot of 
change can destabilise the situation, particularly at the Ministry level...they’re always 
being restructured...so you never embed anything...constant change is exhausting...it 
takes time to embed systems and confidence in systems”  

RNZCGP: “... doing things in projects and then getting rid of the entire team and starting 
again is very short-sighted”  

The need for the sharing of information in a timely manner is evidenced by difficulty experienced by 
CARM after the initial media release, and by comment from both CARM and IMAC 0800 phoneline 
operators regarding instances when they have been required to field calls from confused healthcare 
professionals or members of the public trying to make sense of information they have received or 
heard in the media.   

CARM: “[I had provided a response to Medsafe regarding the number of reports of febrile 
convulsions we had with the influenza vaccine]. I knew nothing about what the 
background was other than I’d heard [through other sources] that something was going 
on in Western Australia but I didn’t think it was a big issue because, if it was, presumably 
somebody would have said something to me at that early stage.  So there was a 
response given to [Medsafe’s question] and clearly that was the stuff that went into the 
media statement...On Saturday, when I was at home, the media were asking – what do I 
know about this and where is it going?...it was only when I got back to the office on 
Monday that I’d seen the media statement that had been put out...I wasn’t even given a 
copy of the media statement”  
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IMAC: “The key is to clearly communicate the information to the 0800 people so they feel 
confident about communicating what we do and don’t know and why we’re making 
decisions. Most of the time we get the data to them in time but there have been 
instances where the Ministry of Health sent out press releases without the 0800 guys 
knowing and that’s a real disaster. It didn’t happen in this case. It’s really important that 
that doesn’t happen. They take 60-80 calls a day, half of which are healthcare 
professionals, and they need to have the confidence to communicate what we do and 
don’t know. We can live with uncertainty when we know where it’s coming from.” 

IMAC: “[There have been instances when] we start getting calls to the phoneline because 
it’s in the newspapers or on the television long before Medsafe or the Ministry of Health or 
anyone actually gives us information to be able to communicate with the public...And I 
don’t think that that engenders confidence in people if the advisory services are the last to 
find out...that can be really frustrating.” 

CARM: “...it’s a natural thing not to think beyond where you are...as much as you say, 
‘we’re all part of it, we’ve all got something to contribute’. From my point of view...we’re the 
filling in the sandwich here because...other people make decisions and they communicate 
what’s going on but we’re one of the people who end up trying to fill in gaps and answer 
questions. And if we’re not part of what they’re thinking or doing...it becomes really difficult 
for me to give an answer. 

Several of the stakeholders outside of the Ministry saw a clear need for the fostering of good 
working relationships between groups to facilitate more effective coordination of risk communication 
when a safety issue arises.  

RNZCGP: “[I can see relationship issues between groups]...this can be a barrier to 
working collegially and looking for solutions...”  

IMAC: “It worked pretty well this time...[but] personality barriers can be a problem...need 
to overcome patch protection and realise we’re all working for the same goal” 

CSL: For commercial reasons, almost need a wall between MoH and companies but 
when safety issues arise it makes it very difficult to bring all the groups together...When 
you really do need to sit and talk with someone it wastes so much time if a relationship 
hasn’t been fostered beforehand. Then when an issue does arise, you already know how 
that person likes to be talked to; they know you, they’ve got background and they’re 
more prepared to be open with you...I don’t know what the right answer is but I do know 
that it’s shifted too far the other way where it’s arms length – please don’t talk to me 
unless you’ve got a problem...but once you’ve got a problem it’s too late. Regular 
meetings to talk about pharmacovigilance issues/pharmacovigilance education run by 
CARM/University of Otago? Companies would send people, Medsafe would send people 
and you get to talk.” 

Further comment also suggested a need for clarification of the roles and responsibilities of various 
stakeholders before a safety issue arises.  

CARM: “There have been attempts to try and have a coordinated approach to dealing 
with things, and I think the intention and I suppose willingness was expressed but I don’t 
think it ever turned into anything that was meaningful...it worked for a while and then it 
kind of fell apart as everyone went and did their own thing...it doesn’t seem to sustain 
itself.”  
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CARM: “I think we need to agree, we all need to agree, that we’ve all got something to 
contribute. I’m sure people recognise that but if we’re serious about addressing this, we 
need some kind of forum where all those contributions can be heard...Having systems in 
place would be the first thing and then being able to hear what other people are saying 
and feeding back to the players in the system. And spelling out in the process of that 
what the roles of various people are...understand clearly what each other’s roles are 
rather than people guessing.”  

RNZCGP: “When working across teams within the Ministry of Health, responsibility gets 
a bit blurred.”  

CSL: “Because it was a vaccine issue the immunisation people at the Ministry of Health 
should be designated the leader and should be able to pull in who they need. It would 
have been better managed if they had. As a company, we need one person to go to.” 

 

Meeting the needs of the Media 

The MoH was very aware both that the media are a key channel to the public and that there is real 
potential for medicines safety issues to be sensationalised.  

MoH: “You have to understand whenever you do any communication is that what people 
hear from you is not necessarily what you’ve written down. Everybody interprets things 
through their own lens and takes a piece of the message away...and journalists and the 
media are a particularly important player but they’re not necessarily that different. I’m 
very careful about choosing words correctly but we don’t do spin. The tone we try to take 
is fairly descriptive without a lot of emotional or colourful language attached to it. We try 
not to use a lot of adjectives and adverbs and just say this is what we know, this is 
what’s happened, this is the information we have received, this is what we don’t know, 
this is what we do know, this is what we are doing, this is what you need to do. And if we 
keep it to that then it’s actually much harder to sensationalise...That’s quite a deliberate 
and conscious strategy of ours...keep the messages very clear and straightforward but 
quite flat in terms of the language that we do use for them and then let the media and the 
journalists do what they will with it and we find that works pretty well...we are conscious 
of how journalists will look at it.” 

MoH: “...the reality is that the media does quite often go for a reasonably extreme 
portrayal of things when there’s a risk...you do have to factor in how the media will 
interpret certain things and that comes into things like choice of the language you 
use...you need to put things in perspective...keeping that perspective on things is really 
the most important thing.” 

The influenza vaccine and febrile convulsions issue was, in the main, reported on fairly responsibly 
and this was acknowledged by some stakeholders. 

IMAC: “Media did not cause a big problem with this. Some of it is also luck, not all 
control. New Zealand didn’t have any bad stories – there were a couple of local 
ones...parents with child having a bad febrile convulsion. But most of the flu campaign 
was over so the story would have unfolded differently if it was earlier on in the season. I 
think we had timing and luck on our side... We’re in a good phase at the moment with the 
media who are being responsible towards immunisation issues...The media were very 
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responsible and we have to recognise that...except for some local ones which really 
stood out”. 

Several comments reflected frustrations with the way the media in general report on medicine or 
vaccine safety issues; although most stakeholders were actively looking for solutions to these 
difficulties. 

Medsafe: “I actually think the media hinders [the effective communication of medicines 
safety issues]...because they are always looking for the headlines and scoop and no 
matter how mild the story they will look for the worst possible angle... and blow it out of 
all proportion. The media are the major impediment...they’re not very science 
literate/health literate...most of the journalists aren’t – there are one or two who are 
dedicated health journalists but they’re not balanced in their approach. ...When you have 
this sensational headline you’re then trying to prove a negative which is difficult to do and 
you’re pushing a rock uphill from that point onwards”  

 MoH: “...certainly there’s a commercial imperative behind the media, newsrooms have 
very small staff compared to what they used to have, therefore there’s an expectation to 
produce quantity of material and also eye-catching saleables ‘headlines’...it’s completely 
fair enough that they do that but we do need to advocate to keep a sense of perspective.” 

IMAC: “We always have an issue with the way that adverse events are reported in the 
media and that continues to be an issue – the understanding’s just not good enough and 
so when things happen, it always is reported a lot worse than it is....I want to build our 
relationship – IMAC and media organisations. We sort of need to get to a point where 
we’ve got a friendly face in every port as there are some areas...that put out some really 
wacky anti-immunisation stuff. They [journalists] tend to come and go right now. I think 
that the other issue is that we’re dealing with a depleted workforce where having a 
medical or a science journalist is not as common as it might have been.  So you’re 
tending to deal with younger, more generalist reporters who are given a story to do and 
they really don’t have the knowledge to do it.”  

 CSL: “People in the media have very little medical knowledge. Even if they do 
understand, which is not that often, they’ve got to try and turn it into a story. We’ve done 
proactive media meetings when there’s not a problem so we can educate the media prior 
to an issue...this way, you can manage the issue in a better way because they’ve got the 
background and again they’ve had contact with you and have the trust.” 

Comment from health reporters provided an insight into the viewpoint of journalists and verified 
some of the views regarding scientific understanding and constraints journalists are under. 

NZ Herald: “I was asked to pull together a story about the [Fluvax® and febrile 
convulsions] issue, with the angle of the story, or the first part of the story being the fact 
that a girl had died in Queensland and that this was thought to be associated with the flu 
vaccine, Fluvax®.”...”I would focus on what would be most interesting to my readers and 
often an individual case of someone affected by an issue is an arresting way of 
presenting the information. If an extraordinarily large number of people have been 
harmed or potentially harmed by an adverse medicine event then that in itself might be 
arresting and very interesting and a way of angling the story but often it’ll be that a case 
study’s a more interesting way of getting people hooked into reading about an 
issue...[The Herceptin issue] probably got a bit clouded by emotion – the case studies 
probably overwhelmed the statistics to an extent...Looking at this particular issue, 
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although it appeared to be widespread in Australia, in New Zealand...a very small 
number of people were known to be affected by this. And the convulsions themselves 
aren’t necessarily harmful so it wasn’t an issue that on the face of it looked like it was a 
big problem in New Zealand. But then this report of a death in Australia gave it quite a lot 
more gravity.”  

Dominion Post: “On the whole with medicines safety stories I do kind of try to write 
stories pretty straight down the line...kind of like as advice to consumers because, 
y’know, what people want to know is – should they see their doctor; should they continue 
taking their medicine; and those are the kinds of questions we answer. [The angle taken] 
in some ways depends on what kind of media outlet it is that is covering the story...I don’t 
want to pick on TV but I guess that’s the best example because television news relies on 
pictures and video to be able to tell a story. Those box-pops and talking to members of 
the public and that sort of thing are often the only ways that there are to get interesting 
pictures for stories like that. They can get quite dry otherwise and you might just have 
y’know stock footage of a laboratory setting or something like that...not particularly 
exciting to look at. So I mean, I guess the medium can drive what angle the story ends 
up being. I think in print we’ve kind of got a little bit more scope and a little bit more 
freedom to just be able to report what the case is.”  

 NZ Herald: “Probably a few specialist reporters understand [relative and absolute risk] 
but most reporters wouldn’t understand it. It became quite an issue with Herceptin. 
[Trying to explain that sort of technical detail in a story is not easy]. In a story that’s 
typically only going to be 400, maximum 500, words long it’s almost impossible to do 
that.” 

Dominion Post: “Sometimes there’s a premium on space so parts of [the story] will get 
cut out and [editors] tend to cut from the bottom up so that can sometimes end up with a 
balanced comment or explanatory information being culled...it’s one of those things 
where you try and have all the relevant information up high...” 

Dominion Post: “You do have to strike a balance between objectivity and also not giving 
too much oxygen to people whose views are not valid... I think it would be fair to say that 
it wouldn’t do to completely ignore those opinions altogether...but if you’re going to 
present them, you need someone to counter them...That would be the one major area of 
medicines safety coverage that maybe is not optimal...a very vocal minority who maybe 
get more airtime than they ought to.” 

Some difficulties and frustrations experienced by journalists in dealing with the MoH were also 
expressed.  This was coupled with an enthusiasm for fostering relationships, continuing education in 
the area of medicines safety for reporters, and facilitating a joint understanding of the needs of the 
Ministry and the needs of the media. 

 Dominion Post: “Sometimes, especially late afternoon, we have a really tight turnaround 
and in general the news that we write is expected to be published in the paper the next 
day... Occasionally you’ll have someone who’ll say “yeah sure, we’ll ring you in the 
morning and give you that information you asked for”...that would simply mean that you’d 
have a story that would maybe have less detail than you or a member of the public would 
otherwise hope for or need.” 

NZ Herald: “I get on well with the Ministry but the kind of access I had to [X at Medsafe], I 
think it’s worth fostering that. From my point of view, I’d like to meet someone in Medsafe 
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whom I could go to on drug issues when I feel that I need to get information quickly or I 
feel like I need to interview someone without going through the communications people. I 
think y’know [X] was always happy to be contacted by me. I mean they wouldn’t want all 
journalists doing it but they might y’know identify 2-3 around the country that they would 
be happy to allow that sort of relationship to develop...it certainly works for me and I think 
it probably works from the Ministry’s point of view as well”. 

Dominion Post: “The Ministry of Health, you have to go through the communications 
department basically – it’s very, very difficult to actually get in touch with anyone who I 
guess is making the decision...It’s a case of you kind of passing some questions on to 
media people who then go and find a relevant person and come back...I guess it’s a way 
of controlling the messages that come out from the Ministry...but it is a little bit frustrating 
as a journalist...Medsafe actually used to have a dedicated media person which was 
really good because they kind of knew what was going on, whereas now I guess for 
whatever reason, that role is just done by someone in the Ministry of Health as one part 
of their job.  So there’s a little bit less continuity in terms of how you actually get in touch 
with people...” 

NZ Herald: “It would [be desirable to have some kind of continuing education in the area 
of health information for reporters]. I think it would be beneficial from the Ministry’s point 
of view to have Health Reporters who can communicate health issues clearly...The 
journalists training organisation, which gets a bit of government funding has in the past 
organised training sessions for working health reporters...I think it would be money well 
spent if the Ministry was to invest in some of that.” 

Dominion Post: “[Training opportunities in the area of medicines safety for reporters] 
could potentially be really helpful...I guess like any other kind of round that you cover as 
a reporter, quite often you come into health with not a lot of background 
information...basically you come in cold and it’s a case of learning as you go...it relies on 
being able to talk to people who can explain things clearly and simply...in a way that I 
can understand and make understandable to the people I’m writing for.”...[these] tend to 
be people from outside the Ministry of Health..researchers at the Wellington School of 
Medicine etc.” 

 

1.1.6 Key Findings & Implications for Effective Risk Communication  

Key Findings 

A number of elements of the best practice in risk communication framework were well adhered to in 
communication of the influenza vaccine and febrile reactions safety issue:  

• The degree of uncertainty about the risk of febrile reactions did not impede the speed at 
which the Ministry communicated information. Uncertainty surrounding the exact nature of 
the risk was clearly acknowledged in communications, and action the Ministry was taking to 
gather more information was conveyed. 
 

• Several communications regarding febrile convulsions were delivered with compassion and 
empathy. This may well have enhanced the credibility of the messages in the eyes of 
parents and caregivers.  
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• The Ministry consciously provided messages of self-efficacy – i.e., information about what 
people could do to reduce their potential for harm, or give them some sense of control over 
the situation, was seen in several communications.  

Other aspects of the risk communication framework were adhered to only in part or not at all: 

• No formal evaluation of the communication of this issue was conducted by the Ministry or 
other stakeholders.  To this end, lessons learned or pre-event activities that could enhance 
future medicines safety risk communication were not documented or communicated to 
others.  There was universal agreement amongst stakeholders that debriefing in this way 
would be valuable. 
 

• Comment from the Ministry and other stakeholders suggested room for improvement in 
terms of ensuring the location and form of messages is in line with media consumption 
patterns and health literacy levels of the target audience. 
 

• Stakeholder comment indicated that improved, alternative or additional methods of 
communicating medicines safety information to healthcare professionals should be 
considered. This was in terms of communications both reaching and being understood by 
the target audience. Several stakeholders noted a need for more modern channels of 
communication. 
 

• Many stakeholders saw a need for fostering good working relationships between groups to 
facilitate more effective coordination of risk communication when a safety issue arises. 
Further comment suggested a need for clarification of the roles and responsibilities of 
various stakeholders before a safety issue arises.  
 

• Ministry staff were aware the media are a key channel to the public. Several comments 
reflected frustrations with the way the media in general report on medicine safety issues; 
although most were actively looking for solutions to these difficulties. 
 

• Some frustrations were also expressed by journalists in dealing with the Ministry.  This was 
coupled with an enthusiasm for fostering relationships, continuing education in the area of 
medicines safety for reporters, and facilitating a joint understanding of the needs of the 
Ministry and the needs of the media. 

Implications for Improved Risk Communication 

Stakeholder debriefing sessions after a significant safety issue are important in evaluating the 
effectiveness of communications and the communications process.  If lessons learned are 
documented and shared with relevant others, they can be used to inform pre-event activities and 
facilitate the effectiveness of future communications. 

To increase the likelihood that safety messages are both received and understood, it is imperative 
they are targeted to fit the media preferences and proficiency level of the target audience.  A better 
understanding of target audience characteristics would be of considerable benefit when designing 
medicines safety communications. 

This case study showed that a variety of organisations, agencies and groups will likely serve as 
sources of information for a particular risk.  Establishing good working relationships between 
groups, and clarifying roles and responsibilities before a safety issue occurs would facilitate more 
effective coordination of risk communication when a safety issue does arise.  
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There is general agreement that the media are a key channel to the public.  It is therefore important 
to foster media relations, undertake strategies to educate the media with regards to medicines 
safety, and facilitate a joint understanding of the needs of the Ministry and the needs of the media. 

All key informants interviewed for this case study had an interest in the influenza vaccine and febrile 
convulsions issue as they were involved in communication of this issue.  It is important to note that 
the views and perceptions expressed are real, drive behaviour and influence communication with 
others. Taking all of these different stakeholder viewpoints into account when planning future 
communication strategies will materially influence the success or otherwise of such initiatives. 
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1.2 Regulator Survey: Communicating drug safety information to 
healthcare professionals and the public 

 

1.2.1 Aims  
The aim of this study was to investigate practices internationally and in New Zealand for drug safety 
communication with healthcare professionals (HCPs) and the public.  

In particular, this study aimed to: 

• Explore agency knowledge of different target groups and the extent to which they are 
catered for 

• Identify different types of channels used to communicate drug safety information 
• Ascertain the extent to which agencies measure the effectiveness of their drug safety 

communications 
 

1.2.2 Methods 

Participants 

The medicines regulatory agencies of 14 countries were invited to participate in an online survey 
about communicating drug safety information to HCPs and the public. Of these, 12 agencies agreed 
to take part and are listed below. 

Australia – Therapeutic Goods Administration 
Canada – Health Canada 
Denmark – Danish Medicines Agency 
Germany – Federal Institute for Drugs and Medical Devices 
Ireland – Irish Medicines Board 
Morocco – Le Ministѐre de la Santé 
New Zealand – Medsafe 
Norway – Norwegian Medicines Agency 
Singapore – Health Sciences Authority 
Sweden – Medical Products Agency 
United Kingdom – Medicines and Healthcare products Regulatory Agency 
United States of America – Food and Drug Administration 

 

Pre-testing 

Prior to implementing the survey internationally, it was completed by Medsafe staff in New Zealand.  
This pre-testing led to slight alterations to functional aspects of the online survey system. 

 

Interview Measures 

The online questionnaire was completed by participating agencies between November 2010 and 
March 2011. The questionnaire contained 4 sections:  
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1. Target Groups • Which target groups have been identified for drug safety 
communications 

• Are/how are communications adapted to meet the needs of 
these target groups 

• To what extent are communications pre-tested on target 
groups 

• Knowledge of the needs and preferences of HCPs and the 
public with regard to the amount and type of risk-benefit 
information they need to make informed choices about the 
use of medicinal products 

2. Communication Channels • Explore agencies’ use of communication channels to reach 
their target groups. 

• If/how different types of channels (e.g., new social media 
on the Internet and print media) are used for different types 
of communications or different target groups 

3. Measuring the Effectiveness 
of Drug Safety Communications 
 

• To what extent do agencies evaluate the effectiveness of 
their drug safety communications 

• Do they feel, in general, that their communication efforts 
reach their goals 

4. Organisation & Resources • What skill sets are involved in drug safety communications 
• How are these skills and processes organised within 

agencies 

 

Data Analysis 

Data were analysed descriptively with simple percentages of responses calculated where 
appropriate. For the survey questions and detailed responses, please refer to Appendix 2. 

 

1.2.3 Results 
i) Approach Risk Communication as a Process 

Communication and Education campaigns 

Six out of eleven agencies had a defined strategy to raise public awareness of drug safety issues in 
their respective countries. Strategies included improving the agency website and promoting it to the 
public, refining the criteria for when to issue a drug safety communication, developing mechanisms 
to measure effectiveness of drug safety communications, identifying best practices in risk 
communications, and strengthening relationships with patient and HCP groups to identify their 
information needs and preferred methods of dissemination.  

Post-Event Evaluation 

Measuring the effectiveness of drug safety communications was not part of standard communication 
routines at any of the agencies, and predetermined goals were seldom set. There was, however, a 
general positive notion among many agencies that their drug safety communication efforts reached 
their goals. Four out of ten agencies “sometimes” measured the effectiveness of their drug safety 
communications, five “rarely” and one “never” engaged in such activities. Methods used include 
surveying prescription rates and sales figures, web page visitor numbers, accuracy of media 
coverage, seeking feedback from HCPs, and through public consultations and surveys.  
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Goals for drug safety communications can, for example, be related to the transmission of the 
message, a change in prescription patterns, or an increase in HCP reporting of adverse drug 
reactions (ADRs) to the agency. Of the eleven agencies that responded to the question, 1 “always”, 
3 “sometimes”, 4 “rarely”, and 3 “never” set goals for their drug safety communications.  

 

ii) Understand the Target Audience 

The five most frequently identified target groups for drug safety communications were doctors, 
pharmacists, HCP/medical organizations, the public and mass media. Drug safety communications 
for the public were adapted to different numeracy or literacy levels by five of the agencies, while two 
agencies adapted their communications for the needs of people with certain disabilities. 

Agencies were generally more confident about their knowledge of the amount and type of risk-
benefit information required by HCPs to make informed decisions about the use of therapeutic 
products than they were about the needs of the public. This was identified as an area in need of 
improvement by the agencies. 

Despite having identified the public as a target for communications, six agencies never pre-tested 
communications on members of the public; six agencies sometimes did. Generally, pre-testing was 
regarded as a time-consuming activity, reserved for select cases.  

The number of communication channels used to communicate drug safety messages with the public 
ranged from three to ten. The mean number of channels used was 5.7.  

Five agencies used new social media on the Internet (Facebook, Twitter, YouTube), while nine 
agencies used some form of print media (brochures, books, bulletin/newsletter). The two by far most 
commonly used channels were the agency’s website and mass media coverage via press releases.  

 

iii) Collaborate and/or Coordinate with other Information Sources 

The agencies’ most important partners in communicating drug safety messages to HCP and the 
public were the mass media, professional organisations, governmental agencies, the 
pharmaceutical industry, HCP and patient organisations. 

Mass media was, along with the agencies’ websites, the main channel for reaching the public. Thus, 
for effective communication, it is crucial that drug safety coverage in the media is accurate and of 
good quality. Nine out of eleven agencies had implemented strategies to improve the quality of drug 
safety coverage in the mass media. The three main strategies were:  

(1) Developing relationships with the media  
(2) Educating the media 
(3) Media training for agency staff 
 
These strategies aimed to bring journalists and experts closer together by teaching the media how 
to read and interpret the agencies’ reports and publications, and teaching the agency experts how to 
better communicate their knowledge with the media.  
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1.2.4 Key Findings & Implications for Effective Risk Communication  

Key findings 

• The participating regulatory agencies used a range of communication channels to reach the 
public with drug safety communications. The two by far most commonly used channels were 
the agency’s website and mass media coverage via press releases. 
 

• A large majority of the agencies had implemented strategies to improve the quality of drug 
safety coverage in the mass media, acknowledging the importance of media coverage as a 
way of reaching the public.  
 

• Important partners in drug safety communication were professional organisations, 
governmental agencies, pharmaceutical industry, HCPs and patient organisations.  
 

• Measuring the effectiveness of drug safety communications was not routine practice at any 
of the agencies, and predetermined communication goals were seldom set. Public drug 
safety communications were rarely pre-tested on members of the target audience, and 
agencies were generally more confident about their knowledge of the amount and type of 
risk-benefit information required by HCPs than they were about the needs of the public. 
 

• Drug safety communications for the public were adapted to different numeracy or literacy 
levels by five of the agencies, while two agencies adapted their communications for the 
needs of people with certain disabilities. 
 

• Six out of eleven agencies had a defined strategy to raise public awareness of drug safety 
issues in their respective countries. 

 

Implications for Improved Risk Communication 

The agency website is a commonly used channel for communicating with the public. To be an 
effective channel, the website must meet the needs and preferences of the target audience in terms 
of structure (e.g., intuitive to navigate), functionality (e.g., compatible with handheld devices) and 
content (e.g., language level). The target audience must be aware of its existence and it should be 
constructed with search engine optimisation in mind to catch queries on Google, etc. 

There is need for collaboration with partners in drug safety communication to get the message out. 
Media strategies require special attention to improve the likelihood of good quality drug safety 
coverage in the mass media.  

More knowledge about the public (and groups within the public) as a target audience for drug safety 
communications will provide a fundamental understanding on which to build when deciding what the 
public (or subgroup) needs to know, when they need to know it, and how they are best reached, 
when designing drug safety communications. 

Strategies to raise public drug safety awareness could serve to improve personal use of medicines 
but also to enhance public understanding of drug safety news in the media, decrease vulnerability to 
misinformation (e.g. online) and improve HCP-patient dialogue on drug safety-related issues. 

Measuring the effectiveness of drug safety communications demands a certain amount of time and 
resources, but is essential in order to evaluate whether communications reach their goals.   
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1.3 National Survey: Drug safety awareness in NZ – public knowledge 
& preferred sources for information 

 

1.3.1 Aims  
To make informed choices about medical treatment options, patients/consumers need knowledge 
about the benefits and the risks of medicines. For effective communication of drug safety 
information, it is necessary for healthcare providers and medicines regulators to understand the 
level of drug safety knowledge of patients/consumers and their preferred sources and channels for 
information. At present, little is known about levels of medicines safety knowledge or preferred 
means of obtaining medicines safety information in the general population. 

The aim of this study was to explore drug safety knowledge, experience of adverse drug reactions, 
and preferred ways of obtaining medicines safety information amongst the New Zealand public.  

In particular, this study aimed to: 

• Explore public level of understanding & awareness of drug safety issues 
• Identify public preferences regarding sources and channels of communication for obtaining 

information about medicines 
 

1.3.2 Methods 

Participants 

Potential participants (n=700) were randomly selected from the New Zealand general and Maori 
electoral rolls. To be eligible, selected individuals needed to be English speaking, ≥18 years of age, 
living in New Zealand, and of sufficient health to complete a telephone interview.  

Letter of Invitation 

Invitational letters, which included information about the study, were posted to potential participants. 
These letters were followed by a phone call to seek consent and arrange a time for a computer 
assisted telephone interview.  

Where possible, landline telephone numbers were identified by matching name and address to the 
national online telephone directory. The names of others living at the same address (identified from 
the electoral roll) were also tele-matched so that a telephone number could be identified in cases 
where it was not listed under the potential participant’s name.  

All participants were asked to inform us (via a free-post form, text message, or email) if their correct 
phone number (landline or cell phone) was not listed on a form sent with the letter of invitation. 
Additionally, potential participants were asked to return this form if they did not wish to be contacted 
further.  A follow-up letter was sent to potential participants for whom we did not have a tele-
matched landline number if a response had not been received within 10 days. 

Pre-testing 

Prior to implementing the survey, it was pre-tested in a small cross-section of Dunedin residents.  
This pre-testing informed both the structure and wording of the questionnaire, and led to the 
removal of some questions to ensure the interview took no longer than approximately 15 minutes to 
complete. 
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Interview Measures 

Structured computer assisted telephone interviews of approximately 15 minutes in duration were 
carried out from mid-August to the end of September 2012 using Abbey Research software. The 
questionnaire contained 7 sections:  

1. Personal Use of Medicines  Current or recent medicine use (incl prescription, over-
the-counter, and general sale medicines, herbal 
medicines, & dietary supplements). 
Awareness of potential for interaction between 
medicines. 
Purchase of prescription medicines over the Internet. 

2. Experience of Adverse Effects  Personal experience of adverse drug reactions. 
Knowledge of the Centre for Adverse Reactions 
Monitoring (CARM). 

3. Obtaining Information about Medicines Satisfaction with medicines information generally 
provided by the prescribing doctor. 
WHO or WHERE would you generally go to to find out 
more information about a medicine (e.g., doctor, nurse, 
pharmacist, medicine package, Internet, friends/family, 
govt organisations, pharmaceutical company, etc). 
HOW would you generally obtain information about 
medicines (e.g., printed materials, telephone, etc). 
Preferences (WHO/WHERE/HOW) for obtaining 
information about medicines in the future. 

4. Weighing Risks and Benefits of Medicines  Knowledge of Medsafe. 
Views on the safety of new medicines. 
Views on methods Medsafe should use to communicate 
with the public about medicines safety issues (e.g., print 
media, television, radio, etc). 
Likelihood of signing up to e-mail or text message alerts 
from Medsafe, or linking with Medsafe on an Internet 
social media site (e.g., Facebook or Twitter). 
Views on WHEN Medsafe should communicate with the 
public about a side effect possibly related to a medicine. 

5. Safety Issues with some Specific Medicines  General awareness of selected safety issues 

6. Cough and Cold Medicines  Awareness of updated recommendations for use of 
cough & cold medicines in children < 6 years of age 

7. Demographic Details  Education and ethnicity 

Data Analysis 

Data were analysed descriptively with simple percentages of responses and 95% confidence 
intervals calculated for main outcome measures, where appropriate.  

 

1.3.3 Response & Participation Rates 
Of 700 potential participants randomly selected from the general and Maori electoral rolls, 276 were 
unable to be contacted after at least six attempts and/or did not make contact with us via e-mail, text 
message, or freepost. Of the 424 individuals able to be contacted, 28 did not fit the study eligibility 
criteria, and 139 declined to take part. Thus, 257 participants completed the survey, corresponding 
to a response rate of 38% and a participation rate of 65% (see Figure 3). 
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Figure 3: Flowchart of Participation 

 

Data show that response rates in epidemiological research have decreased significantly over the 
last 50 years.  This is attributed to both increased difficulty in making contact with eligible 
participants and an increased likelihood that those contacted will not agree to take part.60 In the 
current study, we took several steps to increase the number of potential participants for whom we 
had a contact phone number.  These included tele-matching for all of those living at the same 
address as the potential participant (based on electoral roll information) and giving potential 
participants the opportunity to provide us with their correct landline and/or cellphone number by 
different means – email, text message, or freepost form. 

Electoral Roll Sample 
n=700 

Potential Participants 
n=672 

Potential Participants 
Contacted n=396 

Participants n=257 

Response Proportion 38% 
Participation Proportion 65% 

Ineligible n=28 
• Living outside of NZ (n=15) 
• Deceased (n=1) 
• Language barrier (n=5) 
• Deafness (n=2) 
• Ill health (n=5) 

 

    

Declined to participate (n=139) 
 

 

    

Non-contactable (n= 276) 
• No phone number obtained (n=195) 
• Phone disconnected (n=13) 
• No answer after ≥6 attempts (n=8) 
• Not available after ≥3 attempts  (n=8) 
• Not known at address (n=36) 
• No such address (n=1) 
• Non-contactable, reason not recorded (n=14) 
• No phone (n=1) 
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Several recent studies have illustrated that lower response rates do not automatically equate to 
lower validity of study findings.60 To more accurately assess the increased risk to study validity, it is 
important to consider how representative those who agreed to participate are in comparison to 
those who did not agree to take part or were not able to be contacted. To this end, Table 1 
summarises the socio-demographic characteristics of the eligible sample and the percentage in 
each group who participated, declined, or were not contactable.  

 

 Eligible Sample 

N=672 

Participants 

N=257 

Declined 

N=139 

Non-contactable 

N=276 

 N %  %  %  %  
Gender 
Female 
Male 

 
368 
301 

 
55.0  
45.0  

 
42.4  
33.6  

 
19.8  
21.9  

 
37.8  
44.5  

Age (years) 
18-34 
35-49 
50-64 
65+ 

 
173 
190 
183 
126 

 
25.7  
28.3  
27.2  
18.8  

 
15.0  
35.3  
49.2  
58.7  

 
20.8  
16.8  
18.6  
29.4  

 
64.2  
47.9  
32.2  
11.9  

Maori descent* 

No 
Yes 

 
582 
90 

 
86.6 
13.4  

 
41.1  
20.0  

 
20.6  
21.1  

 
38.3  
58.9  

NZdep2006 
1 Least deprived 
2 
3 
4 
5 
6 
7 
8 
9 
10 Most deprived 

 
67 
71 
64 
72 
75 
75 
59 
65 
65 
59 

 
10.0  
10.6  
9.5  

10.7  
11.2  
11.2  
8.8  
9.7  
9.7  
8.8  

 
52.2  
53.5  
48.4  
40.3  
28.0  
37.3  
37.3  
26.2  
30.8  
27.1  

 
19.4  
15.5  
25.0  
19.4  
29.3  
18.7  
23.7  
24.6  
20.0  
10.2  

 
28.4  
31.0  
26.6  
40.3  
42.7  
44.0  
39.0  
49.2  
49.2  
62.7  

Education 
< 4 yrs secondary school 
Secondary school (4-5 yrs) 
Non-university tertiary 
University tertiary 

 
 

 
 

N (%) 
64 (25.0) 
66 (25.8) 
53 (20.7) 
73 (28.5) 

  

Ethnicity (participants 
could select more than 1) 
NZ European 
NZ Maori 
Pacific Islander 
Asian 
Other European 
Other 

 
 

 
 

N (%) 
 

212 (82.8) 
18 (7.0) 
5 (2.0) 

11 (4.3) 
37 (14.5) 

6 (2.3) 

  

*Based on electoral roll information regarding eligibility to be in a Maori electorate. 
 
Table 1: Demographic distribution of the eligible sample and percentages of those who 
participated, declined, and were not able to be contacted. 

Females were more likely to participate in the survey and were more likely to be successfully 
contacted than males (Table 1); however, the association between response status (i.e., 
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participated, declined, unable to contact) and gender was not statistically significant (x2 = 5.72, p = 
0.06). The difference in the gender distributions of participants and the eligible sample was also 
non-significant (x2 = 2.55, p = 0.11), suggesting that any gender bias in the survey estimates is likely 
to be minimal. 

Statistically significant differences in response status were found between age groups (x2 = 104.63, 
p < 0.001). Older residents (50+ years) were more likely to respond to the survey and were more 
likely to be successfully contacted than younger residents (Table 1). The fact that we were able to 
contact a greater proportion of older residents may also explain why they were more likely to refuse 
participation (Table 1). The youngest residents (18-34 years) were less likely to participate and less 
likely to be successfully contacted. The difference in the age distributions of participants and the 
eligible sample was also statistically significant (x2 = 34.0, p < 0.001) suggesting that survey 
estimates may be biased by age.  

The difference in response status between residents of Māori and non-Māori descent, as seen in 
Table 1, was statistically significant (x2 = 17.23, p < 0.001). Those of Māori descent were less likely 
to participate and be successfully contacted than those not of Māori descent. The proportion of 
residents of Māori descent was significantly less than that in the eligible sample (x2 = 7.42, p = 
0.006), which suggests that survey estimates may be biased by ethnicity. 

The likelihood of declining our invitation to participate in the survey did not differ by level of 
deprivation (Table 1) but those living in more affluent neighbourhoods were more likely to participate 
and be successfully contacted than those living in more deprived areas (x2 = 41.86, p = 0.001). 
However, the difference in the distribution of deprivation was not statistically significant between 
participants and the eligible sample (x2 = 15.54, p = 0.08) suggesting that any bias in the survey 
estimates by deprivation is likely to be minimal.  

In summary, the sample slightly over-represents women and Europeans and slightly under-
represents younger people and those in the most deprived areas. These factors are considered in 
the interpretation of the results.  

 

1.3.4 Results 

i) Approach Risk Communication as a Process 

Post-Event Evaluation 

In 2009, Medsafe issued a set of updated recommendations on the use of cough and cold 
medicines in children. The recommendations were communicated to the mass media and to HCPs. 
As an example of an evaluation of a recent drug safety campaign, the current national survey 
measured the awareness of the campaign and subsequent behaviour change among the 
participants.  

Forty-nine participants (19%) were involved in the care of children under six years of age. Of those, 
33% had given a cough and cold medication to a child within the past 12 months.  

Of all participants, 15% had heard about Medsafe’s updated cough and cold recommendations, with 
similar figures for women and men as well as different age groups. Participants with a tertiary 
education were almost twice as likely to have heard about the recommendations as participants with 
lower education levels (20% vs. 10%).  
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Of the 49 participants caring for a child under six years, 22% had heard about the 
recommendations. Of those who had given a cough and cold medication to a child under six within 
the past 12 months, 31% had heard about the recommendations. 

Nine of the 11 participants (82%) had changed their behavior as a result of the recommendations. 
Their sources for the recommendations were: doctor (3), pharmacist (2), radio (2), newspaper (1), 
TV (1), family/friends (1). Only one of the nine participants had obtained the information from more 
than one source (pharmacist and newspaper). 

Of all participants that were aware of the updated recommendations, 45% had heard about them on 
TV, 34% from a newspaper, 13% from family and friends, 11% from a doctor, 11% from a 
pharmacist, 11% from the radio, 8% from the Internet, and 3% from a nurse/midwife. More than half 
(54%) of what could be defined as the main target population, caregivers, obtained the information 
from HCPs.   

The results suggest that the campaign was relatively effective with regards to message (a high 
percentage of those who learned about the recommendations changed their behavior; although 
some were still using the medicines albeit in smaller amounts or less frequently than before) but 
ineffective with regards to dissemination (a low percentage of all participants and caregivers were 
aware of the recommendations).  

 

ii) Understand the Target Audience 

The national survey explored three target audience characteristics of importance for drug safety 
communication: 1) medicine use and experience of adverse drug reactions, 2) communication 
needs and preferences, and 3) current level of drug safety awareness. 

Medicine use and ADR experience 

There was a high use of both prescription and OTC medicines amongst participants. A frequent 
parallel use of different product types presents a potential drug safety issue, as patients may not 
necessarily inform their prescribing doctor about concurrent use of OTC medicines, herbal remedies 
or dietary supplements. 

Sixty-seven percent of participants had used a prescription medicine during the past month, and 
46% had used two or more prescription medicines. Eighty-two percent of those in the 65+ age 
group used at least one prescription medicine, and 69% used two or more prescription medicines. 

Forty-five percent of participants had used at least one OTC medicine in the past month, and 14% 
had used two or more OTC medicines. Nineteen percent of participants had used a herbal remedy 
in the past month and 42% had used a dietary supplement. 

More than half of participants (56%) had used at least two of the categories (prescription medicine, 
OTC medicine, herbal remedy or dietary supplement.) during the past month, and 23% had used 
three or more categories. Women used more herbal remedies and dietary supplements than men, 
and used more product categories simultaneously. In the 65+ age group there was a lower use of 
herbal remedies and OTC medicines than in younger groups. 

Almost a quarter of all participants had experienced an ADR within the past 12 months; with 45% 
having been aware of the risk of the ADR before it occurred. Younger age groups were more aware 
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than older age groups (72% vs. 33%). Fifty percent had learned about the ADR from a doctor, 25% 
from the package leaflet, 13% from a pharmacist, 6% from family/friend, and 6% from the Internet. 

Twenty-six participants had sought more information about the side effect they experienced – 25% 
sought information from the Internet, 15% from a nurse, 15% from family/friends, 12% from a 
pharmacist, 12% from a book, and 4% from the package leaflet. Seventy-two percent had reported 
the ADR to their doctor, with no significant differences based on gender, age, or level of education. 

Communication needs and preferences 

Forty percent of participants (47% women; 28% men) generally wanted more information than they 
were given when prescribed a new medicine by their doctor. Possible side-effects, interactions and 
benefits were the three most commonly desired types of information. These findings support 
previous research showing that potential adverse reactions often receive only cursory discussion, if 
at all, in doctor-patient interactions.61 

Doctor, pharmacist and medicine package were the top three selected information sources for drug 
safety information overall, as well as for all age groups and education levels. This corresponds to 
results from our smaller Otago survey (see Appendix 1), and suggests that introducing package 
inserts for all approved medicines would be welcomed by patients and consumers in New Zealand. 

Use of the Internet to obtain information about medicines was most popular in the youngest age 
group, and was used by approximately 2/3 or more in all age groups except the 65+ group. In this 
oldest age group, it was used by less than 1/3; however, this could in part be explained by lower 
Internet access for this group (please see section iv below, ‘Collaborate and/or Coordinate with 
other Information Sources’). The lowest education group had equally low Internet access and usage 
but it should be noted that there was a high proportion of participants aged 65+ in this group. 

Magazines were used to a higher degree by women and in the lowest education group. 

More information from HCP’s and a trusted Internet resource relevant for New Zealand were the two 
most commonly suggested ways that participants would like to obtain drug safety information in the 
future. 

When asked through which channels they would be most likely to learn about drug safety alerts 
from Medsafe, 63% of participants (66% women, 58% men) said they would most likely pick up the 
news on television. Fifty-nine percent (61% women, 56% men) said they would most likely learn 
from print media – 88% (85% women, 95% men) of those selected newspapers as a most likely 
source; 58% (68% women, 43% men) selected leaflets from pharmacies or doctor’s surgeries; and 
30% (36% women, 18% men) selected magazines. In addition, 23% (24% of women, 22% of men) 
selected an Internet news site, 35% (35% women, 35% men) selected radio. 

Use of communication channels was similar across all education levels. In the youngest age group, 
Internet news site was selected by 42% as compared to 16% in the 65+ age group. 

 
Drug safety awareness 

1. Awareness of Medsafe and CARM 

When asked to which agency adverse reactions are reported in New Zealand, 93% (238) of 
participants did not have an answer. Three participants (1%) correctly named CARM as the agency.  
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Three participants (1%) were aware that Medsafe is the agency responsible for regulating 
medicines in New Zealand – 70% did not have an answer to the question, while 24% thought that 
Pharmac was the responsible agency.  

Ninety-three percent of participants (238) had never visited the Medsafe website (1% once, 4% a 
few times, 1% regularly).  

 

2. Safety awareness about new medicines 

There is widespread unawareness (especially in younger age groups and the lowest education 
level) about the fact that new medicines may have serious side effects that have not yet been 
discovered. Just over half of participants (51% women, 58% men) believed that new medicines 
would only be approved for marketing if they were completely safe. Forty-four percent (49% women, 
42% men) were aware that new medicines could have serious side-effects that had not yet been 
discovered.  

3. Buying medicines on the Internet 

One participant (0.4%) had bought prescription medicines over the Internet.  

Four percent of participants had no safety concerns around medicines bought over the Internet 
compared to medicines from a local pharmacy; 32% had some concerns, while 64% said they had a 
lot of safety concerns. The youngest age group had the lowest percentage of “a lot of concerns” 
(46%); the oldest age group had the highest (78%). The results could suggest that measures to 
raise awareness of dangers of online medicines should primarily be targeted to a younger audience.  

4. Safety awareness about specific medicines 

The combined contraceptive pill, hormone replacement therapy (HRT) and NSAIDs are three 
commonly used classes of medicines with well-documented adverse reactions. However, among 
the medicine users in the survey, there was a low awareness of potential side-effects. This finding 
corresponds to results in our Otago survey (please see Appendix 1).  

• The combined pill: 37% of women aged 18-49 years recalled a known ADR of the combined 
pill (40% of users, 37% of non-users). Most commonly mentioned was cancer – sometimes 
specified as breast cancer.  

• HRT: 41% of women aged 50+ years recalled a known ADR of HRT (56% of users, 39% of 
non-users). Most commonly mentioned was cancer – often specified as breast cancer.  

• Aspirin/ibuprofen: 62% of all participants had taken aspirin or ibuprofen during the past 12 
months – 49% of ibuprofen or aspirin users could recall a known ADR of ibuprofen/aspirin 
(55% of women, 45% of men). Gastrointestinal ADRs were most commonly mentioned. 

5. Interactions – risk and awareness 

Fifty-five percent (142) of participants had taken two or more medicines simultaneously within the 
past month. Of those, 41% had found out if there was a risk for interactions between the medicines. 
Their sources for the information were: doctor (67%), pharmacist (23%), information on or inside the 
packaging (14%), Internet (12%), nurse (5%), family or friends (4%). The youngest age group had 
similar medicine use but was less prone (31%) to find out about interactions than older age groups 
(50%). 
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Results suggest that while there is a high use of medicines amongst the New Zealand public, there 
is a low awareness of medicine safety issues – both in general (such as the safety status of new 
medicines and knowledge of Medsafe and CARM) and more specifically (awareness of risk of 
interactions and possible side-effects of personal medicines). There is, however, a healthy 
skepticism against buying prescription medicines online. 

The fact that so few participants were aware of Medsafe’s existence and role, combined with the low 
number of public visitors to Medsafe’s website indicate that the website is currently not an effective 
channel for direct communication with the public. 

 

iii) Trust the Public and Respect Different Levels of Risk Tolerance 

When asked at what stage they wanted Medsafe to communicate emerging safety issues, 38% of 
participants wanted Medsafe to issue public communications as soon as there is a first suspicion of 
a potential side-effect. Nineteen percent preferred communication at first suspicion, but only for 
serious side-effects. Twenty-one percent believed Medsafe should not communicate emerging 
safety information until there is firm advice to give to HCPs and consumers, while 20% thought that 
Medsafe should hold their communications until they are absolutely sure that the medicine is 
causing the side-effect.  

A majority of women (60%) and men (54%) preferred early communications (at first suspicion/at first 
suspicion for serious side-effects), suggesting that earlier information with higher level of uncertainty 
is preferred over later information with lower level of uncertainty. 

Half or more of all education levels preferred early communications (60% for tertiary education); 
however, almost 1/3 of participants with less than four years of secondary school believed Medsafe 
should wait until they are absolutely sure that the side effect is caused by the medicine. 

The youngest age group was the only age group where more than 50% were in favour of Medsafe 
communicating at a later stage (firm advice or sure about medicine causing effect). 

As described earlier, HCPs, and in particular doctors, were highly ranked as sources for drug safety 
information. A majority of participants (55%, 54% women, 55% men) relied on their doctors to 
decide whether they should take a medicine, while 45% said it was their decision.  

Of those who believed new medicines to be completely safe, 35% considered it their decision 
whether to take the medicine, while 65% relied on their doctor. In the group who believed that new 
medicines may have serious side-effects, 56% said it was their decision, whereas 44% relied on 
their doctor. 

Participants in the youngest and oldest age groups were relying on their doctors to a higher degree 
than the two middle age groups. Participants in the lowest education group put more reliance on 
their doctors than participants in higher education groups. 

 

iv) Collaborate and/or Coordinate with other Information Sources 

Considering the low public awareness of Medsafe as a regulator and the small number of public 
visitors to the Medsafe website, developing good working relationships with other stakeholders 
(government agencies, HCPs, professional and patient organizations) and especially the mass 
media, is of high importance for efficient dissemination of communications to the public. The 
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significance of the mass media as a communication partner was also demonstrated in above 
sections where participants who were aware of Medsafe’s cough and cold campaign had primarily 
heard about the updated recommendations through television and newspapers; as well as in the 
questions about which channels participants were most likely to learn about drug safety news from 
Medsafe (in which a majority of the respondents selected television and newspapers). 

The national survey aimed to gauge public interest in direct communications from Medsafe (via 
email, cell phone or social media on the Internet). Generally there was a low interest in direct drug 
safety communications. Judging from the results, an email service would be more likely to attract 
users than social media initiatives or cell phone alerts. It is notable that almost one third in the 
lowest education group did not have an email account/Internet access, and that the same applied 
for the 65+ age group. 

Twenty-eight percent of all participants said that they would be very likely or somewhat likely to 
register their email address for drug safety alerts from Medsafe; 58% would be somewhat unlikely or 
very unlikely, and 14% did not have an email address.  

Ten percent of participants would be very likely or somewhat likely to link with Medsafe on social 
media (e.g. Facebook, Twitter), whereas 77% would be somewhat or very unlikely and 12% didn’t 
have access to social media. 

Twelve percent of participants would be very or somewhat likely to register their cell phone number 
for text alerts from Medsafe; 81% would be somewhat or very unlikely and 7% did not have a cell 
phone. 

Participants who had used prescription medicines during the past month were more interested in 
direct communications from Medsafe than non-users. 

 

1.3.5 Key Findings & Implications for Effective Risk Communication  

Key findings 

• There was a low public awareness of Medsafe and CARM; 1% could correctly name these 
agencies, and 93% had never visited Medsafe’s website. 
 

• There was generally little interest for signing up to drug safety alerts from Medsafe by email, 
cell phone or social media (e.g. Facebook). It is possible this is an underestimate due to an 
age bias towards older residents in the national survey. 
 

• A large proportion of participants said they would most likely learn about drug safety news 
from Medsafe through mass media (TV, newspapers, radio, Internet news sites). 
 

• While there is a high use of medicines in New Zealand, there is a low awareness of medicine 
safety issues – both in general (such as the safety status of new medicines and knowledge 
of Medsafe and CARM) and more specifically (e.g., awareness of risk of interactions and 
possible side-effects of personal medicines). 
 

• There is, however, a healthy scepticism with regard to prescription medicines sold online. 
There is also a desire to learn more about personal medicines, as 40% wanted more 
information than they were given when prescribed a new medicine by their doctor. 
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• Doctor, pharmacist and medicine package were the top three selected sources for drug 

safety information overall, as well as for all age groups and education levels. 
 

• As expected, the Internet was used to a larger extent by younger age groups; in the oldest 
age group and lowest education group approximately one third did not have Internet access. 
 

• Regarding emerging safety issues, 57% of participants preferred early communications from 
Medsafe (at first suspicion/at first suspicion for serious side-effects), while 43% thought 
communications should not be released until there was firm advice to give to HCPs and 
patients, or until Medsafe was absolutely sure that the medicine was causing the side-effect. 
 

• More information from HCPs and a trusted NZ Internet resource were the two most 
commonly suggested ways that participants would like to obtain drug safety information in 
the future. 
 

• 15% of all participants, and 22% of those caring for a child under 6 years had heard about 
Medsafe’s cough and cold campaign. 

 

Implications for Improved Risk Communication 

The results indicate that the Medsafe website is currently not an effective channel for direct 
communication with the public. In order to establish the website as a public information source, 
Medsafe’s low public profile would need to be addressed and consideration should be given to 
promoting the website. In addition, to be an effective communication channel the website must meet 
the needs and preferences of public visitors with regard to structure and content (see Implications 
for Improved Risk Communication from the Regulator Study). It would therefore be sensible to first 
evaluate the current website’s fit with audience needs, perhaps by way of focus groups. 

The generally low interest in direct communications from Medsafe may have been higher had public 
awareness of Medsafe not been so low among participants. 

While the importance of new communication channels (such as social media on the Internet) is 
rising, and it would be sensible to have a presence in these channels, the national survey findings 
suggest it may be too early to depend heavily on these channels for communicating drug safety 
issues to the broader public. However, younger target audiences – and likely the mass media - 
could well be effectively reached through such channels. 

When designing drug safety communications for the public, it is important to keep in mind the low 
level of drug safety awareness amongst the New Zealand public. In the long term, developing a 
strategy for raising the level of drug safety awareness could be warranted (see Implications for 
Effective Risk Communication from the Regulator Study). 

The channel preferences of different target audiences (e.g. age, gender) should be explored to tailor 
communication efforts and maximise chances of reaching certain groups.  

The importance of HCPs as sources for drug safety information for the public makes them key 
channels for drug safety communications from Medsafe. Given package leaflets were ranked highly 
in both in the national survey and in the smaller Otago survey, it is likely that introducing package 
inserts for all medicines marketed in New Zealand would be welcomed by patients and consumers. 

 



 
52 Final Deliverable Report from the University of Otago Product Vigilance Research Team 

Given that a large proportion of participants selected mass media as channels through which they 
would be most likely to learn about drug safety news from Medsafe, a strategy to improve the quality 
and coverage of drug safety issues in New Zealand mass media is essential (see Implications for 
Effective Risk Communication from the Regulator Study and Communication Case Study). 

With respect to emerging drug safety issues, a majority of participants were in favour of early 
communications, thus preferring prompt information with a higher degree of uncertainty over later 
information with a lower degree of uncertainty.  

According to the survey findings, Medsafe’s cough and cold communication campaign was not 
disseminated effectively (only 15% of all participants and 22% of caregivers were aware of the 
recommendations) but was relatively effective with regards to message (9 of 11 caregivers had 
changed their behaviour). This corresponds in part to an evaluation of the UK Medicines and 
Healthcare products Regulatory Agency’s (MHRA) communication of this issue where a large 
proportion of those surveyed had not heard about the MHRA recommendations.62 This highlights 
both the importance of having effective communication channels and that measuring the effects of 
communication efforts is essential to the communication cycle. 

Further study is needed to learn more about the level of drug safety awareness and communication 
preferences of different ethnic groups, such as Māori and Pacific Islands people.  
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Chapter 2: Improved Data Sources  

2.1 Introduction 
 

General Practice is the provider of the majority of health care delivered in NZ. It is a rich source of 
clinical data that if captured, could significantly improve the scope of drug safety monitoring, and 
could provide important denominator data for spontaneous adverse event reporting.  Internationally, 
centralised databases such as the UK GP Research Database, have proven their worth with respect 
to the quality and depth of information that can be made available to regulators and researchers 
Given the high uptake of technology in the NZ primary healthcare environment i.e. 99.8% GP 
practices computerised, with 71.8% storing full clinical notes on Practice Management Software, the 
establishment of a nationalised network collecting longitudinal patient data is technically achievable. 
To-date, despite a number of international examples of similar initiatives, the New Zealand 
experience has been limited to local and regional initiatives based in Primary Healthcare 
Organisations. 

We therefore aimed in this stream of the project to undertake development and deployment of a 
proof-of-concept Electronic Data Acquisition Module for General Practice Healthcare Data (GP-
EDAM) across a sample of sentinel GP practices in NZ, and to make data from this module 
available for pharmacovigilance signal detection. The eventual ambition of this development is the 
expansion of the system into a national GP network/database available to fulfil a number of 
pharmacovigilance and pharmacoepidemiological surveillance needs. With this end in mind we 
convened a Pharmacovigilance Ethics Advisory Group (PEAG) of key stakeholder representatives 
and academics to inform the development of the proof-of-concept module in a manner that took best 
account of the likely ethical and privacy concerns that would be encountered (see Appendix 3). 

  

2.2 Governance and ethical implications of GP data collection 

2.2.1 Overview of the Pharmacovigilance Ethics Advisory Group (PEAG)  
 

General Practice records constitute an extremely rich source of data which have to-date remained 
poorly utilised for secondary uses. Although there are well developed ethical and privacy guidelines 
and codes in New Zealand, the consideration of use of routinely collected GP data for 
pharmacovigilance purposes raises ethical and privacy considerations, including: acceptability to 
patients and GPs, feasibility of the methods, and governance arrangements. Fundamental to the 
success of a nationwide GP-EDAM pharmacovigilance system will be the adequate consideration of 
these matters. Such issues have a direct bearing on the choice of GP-EDAM method, and how it will 
function (e.g. whether identifiable data can be collected, what consent is required, and what 
information can be extracted, who will have access to resulting data etc.). A pharmacovigilance 
ethics advisory group was therefore assembled with the principal task of pre-empting, discussing, 
and mitigating relevant considerations, issues, and risks. 
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2.2.2 Terms of Reference  
 

• To review the ethical, privacy and governance concerns, issues, and/or risks pertaining to 
the use of general practice patient data for regional or national pharmacovigilance 
monitoring activities. 

 
• To consider, develop and specify terms, parameters, guidelines and/or restrictions to the 

acceptable use of such data for pharmacovigilance purposes. 
 

• Both of these tasks should be considered in the context of a hypothetical future expansion 
of the current project to NZ national programme. 

 
• To make its recommendations to OTAGO on the above matters, together with its rationale 

for its recommendations. 
 

• The advisory group members are appointed by OTAGO only for purposes of completing 
their principal tasks. 
 

2.2.3 PEAG Membership  
 

The membership of PEAG was constituted as follows. The group included representation from 
individuals with a diverse background of sectors, fields of expertise, and organisations. The 
selection of members was made by the chair in consultation with the secretariat.  

 

Members: 

1. Dr Barry Smith (Maori Representative/ Lakes DHB/ Former Chair, Multi-region Ethics 
Committee) [Chair] * 

2. Mr John Forman (Consumer Representative/ Executive Director, NZORD) 

3. Ms Nicola Hill (Senior Policy Analyst, National Health Board, Ministry of Health) 

4. Dr Inga Hunter (Board Member, Health Informatics New Zealand (HINZ)/ General 
Practice Researcher, Massey University) 

5. Dr Stewart Jessamine (Group Manager, Medsafe) 

6. Assoc. Prof. Dee Mangin (Director Research, Pegasus Health/ Official Representative, 
Royal NZ College of General Practitioners) 

7. Assoc. Prof. Andrew Moore (Philosopher/ Former Chair, National Ethics Advisory 
Committee)  

8. Mr Sebastian Morgan-Lynch (Policy Advisor – Health, Office of the Privacy 
Commissioner) 

9. Ms Fiona Thomson (General Manager, General Practice New Zealand (GPNZ)) 

10. Prof. Jim Warren (HISO/ Chair, Health Informatics New Zealand (HINZ)/ Professor 
Computer Science & Population Health, University of Auckland) 
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Advisors: 

1. Emeritus Professor Charlotte Paul (Professor of Public Health and Epidemiology) 

2. Prof. Carl Burgess (Professor of Medicine & Clinical Pharmacology, University of Otago 
Wellington) 

  

Secretariat: 

1 Dr Tristram Ingham (Senior Research Fellow, University of Otago Wellington) 

2 Mrs Bernadette Jones (Research Fellow, University of Otago Wellington) 

 

*The initial chair (A/Prof Andrew Moore) resigned mid-project due to personal issues, however the 
role was kindly filled by Dr Barry Smith. 

 

2.2.4 Process 
 

A series of three workshop sessions were planned. At the first workshop the group agreed to the 
terms of reference, and were involved with a series of presentations and discussions to set the 
background for the group’s purpose. These included: current product vigilance activities (and their 
respective limitations) (Dr Stewart Jessamine); two case studies highlighting the role and need for 
product vigilance - Fenoterol and asthma mortality (Prof Carl Burgess), and the 3rd generation oral 
contraceptive pill and thromboembolism; along with a briefing on the issues in the context of a 
General Practice setting (Dr Dee Mangin). 

At the second workshop, the group were briefed on the results of the citizen’s jury (Prof Charlotte 
Paul), and active discussion was held on a number of surrounding issues. The group spent time 
laying out the framework of the discussion document, which the chairman (A/Prof Andrew Moore) 
would then develop into an initial draft document for circulation to members. Due to personal 
circumstances, the chairman was unable to deliver the draft document. As a contingency, Dr Barry 
Smith assumed the role of chairman, and a small working-party comprising available members of 
the wider group (Mangin, Hunter, Smith, and Jessamine) convened to develop this draft.  

 

Some of the key areas of discussion included: 

 

• The nature of clinical record data, including data validity 

• Confidentiality (protection of patient and practitioner) 

• Governance & Data Stewardship 

• Informed Consent 

• Data Security 

• Acceptable Uses  



 
59 Developing an Integrated Pharmacovigilance System for New Zealand 

2.2.5 Proposed Model  
 

The following schematic overview represents the view of PEAG as to the best model for a GP-
EDAM system in order to balance the considerations of scientific validity of data, ethical and privacy 
considerations of confidential health data, and provider/patient buy-in. 

 

Schematic representation of the proposed GP-EDAM model and processes 
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Explanatory Notes: 

 

  Information requests 
Requests will be made by groups seeking access to aggregate general practice PMS data to 
answer pharmacovigilance research questions. These groups may include government 
agencies, institutions or other organisations undertaking pharmacovigilance research.  

Information requesters undertaking ‘research’ (as opposed to undertaking a statutory 
obligation for example) must as an initial step obtain ethical approval for the research 
according to the existing principles and processes for research as outlined previously 75. 

Having received appropriate ethical approval for the research, such groups would then be 
required to submit a formal information-request proposal to the governance entity before 
approval would be issued to retrieve data. The information request proposal would, at a 
minimum, outline (with appropriate justifications): 

1. the research question 
2. the scientific basis for the hypothesis 
3. the extent of practices, patients and/or observations required (geographic and numeric)  
4. the specific PMS fields required, indicating specific justification for the requirement of 

uncoded fields (i.e., consultation notes) 
5. the details of the extraction period (e.g., prospective versus retrospective coverage) 
6. the event trigger(s) and follow-up requirements (e.g., the next three consultations, all 

consultations for the following six months, etc.) 
7. the level of de-identification required 
8. the requirement for data matching between regions, or with external data sets 
9. the analytical methods 
10. the arrangements for data handling, storage and destruction (including reporting audit 

trail) 
11. ethical review.  
 

It is expected that the group seeking the information would be required to provide some form 
of monetary compensation for data to offset the operational expenses of the system. 

  Governance entity 
The governance entity will then review all information requests and determine the 
appropriateness of each of the factors listed in the request. The specific safeguards, 
restrictions and limitations on use, handling, storage and representation of data will need to 
be considered on a case-by-case basis with respect to the nature of the investigation and 
the level of detail requested from within the source data. If the request is considered to be 
appropriate, the governance entity will issue approval for the information request, which will 
then be loaded into the GP-EDAM system as a retrieval query.  

  Query initiator 
Once governance approval has been received, the query initiator will load the parameters of 
the information request into the GP-EDAM system as a retrieval query. This query will then 
be uploaded to the requisite regional collection clusters. 



 
61 Developing an Integrated Pharmacovigilance System for New Zealand 

  Regional collection clusters 
The regional collection cluster will be responsible for hosting and maintaining the server to 
which individual GP practices will communicate. These collection clusters will include 
existing community-level collective groups such as primary health organisations (PHO’s), 
independent practitioner associations (IPAs) and managed service organisations (MSO’s). In 
this way, governance and stewardship will be retained by the existing GP collectives. Such 
groups already use aggregate data to understand patterns of service use and improve 
clinical care, and this system would be able to complement these activities and potentially 
provide such capacity where it is not currently or easily available.  

Acceptance of each query escalated to the collection cluster will be in the hands of that 
collective. It is anticipated that the regional clusters would make their participating practices 
aware of the list of current queries and keep them informed of any operational matters and, 
most importantly, of the results of completed analyses using the system.  

A three-level opt-out system will function to enable the patient, practitioner or practice to be 
exempt from any query. Opt-outs are of significant potential concern to the validity of 
conclusions drawn from the data by introducing potential participation biases, but they are 
considered to be a necessary requirement to maximise the uptake of the proposed system. 
The multi-level opt-out system seeks to limit these biases by restricting the exclusions to the 
smallest possible unit (e.g., individual patient versus GP versus whole GP practice). 

  Health provider organisations 
Participating health provider organisations’ PMS systems will regularly connect to their 
regional collection cluster server to obtain the latest list of active retrieval queries. The 
individual PMS’s will then automatically extract the required data as a background operation 
and, at a pre-arranged time, supply those data using a ‘push model’. 

  Regional collection clusters  
Data pushed from individual GP practices will be received by the server system at the 
regional cluster. There it will be aggregated with data from the other cluster practices, with 
duplicates across regional practices identified and reconciled. At this stage, a de-
identification process will occur involving the screening of all extracted fields for identifier 
information (e.g., a telephone number in the consultation notes). Both patient and provider 
identifiers will be stripped.  

Only age, gender, ethnicity, and a broad-level geo-coded address/locator fields will be 
retained. All other identifiers will be removed and replaced with a patient ID field. However, 
the cluster will retain the linkage information between the patient ID field and the original 
identifiers in the event that re-linking the data fields is necessary for the welfare of a patient 
(see ‘8 Governance entity’ below). 

  External data sources 
Where more than one regional collection cluster is involved in the data collection, the 
National Health Index number (NHI) will be retained in the extract to permit reconciliation of 
duplicate patients across regions (e.g., attendances at a GP clinic when a patient is away 
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from their usual practice). The governance entity will have direct oversight of this 
reconciliation process. 

Similarly, if linkage with external data sources such as the national collections (e.g., the 
National Minimum Data Set) is required, then this process will also be conducted under the 
oversight of the governance entity.  

 Governance entity 
Once reconciliation between regional clusters and linkage with external data sources has 
taken place, the NHI will be removed as described above and replaced with a patient ID 
field. The governance entity will have the responsibility for approving any re-linkage process. 
It is envisaged that there will be only three possible reasons for a re-linkage. 

• An issue of direct patient safety is identified by the system (e.g., a newly recognised 
adverse event or a potentially harmful combination of prescriptions has been observed 
or suspected). 

• Further investigation of a potential adverse event is required, implying the need for 
further data extraction in order to confirm the exact nature of the event. 

• Patients with particular characteristics identified by a retrieval query can be invited to 
participate in further research. 

 

It is expected that any re-linkage process will be undertaken exclusively by the regional 
collection cluster and that, should a re-linkage request be made, the responsibility for 
contacting the patient will be completed by the patient’s GP or practice. 

Where a request to participate in ‘further research’ is made, that research will have been 
approved by the relevant regional ethics committee prior to the governance entity approving 
the re-linkage and, again, the approach to the patient will be managed by the patient’s GP or 
practice. 

  Data receiver 
Once the data have been reconciled for duplicates between regional clusters, linked to 
external data sources and fully de-identified, they will then (and only then) be provided to the 
data receiver. This is likely to be the same entity as initiated the query. This organisation 
would be responsible for formatting the data in a manner to permit the approved analysis, 
along with any further coding work that is necessary. The organisation would be held 
accountable to the governance entity for the adequate storage, security and eventual 
destruction of the data within agreed timeframes. 

It should be noted that there is the possibility that, in a reasonable proportion of cases, the 
group seeking information may also perform the functions of ‘information requester’ and 
‘data receiver’. 

 Groups seeking information 

Anonymised data will then be made available to the group requesting information so that it 
can answer the original research question. Regional collection clusters will be offered the 
opportunity to review the findings before their public release. The research results will be 
made publically accessible in all instances. 
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2.2.6 Recommendations for National-Rollout 
 

The following recommendations were made by PEAG for the development of a national 
pharmacovigilance data monitoring system utilising routinely collected data from general (GP-
EDAM). While not exclusive, the recommendations were those that the group felt would act as key 
enablers of a successful implementation of such a system. 

 

ii) Public awareness campaigns should be run explaining the system’s benefits and the 
steps taken to address security and privacy concerns. 

iii) It must be easy and cost free for patients to indicate that they wish to opt out of the 
system. This would need to include a process, through the GP, to enable a patient to 
request that their information be removed from the system, with notification up the chain.  

iv) The education of health professionals needs to highlight the importance of complete and 
accurate data collection and coding as core business. 

v) Personal health information should be de-identified with encrypted NHI as close to 
patient care or the source of data collection as feasible (i.e. regional collection clusters). 
If this is not possible for data linkage reasons, then such linkages should be determined 
and overseen by a suitable governance entity.  

vi) The key to re-identification should be held at the regional collection cluster level. The 
regional collection cluster needs to remain identifiable so that in the event of a patient 
safety issue, the regional collection cluster is able to be notified and to for them contact 
the relevant patient and practitioner to take steps to avoid harm. 

vii) The system must be able to identify events pertaining to patients accessing health 
services away from their usual or registered practice (e.g. whilst on holiday, at after-
hours facility) and merge this with their other data in order to maintain a complete record. 

viii) Extracted data, even if de-identified, should only be stored for as long as they are 
needed. 

ix) The funding model to enable the governance group should function independently of 
commercial considerations.  

x) Users of the system need to accept that the quality and accuracy of the data extracted 
may be variable.  

xi) A governance team should be established and maintained. Their role should include: 

• assessing triggers for data extraction as ‘fit for purpose’ 

• monitoring conflicts of interest 

• controlling access to the system 

• oversight of any data linkage processes 

• monitoring of data security, handling, and destruction  

xii) Organisations providing access to identifiable data should be required to have within 
their employment contracts appropriate sections that label breach of security to patient 
systems as serious misconduct. 

xiii) Organisations should also be asked to ensure that their network and processes and 
procedures meet a minimum security standard (based on Health Information Standards 
Organisation (HISO) recommendations). 

xiv)  Audits of system use should occur. 
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2.3 Development of an Electronic Data Acquisition Module for General 
Practice 

2.3.1 Overview 
 

We aimed to develop a proof-of-concept database system to collect anonymous patient information 
from GP’s computers - initially testing the technology on a small sample of surgeries. Data from 
each GP had all identifying details removed and was sent electronically over a secure network to a 
centralised server, to be made available for analysis. 

We sought to develop a system with functionality permitting the broadest application to 
pharmacovigilance and pharmacoepidemiology, including the capability to be used to detect the 
following (and other) types of signal: 

 Class/ agent switching due to an ADR 

 Combinations of agents causing ADR’s 

 Agent safety in ‘at risk’ populations 

 Prescription uptake by class/ agent 

. 

2.3.2 Pegasus Health Partnership 
 

A formal collaboration with Pegasus Health (Charitable) Ltd, a Christchurch-based Independent 
Practitioners Association/ Managed Service Organisation, was established as part of this stream of 
the project.  

Pegasus Health (Charitable) Ltd is a charitable company that supports 109 practices within the 
Christchurch and Canterbury area in delivering quality care to over 365,000 enrolled patients. The 
Pegasus community includes 330 member GPs, 355 practice nurses, and nearly 400 support staff.  

Pegasus Health general practice teams had approximately 1.6 million contacts with patients in 
2011.  

Pegasus Health (Charitable) Limited contracts for the provision of an extensive range of health 
services with funders. In addition they have two separate membership companies for general 
practitioners and practice nurses. Pegasus supports general practice teams with ‘back office’ 
functions and helps them navigate the complex health funding environment. They design and 
deliver services to patients, for example, through our 24 Hour Surgery, Whānau Link, respiratory, 
child health and mental health services. They support a population health approach, focussing on 
the needs of the patients. 

Their services are based on a philosophy of shared care with key partners - Partnership Health 
Canterbury PHO, the Canterbury District Health Board and the wider health and social sectors 

Initially a bilateral Confidentiality Agreement was signed, followed by a more formal Memorandum of 
Understanding. Additionally all Otago University staff involved in the receipt of health data from 
Pegasus signed an individual confidentiality form.  
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2.3.3 24-hours Medical Centre Pilot 

Overview of Pilot 

An action research methodology was used to pilot the development of the GP-EDAM module across 
the Pegasus network. We initially piloted the GP-EDAM extraction process using the Pegasus 24-
Hours Medical Centre. This pilot process was instigated at the request of Pegasus Health.  

The pilot served three specific functions: 

1) As a test-bed for the extraction process using a single PMS 
2) As a method of providing reassurance that the module had been tested in a live Pegasus 

context prior to requesting GP input to install the module in their practices 
3) As an insight into the usage of the clinical notes among a varied group of practitioners. 

 

Results 

The prototype extraction module was deployed on the Pegasus 24Hours Surgery on 7th December 
2010.  

A single day of consultations was extracted retrospectively - totalling over 2,000 rows of data. After 
all identifiers were manually removed by Pegasus, 315 rows were supplied to our data teams for 
analysis. An extract data dictionary was also made available. 

Forty-six consultations for 13 patients revealed a usual pattern of good documentation of presenting 
signs and symptoms, treatment and subsequent observations. This information was recorded by 
doctors and nurses.  

A limitation of this data was that the diagnosis was not always clear and diagnoses were recorded 
separately from the body of the clinical notes as READ entries for only 13 consultations. As well as 
diagnoses, x-ray results, warnings (non-serious) and observations were not usually recorded in their 
separate fields but only in the Events fields.   

There were some errors noted e.g. the same READ entry entered twice for the same patient and 
prescriptions with no clinical description etc.  

Within the clinical descriptions spelling errors, different ways of expressing the same observations 
and the use of abbreviations were observed when searching for specific text. 

Researchers using the data need to be aware of these and other potential limitations.  

 

2.3.4 GP-EDAM Technical Specifications & Functionality  

Component or System Overview  

There are two main structural components to the system:  

1. The Client Module: an Autonomist Service installed at GP Practices that interacts with the 
GP-EDAM WebServer, to extract Patient Medical Data for authorised research and analysis.  
 

2. The GP-EDAM WebServer: a server system that allows authorised users to initiate queries, 
communicates with Client Modules, receives extracted data, then consolidates and de-
identifies data before sending on to the authorised researchers. 
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The Client Module and the WebServer communicate using a secure internet connection.  
 

Key features of the system include: 

 Completely automated processing at GP surgeries – no user input required after installation 

 Simultaneous processing of unlimited number and type of SQL queries 

 Practice and patient opt-off capability 

 Configured specifically for MedTech 32 Practice Management Systems 

 Configurable processing times (including capability to stagger individual practice reporting 
times to regulate data traffic) 

 Data transfers via secure internet connections using a compressed binary format to minimise 
the time and the amount of data that needs to be transmitted 

 Self-update capability to enable remote upgrades of client module 

 Full error logging 
 

Figure 1. Conceptual Diagram of the GP-EDAM system 

 

 Process Overview 

In process terms, there are nine distinct steps involved in the GP-EDAM process, each of which 
posed their own set of requirements and challenges to develop. The process is outlined below in 
Figure 2, with detailed step-by-step descriptions to follow.  The developmental process and challenges 
are addressed in Section 2.3.7 Methodology. 
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Figure 2. Schematic Representation of the GP-EDAM module processes

 
Explanatory Notes Figure 2: 

1. An authorised user initiates a query which has been approved by the ethics committee. 
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For any data to be created, there first has to be a set of criteria approved regarding what data is to be 
extract, under what circumstances and for what reason. This document will be the basis for the whole 
process going forward for a particular query.   

2. The query is translated into SQL that can be run by the Client Module. 
Every new query needs to be translated into computer readable Structured Query Language (SQL) 
that can be run and executed by the Client Module. A basic template was created that all new queries 
can be implemented from.  

The creator of the query needs a good understanding of the MedTech32 database and where/how the 
data that is required is stored within that structure.  

When the SQL has been created, the final format of the XML document is known. An XSD can be 
created, for validation and development purposes. The XSD can be passed onto the appropriate 
people involved in the analysis, so that they know what they will be getting and having to process.  

3. Query added to the list of actions to be completed by the client module at a surgery. 
Each new query that gets created then needs to be assigned against the surgeries that will participate 
in this particular query. Currently the system is built to work with all patients registered at a site. At 
present this requires all practitioners at the site to consent to participate; no individual practitioner opt-
off system has been developed.  

A surgery can opt out at any time from the query, and their name will be removed from the list of 
surgeries participating in that query. 

4. Client Module connects to the server for updates. 
At a predetermined time each day, every client module connects to the server and enquires on what 
queries it needs to run and if there are any updates it requires. 

The time that the client module connects is configured for each surgery. The way it is setup is that they 
connect late in the evening, and at staggered times. This is to minimise any load that may occur on 
the surgeries computer network to out of hours. The staggering of times is to ensure that the server 
doesn't have to deal with a large number of requests at the same time, again this is to minimise load 
and traffic. Generally the server and client modules will sit idle for most of the day, so making sure that 
when they do have to process something, there isn't a lot else going on, makes it more efficient. 

The server will pass back to the Client all the queries that the Client is expected to run. 

The server will also inform the Client if the Client Application needs to be updated. If the Client 
Application needs to be updated with a new version, then it will download the new application and 
install it automatically before it does any more processing.  

This functionality is exceedingly useful, as it means that once the Client Module is installed, and 
working, at a site, the support staff don't have to worry about making sure that the site gets any 
updates. On an on-going basis, once there are multiple sites participating in the project, it's a very 
easy support process. 

5. Client Module executes queries against MedTech32 database. 
At a predetermined time each day, every client module that needs to run any queries then connects to 
the MedTech32 database and actions those queries it is scheduled to run. 

As with the connection to the server, this action is scheduled for early in the morning to minimise the 
load effect on the MedTech32 database server. In most cases there won’t be any other use of the 
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server at that time. This means that the query process will be able to perform at its best, and have no 
effect on other users of the system. 

The SQL itself is a collection of SQL stored procedures that get compiled into the MedTech32 
database at the start of the process. The Stored Procedures create some temporary tables to store 
and manipulate the MedTech data, as generally the required data can't be extracted with one 
statement. The general pattern is that the patients that conform to the selection criteria and selected 
and stored. Then all of the data associated with those patients are extracted from the multitude of 
tables that store the required information. Once all of the interrogation has been completed, a select is 
used to collate all of the data together for exporting to the server. The final step is that all the 
temporary tables and stored procedures are cleared out of the MedTech32 database. None of the 
MedTech tables are manipulated, altered or added to, they are only read. 

It is expected that the 1st time a query is run at a site it will produce the most data (retrospective data). 
From then onwards only new instances, or previous instances that have had some activity on them, 
will be selected (prospective data). 

There is no theoretical limitation on the number or nature of queries that can be generated, loaded. In 
practice the number and nature of queries would be governed principally by the data traffic/bandwidth 
issues in transmitting the extract data, and the processing ability of the receiving server.  

6. Results sent to Server. 
At a predetermined time each day all client modules, that have results from queries they ran, connect 
to the GP-EDAM Server to upload those results. 

This action is similarly scheduled to the connection to get updates. It is configured for each client at a 
time that has the least load and the times are staggered so as to minimise load on, and traffic to, the 
GP-EDAM server. 

On the Client module, the result data is stored in a proprietary binary format. This file is then 
compressed ready for uploading to the GP-EDAM Server. This makes the file as small as practically 
possible, thus making the amount of data to transfer as small as possible, and as quick as it can. The 
data is transferred in one request, making the process simple. The data either gets to the server or it 
doesn't. If it doesn't, it’s then scheduled to be resent.  

One of the functional aims was to make the Client Module as simple as it could be, and to do only the 
minimum amount of work required getting the data to the GP-EDAM Server. The GP-EDAM server will 
do the bulk of the processing. The reason for this was that we wanted any significant load, or issues, 
to occur at the server end, rather than out at the sites. From a support and management perspective 
it's much easier to deal with the more complex issues that could occur within this whole process, in 
one place at the GP-EDAM server, rather than at X number of Surgeries that are participating in the 
project.  

7. All results collated, consolidated, de-duplicated and de-identified. 
There are a number of separate processes that occur on the GP-EDAM server, between the data 
arriving from the Sites, until it is sent out for analysis. Generally the data will come from the sites once 
a day, during the day the GP-EDAM Server will run the various processes it needs to run, then at the 
end of processing it will send out the data it received in the morning, for analysis.  

The original compressed binary files created in the Client Module are stored in their entirety in the GP-
EDAM database.  
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The first step is to uncompress the files and save the data into the database in XML format. The 
reason the data is stored in the GP-EDAM database in XML format, rather than structured tables, is 
for 2 main reasons.  

1) Every query may have a different mix of data and tables, thus requiring a different set of tables 
and structures on the GP-EDAM server. This would then require that each process is 
specifically amended to cope with the differing structure. Using a common standard table 
structure and holding the query data in XML format allows us to have a single process for all 
queries, while also keeping the query data in a structured format. 
 

2) The final output for analysis is exported in an XML format. So having it in that format for the 
entire process, and taking advantage of some of MSSQL's XML tools, is a benefit. 

 

The display formatting attributes and codes that are present in the data is removed. All external 
correspondence and internal notes have display formatting attributes amongst the actual data. This 
needs to be removed as it is superfluous and is only used for displaying data in the MedTech32 client 
application.  

The data from all the different sites is collated together into a set of data that will be sent out for 
analysis.  

Any patients that have visited more than 1 site are consolidated into 1 record, so that their record isn't 
duplicated within the data being sent.  

De-identifying the data is in itself a multiple step operation.  

1) The patients name columns are stripped from the data and saved into a separate data table 
that is accessed by the de-identification process. 

2) The patients NHI number is encrypted using RC4 encryption. The original NHI is stored in a 
separate GP-EDAM table, along with the encrypted number, then all instances of that NHI are 
replaced in the query data, with the encrypted NHI.  

3) All instances of the patients names are replaced in the data with a mask of “####”. 
4) Known formats of external documents (such as test results) are found and all identifying data 

removed. 
5) A simple dictionary is run over the remaining data to replace anything found with a mask of 

“XXXX”. 
 

8. The XML Data is sent via Secure FTP. 
There are different ways of getting the data from the GP-EDAM servers to outside organisations for 
analysis. The two main contenders for this project were. 

1) Convert the data into HL7 format and use the Healthlink network to transport the data. 
2) Putting all the data for a Query into an XML document and transferring it via Secure FTP. 

 

XML and secure FTP was selected for a various reasons. 

1) It's simple. 
2) The data was already held in an XML structure inside the GP-EDAM database so there was 

no need to do any more processing on it. 
3) The initial receivers of the data (NZ Pharmacovigilance Centre) are well versed, have the tools 

and like the concept of getting the extracted data in XML format.  
4) Secure FTP is a direct, secure mechanism, with infrastructure and servers already in place to 

utilise this method. 
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5) Creating a meaningful HL7 message is a complex task, when the original data you are dealing 
with is in a free format structure.  

6) An HL7 message utility would have to be used/ created at both ends of the process, to 
encode/decode the XML from/to XML. Basically do a whole lot of work just to transport the 
data, as the message would be decode at the other end into the format it was in before 
encoding. 

7) The Healthlink network is a messaging service provided by Healthlink which provides far more 
functionality than is required by this project, and is a charged for service.  

 

The GP-EDAM server creates an XML document containing the extracted data, along with details 
about the Query it is for, a batch number for later reconciliation if required.  

The file has a name with the GP-EDAM server it has come from, plus a timestamp and batch no for 
unique identification. 

The GP-EDAM server connects to the FTP server, with a Username and password, using a SSL/TLS 
connection. This is the same kind of encryption/security connection that is used when carrying out 
Online Banking.  

The XML file is transferred to the FTP server in an encrypted format. When the transfer is completed, 
the GP-EDAM server is notified that the transfer was successful and the file is then available for the 
analytical tools. 

9. Data is analysed. 
Once the data has been transferred it can then be added to any other data previously sent and 
analysed for trends and anomalies that maybe within its contents. 

 

Outstanding Issues 

As this was a proof-of-concept project, some of the functionality that would be required for a 
production system was deemed to be low priority at this stage.  

It was the intention of the pilot to prove that a query could be devised and created. Once entered into 
the system it would then be actioned at the participating surgeries, the results then sent, grouped and 
processed at a server before being sent onto the organisations that wanted to analyse the data. 

The functionality that wasn't implemented was remote management and reporting, that instigators of a 
query would need to access in a production environment. For this project this was done manually by 
the System Administrator directly into the database. 

 In the longer term, once a number of queries had been created and run, a generic query generator is 
possible. The amount of work required to create this functionality, so that the initiator of a query could 
create the SQL themselves, is considerable. In the short to medium term, having a resource able to 
create the SQL from a Query document is a far more cost effective, efficient and reliable means of 
completing that task. 
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2.3.5 Module Testing & Deployment 

Overview 

To test the system a small group of Doctors belonging to Pegasus Health agreed to be involved in a 
pilot program. The aim of the field deployment was to prove that the system would work as it was 
designed. 

2.3.6 Recruitment of GP practices 

Processes 

By arrangement with Pegasus Health staff, an introductory briefing was held with the Pegasus 
General Practice Advisory Group, at which the project aims, module development, and deployment 
plan were discussed. As a result of that meeting, a number of advisory group members expressed 
interest in having their practice participate. 

Of these, five practices agreed to have the GP-EDAM module installed on their servers, and to 
contribute data to the project.  

The two practices who did not agree did so for the following reasons: 

1) Server being upgraded 
2) Concern by partner GP’s that data may be able to be shared with drug companies 

Practice Demographics 

The following data demonstrates the population demographics of the five participating practices. In 
total, the practices had 8,910 registered patients.  

Figure 3 shows the age distribution of patients, and indicates that 2,115 (24%) were in the 60+ 
years age-group. The practices had almost identical number of males to females:  4,456 (M) : 4,454 
(F).  

Figure 4 illustrates the ethnicity distribution of patients, with 13% Māori, 7% Pacific, and 9% Asian. 
These proportions are very similar to national figures: 15% Māori, 7% Pacific, 10% Asian per 
Census 2006. 

Figure 5 indicates the distribution of deprivation by quintile using the NZDep2006 Index. 

Figure 3. Age Distribution of Practices 
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Figure 4. Ethnicity Distribution of Practices 

 

 

 

Figure 5. Deprivation Distribution of Practices (NZDep2006 Quintile) 
 

 

2.3.7  Methodology 

Initiate Query  

To create the SQL for a Query the following information needed to be provided within the request 
document. 

• A general overview of what the Query is trying to achieve. 
• The Surgeries that have agreed to participate in this Query. 
• The period of time that the query will be active for. 
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• What triggers will flag a Patient as being of interest for this query. This should include both medical 
(drug prescription / medical condition / immunisation etc.) and time constraints (last 3 months / 
more than twice etc.) where applicable. 

• Any filters that should be applied to the patient data, such as age, ethnicity, sex. 
• What data from the MedTech32 database needs to be extracted and within what constraints (e.g. 

Consultations for the previous 3 months leading up to the trigger event).  
• What level of de-identification is required, specifically any that is over and above the standard 

acceptable to Doctors and PHO involved in the program. 
• Where the data is going to be sent to. 

Query Translation 

The query was for Dabigatran (see Appendix 4). The only item that needed to be confirmed, that 
wasn't included in the document, was the actual MIMS Drug Codes that were covered by this query. 
Going forward a complete list of codes required such as the New Zealand Universal List of 
Medications (NZULM). This would remove the risk of returning incomplete, or beyond the scope, data, 
however support for NZULM is not built into Medtech32. 

The query creation, as per the request, was able to be completed without any further clarification 
(once the MIMS codes were sorted), with some minor changes. Some columns that were listed in the 
dictionary, but also marked in the Query document as for de-identification, were not extracted as there 
was no need to select them, and then delete them. Examples of these are Surgery Name, Provider 
Name, Patient Address. 

One issue that did arise with the testing of this query is that as Dabigatran is a new drug, having only 
been on the market since July 2011. None of the test systems or data we used had this drug loaded 
into it, and therefore there was no prescribing history, or associated consultation and lab results.  

The solution was to load the latest MIMS upload and change some of the prescribing history in the 
test systems. Since Dabigatran seems to fill a similar role as Warfarin, the test database was 
manipulated so that some patients that had been prescribed Warfarin had their prescription changed 
to Dabigatran. This then gave us data to test with, that should have similar consultation, prescribing 
and lab results. 

One issue with the MedTech32 data, is that the external data from outside sources, even though it 
may arrive in the system in a structured format (e.g. HL7), it is saved in a display format best suited for 
the MedTech32 application, thus negating any value derived from its original structured format.  

Client Component 

In-depth discussions were held by a software selection panel regarding a number of potential software 
platforms. Pegasus Health would not support using Medtech developed software (due to previous 
adverse experiences). Many other software platforms were considered and dismissed - some deemed 
on inspection to have limited suitability for the purpose, with others having perceived difficulties in 
obtaining rights to use. Pegasus argued for the development of proprietary extraction software based 
on their own ‘extract wizard’ software. Their rationale for developing the software in-house was that 
they have the greatest familiarity with their own software and processes; they could ensure greater 
control the development process (and timeline), and the resulting IP would be able to be fully owned 
by Otago without the need for additional licensing arrangements. 

The client module runs as a windows service on a machine at all the sites that are participating in the 
program. The reason a windows service was selected was: 

• that the application needed to be invisible to the Users. 
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• the service automatically starts when a machine is started. 
• it is “always on” and running in background 
• available and running outside of normal business hours. 

 

For installation a MSI installer was created that, by default, installed the Client Module as a service. A 
configuration application is also installed so that the support staff can set the surgery specific 
configuration options and check that all the functions of the service perform as expected. These 
include being able to connect to the MedTech32 database and the GP-EDAM Server. 

For the proof-of-concept program, all client modules installed properly at every site, via remote login. 
This meant that support staff could do it from their own desks in a matter of minutes.  

As there is no User Interaction with the system there is no training required for staff at surgeries.  

Initially there was a problem with the auto updating feature of the Client Module, and a new version 
had to be installed at each of the sites to rectify the issue. Once this was done all sites were able to 
self-update as and when required. As well as self-updating, testing was done to check that the 
processes ran at different times depending on their configuration. This worked as expected, though 
none needed changing, if in the future it did become an issue, there is an easy workable solution. 

Connecting to the MedTech32 database was an issue at some sites, this was a result of the way 
MedTech was setup at those sites. Because of the variety of Network configurations and database 
setups, the exact configuration options available in the initial Client Module didn't cover all the settings 
required. 

Though we endeavoured to test for all these occurrences, there are so many variables out in different 
environments that it was not until they were put in action that issues were revealed. Once resolved, 
the Client Module worked as expected processing the request they had, connecting with the Server 
Module and updating itself when required. 

Because Dabigatran is a recent addition to the New Zealand market one aspect of the Client module 
that didn't get extensively tested, is what effect on the whole process is actioning a query that 
produces significant data. Though we can test it on our test systems, exactly how it will cope at a 
surgery, and in transferring that data to the GP-EDAM Server  (if there is ever an instance when a 
query does extract a large amount of patient and clinical data), will only be known if/when it does 
happen at a surgery. 

Consolidation 

The Server-side processing is broken up into a number of component parts. As this was the first query 
that had been run, the automatic server-side processing wasn't configured.  

Automatic server-side processing will at various points during the day perform all of the functions that 
are required for the server, including forwarding the resulting data onto the organisations that require it 
for analysis.  

For the pilot the manual interface was used to initiate each of the required functions in order. One of 
the benefits of this approach is that the data can be checked after each step to make sure that it is 
valid. Also before any data got sent from the system, various people, including participating doctors 
and the Pegasus Health Privacy officer wanted to examine the data and make sure that it conformed 
to their standards of anonymisation. 
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Collation takes the surgery query, decompresses the binary data and creates XML data that can be 
inserted into the Server database, which can then be processed. This is done as a server-side process 
separate from the posting of the data from the Client Module. The reason it's a process in itself, rather 
than being done at transfer time, is so that if there are any problems while performing this action, it 
doesn't affect the transferring of data from the Client module to the GP-EDAM server. Another benefit 
is it gives the system admin the ability to spread the load on the system, configuring this work to be 
undertaken at a time when the server isn't being used to transfer data. No issues were found with this 
functionality. The compression ratio was significant with the use of binary format and zip compress, 
which reduces load and traffic between the Surgeries and the GP-EDAM server. 

Consolidation takes the individual surgery data and groups it together so that it can all be processed at 
the same time as a complete batch. This approach is more efficient for the Database server, as it has 
to process less calls, though each call is run against more data. 

De-duplication makes sure that if the same person visits multiple surgeries within the practice group, 
there is only 1 record for them, with all the associated details. In the Dabigatran query there were no 
duplicate patients. This is to be expected as the only patients that were queried on, had to be 
registered as a patient of the surgery, the sample size of surgeries was low as is the time period that 
the drug has been able to be prescribed. 

 

Privacy and Anonymisation 

The biggest concern for most people involved is the issue of privacy and anonymisation. The 
extracted data, especially the clinical notes, contain sensitive details about a patient. 

This part of the system can be divided into 2 main areas. 

• Directly identifiable data. This is data that specifically identifies someone. This type of data 
includes Name, Surname, NHI, Phone Number, email address, registration number. 

• Associated details. This is non-clinical data that may be able to be used to identify a person. 
An example of this is “xxxx mother is in rest home So and So” 

 

All Patient NHI's were encrypted, and the encrypted version was used throughout all data. If during 
analysis of the data, something needed to be communicated back to the surgery about a patient, the 
encrypted NHI could be matched by the appropriate persons to the actual NHI, and the surgery 
informed. 

As part of the negotiated process with Pegasus, all extracted data was manually inspected by a 
representative of the source GP practice to ensure their satisfaction with the extent of the de-
identification process. The result of that validation exercise demonstrated that the GP-EDAM system 
had a 100% record of removing directly identifiable data about the Patient, Provider, Referrals, 
Laboratory Tests etc.  

Associated details that could possibly identify a patient were still present in the data. A total of 14 
pieces of associated data were manually removed through GP concerns re potential identifiability:  

• 5 Patient/ Provider names (e.g. patient nicknames),  
• 4 Locations (e.g. rest home name),  
• 3 Sensitive phrases or potentially identifying incidental comments (e.g. won a XX medal in 

WW2, was in the newspaper last week etc.) 
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The risk associated with this data varies considerably. In certain instances the risk associated with the 
information was noted to be cumulative within the extracted record and only collectively reached the 
comfort threshold of the practitioner as identifiable (i.e. one associated variable may not have been 
itself wholly identifying, but in aggregate was feared to be sufficient to potentially identify an 
individual). It was also noted as part of this validation exercise that considerable variation existed 
between practitioners regarding their level of comfort with the identifiability of their patients [given that 
the information was being released to a trusted partner bound by MOU, confidentiality agreement, and 
ethical approval].  

An example of a statement that some might consider low risk is “Kids in Sunshine Coast “, while 
others that know the circumstances might feel it should be scrubbed. 

There are a few ways to tackle this issue; mostly around dictionaries e.g. name lists (patients, 
practitioners, organisations). Pegasus is still currently investigating further options to further reduce 
potential identifiers from within the consultation notes, without impacting the integrity of the data.  

Data Transfer 

The data was sent from Pegasus Health to the New Zealand Pharmacovigilance Centre (NZPhVC) 
via Secure FTP in XML format. An XSD for the Query was created so that the staff at Otago knew 
exactly what data they would be receiving (see Figure 6). 

This process worked as expected and very easily.  

Because of identification reasons, the server-side processing was done via manual triggers, instead of 
the automated way it would work in a production environment. This allowed us to proceed one step at 
a time, confirm that everything was correct, and was also necessitated to permit GP representatives to 
do a manual final inspection of their data prior to despatching the data.  
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Figure 6. GP-EDAM Extract XML Schema Definition (XSD) 
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Data File Management 

The concept used in the GP-EDAM for the processing of and tools for the management, 
assessment, analysis and reporting of its results is based on the Intensive Vaccine Monitoring 
Programme (IVMP) developed by the NZPhvC for the Monitoring of the MeNZB vaccine1.  Many of 
the core elements of this system have served as the basis from which a customised software 
application and system has been built (Figure 7). 

 

Data files were transmitted via secure FTP from Pegasus Health to the NZPhvC’s FTP server 
alongside other secure data transfer files routinely destined for the Centre. The encrypted data 
contained within the XML structure of the received file is decrypted and marshalled into the 
appropriate GP-EDAM SQL database by dedicated parsing software. Data fields extracted are listed 
in the Data Dictionary in Appendix 5. 

The SQL database is stored on a server physically located within the NZPhvC with no direct 
external access available. Databases are backed-up on a 4 hourly cycle with copies held within a 
fire-safe (in building) and a secured off-site facility.  

User Interface Application 

A user interface has been designed for the display and interrogation of the raw data in a logical 
format to facilitate assessment of patient information required for further causality assessment. 
(Figure 8) In addition, the user interface enables on-line & on-screen assessment and is achieved 
through the use of drop-down list or check box selection options. This specifically developed in-
house application has been achieved through the use of a number of Web 2.0 technologies. The in-
house nature of this development allows constant refinement to best-meet the on-going 
requirements of the GP-EDAM project 

Data Assessment and Processing 

Causality assessment was performed in accordance with standard WHO causality assessment 
procedures as used in the CARM routine causality assessment processes as follows: 

 

i. The reasons for each consultation in the period since exposure to the drug of interest 
were assessed and, where appropriate, an event term(s) was assigned using standard 
terms from the WHO Adverse Reaction Terminology (WHOART) dictionary.  More than 
one adverse event may have been recorded for each consultation. The WHOART 
dictionary organises terms under SOC headings, with sub-hierarchies within each SOC2.  

1 Tatley MV, Kunac DL, McNicholas A, Zhou L, Ballantyne S, Ashton J, et al. The Intensive Vaccines Monitoring Programme (IVMP): 
An electronic system to monitor vaccine safety in New Zealand. Vaccine 26(22):2746-52,2008. 

2 WHO letter; 1991(a): MIO/372/2/2 
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Figure 7 
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Figure 8 

 

ii. Event terms were further assessed according to the following criteria based on standard 
WHO coding and terminology (see Appendix 6): 

 
• Causality (relationship to drug) 

Relationships of ‘possible’, ‘probable’ and ‘definite’ represent degrees of likely 
causal association, whilst ‘unlikely’ reflects coincidental events. Unlikely events 
represent background levels but may contain previously unrecognised signals.   

• Seriousness, ranging from not serious to life-threatening or death. Seriousness 
refers to an outcome that results in any of: hospitalisation, a life threatening 
event, intervention to prevent permanent impairment, persisting disability, death 
or a congenital effect. If no serious outcomes occur then the event is deemed to 
be not serious. 

• Severity (severe or not severe). Severity refers to the degree/extent of the event 
as defined by the reporter or self-evident from the nature of the event.  

• Outcome, where known 
 

At the completion keystroke of the assessment of each patient’s information package, the data is 
written to the database immediately updating the additional data to the dataset that is available for 
further analysis, export or feeding summary pages for both individual and aggregated data. 
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Data Presentation & Analysis 

To facilitate the review of patient details from the extraction process for the purposes of 
assessment, or simply to review the extracted data, the GP-EDAM user interface organises the raw 
data extract into headings or tabs containing the following key areas: (Figure 8) 

• Age, gender and ethnicity 
• Therapeutic agent exposure (Scripts and Vaccines) 
• Medical history (Classifications – based on READ codes) 
• Monitoring measures recorded (e.g. blood pressure, weight, etc.) 
• Laboratory or special investigations (Blood tests, x-ray etc.) 
• Consultation Notes by date of visit containing the actual entries made by the Practitioner into 

the Practice Management Software. 
 

The results of the assessment process can be interrogated through the GP-EDAM user interface to 
reveal summary reports of aggregated reaction terms represented by System Organ Class (SOC) 
(Figure 9), or by individual reports created through the causality assessment process (Figure 10). 
The individual reaction reports can be “drilled down” back to the assessment screen containing the 
original raw data extract information as well as the details of the causality assessment (Figures 9 & 
10). The contents of the database can also be exported for further analysis that may be required for 
data mining or other purposes. 

 

Figure 9 
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Figure 10 

 

Dabigatran Data Extract 

Based on the query run only 20 patients meeting the search criteria were identified and for whom 
data was extracted, transmitted and processed using the GP-EDAM user interface. These 20 
patients involved 131 scripts for medicines of any type including dabigatran, 422 consultation 
entries, 327 laboratory findings and 159 measures such as for example blood pressure, weight or 
heart rate. 

From the 20 patients, 34 reports were generated (i.e. some patient’s notes revealed evidence for 
more than one distinct event or cluster of events). Nine of the 34 reports had no events following 
commencing dabigatran. These 34 reports described 38 reactions (i.e. one report may have had 
more than one reaction term assigned). 

The SOC listing is attached as Appendix 7 and the listing of the 38 reports generated are listed in 
Appendix 8. Only one report documented evidence for cardiac failure, with one other describing 
symptoms that may be consistent with cardiac failure. The other reports reflect a diversity reaction 
terms including non-serious bleeding episodes and gastrointestinal symptoms that have been 
recognised to be associated with dabigatran.  
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Key findings, Limitations and Future prospects 

This data extract and assessment process illustrated that the system designed and developed could 
successfully manage the data, its transformation to usable format for assessment and presentation 
or extraction of its updated database. 

As with the IVMP database and system, the limiting step in the review process was the labour 
intensive interrogation of the consultation notes required to i.) Determine that a patient had an event 
or clinical presentation of interest and ii.) The conversion of the clinical presentations of interest into 
event terms. Although this data set was small and therefore manageable, datasets of larger cohorts 
will be particularly subject to this limitation. This is not an insurmountable obstacle given adequate 
resource, but it can become a rate limiting step in the process. 

Text recognition software in theory could contribute to reducing the impact of this limitation, but 
widespread inconsistencies in abbreviations (some of which are highly person-specific), syntax and 
the use of diverse negative qualifiers and other symbols (no headache,  blood pressure, etc.) 
render this technology unreliable at this time. READ codes offer an attractive alternative means of 
identifying patients with conditions of interest that could serve to focus attention more efficiently to 
those reports more likely to yield events of relevance over those that are not. However, there is 
inconsistent and poor use or uptake of this coding across the users of Practice Management 
Software. Nevertheless the possibility of encouraging a group of users who participate in the 
practices cooperating in the extraction sites is an option worthy of serious consideration. This option 
is the basis if the General Practice Research Database in the United Kingdom, but the participants 
are compensated for their contribution.3  

 

  

3 Walley T, Mantgani A The UK General Practice Research Database. Lancet. 1997 Oct 11;350(9084):1097-9 
                                                

http://www.ncbi.nlm.nih.gov/pubmed?term=Mantgani%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10213569
http://www.ncbi.nlm.nih.gov/pubmed
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2.3.8 Practice Experiences  
 

A series of focus groups were set-up during the various phases of this project allowing GP’s from 
Pegasus Health to discuss their beliefs and attitudes about the sharing of their electronic 
consultation records for the purposes of pharmacovigilance.  

The first focus group explored GP’s attitudes around the sharing of electronic patient records and 
any concerns that would need to be addressed prior to their participation in the GP-EDAM research 
project. There was unanimous agreement regarding filtering out identifiers such as names, 
addresses, phone contacts and NHI numbers. The group highlighted a number of areas of concern, 
and the need for certain processes to be put in place in order to address risk minimisation concerns 
prior to the data being extracted from their Practices. These concerns included: 

• Doctor-patient responsibility v public health benefits 

• Methods of obtaining patient consent and protecting confidentiality  

• Patient and GP ability to ‘opt-off’ 

• Potential threat to a GP’s autonomy  

• Ethical responsibility as Health Professionals 

• Being able to review the data before it was released 

• Disclosure to members of the research team and their credibility and trustworthiness 

• Use by unauthorised stakeholders (DHB’s) and pharmaceutical companies 

• Potential for identifying patients by other forms, e.g. having a rare disease. 

• Pegasus control over stripping identifiers 

• Developing a way of ‘bracketing’ confidential information so as to avoided extraction 

• Discussing and obtaining consent from other Practice GP’s 

 

Five GP practices in the Canterbury region consented to deployment of the data extraction software 
and following the extraction a second focus group was conducted. At this session individual 
participating GP’s were given an electronic copy of their own data and examined it for any 
identifying factors. Discussion was held regarding whether the GP’s had experienced any impact 
during the deployment process and their beliefs and concerns about the type and format of the 
information that would be shared with the research team. This was also an opportunity to request 
further information to be removed prior to their data being uploaded to the researchers.  

Issues discussed included: 

• When asked if there were any concerns regarding the process of patient data extraction there 
was unanimous agreement that they were not aware of any impact during the installing of the 
software or running of the drug query. This group also commented that they liked ‘not having to 
push a single button’ and that it was no extra work for them. 

• Discussion was held regarding a useful format for writing and running future drug queries. 

• Some names (Rest Homes & Doctors names) had not been filtered out during the extraction, 
these were removed by the Pegasus IT team 

• The NHI ‘s had been successfully removed from the GP consultation records and replaced with 
anonymised numbers however they had not been removed from the Laboratory reports. 
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• Recommended that a higher level of filtering all names was explored for the future, along with 
‘sensitive terms’ such as terminations, sexual abuse and terminations. 

• It was noted that single items which may be unimportant on their own in combination could 
collectively lead to identifying a patient. 

• A request to present this project to the Pegasus Consumer Group for discussion. 

 

Following this session 14 pieces of identifiable data were manually removed. Once the Pegasus 
Privacy officer was satisfied that the data was completely de-identified it was transferred to the 
research team for analysis. A focus group discussion was also held with the Pegasus IT team to 
discuss their experiences and interest in participating in future electronic data sharing projects.  

A final focus group session was held where the researchers presented back to the group the 
methods used to analyse the data once received and the relevance to future pharmacovigilance. 
This generated discussion about ways forward to improve the use of this data including ‘speech 
recognition’ and remuneration for GP’s to properly classify everything they record. The value of a 
system that could easily analyse this data was recognised, with ideas put forward for future 
direction, including interest by the group to be involved in future research scaling up this research. 

Despite the many challenges that had to be overcome throughout the project, including surviving the 
Canterbury earthquakes, we received positive feedback highlighted by this comment from a 
Pegasus Health staff member: 

“Of all the projects we have worked on this has the single biggest potential for impact 
to improve patient safety”  

 

2.4 Discussion 
 

We have developed a proof-of-concept software prototype system (GP-EDAM) that is able to 
automatically extract any database field from participating General Practice PMS servers 
(Medtech32) in response to an infinitely variable/customisable SQL query, to compile these data 
and filter identifiers, then transmit the de-identified data securely to the information requester.  

In achieving this outcome we have identified and considered at all stages, the potential barriers and 
facilitators to the up-scalability of the system to a potentially nationalised method of 
pharmacovigilance monitoring in New Zealand. In this section we highlight some of the 
considerations that will need to be borne in mind in planning such up-scaling. 

 

1. Software 
1.1. At the explicit request of our GP partner (Pegasus Health) the GP-EDAM module was 

developed independently of PMS providers. As this was a significant issue of trust for 
Pegasus Health it is to be anticipated with other ‘clusters’ (e.g. MSO/PHO). Existing 
software solutions were rejected on similar grounds, with the providence of the software, 
integrity/ motives of the developers, fully automated functionality, and platform stability 
seen as key issues to acceptability.  
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1.2. The client module was specifically designed to interrogate the Medtech32 database 
structure. Medtech have the vast majority of market share in PMS systems in NZ, 
however there are a number of other PMS software vendors and modified client modules 
would need to be generated for each. 

1.3. As the system was developed within only one organisational network, it is likely that 
further configuration adaptations would be required if deploying to other clusters. 

1.4. In the interests of time and cost we elected to manually enter the SQL query into the 
system. A wizard query-builder could be build that would automate this process when 
higher numbers of queries. 

1.5. Data transmission was achieved in XML formatting to allow for variable outputs between 
queries. An HL7 transmission formatting would also be possible but would take more 
development. 

 

2. Privacy Filtering 
2.1. Our system was able to remove all identifying fields from the data prior to its 

transmission. Additional identifiers were present within free text consultation notes. Most, 
but not all of these were able to be removed by the system. 

2.2. Additional filtering techniques that rely on techniques capable of recognising spelling 
variants and contractions will need to be employed (e.g. ‘regex’ and/or various data 
mining techniques) to fully de-identify consultation note data.  

2.3. There was variation between GP’s as to what was considered potentially identifying 
information. Consideration will need to be given to the sum aggregate of identifiers within 
the patient data extract as specific patterns or combinations of non-identifying data can 
potentially be identifying when considered together (particularly with respect to outlier 
variables or rare occurrences). A national standard similar to international equivalents of 
patient identifiers which constitute protected health information (e.g. US Health Insurance 
Portability and Accountability Act (HIPAA) patient identifier regulations) would permit 
standardisation of those fields targeted for identification and removal/encryption. 

2.4. Additionally, GP’s expressed the need for the development of a data input method within 
the PMS that could identify or ‘bracket’ confidential information within the record so as to 
avoided extraction. Similarly, the identification of particular consultations of a particularly 
sensitive nature may need additional operating procedures developed to protect patient 
confidentiality (e.g. not extracting records of sexual abuse, HIV etc. without specific 
grounds and additional protections). Such additional precautions will also have to be 
balanced against the potential impact to data integrity and bias.  

2.5. Additional GP training, and the development of professional standards for record-keeping 
and coding of data, within PMS programmes, will be necessary to fully ensure that no 
identifiable data is extracted. This would additionally enhance the robustness and utility 
of the data extracted.  

 

3. Data Linkages 
3.1. Data for this proof of concept system was supplied from a single cluster, hence record 

matching to other data sources was not trialled. In expanding the system it will be 
important to develop data matching mechanisms by which data pertaining to a single 
patient with data in multiple clusters can be compiled to avoid the appearance of 
duplicate data.  

3.2. Additionally mechanisms will need to be established for data linkage with national 
collections. This latter issue is likely to require the data be linked at the level of the 
clusters, before being aggregated.  
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4. Governance 
4.1. A key consideration of the PEAG group, and an issue reinforced by Pegasus Health was 

the perceived need for a trusted governance authority to oversee the administration of 
the system. In our proof-of-concept setting we invited GP representatives to approve the 
involvement of their practice, and then visually inspect their outputs prior to transmission 
to satisfy themselves of the anonymity of the data; this would clearly not be feasible with 
large data volumes and/or large number of contributing practices. Considerable 
engagement was needed with these GP’s and Pegasus privacy officer to build a level of 
trust that would permit data transfer, even with direct visualisation of the output. A pivotal 
component of future development work would be to continue such engagement to 
maintain the level of credibility and trustworthiness.  

4.2. GP’s consider themselves to be guardians and protectors of their patients’ interests and 
data. Any Governance entity needs to have significant representation (if not overall 
control) by general practice representatives. This governance entity would need to have 
authority over which queries were loaded, how data linkages occurred, the level of record 
de-identification, as well as the use, storage and disposal of data.  

4.3. In considering the up-scalability of the system it is important to recognise that general 
practice is very mistrusting of a number of health bodies. The mistrust appears to be (in 
general) a product of historical incidents of perceived breaches of ethics, and conflicts of 
interest within the sector, specifically: monitoring of general practice performance, and 
commercial gain. GP’s are reluctant for the Ministry of Health or District Health Boards to 
have access to their data for fear that it will be misused as indicators of their 
performance. Additionally they strongly recognise the incentive and potential for data to 
be sold to third parties such as pharmaceutical companies for the purposes of 
commercial gain. The governance entity would need to have clear independence (both 
procedurally and financially) from these conflicts. 

 

5. Funding 
5.1. Our small-scale development work has been funded by public research funding, however 

any national monitoring system will require considerably more infrastructural (and 
governance) support. Such supports will require a considerable investment of funding to 
develop and maintain. As mentioned, the providence and perceived independence of the 
funding mechanism will be important. 

5.2. In the UK General Practice Research Database, General Practitioners have been 
remunerated for each patient they contribute to the dataset. This scheme has two 
perceived advantages: firstly, it acts as an incentive for general practices (which are after 
all commercial entities) to contribute data, and secondly it recognises the additional 
workload generated in ensuring that records are kept fully and precisely (according to 
agreed data standards) with all conditions properly coded and classified. It should be 
noted that in the UK system such funding is derived at least in part through data being 
sold to pharmaceutical companies, which is likely to meet resistance in NZ. 

 

6. Informed Consent 
6.1. From our interviews with general practitioners and other industry stakeholders, there is a 

general consensus that obtaining general practice data for pharmacovigilance purposes 
is justified, worthwhile, and valid, and likely to lead to significant opportunities for public 
health benefits through improved drug safety. 

6.2. All GP’s interviewed clearly take their ethical responsibilities as health professionals 
seriously. Key to the acceptability of national pharmacovigilance monitoring within 
general practice is being able to reassure GP’s that such uses can be accomplished 
whilst upholding their duties within a doctor-patient relationship.  
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6.3. Some GP’s fear the concept as a potential threat to their autonomy, and/or perceive it as 
an opportunity to impose performance monitoring. In the deployment of such a system, 
careful consideration needs to be given not only to patient confidentiality, but also 
provider confidentiality. 

6.4. Although missing data can impact on the overall integrity of data and generate biases, it 
is considered important for the overall acceptability of the system (at least in the current 
climate of public perception) that clear mechanisms be in place that provide option for 
either patients or providers to opt-off.  

6.5. For the success of any developments to upscale this system, efforts must be placed into 
raising public awareness (both lay public and within the general practice community) of 
the public good of pharmacovigilance monitoring systems. People need to be made 
aware of the risks of not having the system. 
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Chapter 3: Enhanced Signal Detection 

General Summary 
• We have developed a new Bayesian methodology for signal detection in longitudinal health 

care databases.  The approach is new to pharmacovigilance but builds on the well-
developed framework of hierarchical Bayesian modelling.  The method is tailored towards 
open-minded investigations of the safety of a group of medicines, rather than a complete 
screening of all medicines represented in a given database.  We envisage our methods 
being applied in targeted investigations built around the monitoring of newly marketed drugs 
in comparison to medications currently used for treating the same condition. “Open-minded” 
means the methodology has been designed with analysis of multiple outcomes in mind and 
these outcomes are not restricted to those for which there is some a priori suspicion of an 
association, though such associations can of course be included.  The methodology is 
designed for the territory between spontaneous reporting and formal epidemiological studies 
and does not compete with, or replace, either of those types of investigation. 

• We applied the new Bayesian methodology to two examples; one of these had features 
typical of linked pharmaceuticals – health outcomes databases – and the other had features 
typical of medical practice databases. Thus, our examples covered the major data sources 
likely to be used for enhanced signal detection. These applications highlighted some drug-
outcome associations. 

• Highlighted associations were evaluated from a clinical viewpoint based on principles of 
causality assessment used in pharmacovigilance, including review of available information 
on case-histories. This review found that most of the highlighted associations were either 
recognised adverse reactions, or, if not, were clinically plausible. Some established 
associations were not identified from the Bayesian analyses. This may, in part, have been 
due to small cohort size, and in some cases may also represent limitations of the hospital 
discharge data as a source of outcomes data (e.g. a condition like Type 2 diabetes will 
typically be managed  in primary care so is rarely a principal reason for admission). 

• The clinical review of highlighted associations is human resource intensive but is an 
essential step in building the evidence for a signal.  Funding of clinical input would therefore 
be essential for future applications of the Bayesian methodology and for enhanced signal 
detection in general. 

• We investigated the application of Decision Trees to pharmacovigilance by applying this 
approach to the same two examples used for testing the Bayesian methodology. 

• There was some correspondence between results of the Decision Tree analyses and the 
Bayesian analyses. 

• Further  investigation and adaptation of Decision Tree methods is required to tailor them to 
fit the requirements of New Zealand pharmacovigilance data (e.g. some very rare outcomes, 
some quite common). 

• Text mining methods for processing medical consultation notes were investigated. Progress 
was made in understanding and documenting the complexities of this field. Visualisation 
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methods for initial exploration of databases and of consultation notes were investigated and 
seem a promising avenue for further development. 

• Further development of automated or semi-automated methods for handling consultation 
notes would require specific investment (e.g. a full-time research fellow or PhD studentships) 
but the potential benefits of even a modest degree of progress in automating the processing 
of consultation notes are great. 

• We have developed software shells for a toolbox of signal detection methods and supporting 
database methods. These shells are not operational at this point but illustrate the potential 
for making our methods available to other researchers. Development of the toolbox concept 
and supporting documentation would require further investment.   

 
3.1 Introduction 

Historically much pharmacovigilance has depended on spontaneous reporting systems. 
Sophisticated methods for analysing such systems have been developed and they have been 
successful in providing early information about adverse effects of medicines.  Important though such 
systems are for pharmacovigilance, they are subject to several biases related to differential 
reporting according to factors such as novelty (i.e. new drugs), rarity and severity.  The lack of 
denominator information means spontaneous reporting systems are unable to produce estimates of 
rates of occurrence of adverse reactions or to provide accurate comparisons of rates across 
population groups or drug groups.  With the increasing availability of electronic health information, 
international interest in pharmacovigilance has turned to methods for exploiting databases 
comprising anonymised longitudinal health records. These databases may be obtained via record 
linkage (e.g. by linking a pharmaceutical claims database such as the New Zealand pharmaceutical 
collection with a source of outcome data such as hospital discharge data) or from medical practice 
databases. A well-known example of a practice database used for pharmacovigilance is the UK 
General Practice Research Database (GPRD). The GP-EDAM system described in the previous 
chapter has the potential to provide access to New Zealand general practice data, though in a more 
targeted manner than the GPRD. Henceforth we will use the term “healthcare databases” to cover 
both linked pharmaceuticals and outcomes databases and practice databases.  

Perceived advantages of healthcare databases for signal detection in pharmacovigilance, compared 
to spontaneous reporting systems, are greater representativeness, availability of denominator data, 
availability of relevant information on patient characteristics, possibly including pre-exposure 
information that can be exploited to investigate and adjust for differences between groups, and early 
detection of adverse reactions that may not be discovered through spontaneous reporting. 

Some analytical issues arise in using longitudinal health records for signal detection that are not 
encountered in the analysis of spontaneous reporting data. For example, adverse reactions are 
often rare in health care databases; most records (e.g. hospital admissions) are not associated with 
an ADR, whereas all spontaneous reports have been reported because an ADR is suspected;  time 
order of drug exposure and possible reaction must be checked in health care databases whereas 
precedence of exposure should be implicit in reported reactions; switching between medications 
needs to be identified and allowed for; coding systems in health care databases are usually not 
optimised for pharmacovigilance and hence mappings between standard diagnostic codes (e.g. 
ICD) and  conditions relevant to pharmacovigilance may need to be developed.  Our examples 
discussed in the sections that follow illustrate many of these points. 
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In developing and applying the signal detection methods we had in mind the following paradigm for 
the use of health care databases for pharmacovigilance in New Zealand: A new drug is marketed 
and its safety profile is compared with that of other drugs used for treating the same condition; or it 
is deemed prudent to investigate and compare the safety profile of a group of drugs currently used 
for treating a condition. There may be some prior suspicion regarding a link with particular outcomes 
but the idea is to be open-minded and so we consider a range of outcomes, not just those for which 
there is already some suspicion.  This framework fits with the structure of the GP-EDAM system, but 
stands in contrast to some work on signal detection which emphasises complete scans of all drugs 
and all outcomes in a given database (Noren et al 2010).   Such exercises are clearly possible given 
mature healthcare databases but the computational requirements are such that only methods 
simpler than the analytical approaches developed below can be applied. 

The structure of this chapter is as follows.  In section 3.2, a new Bayesian method for signal 
detection in longitudinal health care databases, designed specifically for the paradigm outlined 
above is described. We then discuss in section 3.3 the application of analytical tools drawn from 
machine learning to signal detection. This section also includes an investigation of the potential for 
text mining tools to be applied to the interrogation of practice consultation notes. Developing an 
automated way of extracting relevant information from consultation notes is an important pre-cursor 
to the routine use of general practice data for signal detection and the text mining work is therefore 
included in this chapter. We conclude the chapter (3.4) with a summary of the signal detection work 
and consideration of how the methods developed could be applied in the future as part of an 
integrated pharmacovigilance system. 

 

3.2 Bayesian Methods 

3.2.1 Background 
Bayesian methods for pharmacovigilance in longitudinal health care databases have been 
developed and reviews of these and other methods are available in Madigan et al (2010), Harpaz et 
al, (2012), Zorych (2011), Nelsen (2011). In addition, the modelling approach of Gibbons et al 
(2008), although proposed in the context of analysis of spontaneous reporting data, supplemented 
by denominator information, could also be applied to the analysis of longitudinal health care 
databases.  Our modelling approach has some similarity to the Gibbons et al approach, though it 
differs in the choices of prior distributions, structure of prior models and specification and 
presentation of key outputs. Similarly, our approach has some similarities to an approach proposed 
by Noren et al (2010) specifically for pharmacovigilance in health care databases but again differs 
significantly in important details of model specification.   

Noren et al (2010) developed an approach for exploratory analysis of very large health care 
databases. They proposed that a simple Bayesian model be applied to the estimation of ratios of 
observed to expected event counts, separately for each combination of drug, event – category and 
time period. They applied this approach to the analysis of a very large general practice database for 
the United Kingdom which contained information in excess of 20 million prescriptions, 2,445 drugs 
and 5,753 outcomes. For each drug patients ever-prescribed that drug were aligned at the date of 
their first dispensing date for the drug in question and followed from 36 months prior to the date of 
first dispensing to 36 months after the first dispensing date. “Expected counts” for each event were 
internally calculated separately for each time-period from the pooled experience of the patients ever 
prescribed any of the 2,445 drugs.   The full analysis of the databases represented a substantial 
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computational effort taking about 8 hours on a server equipped with two dual core 2.4 Ghz 
processors. 

As noted in the introduction our focus is on methods for smaller scale, more targeted investigations 
based on a specific group of drugs. Consequently our method differs from the Noren et al (2010) 
approach in two respects. Firstly, we do not use an internally calculated expected number of events 
as a denominator and we adopt a hierarchical Bayesian model which permits some pooling of 
information across different groups, drugs and time-periods. In contrast, Noren et al’s approach was 
to conduct separate analyses for each drug-outcome combination in each time period. In our 
examples, and in the general context in which we believe our methods are likely to be applied, the 
number of drugs to be investigated is modest. Consequently, an internally calculated expected 
event count for those on a given drug is strongly affected by the event count for comparator drugs 
and we found this can lead to erroneous conclusions such as a decreasing observed to expected 
ratio concealing an increasing rate due to rates for comparator drugs increasing more rapidly. With 
more diverse databases, as used by Noren et al, (2010) expected event rates computed for a 
patient group prescribed a given medication reflect the experience of  patient groups prescribed  a 
wide range of medicines and are not strongly affected by event rates for any particular medication.  
In our applications we simply use person-time exposed to a drug as the denominator. This leads to 
straightforward comparisons of rates over time and between medications. 

3.2.2 Data structure  
The starting point for longitudinal signal detection is to establish a cohort of users of the target 
drugs. Ideally it should be possible to identify the date each cohort member started using one of the 
target drugs. We assume this is the case in the following outline of the methodology and comment 
on how well this assumption applies when describing our examples. Dates on which patients switch 
between medications should also be recorded. It is also important to obtain information from a 
reference period for each patient. The most obvious reference period is a period prior to the first 
dispensing for one of the target medications. However in some cases, when acute effects of starting 
a medication are the main focus, a time-period some time after the start of medication could serve 
as a reference period if no pre-exposure data can be obtained. 

Having identified a medication start-date, the cohort members are aligned at their start-dates and 
time since start of medication is the time variable used in analyses. A decision must be made as to 
the time unit to be used for analysis.  For many applications it will be natural to work with days, but 
for smaller cohorts and for rare events a coarser partitioning of follow-up time may be needed.  For 
simplicity of presentation we will assume the time-unit is a day. 

For each outcome event of interest the data must be interrogated to obtain the number of events 
occurring on each person-day. Typically these counts will be zero or one, but for time units longer 
than days, counts of two or more events may occur. Since the number of person-days can grow 
large we stratify by patient-characteristics, such as age and sex, and construct a multi-way table 
with dimensions defined by the patient characteristics, drug and day of follow-up, which may include 
pre-exposure days, in which case day of follow-up may take negative values, representing the pre-
exposure period, the value zero, representing the day exposure starts (first dispensed the drug of 
interest) or positive values representing post- first exposure follow-up time. For each cell of the table 
we obtain the number of events occurring, for each outcome, among patients with the specific 
characteristics, drug-exposure and day of follow-up corresponding to the cell –definition and also 
determine the total person-time of exposure for each cell. This data structure of event-counts and 
person-time for a multi-way table defined by patient characteristics, drug exposure and day of 
follow-up provides the input for the statistical modelling which is described subsequently in 3.2.4.   
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The data structure can accommodate patients who switch between medications because person-
time and events for such patients can be allocated to the cell corresponding to the current drug 
exposure. There is also the possibility of allowing a “wash-out” period to cover the transition 
between drugs. During such a period it may be difficult to attribute events to either drug exposure 
and so it may simplest to discard person-time and events occurring during a transition period. 
Alternatively, a transition period could be considered as a special type of drug exposure.   

Stratifying by patient characteristics rather than analysing at the level of individuals is not ideal 
because it means within-person correlation (e.g. some individuals may be inherently more prone to 
a certain event than others) cannot be modelled or accounted for correctly. However with fine 
categorisation of the time dimension (e.g. days), or long follow-up periods, data set sizes can grow 
large. For example one of the examples discussed below is based on a cohort of 10,308 people 
followed for 42 days, resulting in a dataset comprising 432,936 person-days of information. Datasets 
of that size lead to slow computation times for all but the simplest analyses. Given that signal 
detection analyses inevitably involve analysis of multiple outcomes we judged that it is not currently 
practical to conduct analyses at the level of individual person-days. 

 

3.2.3 Background on Bayesian statistical inference 
In Bayesian analysis all inferences follow from the so-called posterior, or post-data, distribution of 
the parameters of interest (e.g. event rates) given the current data, any modelling assumptions 
invoked for the analysis and prior information.  The latter is defined as information about the 
parameters of interest which is not contained within the current data. Prior information may come 
from previous analyses of similar data collected at an earlier time as well as from theoretical 
knowledge of biological processes. Prior information is represented by a probability distribution, the 
“prior distribution.” In principle, the posterior distribution summarises all the information available 
concerning the unknown parameters. If data are plentiful then the distribution will be tightly 
concentrated around a central value. If the data are weak and there is little prior information the 
posterior distribution will be more diffuse. 

Prior distributions are updated to posterior distributions by the current data, or more precisely, by 
the likelihood for the current data which is the probability of observing the current data for a given 
value of the parameters. The likelihood can be viewed as a measure of the extent of support given 
by the current data to particular parameter values. Parameter values that lead to larger likelihoods 
are more strongly supported by the data than those that lead to small likelihoods. The latter values 
can be said to be inconsistent with the current data. Mathematically, the posterior distribution is 
obtained from the prior distribution and the current data as follows 

  

Where, here  denotes probability (or probability density),   represents a set of unknown 
parameters (e.g. event – rates) which are to be estimated, and  are, 
respectively, the prior distribution for  , the likelihood of the data, given  and the posterior 
distribution  for  . The constant  is defined by the integral    It is rarely 

possible to compute  exactly and this is why modern Bayesian inference relies on sophisticated 
Monte Carlo approximations to the posterior distribution, . The methods permit a sample 
from the posterior distribution to be simulated. The simulated posterior distribution can be plotted via 
density plots or histograms and summarised numerically in a variety of ways. Examples of useful 
posterior summaries include the posterior mean and median, central 95% credible intervals, defined 
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as the interval between the 2.5th and 97.5th percentile of the posterior distribution, and probabilities 
that a given threshold value is exceeded.  

 

3.2.4 The hierarchical Bayesian model 
A mathematical description of the statistical model which underpins our analyses can be found in 
Appendix 9. Here we provide only a brief outline of the key features of the model. Conceptually, the 
main difference between our approach and that of Noren et al is (2010) is that whereas Noren et al 
apply their Bayesian model for event rates, separately to estimation of rates for each combination of 
outcome, drug and time period, we fit a single model for each outcome.  Technically our modelling 
approach provides, for each outcome, a joint posterior distribution for event-rates by drug, time 
period and patient group (e.g. age group and sex).  In our approach information is partially pooled 
across drugs, time-periods and patient groups. Thus, we do not, for example, assume that event 
rates in a given time-period are completely independent of those in neighbouring periods and let 
data from other cells in the multi-way table which cross-classifies event counts and person-time by 
drug, time-period and patient characteristics inform estimation of each particular cell. This is 
achieved within a hierarchical Bayesian framework by setting up a prior model which relates 
expected event rates to patient characteristics, drug exposures and time since first exposure. This 
model can be made very flexible by allowing for non-linear time effects including jumps in event 
rates soon after commencing on a new medication, drug by time interactions (different temporal 
trends for different medications), patient characteristic by time interactions, and many other 
features. The parameters of this prior model are themselves estimated from the data in a fully 
Bayesian manner which requires prior distributions to be specified for all parameters. 

Since the prior model is specified for the expected event-rate, rather than the event-rate itself, the 
prior does not constrain the event-rates to exactly follow the form of the specified prior model. When 
combined with the current data, the prior model produces estimates of event – rates which are a 
compromise between the rates obtained from the raw data and those implied by the prior model and 
this permits the data to pull estimates away from the prior model if there are sufficient data and the 
prior model fits poorly. Thus, while the specification of the prior model induces some smoothing of 
event-rates, with attendant gains in precision, the hierarchical Bayesian framework provides some 
protection against model-misspecification by allowing the data to contradict a specified prior model.  
This is important for pharmacovigilance because it provides the potential to balance the desire to 
avoid spurious associations arising from random variation by smoothing the raw data, with the need 
to remain open to the possibility of unusual patterns of variation which could be indicative of an 
adverse drug reaction.  

The operation of the hierarchical Bayesian modelling approach is illustrated by Figure 1 which 
presents standardised event-rates for “Local Reactions” following vaccination, for three groups 
defined by the particular vaccine administered. The data come from the Intensive Vaccines 
Monitoring Programme (IVMP) established by the New Zealand Pharmacovigilance Centre to 
monitor the MENZB vaccine for meningococcal meningitis in 2004-2006. Analysis of data from this 
programme forms the second example presented in section 3.2.6, below and more details of the 
programme can be found there. For now, it need only be noted that those in the “SCHED” group 
received standard childhood vaccinations, those in the MENZ group received the MENZB 
meningococcal vaccine and those in the “HYBRID” group received both vaccinations 
simultaneously. Figure 1 presents standardised rates estimated from a hierarchical Bayesian model 
for “Local Reactions” by day since vaccination. The standardised rates are weighted averages of the 
rates for specific patient groups defined by age, sex and the season in which the vaccine was 
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received, where the weights are the total person-days in each of the patient groups, (summing 
across vaccination groups).   

Key features of the prior model for this  example were: The day of vaccination was distinguished 
from all other days to allow for the possibility that event-rates would be much higher immediately 
following the vaccination than in subsequent days; temporal variation from day 1 onwards  was 
modelled by a flexible cubic spline model; all time effects, including the indicator for day zero are 
vaccination group specific to allow temporal trends to vary by vaccination group; age was modelled 
in five categories defined by quintiles of the age distribution; sex and season in which the vaccine 
was administered were included in the model to permit standardisation for these factors. 

 

Figure 1. Log standardised rates of local reactions by day since vaccination (day 0) for three 
vaccination groups monitored through the IVMP. 

 

Figure 1 shows a relatively high rate of local reactions on the day of vaccination (day 0), followed by 
a steady decline in the following days until about day 19. While in this case the pattern of results 
conforms to the structure of the prior model, we note the prior model does not force the posterior 
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estimates (summarised in Figure 1) to follow the prior model specification because (i) the 
parameters of prior model are themselves estimated from the data and (ii) the posterior estimates 
reflect both the observed rates and the estimated prior model and so, can, depart from the prior 
model. Point (i) means that, in the event, that the data provide no support for the event rate being 
higher on day 0 than day 1, the relevant parameter estimate would be concentrated around zero, so 
that the fitted prior model would not in fact imply an elevated rate on day zero, even though the prior 
model structure allows for such a phenomenon. As discussed above, point (ii) means that data at a 
given point can contradict even the fitted prior model, if the model fits poorly. This is illustrated by 
the disturbances around day 29 that can be seen in Figure 1 for both the HYBRID and MENZB 
groups, and to a lesser extent the SCHED group. These disturbances contradict the prior model 
structure which assumes smoothness in the temporal variation from day 1 onwards.  Clearly the 
data indicates a local increase in rates around day 29 and this has pulled the posterior away from 
the prior model. Figure 1 illustrates the potential for hierarchical Bayesian methods to highlight 
anomalies or unusual variation in rates, while also providing some smoothing. In this case the 
disturbances are likely to be artefacts due to aspects of the study design and or data collection 
rather than genuine elevations in rates of local reactions well after vaccination. 

The hierarchical Bayesian model has been implemented in the R system 
(http://cran.stat.auckland.ac.nz). Two versions of the programme have been prepared, one to 
analyse a single outcome and another to loop over multiple outcomes. The programmes extract 
relevant outcomes, drug exposures, and patient characteristics, from a database, stratify by patient 
characteristics, fit the hierarchical Bayesian model with a user-specified prior model and produce 
graphical and numerical outputs.  Graphs showing variation in event-rates over time, as in Figure 1 
are written out to pdf files and tables containing standardised rates (point estimates and 95% 
credible intervals) and other useful summaries of the posterior distribution, such as posterior 
probabilities for standardised event rates exceeding the baseline rate are written out to comma-
delimited files which can be viewed easily in Excel and also processed further in R or other 
statistical packages.  Writing out graphical output and statistical summaries to external files is 
particularly useful for multiple outcome analyses as it facilitates subsequent expert clinical review of 
the results. Technical information about the performance of the algorithm used to fit the Bayesian 
models is also written out to an external file for checking. This facilitates review and subsequent 
modification and re-running of the programmes, if required. 

 

3.2.5 Case-study 1: Atypical Antipsychotics 

Background to the Atypical Antipsychotics Study   

Four atypical anti-psychotics clozapine (CLO), olanzapine (OLA), quetiapine (QUE) and risperidone 
(RIS) were monitored by the Intensive Medicines Monitoring Programme (IMMP) which runs within 
the New Zealand Pharmacovigilance Centre. The IMMP uses prescription event monitoring to 
intensively monitor cohorts of patients dispensed designated medicines. For the purposes of this 
study the IMMP was the source for identifying a cohort of patients taking atypical antipsychotic 
medicines so that they could be located in the NMDS and Pharms datasets.  

The original IMMP cohort comprised all New Zealanders dispensed at least one of the four atypical 
antipsychotics between 1 April 2003 and 31 July 2003.  A total cohort of 18,309 patients with at 
least one record for at least one of clozapine, olanzapine, quetiapine, or risperidone between 1 April 
2003 and 31 July 2003 was identified from the IMMP data.  This time period can be regarded as the 
“recruitment period” for establishing the cohort to be followed for adverse outcomes. For each 
patient the date of the first dispensing for a given atypical antipsychotic is referred to henceforth as 
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the first dispensing date for that medicine, for the purposes of this study. The cohort was linked to 
the hospital discharge database and records of hospital stays for the period 01 January 2003 to 31 
December 2004 were extracted.  This permitted information on hospital stays prior to the dispensing 
date to be obtained.  

The cohort assembled using the approach described above comprised a mix of existing and new 
users. Consideration was given to interrogating the Pharms database for each patient’s initial 
antipsychotic prescription date. However, at the time the cohort was assembled a high proportion of 
patients’ first prescriptions were dispensed in institutional care and Pharms data only identifies 
prescriptions dispensed in the community. For this reason another approach was adopted to 
maximise the possibility that patients studied were new users. Figure 2, below shows the number of 
patients with first dispensing dates identified from the IMMP falling on each day of the study, for 
each of the four medicines.  The pattern of relatively high numbers during the first several days of 
the recruitment period, declining to a “steady-state” just before day 40 is consistent  with patients 
with first-dispensing dates falling early in the recruitment period being primarily existing users and 
those with later first-dispensing dates having being predominantly new users. Consequently, for the 
main analyses reported below we restricted the cohort to patients with first dispensing dates falling 
on day 41 or later of the recruitment period.  Though it seems reasonable to assume that this 
restriction yielded a cohort of predominantly new-users it may also have contained some existing 
users. Some patients with prescription intervals of longer than 40 days may not have been captured 
until after day 40 of the study recruitment period. Thus we cannot be sure that the cohort comprised 
only new users.  For studying the acute effects of commencing a new medication the implication of 
mixing new and existing users in a study cohort would be to under-estimate true effects. 
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Figure 2. Numbers of patients with first dispensing date within the cohort recruitment period 
occurring on each day of the recruitment period. 

 

Choice of Outcomes to study 

The primary diagnosis for each hospital admission provided by the hospital discharge database 
(NMDS) provided the outcomes data for this project. Three groups of outcomes were chosen. These 
are described below. 

1. Clinical conditions considered to be of most importance to Pharmacovigilance by an expert 
group (Trifiro et al, 2009) as part of the EU-ADR project. The latter project was initiated to 
design, develop and validate a computerised integrative system that exploits data from 
electronic health records (EHRs) and biomedical databases for the early detection of 
adverse drug reactions. The project will include eight databases covering approximately 30 
million patients.  

An event-based approach has been decided on for the EU-ADR project. In order to reduce 
the number of spurious associations it became evident that a listing of events that would be 
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of most importance to pharmacovigilance, irrespective of the causal drug, should be 
determined. A preliminary list was created from scientific literature, medical textbooks and 
the websites of regulatory agencies based on level of regulatory action, seriousness 
(hospital admission and likelihood of death) and the probability that the event was drug-
related. Review and scoring was undertaken by two independent pharmacovigilance teams 
and this expert consensus led to a ranked list of 23 events.  These are shown in Appendix 
10, together with their nearest equivalent ICD9 codes which were used in this project to find 
the events in the NMDS. 

2. Known atypical antipsychotic reactions likely to lead to hospital admission that were not 
included in the EU-ADR list i.e. cardiomyopathy, myocarditis, thrombotic stroke, 
constipation, intestinal obstruction. Type 2 diabetes was also included but did not appear 
as a primary diagnosis in any admissions for this study cohort. (See Appendix 10 for 
ICD9 codes).  

3. Events observed to occur frequently as primary diagnoses for the atypical anti-psychotic 
cohort and not included in the EU-ADR project list. These were adjustment disorder, and 
confusion.  (see Appendix 10 for ICD9 codes). Suicide related events and mood 
disorders were also frequent but were part of the EU-ADR project list (2009). These 
frequent disorders were included largely to ensure the methods developed were tested 
on frequent as well as rare outcomes. 

 

Application of the hierarchical Bayesian model 

The hierarchical Bayesian model was applied to the 22 outcomes which occurred at least once 
during the follow-up period. The computing time to complete all 22 analyses was 17 minutes, with 
the program run on a quad core 2.2 GHz laptop but with software (64-bit R) not optimised for multi-
core processors. 

Causality assessment   

For the statistical associations identified and considered worthy of further investigation, the New 
Zealand product data sheets were searched for evidence that these were recognised adverse 
reactions. If no evidence was found, or it was inconclusive, then a search for other evidence was 
undertaken using a literature database, Drugdex (Micromedex), and a publication search through 
Embase. Finally, Vigibase, the WHO International Drug Monitoring database, which holds 
spontaneous reports of adverse reactions from national pharmacovigilance centres, was 
interrogated for supporting case histories. The Bayesian estimate of the Information Component (IC) 
for each drug/event combination in Vigibase was also identified to compare with the findings from 
the antipsychotic data set. 

The NMDS and Pharms records for each patient represented in the highlighted associations were 
examined over the study period for all hospital discharge diagnoses (not just the primary diagnosis), 
for repeat prescriptions of the antipsychotic of interest and prescriptions for other medicines 
including atypical antipsychotics over the study period. These were listed chronologically to assess 
the clinical likelihood that highlighted associations represented atypical antipsychotic adverse 
reactions. 

Results 

The total number of patients in each drug-group at the start of follow-up and the number of events in 
each event-category analysed, by drug-group, are shown in Table 1.  The cohort numbers are for 
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period 0 which was defined to be the 90 days up to and including the day of the first dispensing.  
There is some attrition of the sample in later follow-up periods due primarily to patients switching 
medication. Follow-up for patients known to have switched medications was deemed to have 
stopped on the day before for the first dispensing for a second medication. 
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Table 1. Total patient numbers & event-counts by drug group for atypical antipsychotic 
cohort. 

 Clozapine Olanzapine Quetiapine Risperidone Total 

Total patients 307 902 730 2592 4,531 

Neutropenia 0 0 0 7 7 

Generalised skin eruptions 0 0 0 4 4 

Rash 1 0 0 1 2 

Acute pancreatitis 1 0 0 3 4 

Gastrointestinal bleeding 7 2 11 28 48 

AMl1 0 2 3 25 30 

Unstable angina 1 2 3 23 29 

Ischaemic Heart Disease2 1 4 6 48 59 

Tachycardia 1 0 1 0 2 

Ventricular fibrillation 0 0 0 1 1 

Convulsions 2 3 6 29 40 

Mood Disorder3 7 400 175 424 1,006 

Mild cognitive disorder 0 14 7 50 71 

Acute renal failure 0 1 2 2 5 

Anaphylactic shock 0 0 0 2 2 

Other allergy 0 1 0 3 3 

Suicidal behaviour 16 118 182 183 499 

Adjustment reaction 0 10 13 78 101 

Intestinal obstruction 1 2 1 15 19 

Constipation 3 1 5 14 23 

Thrombotic stroke 0 1 9 33 43 
1Acute myocardial infarction 
2Ischaemic heart disease was defined as AMI or unstable angina 
3 Mania depression and bipolar disorder 
 

Figure 3 shows log (base 10) age-sex standardised admission rates for ischaemic heart disease 
defined as acute myocardial infarction (AMI) or unstable angina, for four quarters following the 
prescription date and for each of the four drugs. The posterior medians are represented by open 
circles and 95% credible intervals by the vertical bars. Period 0 represents the three months prior to 
the prescription date, period 1 three months immediately following the prescription date, period 2 
represents months four to six, inclusive, following the prescription date and so on. Rates for quarters 
five and six are omitted because not all patients were followed for the full six quarters and only small 
numbers of events were recorded in those periods.   

The most obvious feature of Figure 3 is the decline in IHD admission rates following the first 
dispensing date for patients on clozapine. The olanzapine and risperidone groups also exhibit some 
evidence of a decline in admission rates in the first quarter following the first dispensing date, 
although the scale of y-axis required to accommodate credible intervals for clozapine is such that 
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these changes are barely visible. The pattern for quetiapine differs from that for the other three 
groups as the standardised IHD admission rate increases slightly over the follow-up period. The 
numerical values of standardised rates per 10,000 person quarters are given in Appendix 11 and 
show that whereas the estimated standardised IHD rate for clozapine declined from 42.13 (95% CI 
0.78-305.67) in the three months prior to first dispensing to 2.05 (95% CI 0.01-103.35) in the 3 
months immediately following the first dispensing date, the estimated standardised IHD rate for 
quetiapine increased from  4.59 per 10,000 person years (95% CI 0.06 – 28.23), prior to the first  
dispensing date to 25.76 (95% CI 6.47 – 72.43) in the three months  immediately following the first 
dispensing date, before declining gradually over the following quarters.  
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Figure 3. Log (base 10) standardised ischaemic heart disease admission rates by quarter of 
follow-up for four atypical antipsychotics (CLO – clozapine, OLA – olanzapine, QUE 
quetiapine, RIS – risperidone), derived from the hierarchical Bayesian model. Estimates for 
period 0, refer to the three months immediately preceding the prescription data; estimates 
for period 1 refer to the three months immediately following the prescription date; estimates 
for period 2 refer to months 4-6 following the prescription date, and so on.  

 

The different pattern for quetiapine, relative to the other three atypical antipsychotics is also clearly 
indicated by other outputs from the hierarchical Bayesian modelling. Table 2, gives the posterior 
probability that the standardised IHD admission rate in each period is larger than the rate in the 
three months prior to the prescription date. The posterior probabilities reported in Table 2 are all 
low, with the exception of those for quetiapine. This indicates that IHD rates for clozapine, 
olanzapine and risperidone are much more likely to have declined than to have increased over the 
first four periods following the first dispensing. However, the probabilities for quetiapine indicate a 
different pattern, with posterior probabilities for the age-sex standardised event rate being higher 
post first dispensing date than in the three months following first dispensing. The posterior 
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probabilities ranged from 0.93 in the three months immediately following the prescription date to 
0.74 in period 4 (months 10-12 following first dispensing). 

 

Table 2. Posterior probabilities for the standardised IHD admission rate exceeds that for the 
rate in the baseline period, by drug group 

Drug Period 1 Period 2 Period 3 Period 4 
Clozapine 0.08 0.01 < 0.01 < 0.01 
Olanzapine 0.05 0.03 0.03 0.03 
Quetiapine 0.93 0.89 0.81 0.74 
Risperidone < 0.01 < 0.01 <0.01 < 0.01 
 

Table 3 gives the posterior probability that each drug has the largest standardised IHD rate of the 
four atypical antipsychotics, by period of follow-up. This output may be more useful in analyses 
involving a larger number of drugs but it is nevertheless instructive to consider how the relativities 
between the four drugs change over time. The posterior probabilities reported in Table 3 suggest 
that prior to the first dispensing date it was very unlikely quetiapine had the largest of the four 
standardised IHD event-rates since the posterior probability for that occurrence is only 0.02.   There 
is not strong evidence for any of the other three have the largest rate, pre-first dispensing date.  
However the situation is different following the first dispensing date because the posterior 
probabilities for quetiapine having the largest standardised rate are 0.89, 0.83 and 0.84 for the first 
second and third quarters post-first dispensing date. During these follow-up periods the posterior 
probabilities for the other atypical antipsychotics having the largest standardised IHD rate are low. 
This reflects the increasing trend in rates for quetiapine in contrast to the declining trends for the 
other three atypical antipsychotics, apparent in Figure 2. By period 4 the posterior probability for the 
quetiapine standardised IHD rate, exceeding the standardised rates for the other three anti-
psychotics drops back to 0.72 with corresponding increases in the posterior probabilities for 
olanzapine and risperidone. This reflects a small decline in standardised IHD rates between periods 
three and four compared to stable rates for olanzapine and risperidone (see Appendix 11). 

Table 3. Posterior probabilities that the standardised IHD rate for each drug is greater than 
the rate for all other drugs, by period. 

Drug Period 0  Period 1 Period 2 Period 3 Period 4 
Clozapine 0.16 0.03 < 0.01 < 0.01 < 0.01 
Olanzapine 0.31 0.02 0.03 0.03 0.10 
Quetiapine 0.02 0.89 0.83 0.94 0.72 
Risperidone 0.51 0.06 0.14 0.03 0.18 
 

 

After running the hierarchical Bayesian model on all 22 outcomes which occurred at least once in 
the study period and after consideration of the graphical output, (such as Figures 1 and 2), tables of 
standardised rates with 95% credible intervals and posterior probabilities such as those given in 
Tables 2 and 3, we highlighted seven associations which seemed worthy of further investigation. 
These are documented in Table 4.  For an analysis involving 22 outcomes it is practical to identify 
associations of interest based on a holistic overview of results rather than fixed criteria. However, for 
larger numbers of outcomes it may be necessary to develop an automated method for highlighting 
associations. However this almost inevitably entails a degree of arbitrariness in establishing criteria 
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for triggering alerts to signal that an association warrants further consideration.  The posterior 
probability that the standardised event-rate exceeds the baseline rate at some point provides a 
succinct summary of the evidence for an association and we report these probabilities in Table 4. 

 

Table 4. Summary of the data analysis evidence for eight highlighted associations 

Drug Condition Evidence from data analysis 
Risperidone Neutropenia  Pr(RR > 1)*=0.96 for periods 1 to 3 
Risperidone Generalised  skin eruption Pr(RR > 1)=0.87, periods 2 and 3. 
Risperidone Anaphylaxis Pr(RR > 1) = 0.87; period 1 
Risperidone Constipation Pr(RR > 1) =0.79, period 1 
Olanzapine Constipation Pr(RR > 1)=0.81, period 1 
Quetiapine Acute renal failure Pr(RR> 1) = 0.87, period 1 
Quetiapine  Ischaemic heart disease Pr(RR > 1)=0.93, period 1, 0.89 period 2, 0.80 period 3. 
*Pr(RR > 1) is the posterior probability that that the standardised event risk is greater in a given 
period than in the three month period prior to the first dispensing date. 

 

Causality assessment and clinical evaluation of highlighted associations 

Since variation in clinical indications between the antipsychotic agents is likely to differentially affect 
the susceptibility of the patients to specific adverse reactions it is important to consider the 
indications for use of the four medicines. The main indication for antipsychotic medicines is for 
treating symptoms of psychoses including schizophrenia and maintenance treatment. This is the 
only indication for clozapine (Novartis, 2012) and its use is restricted to patients who have not 
responded to or have not tolerated at least two other antipsychotic agents. Risperidone (Janssen-
Cling, 2012), quetiapine (Arrow Pharmaceuticals, 2011) and olanzapine (Eli Lilly, 2012) are also 
indicated in bipolar disorder for the control of episodes of mania and prevention of episodes of 
mania and depression. However, it should be noted that during the study period olanzapine was 
subject to the same restrictions as clozapine. Risperidone is also indicated for behavioural and 
psychological symptoms of dementia, acute and maintenance treatment of conduct disorders and 
other disruptive behaviour in over 5 year olds with sub-average intellectual functioning and for 
autism in children and adolescents. Risperidone is, therefore, more likely to be used at the extremes 
of age than the other three antipsychotics studied. Off-label, quetiapine has also been used for 
treating psychosis in Parkinson’s disease.  

 

Table 5 shows the outcome of the product data sheet and literature search for the seven highlighted 
associations and the Bayesian estimate of the Information Component (IC) for each drug/event 
combination in Vigibase.  

Appendix 12 shows the prescriptions in the Pharms database over the study period for each patient 
represented in the highlighted associations listed chronologically together with all their NMDS 
hospital discharge diagnoses, up to five for each admission. These are referred to as the case 
histories in the following text.  

For the seven associations considered worthy of further investigation, the New Zealand product 
data sheets were searched for evidence that these were recognised adverse reactions. If no 
evidence was found, or it was inconclusive, then a search for other evidence was undertaken using 
a literature database, Drugdex (Micromedex), and a publication search through Embase. Finally, 
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Vigibase, the WHO International Drug Monitoring database, which holds spontaneous reports of 
adverse reactions from national pharmacovigilance centres, was interrogated for the Bayesian 
estimate of the Information Component (IC) for each drug/event combination. The findings are 
shown in Table 5. 

The NMDS and Pharms records for each patient represented in  the seven highlighted associations 
were examined for the period since first atypical antipsychotic dispensing  to  the end of the study 
period for clinical events listed that were not the primary diagnosis, for repeat prescriptions of the 
antipsychotic of interest and prescriptions for other medicines including atypical antipsychotics.  
These were listed chronologically to assess the clinical likelihood that the events represented 
atypical antipsychotic adverse reactions. The findings are described in Appendix 12. 

Risperidone and neutropenia 

Neutropenia is a recognised reaction to risperidone as indicated in the product data sheet 
(Janssen). Neutropenia occurs more commonly with clozapine to the extent that there is a risk 
management plan for this medicine with a requirement for full blood count measurements before 
each repeat prescription and clozapine discontinued if there is evidence of increasing neutropenia. It 
is likely that neutropenia with clozapine was not highlighted in this study since neutropenia would 
usually be detected before it was severe enough to lead to hospital admission.  

Clinical evaluation of the case histories for the six reports of neutropenia with risperidone indicated 
that for five there was evidence of a likely alternative explanation to risperidone for neutropenia and 
in the sixth there was insufficient information to make an assessment.  

Risperidone and generalised skin eruption  

Appendix 12 shows the three events represented three unrelated skin conditions. It is interesting to 
note that one patient had psoriasis and one pemphigoid as psoriasiform reaction is mentioned in a 
literature review of risperidone (Warnock and Morris, 2002) and pemphigoid is statistically prominent 
in Vigibase. Clinical assessment of the case histories is inconclusive with respect to risperidone. In 
the case of pemphigoid, which is frequently but not always drug-induced, the patient was using a 
corticosteroid cream prior to the first risperidone prescription but started prednisone shortly 
afterwards suggesting that pemphigoid was a new condition or was exacerbated shortly after 
risperidone was commenced. 

Risperidone and anaphylaxis 

This is listed in the data sheet as a very rare reaction and is not statistically prominent in Vigibase. 
The clinical information in the case history does allow for the possibility that this was a risperidone-
related event although a signal of a potential adverse reaction would not usually be generated from 
a single report. 

Risperidone, olanzapine and constipation 

This is listed as a common reaction in the product datasheets for both medicines with evidence for a 
dose-relationship with risperidone. It is not statistically prominent in Vigibase for risperidone but 
there are a number of supporting dechallenge and rechallenge outcomes. Clinical evaluation of the 
case histories for risperidone was largely inconclusive especially as there were few patients with 
risperidone scripts in the Pharms data, and whether they discontinued or were receiving hospital 
scripts is not known.  

Clozapine is a well-documented cause of severe constipation that has led to intestinal obstruction 
(Ellis, 2007). Patients admitted for constipation are likely to have been experiencing it for some time. 
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It is possible that the association was not highlighted for clozapine because of awareness of the 
association and prompt treatment thus avoiding hospital admission. 

Quetiapine and acute renal failure 

There is no evidence in any of the reference sources investigated that quetiapine directly causes 
acute renal failure. The two case histories indicated that renal failure was attributed to chemical 
toxicity in one patient and Type 2 diabetes in the other. Atypical antipsychotics are known to cause 
metabolic abnormalities leading to diabetes, so an indirect relationship is possible but not very likely 
if the patient started taking an atypical antipsychotic agent for the first time only seven months 
before the event, unless they had previously been exposed to another atypical antipsychotic. 

Quetiapine and ischaemic heart disease 

These reports comprise the ICD9 diagnoses acute myocardial infarction and unstable angina and, 
when examined separately, an exactly similar pattern of standardised rates was seen for each 
diagnosis. Quetiapine and the other atypical antipsychotics can cause dyslipidaemia, weight gain 
and glucose intolerance and therefore increase the risk of ischaemic arterial disease. However, 
acute coronary artery events are not listed in the data sheet as direct adverse events. Atypical 
antipsychotics, including quetiapine (ref Arrow Pharmaceuticals, Arrow-Quetiapine), can also cause 
acute haemodynamic effects including orthostatic hypotension, tachycardia and bradycardia. 
Orthostatic hypotension can trigger stroke or myocardial infarction in susceptible patients (Gagger, 
2011). Both angina and myocardial infarction with quetiapine have been statistically prominent in 
Vigibase but not currently. This does not represent a strong signal of disproportionality but the 
current negative value may also be because of the high number of reports of myocardial infarction in 
Vigibase (84,219) which will increase the number of observed reports required to exceed the 
expected compared with combinations in which the drug, the adverse reaction term or both, occur 
infrequently in the database.  

A retrospective cohort study of 10,969 patients taking cholinesterase inhibitors who started 
antipsychotic agents was compared with controls who did not take antipsychotics Pariente et al, 
2012). The hazard ratio for the risk of MI was 2.19 (95% CI 1.11-4.32 ) in the first 30 days of 
treatment and decreased thereafter. Similar results were obtained from a self-controlled case series 
within the cohort which was conducted to reduce the effect of inter-individual variability in 
predisposing conditions such as extent of coronary artery disease. Most patients were taking 
atypical antipsychotics medicines including 21.6% who were taking quetiapine.  

In contrast a Danish case control study of 21,377 patients hospitalised for myocardial infarction for 
the first time and 106,885 sex and age matched controls found no increase in risk of myocardial 
infarction with antipsychotic agents after using conditional logistic regression to adjust for a range of 
covariates, primarily those which indicated pre-existing ischaemic heart disease. Patients were 
using a range of antipsychotic medicines and there was no data on individual agents (Nagakawa et 
al, 2006). 

The adjusted incidence of sudden cardiac death in two cohorts of over 40,000 patients taking typical 
or atypical antipsychotics was increased two-fold compared with 186,600 non-users and the risk 
increased with dose. As the authors stated this was most likely due to prolonged QT interval-related 
arrhythmias but myocardial infarction due to orthostasis was also considered a possible contributor 
to the cohort. (Ray et al, 2009). 

Clinical evaluation of the five case histories of quetiapine and ischaemic heart disease (IHD) 
(Appendix 12) indicated that four of the IHD events occurred between two weeks and five months 
after quetiapine was commenced. However, the latter patient had started olanzapine a week before 
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the event. Three patients had prescriptions or hospital diagnoses indicating dyslipidaemia or 
established atherosclerosis pre-dating the first recorded quetiapine prescription. One patient with 
cerebrovascular disease had a coronary event about two weeks after starting quetiapine in keeping 
with the time to onset in the Pariente study of patients with dementia. Two patients, one a smoker 
and one with a pacemaker but with no evidence in the databases of pre-existing IHD or 
dyslipidaemia had coronary events three and five months after starting quetiapine. These records 
do not exclude quetiapine as a contributor to the events but suggest that if there is a causal 
relationship it is likely to be in predisposed individuals. 

The probability of decline in IHD demonstrated particularly with clozapine and, to a lesser extent 
olanzapine, is difficult to explain. However a lack of an increase similar to quetiapine may be 
explained by broader indications for the latter. Clozapine is not indicated for dementia-related or 
Parkinsonian-related disorders and these disorders would not have been an indication for 
olanzapine over the study period in 2003 and 2004 so patients taking these two medicines were 
less likely to have been susceptible to their orthostatic adverse effects than patients taking 
risperidone or quetiapine.   Clozapine and olanzapine users would have been exposed to other 
atypical antipsychotic agents prior to starting these medicines and so there may have been attrition 
of susceptible patients. 
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Table 5.Summary of clinical review of evidence for seven highlighted associations 

Drug Condition No. 
records Product data sheet Drugdex Literature WHO-Vigibase 

Risperidone neutropenia 6 Reported in <1% 
risperidone treated patients 
in clinical trials. 
Postmarketing reports- 
agranulocytosis, very rare.  

  IC025*>0 
Leucopenia 
Granulocytopenia 

Risperidone Generalised skin 
eruption – drug-related 
dermatitis; 
pemphigoid; psoriasis. 

3 Rash 3.5% and > placebo 
at >8-16mg daily 
<1% of patients in trials- 
erythematous rash, papular 
rash, generalised and 
maculopapular rash 

 Lit review (Warnock et al, 
2002). Published reports of 
erythema  multiforme, 
exanthematous reactions 
(5% of patients), exfoliative 
dermatitis, photosensitivity 
(2%), psoriasiform reaction, 
urticaria 

IC025 >0 
Pemphigoid 
 

Risperidone Anaphylaxis 1 Postmarketing reports- very 
rare 

  IC025<0 

Risperidone Constipation 13 Clinical trials, placebo 
3.6%, <8 mg daily 4.6%, 
>8-16mg daily 9.1% 

  IC025 <0 but positive de-
challenge 
and re-challenge reports 

Olanzapine Constipation 1 Common >1- <10%   IC025 >0 
Quetiapine Acute renal failure 2 Not labelled Not recorded No relevant texts identified IC025 <0 
Quetiapine Ischaemic heart 

disease (Acute 
myocardial infarction 
or angina) 

5 Orthostatic hypotension, 
tachycardia, dyslipidaemia, 
diabetes are predisposing 
labelled ADRs. Ischaemic 
heart disease not labelled. 

Dose-related increase in 
sudden cardiac death in 
adult patients taking 
atypical antipsychotics 
large controlled cohort 
study, most likely related to 
increased QT interval – see 
text.  

Case control study, No 
increased risk of 
hospitalisation for 
myocardial. Cohort study, 
increased risk in patients 
with treated dementia – see 
text. 

MI  
IC025  <0, 2012. 
 IC025 >0 2001 
Angina  
IC025 <0, 2012 
IC025>0 2011 q1 to 2012 q1.  

*IC and  IC025. A positive Information Component (IC) value indicates that a particular drug-ADR pair is reported more often than expected, based on all the reports in the database. IC025 
is the lower limit of a 95% credibility interval for the IC.
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Potential for signal-detection methods to provide information on efficacy 

There were trends for decreasing occurrence of adjustment disorder, suicide, mood disorder (mania 
and depression in bipolar disorder) and cognitive impairment (Figures 4-7). That these observations 
might be evidence of efficacy is supported by the fact that there were very few events for clozapine 
and no or little evidence of decline compared with the other antipsychotics as clozapine is not 
indicated for bipolar or behavioural disorders or dementia-related psychosis. Suicide-related events 
showed the same pattern of decline, perhaps less with clozapine because it is largely used for 
treatment-resistant psychosis. Overall there is no evidence from formal studies of an increased risk 
of suicide with atypical antipsychotics, although the Arrow-Quetiapine data sheet indicates that, in 
patients with bipolar depression, the incidence of suicide related events was 3.0% (7/233) for 
quetiapine and 0% (0/120) for placebo in patients  aged18-24 years (Arrow-Quetiapine), This data 
sheet also indicates that in 3 out of 4 studies of patients with bipolar depression, for the 300 mg and 
600 mg dose group, statistically significant improvements over placebo were seen in reductions in 
suicidal thinking, as measured by MADRS item 10 and in 2 out of 3 studies, for the 300 mg dose 
group.  

Suicide is commonly reported as an adverse reaction to atypical antipsychotic agents and the IC 
values for each of the medicines are strongly positive in Vigibase. These findings suggested that our 
approach to data mining may be valuable for preliminary investigations of such contentious issues. 

Although the results reported in Figures 4-7 must be interpreted cautiously because they do not 
control for co-prescribing of other medications, such as anti-depressants, they nevertheless 
illustrate the potential for the methods developed to identify differences or similarities in efficacy. A 
more in depth study focussing on efficacy and controlling for other variables would help to address 
these issues. Caution in interpretation of decreasing trends is also needed because decreases after 
starting antipsychotics were also noted for some conditions for which such decreases were 
unexpected, including myocardial infarction, as discussed, and convulsions, even though 
antipsychotic medicines are pro-convulsant.  
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Figure 4 .Log standardised admission rates for Mood disorder, by period and drug exposure 
(CLO – clozapine, OLA – olanzapine, QUE quetiapine, RIS – risperidone). Estimates for 
period 0, refer to the three months immediately preceding the prescription data; estimates 
for period 1 refer to the three months immediately following the first dispensing date; 
estimates for period 2 refer to months 4-6 following the first dispensing date, and so on. 
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Figure 5. Log standardised admission rates for Suicidal behaviour, by period and drug 
exposure (CLO – clozapine, OLA – olanzapine, QUE quetiapine, RIS – risperidone). Estimates 
for period 0, refer to the three months immediately preceding the prescription data; 
estimates for period 1 refer to the three months immediately following the first dispensing 
date; estimates for period 2 refer to months 4-6 following the first dispensing date, and so 
on. 
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Figure 6. Log standardised admission rates for adjustment disorder, by period and drug 
exposure (CLO – clozapine, OLA – olanzapine, QUE quetiapine, RIS – risperidone). Estimates 
for period 0, refer to the three months immediately preceding the prescription data; 
estimates for period 1 refer to the three months immediately following the first dispensing 
date; estimates for period 2 refer to months 4-6 following the first dispensing date, and so 
on. 

 

 

0 1 2 3 4

-1
2

-8
-4

0
3

CLO - Adjustment disorder

lo
g 

ra
te

 p
er

 1
00

0 1 2 3 4

-1
2

-8
-4

0
3

OLA - Adjustment disorder

lo
g 

ra
te

 p
er

 1
00

0 1 2 3 4

-1
2

-8
-4

0
3

QUE - Adjustment disorder

lo
g 

ra
te

 p
er

 1
00

0 1 2 3 4

-1
2

-8
-4

0
3

RIS - Adjustment disorder

lo
g 

ra
te

 p
er

 1
00

log standardised rates per 10000

period



 
115 Developing an Integrated Pharmacovigilance System for New Zealand 

 

Figure 7. Log standardised admission rates for mild cognitive disorder behaviour, by period 
and drug exposure (CLO – clozapine, OLA – olanzapine, QUE quetiapine, RIS – risperidone). 
Estimates for period 0, refer to the three months immediately preceding the prescription 
data; estimates for period 1 refer to the three months immediately following the first 
dispensing date; estimates for period 2 refer to months 4-6 following the first dispensing 
date, and so on. 

General comments on Causality Assessment and Clinical Evaluation 

While the seven highlighted associations represent some known adverse reactions or clinically 
plausible causal associations, in some instances these arose from one or very few cases of an 
event following exposure to one of the antipsychotics. However, in such cases it should be noted 
that a highlighted association is not produced solely by single (or very few) events among people 
exposed to a given drug but also by the relative absence of events prior to exposure and among 
people exposed to other drugs. Posterior probabilities are useful for quantifying the strength of an 
association and will, in general, not reach very high levels when there are very few events.  Where 
there are a small number of cases involved in a highlighted association, clinical evaluation of a 
patients’ case history becomes important to ensure the association is not spurious. This was 
exemplified by the case histories for risperidone and neutropenia which do not support a causal 
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relationship even though this is a recognized adverse reaction. However, clinical evaluation is a 
time-consuming exercise that may not be realistic when using large datasets but has been used 
where cohorts are small (Yih et al, 2011). There is a tension, therefore, between considering the 
Bayesian approach to electronic health records and linked databases as akin to epidemiological 
approaches which usually involve large numbers of subjects with the outcomes of interest and 
individual case histories are not explored, and pharmacovigilance where an adverse reaction is 
often rare and, traditionally, case history assessment has been crucial 
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3.2.6 Case Study 2: The Intensive Vaccines Monitoring Programme (IVMP) 

Description of dataset and background to the study 

The Intensive Vaccines Monitoring Programme (IVMP) was established by the NZPhVC to monitor 
the vaccination programme for the meningococcal meningitis vaccine (MENZB) during 2004-2006.  
The IVMP prospectively collected data from a cohort of children aged 5 years or less using data 
routinely collected in the patient management systems of the children’s general practitioners.  
Thirty-five medical centres, from throughout New Zealand, participated in the programme. All 
children receiving a vaccine in the practice were followed for six weeks following each vaccination, 
meaning that records for each consultation in the six week period following a vaccination were 
captured as well as the record for each vaccination consultation. The data extracted included 
demographic data, immunisations, medications and existing medical conditions as well as free-text 
consultation notes. The clinical data were electronically transferred through a secure health intranet 
to the NZPhVC where the data was parsed into a database and a system to present the data in a 
form suitable for clinical review developed. Clinical reviewers coded events occurring following 
vaccination using standard terms from the World Health Organisation Adverse Reaction 
Terminology (WHOART) dictionary and also assessed the events for severity, causality, 
seriousness and outcome. Event-terms were also grouped for analysis into categories representing 
related clinical symptoms. We used high-level categories from this latter classification for the 
analyses reported below. Children who had no clinical consultations in the six week period following 
vaccination were deemed to have been event free, following immunization. 

For the current analysis we used data from only the first vaccination received by each child during 
the monitoring period. This restriction was imposed to simplify the data-manipulations required to 
create the analysis dataset and there is, in principle, no reason why data from subsequent 
vaccinations could not be included in analyses such as those presented below. Although no pre-
vaccination data was available, later weeks of the follow-up period provide an implicit reference 
period because most adverse events following vaccination would be expected to occur in the days 
following vaccination.  Consequently event rates in weeks five and six of the follow-up period may 
provide a good proxy for baseline or pre-vaccination rates.  

The IVMP system captured information on all vaccinations during the monitoring period and 
therefore included routine childhood immunisation schedule vaccines as well as MENZB 
vaccinations. Some children received both routine immunisation schedule and MENZB vaccinations 
at the same consultation.  This meant there were three vaccination groups available for analysis, 
those receiving routine immunisation schedule vaccines only (SCHED), those receiving the MENZB 
vaccination only (MENZ) and those receiving both schedule and MENZB at the same consultation 
(HYBRID).  A total cohort of 10,308 children was available for analysis and the split between the 
three vaccination groups for the first vaccination was as follows: 1726 in the HYBRID group; 6311 in 
the MENZ group; 2271 in SCHED group. 

Analyses were undertaken for the following event categories: local reactions, respiratory tract 
infections, non-respiratory tract infections, somatic immune responses (includes fever and fever 
related events), hypersensitivity events, convulsions (excluding febrile), neurological irritability, 
sleep-related events, haematological events, cardiovascular-related events, injury, insect bites. 

To ensure that detection of unexpected adverse reactions was not constrained, all events, whether 
they were assessed as causally related to a vaccine or not, were included in the analysis.  

Injury, insect bites including infestations, respiratory tract and other infections were chosen as 
“control events” since they usually occur independently of immunization episodes and would 
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therefore be expected not to fluctuate significantly across the 42 days of follow-up except for day 0 
when they were recorded but with an “unlikely” causality classification.  

Total counts for each of 12 event categories considered, by vaccination group, are given in Table 6. 

Table 6. Numbers vaccinated and counts for 12 selected event categories following the first 
vaccination for the IVMP cohort 

 HYBRID MENZ SCHED Total 

Total Vaccinations 1,726 6,311 2,271 10,308 

Local Reactions 12 46 25 83 

Infections-respiratory  582 2,146 642 3,370 

Infections-other 109 403 156 668 

Injury 5 151 19 175 

Somatic immune responses 169 830 230 1,229 

Hypersensitivity 306 816 456 1,578 

Convulsions 6 8 4 18 

Neurological 54 27 81 162 

Sleep-related events 14 2 24 40 

Haematological 10 48 15 73 

Cardiovascular 3 6 3 12 

Insect-bites 27 139 40 206 

 

 

Application of the Bayesian model 

A hierarchical Bayesian model, incorporating a prior model structure which allowed for a spike of 
events on the day of vaccination, non-linear but smoothly varying event-rates at other times; 
different time trends for the different vaccination groups, and age, sex and season of vaccine 
administration effects was developed and fitted for each of the 12 event categories. The 12 
analyses took a total of 27.5 minutes on the same computer used for the antipsychotics analyses. 
This was approximately 10 minutes longer than required for the antipsychotic analysis, reflecting the 
larger cohort size and that some of the overall computation time is spent extracting the relevant data 
for each outcome and constructing the basic data table for each analysis. Results are presented in 
Figures 1 (local reactions) and 8 to 18 as age, sex, and season standardised rates by vaccination 
group, for each day of the follow-up period. 
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Figure 8.  Log (base 10) standardised event-rates for somatic immune responses by day of 
follow-up, and vaccination group. 

 

0 5 10 15 20 25 30 35 40

-7
-5

-3
-1

1
2

HYBRID - Somatic immune response

lo
g 

ra
te

 p
er

 1
00

00

0 5 10 15 20 25 30 35 40

-7
-5

-3
-1

1
2

MENZ - Somatic immune response

lo
g 

ra
te

 p
er

 1
00

00

0 5 10 15 20 25 30 35 40

-7
-5

-3
-1

1
2

SCHED - Somatic immune response

lo
g 

ra
te

 p
er

 1
00

00
log standardised rates per 10000

period

 



 
120 Final Deliverable Report from the University of Otago Product Vigilance Research Team 

 

Figure 9. Log (base 10) standardised event-rates for hypersensitivity reactions by day of 
follow-up, and vaccination group. 
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Figure 10. Log (base 10) standardised event-rates for insect bites by day of follow-up, and 
vaccination group. 
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Figure 11. Log (base 10) standardised event-rates for injury events by day of follow-up, and 
vaccination group. 
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. 

 

Figure 12. Log (base 10) respiratory tract infections event-rates for cardiovascular-related 
events by day of follow-up, and vaccination group. 
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Figure 13. Log (base 10) standardised event-rates for non-respiratory tract infections by day 
of follow-up, and vaccination group. 
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Figure 14. Log (base 10) standardised event-rates for convulsions by day of follow-up, and 
vaccination group. 
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Figure 15. Log (base 10) standardised event-rates for neurological reactions by day of follow-
up, and vaccination group. 
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Figure 16. Log (base 10) standardised event-rates for sleep-related events by day of follow-
up, and vaccination group. 
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Figure 17. Log (base 10) standardised event-rates for cardiovascular-related events by day of 
follow-up, and vaccination group. 
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Figure 18. Log (base 10) standardised event-rates for haematological-related events by day 
of follow-up, and vaccination group. 
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The pattern for local (Figure 1), somatic immune responses (Figure 8) and hypersensitivity reactions 
(Figure 9) is in keeping with a vaccine- related effect with highest rates on day 0 and then a gradual 
decline which starts to flatten after 20 - 30 days for local reactions and for MENZ and Hybrid for 
somatic immune responses. One possible explanation for the relatively low frequency of local 
reactions with the MeNZB vaccine may be due to the pre-publicity for the impending MeNZB 
Campaign which in its earlier phases highlighted the range of potential Adverse Events Following 
Vaccination with the vaccine as including the possibility of local reactions about which the public 
were reassured that these reflected part of the spectrum of expected events. This might have 
introduced an element of bias in the parent decision to report the event. Although this message was 
delivered in the context of the MeNZB it is possible that to varying degrees its occurrence was 
extrapolated to other vaccines in the childhood series. 

Neurological conditions (Figure 15), most often irritability and sleep disorder (Figure 16) showed 
increased slightly in the first 10 days with all the immunizations with the exception of sleep disorder 
for MENZ group which appeared to increase slightly in the second half of the 42 day follow-up 
period. However the posterior probabilities of a difference in rates over time period were small.  

There was some evidence for convulsions (Figure 14) being disproportionately represented in the 
first half of the study period for the hybrid immunization compared with the second half. This was 
much less evident for MENZ alone and the scheduled immunizations. The different pattern of rates 
of convulsions can also be seen in changes in the relative ranking of the three groups as the follow-
up period progresses. Table 7 gives the posterior probability that each of the three vaccination 
groups had the largest consultation rate for convulsions for selected days of the study.  The 
posterior probability for the Hybrid group having the largest rate increased during the early part of 
the follow-up period (with complementary declines in the corresponding probabilities for the other 
two groups) before declining between day 10 and 14. However, the posterior probabilities did not 
exceed 0.81, indicating that evidence for the convulsion rates for the hybrid group exceeding that for 
the other groups during the 7-10 days following vaccination is not overwhelming. The number of 
convulsion events is considerably smaller than for most of the other outcomes considered in the 
analysis (Table 6) and the different response profile for the hybrid group suggested by Figure 14 
and Table 7 could primarily reflect random variation. 

 

Table 7. Posterior probabilities that each vaccination group has the largest consultation rate 
for convulsions for selected days of follow-up. 

Group Day 0  Day 1 Day 7 Day 10 Day 14 Day 28 
HYBRID 0.40 0.55 0.81 0.81 0.62 0.08 

MENZ 0.04 0.07 0.06 0.05 0.12 0.23 
SCHED 0.56 0.38 0.13 0.14 0.25 0.69 
 
The pattern for cardiovascular event-rates over the follow-up period seemed broadly similar for the 
three vaccination groups (Figure 17), however with only 12 events spread across the three groups it 
is difficult to draw strong conclusions for this outcome. 

The pattern of event-rates for haematological-related events (Figure 18) was broadly similar for the 
three vaccination groups, although there is a suggestion of a sharper increase in rates for the MENZ 
B group compared to the other groups during the first week following vaccination. This impression is 
supported by the posterior probabilities for each group having the largest standardised event rate for 
selected days shown in Table 8. These show the MENZ B group emerging by Day 7 to be the most 
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likely of the three groups to have the largest event–rate at that time, followed by a subsequent 
decline in the posterior probability for the MENZ group having the largest rates.  

 

Table 8. Posterior probabilities that each vaccination group has the largest consultation rate 
for haematological-related events for selected days of follow-up. 

Group Day 0  Day 1 Day 7 Day 10 Day 14 Day 28 
HYBRID 0.14 0.07 0.03 0.09 0.46 0.42 

MENZ 0.23 0.50 0.86 0.73 0.25 0.09 
SCHED 0.63 0.43 0.11 0.18 0.29 0.49 
 

3.3 Machine Learning Methods 

3.3.1 Decision Trees 
Machine Learning (ML) is a scientific discipline which has been maturing over the past 40 years 
(Mitchell, 1996). It investigates the design and implementation of various algorithms which allow 
computers to build learning models based on a wide variety of different data sources; both static 
and temporal data. These models are able to learn and their major advantage is to recognise novel 
or complex patterns in data which may not be immediately apparent; sometimes referred to as the 
“nuggets”. These novel or complex patterns can then be applied to new data from the same domain 
to make intelligent decisions. They can also generalise from data which they have learned from to 
produce useful output in new cases. ML itself is also one of the building blocks of the discipline of 
Data Mining (DM) (Larose, 2003) which fuses ML techniques with databases to extract information 
from a data set and transform it into an understandable structure. 

Applications of data mining and ML for knowledge discovery from healthcare data have been the 
topic of much research in the past 15 years. Kaur and Wasan (2006) applied rule induction 
techniques, decision trees, and artificial neural networks for the purpose of data mining a medical 
data set of diabetic patients. Hartge et al (2006) and Bichindaritz and Marling (2006) have 
demonstrated the utility of applying case-based reasoning to similar data sets. In this particular 
study we have restricted the tools to those which produce a Decision Tree (DT) (Hastie, 2009) that 
can be visualised or reformatted as a set of rules which describe the essence of these complex 
patterns. The reason why DTs were chosen was that they can `automatically’ reduce the number of 
attributes/variables/features in the data set to only those which contribute to a classification. More 
importantly a DT can show the reasoning/pathways which were used to come up with a result and 
can be easily visualised whereas rules are intuitively easy to understand. These are both important 
characteristics as it would make it easier for experts to validate the results of both methods. 

The terminology of a DT and the way in which it is constructed is best explained by means of an 
example. We use the Iris (flower) data set (Fisher, 1936) which is perhaps the best-known data set 
to be found in the pattern recognition and data mining literature. It is used as an exemplar data set 
to test many types of ML algorithms. 

The data set contains three classes of 50 instances each, where each class refers to a species of 
Iris plant. Each Iris in the dataset has four attributes that describe it. They are measurements of the 
actual physical parts of the flower: sepal length, sepal width, petal length, and petal width. 
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Each Iris can belong to one of either three classes which are determined by the values of its four 
attributes. These classes are Iris-Setosa, Iris-Versicolor, and Iris-Virginica. In Figure 19 a 
visualisation depicts this data set to show why it’s such a good exemplar data set. Here we can 
clearly see that two of the classes, Iris-Versicolor, and Iris-Virginica, would be harder to discriminate 
than the Iris-Setosa class. 

 

Figure 19. Visualisation of the Fisher Iris data 

To generate any ML model a subset of the original data set is used to train (generate) the ML 
model. This phase is when the model learns about the patterns in the data set. The remaining data 
which can be considered to be new or unseen data are then used to test (validate) the ML model. It 
has been recognised that a 50/50 split between the amount of training data and testing data is 
reasonable. 

Clearly, for a training set of examples there are a large number of possible decision trees that could 
be generated. The basic idea is to pick the decision tree that would correctly classify the most 
unknown examples (which is the essence of the induction process). One way of doing this is to 
generate all the possible decision trees for the training set and picking the simplest tree. 
Alternatively, the tree could be built in such a way that the final tree is the best.  

To generate a decision tree, the general approach is to compute a statistical calculation of 
information gain from a single attribute. In this way an attribute that adds the most information about 
the decision upon a training set is selected first, the next the most informative attribute is then 
selected from the remaining attributes and so on (Podgorelec, 2002). 

ID3 (Quinlan, 1983) is probably the most well-known classification algorithm in ML that uses DT. ID3 
belongs to the family of TDIDT algorithms (Top-Down Induction of Decision Trees) and has 
undergone a number of enhancements since its conception. Further enhancements to this algorithm 
came in the form of the C4.5 DT (Quinlan, 1993) algorithm and more recently the j48 DT algorithm 
(Witten, 2011). 

In ID3 (Quinlan, 1983) formally describes this process as: 

If there are k classes denoted {C1, C2 ,...,Ck}, and a training set, T, then  

• If T contains one or more objects which all belong to a single class Cj, then the decision tree 
is a leaf identifying class Cj.  

• If T contains no objects, the decision tree is a leaf determined from information other than T.  
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• if T contains objects that belong to a mixture of classes, then a test is chosen, based on a 
single attribute, that has one or more mutually exclusive outcomes {O1, O2 ,...,On}. T is 
partitioned into subsets T1, T2,...,Tn, where Tj  contains all the objects in T that have outcome 
Oi of the chosen test. The same method is applied recursively to each subset of training 
objects.  

The key aspect of this type of tree induction algorithm is the way in which a set is split i.e. how to 
select an attribute test that determines the distribution of training objects into sub-sets upon which 
sub-trees are built consequently (Podgorelec, 2002). 

More specifically, in ID3 an information theoretic measure is used to test for this ‘gain in information' 
by using a particular attribute as a node to decide whether or not the attribute contributes to 
identifying a particular class. In C4.5 the algorithm improved on the original ID3 algorithm to handle 
both continuous (numerical) and discrete values for attributes and prune trees to make them more 
compact without sacrificing their efficacy. The J48 algorithm, however, focuses on producing the 
most optimal number of attributes used to classify a data instance.  

Training the j48 algorithm with 50% (75 examples) of the Iris data set produces a decision tree 
depicted in Figure 20. 

 

Figure 20. Decision tree generated from 50% of the Iris data set 
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The nodes at the end of each branch of the tree (leaf nodes) represent the class labels while other 
nodes represent the attributes associated with the objects being classified. The branches of the tree 
represent each possible value of the attribute node from which they originate.  

Therefore in Figure 20, the leaf node [2] indicates that this node accounts for all 23 instances of Iris-
setosa used for the training data, leaf node [6], accounts for 96% of the 23 instances of Iris-
versicolour used for the training data, and leaf node [7] accounts for 97% of the 29 instances of Iris-
virginica used for the training data. Totalling 23+23+29 makes up the 75 training instances. 

Once the DT model has been built using a training set of data it may be used to classify new 
objects. To do so we start at the root node of the tree and follow the branches associated with the 
attribute values of the new object until we reach a leaf node representing the class of the object. 

The main advantage of DT models is their execution efficiency mainly due to their simple and 
economical representation and ability to perform, combined with the fact they are simple to 
understand and interpret. This means people are able to understand DT models after a brief 
explanation. For example, the same depiction of the DT model in Figure 20 can also be represented 
as rules. 

• Rule 1: If petal length<= 2.6 then Iris is Iris-Setosa. This rule explains 100% of the 23 
training instances. 

• Rule 2: If petal length>= 2.6 and petal length>= 4.8 then Iris is Iris-Virginica. This rule 
explains 97 % of the 29 training instances. 

• Rule 3: If petal length>= 2.6 and petal length< 4.8 then Iris is Iris-Versicolor. This rule 
explains 96% of the 23 training instances. 

To test the efficacy of the DT model, 50% (75 examples) of the remaining data is presented to it. 
This process assesses the degree to which the DT model can generalise to new or unseen data and 
demonstrates its usefulness to new outputs. The form of the results of testing the DT model is 
shown in a confusion matrix which compares the actual performance of DT model against what it 
should have predicted. 

Table 9. Confusion matrix of classifying new instances from the Iris data set 

Classified as  Iris Setosa Iris Versicolour Iris Virginica Total Correct 

Iris Setosa 27 0 0  

Iris Versicolor 0 22 5  

Iris Virginica 0 0 21  

    70/75 

 

The first row of the confusion matrix reads “27 instances of Iris-Setosa data were presented to the 
classifier. Using the DT model, those 27 instances were all classified as Iris-Setosa”. The second 
line reads “22 instances of Iris-Versicolor data were presented to the DT model” and 22 instances 
were classified correctly as Iris-Versicolor.” Finally, in the third row, “26 instances of Iris-Versicolor 
data were presented to the DT model. 21 instances were classified correctly as Iris-Virginica but 5 
instances were incorrectly classified as Iris-Versicolor”. This result would be expected as it is quite 
difficult to separate the latter two classes. 
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Note that only the attributes which contribute to identifying a particular class are retained for a 
specific rule. Rule 1, for example, only has one attribute which is used to classify every instance of 
Iris-setosa and this one rule can account for classifying 23 instances of the Iris data set. This is one 
example of the advantages of generating DT models from data which are: 

1. Only the relevant attributes which contribute to classifying Irises are retained. In this case 
only petal length was selected as important to classifying Irises. Conversely sepal length, 
sepal width, and petal width were considered as redundant to the classification.  

 
2. The number of rules generated is far less than the amount of data used to create them. In 

this way the model captures the underlying pattern or novelty within the data set. 

 
3. The confusion matrix indicates misclassifications which may require further investigation. 

This then allows for modifying the parameters used to generate the DT model. 

Selecting 50% of the data set for the purpose of assessing the DT model to generalise to new data 
is one method of validating it. A more rigorous statistical method is ten-fold cross validation (Hastie, 
2009) which is used to evaluate the performance of not only a DT model but also any ML algorithm. 
In ten-fold cross-validation, the original sample is randomly partitioned into 10 sub-samples. Of the 
10 sub-samples, a single sub-sample is retained as the validation data for testing the model, and 
the remaining 9 sub-samples are used as training data. The cross-validation process is then 
repeated 10 times (the folds), with each of the 10 sub-samples used exactly once as the validation 
data. The 10 results from the folds then can be averaged (or otherwise combined) to produce a 
single estimation. The advantage of this method over repeated random sub-sampling is that all 
observations are used for both training and validation, and each observation is used for validation 
exactly once. 

One final challenge in generating DT models is that of Class-Imbalance (Liu, 2009). The real-world 
data sets which have been the focus of this study are typically imbalanced i.e. some classes have 
many more instances than others. This is definitely the case with the two data sets investigated in 
this study and would seriously affect the performance of classifiers. To address this issue, a method 
called undersampling was used in some of the experiments in this study to mitigate this problem as 
much as possible with a view to maintaining high classification accuracy of the DT models. 

Generating DT models from medical data is not a new concept. Over the past 15 years, much 
research has been undertaken to apply DT models to that type of data and other medical data. For 
example, Zorman (1997) used DT models not as a classifier but utilised their ability to retain only 
those attributes which contributed to a classification for the purpose of discovering a predisposition 
to the metabolic acidosis and respiratory acidosis, which can both have serious effects on child 
health. DT models were also used to detect the early onset of Myocardial Infarction (MI) in 
emergency room situations through the work of Tsien (1998) who looked at the accuracy of such 
classifiers to predict the probability that a patient with chest pain was having an MI based on data 
sourced at time of presentation to the Emergency Room. They found that DT models outperformed 
more conventional classifiers based on linear regression.  

Four years later Podgorelec (2002) conducted a comprehensive survey of DT models and their 
application to medicine. Their main conclusions were that DT models are an effective and reliable 
decision-making technique evidenced by a number of studies including one in which DT models and 
logistic regression models were applied for the purpose of predicting caesarean delivery. This study 
showed that DT models had performance comparable to logistic regression but the attributes 
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selected by the DT model would be small enough to be intelligible to physicians and revealed causal 
dependencies among variables not detected by logistic regression. Kaur (2006) broadened their 
study of DT models in healthcare to include other DM techniques making a case for the utility of 
such techniques in a wider range of healthcare problems. 

Specific applications of ML techniques in the pharmacovigilance arena have been proposed by 
Trifiro (2009) who applied data mining techniques for the purpose of signal detection from electronic 
health records. Although not explicitly using DT models, the authors proposed a method to create a 
collection of ADR events which could be the focus of further investigation by data mining 
techniques. This work illustrates the importance of analysing existing data to generate a more 
focused set of signals to investigate. 

Finally, Hammann (2010) used DT models to aid in the understanding of how the chemical, 
physical, and structural properties of compounds could have some type of relationship with ADRs in 
the central nervous system, liver, kidney and also of allergic reactions. Their work highlighted how 
such a technique could be used to generate output which required very little computational power; a 
key driver if data is to be analysed in real time. Furthermore they emphasised that although other 
ML techniques could have been used which may have had comparable, if not better classification 
accuracy, the advantages of DT models outweighed that of other methods. 

It is evident from these previous studies that there is merit in applying ML techniques to 
pharmacovigilance data. Focussing on DT models would be a worthwhile starting point as such 
algorithms are now computationally less expensive to run on large data sets, allow for hypothesis 
testing in an on-line and real-time environment, produce intelligible output which experts can verify, 
and lend themselves to comparison with other ML techniques. 

Notwithstanding these advantages, there is the problem still of undersampling which has been 
discussed both in Li (2005) and Lin (2008). The experiments presented in the next two sections 
have taken into account this issue when generating the resulting DT models.  
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Example 1: Atypical antipsychotics 
We applied DT methods to the atypical antipsychotic dataset described in 3.2.5. The results are 
presented in Figures 21-25. 

 

 

Figure 21.  Decision tree with Clozapine (CLO) and Risperidone (RIS) as outcome 

 

 

Figure 22. Decision tree with Clozapine (CLO) and Olanzapine (OLA) as outcome 
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Figures 21 and 22 are the visualisation of two of the decision trees generated where the outcome of 
the tree is the drug. Figures 23-24 show the decision trees as rules. Appendix 13 contains the table 
to aid the interpretation of the attribute values used in the rules. 

First data set: 

1. if age > 50.704 then outcome = AMN  

2. if age > 44.074 and age <= 50.704 and drug = CLO then outcome = APN  

3. if age > 33.773 and age <= 44.074 and drug = CLO then outcome = CMP  

4. if age <= 33.773 and drug = CLO then outcome = CNV  

5. if age <= 30.146 and drug = CLO then outcome = GIB  

6. if age > 46.958 and drug = OLA then outcome = ANG  

7. if age > 45.996 and age <= 46.958 and drug = OLA then outcome = ADJ  

8. if age <= 45.996 drug = OLA then outcome = AMI  

9. if age <= 44.387 and drug = OLA then outcome = ADJ  

10. if age <= 42.267 and drug = OLA then outcome = CNV  

11. if age > 38.427 and age <= 39.394 and drug = OLA then outcome = APN  

12. if age > 27.388 and age <= 38.427 and drug = OLA then outcome = AMN  

13. if age > 23.725 and age <= 27.388 and drug = OLA then outcome = ADJ  

14. if age > 21.819 and age <= 23.725 and drug = OLA then outcome = CNV  

15. if age <= 21.819 and drug = OLA then outcome = ADJ  

16. if age <= 19.021 and drug = OLA then outcome = AMN  

17. if age > 42.742 and drug = QUE then outcome = ADJ  

18. if age > 35.383 age <= 42.742 and drug = QUE then outcome = AMI  

19. if age > 40.537 and age <= 41.682 and drug = QUE then outcome = CNV  

20. if age <= 40.537 and drug = QUE then outcome = ADJ  

21. if age <= 39.422 and drug = QUE then outcome = CNV  

22. if age <= 38.728 and drug = QUE then outcome = GIB  

23. if age <= 37.923 and drug = QUE then outcome = ADJ  

24. if age > 34.710 and age <= 35.383 and drug = QUE then outcome = ARF  

25. if age > 31.138 and age <= 34.710 and drug = QUE then outcome = ADJ  
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26. if age > 29.576 and age <= 31.138 and drug = QUE then outcome = GIB  

27. if age <= 29.576 and drug = QUE then outcome = ADJ  

28. if age <= 23.714 and drug = QUE then outcome = EMF  

29. if age > 47.462 and drug = RIS then outcome = ADJ  

30. if age > 46.379 and age <= 47.462 and drug = RIS then outcome = CNV  

31. if age <= 46.379 and drug = RIS then outcome = ADJ  

32. if age <= 45.196 and drug = RIS then outcome = CNV  

33. if age > 42.913 and age <= 44.293 and drug = RIS then outcome = ADJ 

34. if age > 39.415 and age <= 42.913 and drug = RIS then outcome = GIB  

35. if age > 31.953 and age <= 39.415 and drug = RIS then outcome = ADJ  

36. if age > 31.533 and drug = RIS then outcome = GSE  

37. if age <= 31.533 and drug = RIS then outcome = ADJ  

38. if age > 29.522 and age <= 30.482 and drug = RIS then outcome = CNV  

39. if age > 27.804 and age <= 29.552 and drug = RIS then outcome = GIB  

40. if age > 27.804 and age <= 29.046 and drug = RIS then outcome = ANA  

41. if age > 26.883 and age <= 27.804 and drug = RIS then outcome = ALG  

42. if age <= 26.883 and drug = RIS then outcome = GIB  

43. if age > 24.783 and age <= 26.862 and drug = RIS then outcome = CNV  

44. if age <= 24.783 and drug = RIS then outcome = ADJ  

45. if age <= 12.834 and drug = RIS then outcome = CNV 

 

Figure 23. Decision tree with event as outcome 

 

Most recent data set (outcome is event) 

1. if drug = RIS and period = 3.0 and age <= 17.697467 then MOD 

2. if drug = RIS and period = 3.0 and age > 17.697467 and age <= 48.780287 
then SUI 

3. if drug = RIS and period = 3.0 and age > 48.780287 and age <= 50.956879 
then NEU 
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4. if drug = RIS and period = 3.0 and age > 50.956879 and age <= 55.534565 
then ANG 

5. if drug = RIS and period = 3.0 and age > 55.534565 and age <= 66.893908 
then MOD 

6. if drug = RIS and period = 4.0 and age <= 16.698152 then GIB 

7. if drug = RIS and period = 4.0 and age > 16.698152 and age <= 30.078029 
then MOD 

8. if drug = RIS and period = 4.0 and age > 30.078029 and age <= 45.292266 
then SUI 

9. if drug = RIS and period = 4.0 and age > 45.292266 and age <= 66.893908 
then MOD 

10. if drug = RIS and period = 2.0 and age <= 10.502396 then CNV 

11. if drug = RIS and period = 2.0 and age > 10.502396 and age <= 66.893908 
then MOD 

12. if drug = RIS and period = 1.0 and age <= 15.282683 then ADJ 

13. if drug = RIS and period = 1.0 and age > 15.282683 and age <= 66.893908 
then MOD 

14. if drug = RIS and period = 5.0 and age <= 15.422313 then CNV 

15. if drug = RIS and period = 5.0 and age > 15.422313 and age <= 26.606434 
then SUI 

16. if drug = RIS and period = 5.0 and age > 26.606434 and age <= 28.4846 then 
GIB 

17. if drug = RIS and period = 5.0 and age > 28.484 then MOD 

18. if drug = RIS and period = 0.0 and age <= 16.766598 then ADJ 

19. if drug = RIS and period = 0.0 and age > 16.766598 then MOD  

20. if drug = RIS and period = 6.0 then MOD 

21. if drug = QUE and age <= 36.503765 then SUI 

22. if drug = QUE and age > 36.503765 and age <= 40.761123 then SUI 

23. if drug = QUE and age > 40.761123 and age <= 43.59206 then MOD  

24. if drug = QUE and age > 43.59206 and age <= 66.893908 then SUI  

25. if drug = QUE and age > 46.444901 and age <= 66.893908 then MOD 

26. if drug = CLO and age <= 44.372348 then SUI 
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27. if drug = CLO and age > 44.372348 and age <= 66.893908 then RSH 

28. if drug = OLA and age <= 66.893908 then MOD 

29. if age > 66.893908 and period = 3.0 then MOD  

30. if period = 4.0 and age > 66.893908 and age <= 68.098563 then OBS 

31. if period = 4.0 and age > 68.098563 and age <= 74.004107 then MOD 

32. if period = 4.0 and age > 74.004107 then IHD 

33. if drug = RIS and period = 2.0 and age > 66.893908 and age <= 71.381246 
then NEU 

34. if drug = RIS and period = 2.0 and age > 71.381246 and age <= 72.796715 
then AMI 

35. if drug = RIS and period = 2.0 and age > 72.796715 and age <= 73.908282 
then MOD 

36. if drug = RIS and period = 2.0 and age > 73.908282 and age <= 74.855578 
then GIB  

37. if drug = RIS and period = 2.0 and age > 74.855578 and age <= 75.794661 
then ANG 

38. if drug = RIS and period = 2.0 and age > 75.794661 and age <= 83.74264 then 
STR 

39. if drug = RIS and period = 2.0 and age > 83.742642 and age <= 84.54757 then 
ANG  

40. if drug = RIS and period = 2.0 and age > 84.54757 then CON 

41. if drug = QUE and period = 2.0 and age > 66.893908 then MOD  

42. if drug = CLO and period = 2.0 and age > 66.893908 then MOD 

43. if drug = OLA and period = 2.0 and age > 66.893908 then SUI 

44. if drug = RIS and period = 1.0 and age > 66.893908 and age <= 73.938398 
then GIB 

45. if drug = RIS and period = 1.0 and age > 73.938398 and age <= 75.794661 
then MOD 

46. if drug = RIS and period = 1.0 and age > 75.794661 and age <= 76.353183 
then IHD 

47. if drug = RIS and period = 1.0 and age > 76.353183 and age <= 80.766598 
then STR  

48. if drug = RIS and period = 1.0 and age > 80.766598 then AMN 
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49. if drug = QUE and period = 1.0 and age > 66.893908 and age <= 77.015743 
then IHD  

50. if drug = QUE and period = 1.0 and age > 77.015743 and age <= 91.734428 
then STR 

51. if drug = QUE and period = 1.0 and age > 91.734428 then MOD 

52. if drug = CLO and period = 1.0 and age > 66.893908 then MOD  

53. if drug = OLA and period = 1.0 and age > 66.893908 then MOD 

54. if period = 5.0 and age > 66.893908 and age <= 74.855578 then MOD 

55. if period = 5.0 and age > 74.855578 and age <= 87.408624 then IHD 

56. if period = 5.0 and age > 87.408624 then AMN 

57. if drug = RIS and period = 0.0 and age > 66.893908 and age <= 69.026694 
then AMN 

58. if drug = RIS and period = 0.0 and age > 69.026694 and age <= 70.2423 then 
MOD 

59. if drug = RIS and period = 0.0 and age > 70.2423 and age <= 73.004791 then 
IHD 

60. if drug = RIS and period = 0.0 and age > 73.004791 and age <= 74.855578 
then MOD 

61. if drug = RIS and period = 0.0 and age > 74.855578 and age <= 79.23614 then 
AMN 

62. if drug = RIS and period = 0.0 and age > 79.23614 and age <= 79.542779 then 
GIB 

63. if drug = RIS and period = 0.0 and age > 79.542779 and age <= 80.495551 
then IHD 

64. if drug = RIS and period = 0.0 and age > 80.495551 and age <= 80.613279 
then AMN 

65. if drug = RIS and period = 0.0 and age > 80.613279 and age <= 86.294319 
then IHD 

66. if drug = RIS and period = 0.0 and age > 86.294319 and age <= 88.035592 
then STR 

67. if drug = RIS and period = 0.0 and age > 88.035592 and age <= 88.722793 
then AMI 

68. if drug = RIS and period = 0.0 and age > 88.722793 then AMN 

69. if drug = QUE and period = 0.0 and age > 66.893908 and age <= 77.015743 
then MOD 
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70. if drug = QUE and period = 0.0 and age > 77.015743 then AMN 

71. if drug = CLO and period = 0.0 and age > 66.893908 then GIB 

72. if drug = OLA and period = 0.0 and age > 66.893908 then MOD 

73. if period = 6.0 and age > 66.893908 then STR 

 

Figure 24. Decision tree with event as outcome. 

 

Most recent data set (outcome is drug) 

1. if outcome = NEU then drug = RIS  

2. if outcome = EMF then drug = QUE  

3. if outcome = GSE then drug = RIS 

4. if outcome = RSH then drug = RIS 

5. if outcome = APN then drug = RIS 

6. if outcome = GIB and period = 3.0 then drug = RIS 

7. if outcome = GIB and period = 4.0 then drug = RIS  

8. if outcome = GIB and period = 2.0 and age <= 47.162218 then drug = QUE 

9. if outcome = GIB and period = 2.0 and age > 47.162218: RIS  

10. if outcome = GIB and period = 1.0 then drug = RIS 

11. if outcome = GIB and period = 5.0 then drug = RIS 

12. if outcome = GIB and period = 0.0 and age <= 54.516085 then drug = QUE  

13. if outcome = GIB and period = 0.0 and age > 54.516085: then drug = RIS 

14. if outcome = GIB and period = 6.0 then drug = CLO 

15. if outcome = AMI then drug = RIS  

16. if outcome = ANG then drug = RIS 

17. if outcome = TCY then drug = QUE 

18. if outcome = FIB then drug = RIS 

19. if outcome = CNV and age <= 38.045175 then drug = RIS 

20. if outcome = CNV and age > 38.045175 and age <= 44.082136 then drug = QUE 

21. if outcome = CNV and age > 44.082136 then drug = RIS 
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22. if outcome = MOD and period = 3.0 and age <= 20.632444 then drug = RIS 

23. if outcome = MOD and period = 3.0 and age > 20.632444 and age <= 27.353867 
then drug = OLA (6.0) 

24. if outcome = MOD and period = 3.0 and age > 27.353867 and age <= 33.837098 
then drug = QUE  

25. if outcome = MOD and period = 3.0 and age > 33.837098 and age <= 34.477755 
then drug = CLO 

26. if outcome = MOD and period = 3.0 and age > 34.477755 and age <= 37.94935 
then drug = RIS 

27. if outcome = MOD and period = 3.0 and age > 37.94935  and age <= 39.671458 
then drug = OLA 

28. if outcome = MOD and period = 4.0 and age <= 19.436003 then drug = OLA  

29. if outcome = MOD and period = 4.0 and age > 19.436003 and age <= 25.971253 
then drug = RIS 

30. if outcome = MOD and period = 4.0 and age > 25.971253 and  age <= 39.671458 
then drug = OLA 

31. if outcome = MOD and period = 2.0 and age <= 39.671458 then drug = RIS 

32. if outcome = MOD and period = 1.0 and age <= 39.671458 then drug = RIS 

33. if outcome = MOD and period = 5.0 and age <= 20.120465 then drug = RIS 

34. if outcome = MOD and period = 5.0 and age > 20.120465 and age <= 30.258727 
then drug = OLA 

35. if outcome = MOD and period = 5.0 and age > 30.258727 and age <= 31.942505 
then drug = QUE 

36. if outcome = MOD and period = 5.0 and age > 31.942505 and age <= 37.875428 
then drug = RIS 

37. if outcome = MOD and period = 5.0 and age > 37.875428 and age <= 39.671458 
then drug = OLA  

38. if outcome = MOD and period = 0.0 and age <= 23.140315 then drug = RIS 

39. if outcome = MOD and period = 0.0 and age > 23.140315 and age <= 39.671458 
then drug = OLA 

40. if outcome = MOD and period = 0.0 and age <= 39.671458 then drug = RIS 
(18.0/10.0) 

41. if outcome = MOD and period = 3.0 and age > 39.671458 and age <= 61.853525 
then drug = OLA 

42. if outcome = MOD and period = 3.0 and age > 61.853525 then drug = RIS 
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43. if outcome = MOD and period = 4.0 and age > 39.671458 then drug = RIS 

44. if outcome = MOD and period = 2.0 and age > 39.671458 then drug = RIS 

45. if outcome = MOD and period = 1.0 and age > 39.671458 then drug = RIS 

46. if outcome = MOD and period = 5.0 and age > 39.671458 then drug = RIS 

47. if outcome = MOD and period = 0.0 and age > 39.671458 then drug = RIS 

48. if outcome = MOD and period = 6.0 and age > 39.671458 and age <= 64.104038 
then drug = OLA 

49. if outcome = MOD and period = 6.0 and age > 64.104038 then drug = RIS 

50. if outcome = AMN then drug = RIS 

51. if outcome = ARF and age <= 57.38809 then drug = QUE 

52. if outcome = ARF and age > 57.38809 then drug = RIS 

53. if outcome = ANA then drug = RIS  

54. if outcome = ALG then drug = RIS 

55. if outcome = SUI and period = 3.0 then drug = RIS  

56. if outcome = SUI and period = 4.0 then drug = RIS 

57. if outcome = SUI and period = 2.0 then drug = QUE 

58. if outcome = SUI and period = 1.0 and age <= 19.802875 then drug = RIS 

59. if outcome = SUI and period = 1.0 and age > 19.802875 then drug = QUE 

60. if outcome = SUI and period = 5.0 then drug = RIS 

61. if outcome = SUI and period = 0.0 then drug = RIS 

62. if outcome = SUI and period = 6.0 then drug = RIS 

63. if outcome = POI then drug = RIS  

64. if outcome = ADJ then drug = RIS 

65. if outcome = OBS then drug = RIS 

66. if outcome = CON then drug = RIS 

67. if outcome = STR and period = 3.0 then drug = RIS 

68. if outcome = STR and period = 4.0 then drug = RIS 

69. if outcome = STR and period = 2.0 then drug = RIS 

70. if outcome = STR and period = 1.0 and age <= 81.404517 then drug = RIS 
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71. if outcome = STR and period = 1.0 and age > 81.404517 then drug = QUE 

72. if outcome = STR and period = 5.0 then drug = QUE  

73. if outcome = STR and period = 0.0 then drug = RIS 

74. if outcome = STR and period = 6.0 and age <= 74.004107 then drug = QUE 

75. if outcome = STR and period = 6.0 and age > 74.004107 then drug = RIS 

76. if outcome = IHD then drug = RIS 

Figure 25. Decision tree with drug as outcome 

 

Comments on clinical plausibility of the Decision Trees for the atypical 
antipsychotics data and supporting evidence from Bayesian analysis 
This application of decision trees to pharmacovigilance is at an exploratory stage and the potential 
to draw clinical conclusions is limited. However, assessments of the validity of some of the 
outcomes and comparisons with the outcomes of the Bayesian analyses were made for the atypical 
antipsychotic and vaccine data sets. 

The decision trees split first on age, drug or outcome (in trees predicting drug used) or, in a small 
number of cases, time period since first atypical antipsychotic prescription. Most trees included age 
as an important predictor but this was often in narrow age bands making the information hard to 
interpret. The decision trees don’t explicitly take into account denominators, i.e. the total cohort size 
for each medicine.  In the case of the antipsychotic data set particular features are a larger cohort 
for risperidone than the other medicines and very sparse data for some events. One pattern that can 
be sought is the circumstances that allow medicines other than risperidone to predominate despite 
their smaller cohort sizes.  

 

This decision trees were scrutinised to assess if outcomes were age appropriate as a validity test of 
the method. The decision tree with drug as the outcome to be predicted (Figures 21 and 22) 
identified risperidone as the predominant atypical antipsychotic used in the over 51 year olds, and 
olanzapine in patients less than 47 yrs. The observation for risperidone is in keeping with its use in 
dementia related psychosis. 

Age also influenced the predominant adverse events detected with suicide-related disorders and 
bipolar-related mania and depression appearing most often in the below 22 year old age group and 
cognition disorders predominating in over 50 year old patients.  
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Individual antipsychotics, age and outcome  

Risperidone was examined as this was the largest cohort. For period 0, age > 88 years, cognitive 
disorder was identified as occurring most often and for age < 16 years adjustment disorder. Also for 
period 0, suicide-related disorders with age unspecified were prominent. For period 5 and age <15 
convulsions were dominant and for age 15-26 years, suicide-related disorders.  

In period 6, bipolar-related mania and depression, age unspecified was prominent. Because of 
sparse data and small age intervals generated by the decision tree a complete chart could not be 
constructed.  

 

Comparison of decision tree results with outcomes of Bayesian analysis 
The seven events statistically signalled in the Bayesian analysis were compared with the trees that 
commenced with outcome and, if no relevant data, the trees that commenced with drug. The results 
in Table 11 indicate that olanzapine and constipation was not detected but quetiapine was 
predominant for specific age groups with ARF and IHD. Since there were no IHD or ARF events for 
quetiapine in period 0 the results were not confounded by pre-treatment events.  

 

Table 11. Comparison of associations signalled from the Bayesian and Decision Tree 
analyses. 

Signal  Decision tree outcome Age  Period Medicine 
Risperidone/neutropenia neutropenia Unspec Unspec Risperidone 
     
Risperidone/GSE* GSE Unspec Unspec Risperidone 
     
Risperidone/constipation Constipation Unspec Unspec Risperidone 
Olanzapine/constipation Constipation Unspec Unspec Risperidone 
     
Risperidone/anaphylaxis Anaphylaxis Unspec Unspec Risperidone 
     
ARF/Quetiapine ARF <57 yrs. Unspec Quetiapine 
  >57 yrs. Unspec Risperidone 
     
IHD/Quetiapine IHD Unspec Unspec Risperidone 
  75-76  1 Risperidone 
  66-77 1 Quetiapine 
  >74 4 No drugs specified 

 

Example 2: IVMP 
Decision Trees for IVMP datasets described in 3.2.6 are presented in Figures 26-36. The numbers 
beside the outcome of each rule indicate how many instances of the hybrid vaccine (HYBRID), the 
MENZB vaccine (MENZ), and the schedule vaccines only (SCHED) respectively were explained by 
the rule with the “winning” outcome being the vaccine that had the highest value. For example: 

if ivmp-event = HAEMATOLOGICAL EVENTS and duration to onset > 21 and duration to 
onset <= 22.500 then SCHED (3 / 1 / 7) 
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indicated that this rule explained 3 instances containing HYBRID, 1 instance containing MENZ, and 
7 instances containing SCHED. Because SCHED has the highest frequency then this was the 
predominant vaccine explained by this rule. 

durationtoonsetis the number of days between when the vaccine was administered and an event 
occurred. 

1. ivmp-event = CARDIOVASCULAR-RELATED EVENTS and duration to onset > 20 then 
HYBRID  (2 / 2 / 0) 

2. if ivmp-event = CARDIOVASCULAR-RELATED EVENTS and duration to onset > 
14.500 and duration to onset <= 20.0  then SCHED  (0 / 0 / 2) 

3. if ivmp-event = CARDIOVASCULAR-RELATED EVENTS and duration to onset > 7.500 
and duration to onset <= 14.500 then MENZ  (0 / 3 / 2) 

4. if ivmp-event = CARDIOVASCULAR-RELATED EVENTS and duration to onset <= 
7.500 then HYBRID  (6 / 2 / 0) 

 

1. if ivmp-event = CONVULSION-LIKE EVENTS and duration to onset > 15.500 then 
MENZ  (0 / 5 / 0) 

2. if ivmp-event = CONVULSION-LIKE EVENTS and duration to onset > 14.500 and 
duration to onset <= 15.500  then HYBRID  (3 / 0 / 0) 

3. if ivmp-event = CONVULSION-LIKE EVENTS and duration to onset > 10.500 and 
duration to onset <= 14.500 then SCHED  (3 / 1 / 5) 

4. if ivmp-event = CONVULSION-LIKE EVENTS and duration to onset > 6.500 and 
duration to onset <= 10.500 then MENZ  (0 / 5 / 0) 

5. if ivmp-event = CONVULSION-LIKE EVENTS and duration to onset > 4.500 and 
duration to onset <= 6.500 then HYBRID  (6 / 1 / 0) 

6. if ivmp-event = CONVULSION-LIKE EVENTS and duration to onset <= 4.500 then 
MENZ  (0 / 2 / 2) 

Figure 26.  Decision tree with vaccine as outcome 

 

1. if ivmp-event = HAEMATOLOGICAL EVENTS and duration to onset > 30.500 then 
SCHED  (0 / 0 / 2) 

2. if ivmp-event = HAEMATOLOGICAL EVENTS and duration to onset > 28.500 and 
duration to onset <= 30.500 then MENZ  (0 / 5 / 0) 

3. if ivmp-event = HAEMATOLOGICAL EVENTS and duration to onset > 27.500  and 
duration to onset <= 28.500 then SCHED  (0 / 1 / 2) 

4. if ivmp-event = HAEMATOLOGICAL EVENTS and duration to onset > 26.500 and 
duration to onset <= 27.500 then HYBRID  (3 / 1 / 2) 
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5. if ivmp-event = HAEMATOLOGICAL EVENTS and duration to onset > 22.500 and 
duration to onset <= 26.500 then SCHED  (0 / 4 / 4) 

6. if ivmp-event = HAEMATOLOGICAL EVENTS and duration to onset > 21 and 
duration to onset <= 22.500 then SCHED  (3 / 1 / 7) 

7. if ivmp-event = HAEMATOLOGICAL EVENTS and duration to onset > 18.500 and 
duration to onset <= 21 then MENZ  (0 / 7 / 0) 

8. if ivmp-event = HAEMATOLOGICAL EVENTS and duration to onset > 17.500 and 
duration to onset <= 18.500 then HYBRID  (6 / 1 / 0) 

9. if ivmp-event = HAEMATOLOGICAL EVENTS and duration to onset > 16.500 and 
duration to onset <= 17.500 then MENZ  (0 / 2 / 0) 

10. if ivmp-event = HAEMATOLOGICAL EVENTS and duration to onset > 14.500 and 
duration to onset <= 16.500 then SCHED  (0 / 4 / 8) 

11. if ivmp-event = HAEMATOLOGICAL EVENTS and duration to onset > 11.500 
duration to onset <= 14.500 then MENZ  (3 / 14 / 4) 

12. if ivmp-event = HAEMATOLOGICAL EVENTS and duration to onset > 10.500 and 
duration to onset <= 11.500 then HYBRID  (9 / 4 / 5) 

13. if ivmp-event = HAEMATOLOGICAL EVENTS and duration to onset > 7.500 and 
duration to onset <= 10.500 then MENZ  (6 / 16 / 6) 

14. if ivmp-event = HAEMATOLOGICAL EVENTS and duration to onset > 6.500 and 
duration to onset <= 7.500 then MENZ  (0 / 9 / 0) 

15. if ivmp-event = HAEMATOLOGICAL EVENTS and duration to onset > 4.500 and 
duration to onset <= 6.500 then MENZ  (6 / 10 / 0) 

16. if ivmp-event = HAEMATOLOGICAL EVENTS and duration to onset > 3.500  and 
duration to onset <= 4.500 then HYBRID  (6 / 5 / 2) 

17. if ivmp-event = HAEMATOLOGICAL EVENTS and duration to onset <= 3.500 then 
MENZ  (3 / 4 / 0) 

Figure 27. Decision tree with vaccine as outcome 

 

1. if ivmp-event = HYPERSENSITIVITY-TYPE EVENTS and duration to onset > 30.500 
then MENZ  (9 / 25 / 14) 

2. if ivmp-event = HYPERSENSITIVITY-TYPE EVENTS and duration to onset > 29.500 
and duration to onset <= 30.500  then HYBRID  (27 / 24 / 14) 

3. if ivmp-event = HYPERSENSITIVITY-TYPE EVENTS and duration to onset > 27.500 
and duration to onset <= 29.500 then MENZ  (45 / 64 / 36) 

4. if ivmp-event = HYPERSENSITIVITY-TYPE EVENTS and duration to onset > 24.500 
and duration to onset <= 27.500 then HYBRID  (92 / 75 / 28) 
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5. if ivmp-event = HYPERSENSITIVITY-TYPE EVENTS and duration to onset > 22.500  
and duration to onset <= 24.500  then MENZ  (48 / 68 / 48) 

6. if ivmp-event = HYPERSENSITIVITY-TYPE EVENTS and duration to onset > 21.500 
and  duration to onset <= 22.500 then HYBRID  (52 / 41 / 29) 

7. if ivmp-event = HYPERSENSITIVITY-TYPE EVENTS and duration to onset > 19.500 
and duration to onset <= 21.500 then MENZ  (65 / 98 / 36) 

8. if ivmp-event = HYPERSENSITIVITY-TYPE EVENTS and duration to onset > 18.500 
and duration to onset <= 19.500 then HYBRID  (42 / 31 / 11) 

9. if ivmp-event = HYPERSENSITIVITY-TYPE EVENTS and duration to onset > 15.500 
and duration to onset <= 18.500 then MENZ  (83 / 129 / 25) 

10. if ivmp-event = HYPERSENSITIVITY-TYPE EVENTS and duration to onset > 14.500 
and duration to onset <= 15.500 then HYBRID  (53 / 51 / 36) 

11. if ivmp-event = HYPERSENSITIVITY-TYPE EVENTS and duration to onset > 13.500 
and duration to onset <= 14.500 then MENZ  (52 / 52 / 32) 

12. if ivmp-event = HYPERSENSITIVITY-TYPE EVENTS and duration to onset > 11.500 
and duration to onset <= 13.500 then MENZ  (60 / 100 / 63) 

13. if ivmp-event = HYPERSENSITIVITY-TYPE EVENTS and duration to onset > 10.500 
and duration to onset <= 11.500 then SCHED  (39 / 51 / 75) 

14. if ivmp-event = HYPERSENSITIVITY-TYPE EVENTS and duration to onset > 9.500 
and duration to onset <= 10.500 then MENZ  (60 / 91 / 55) 

15. if ivmp-event = HYPERSENSITIVITY-TYPE EVENTS and duration to onset > 7.500 
and duration to onset <= 9.500 then MENZ  (145 / 203 / 111) 

16. if ivmp-event = HYPERSENSITIVITY-TYPE EVENTS duration to onset > 5.500 and 
duration to onset <= 7.500 then HYBRID  (226 / 201 / 112) 

17. if ivmp-event = HYPERSENSITIVITY-TYPE EVENTS duration to onset > 4.500 and 
duration to onset <= 5.500 then MENZ  (68 / 109 / 68) 

18. if ivmp-event = HYPERSENSITIVITY-TYPE EVENTS duration to onset > 3.500 and 
duration to onset <= 4.500 then HYBRID  (105 / 88 / 39) 

19. if ivmp-event = HYPERSENSITIVITY-TYPE EVENTS duration to onset <= 3.500 
then MENZ  (56 / 98 / 56) 

Figure 28.  Decision tree with vaccine as outcome 
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1. if ivmp-event = INFECTIONS and duration to onset > 30.500 then MENZ  (21 / 
55 / 22) 

2. if ivmp-event = INFECTIONS and duration to onset > 22.500 and duration to 
onset <= 30.500  then MENZ  (469 / 635 / 261) 

3. if ivmp-event = INFECTIONS and duration to onset > 21.500 and duration to 
onset <= 22.500 then HYBRID  (126 / 125 / 40) 

4. if ivmp-event = INFECTIONS and duration to onset > 19.500 and duration to 
onset <= 21.500 then MENZ  (175 / 211 / 67) 

5. if ivmp-event = INFECTIONS and duration to onset > 18.500 and duration to 
onset <= 19.500 then MENZ  (66 / 114 / 24) 

6. if ivmp-event = INFECTIONS and duration to onset > 17.500 and duration to 
onset <= 18.500 then HYBRID  (114 / 110 / 65) 

7. if ivmp-event = INFECTIONS and duration to onset > 15.500 and duration to 
onset <= 17.500 then MENZ  (177 / 259 / 70) 

8. if ivmp-event = INFECTIONS and duration to onset > 14.500 and duration to 
onset <= 15.500 then MENZ  (127 / 140 / 72) 

9. if ivmp-event = INFECTIONS and duration to onset > 11.500 and duration to 
onset <= 14.500 then MENZ  (302 / 472 / 172) 

10. if ivmp-event = INFECTIONS and duration to onset > 10.500 and duration to 
onset <= 11.500 then SCHED  (93 / 138 / 152) 

11. if ivmp-event = INFECTIONS and duration to onset > 9.500 and duration to 
onset <= 10.500 then MENZ  (98 / 196 / 126) 

12. if ivmp-event = INFECTIONS and duration to onset > 7.500 and duration to 
onset <= 9.500 then MENZ  (286 / 472 / 217) 

13. if ivmp-event = INFECTIONS and duration to onset > 6.500 and duration to 
onset <= 7.500 then HYBRID  (233 / 216 / 104) 

14. if ivmp-event = INFECTIONS and duration to onset > 5.500 and duration to 
onset <= 6.500 then MENZ  (213 / 239 / 95) 

15. if ivmp-event = INFECTIONS and duration to onset > 3.500 and duration to 
onset <= 5.500 then MENZ  (337 / 455 / 246) 

16. if ivmp-event = INFECTIONS and duration to onset <= 3.500 then MENZ  (117 / 
223 / 104) 

Figure 29. Decision tree with vaccine as outcome 
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1. if ivmp-event = INJURY and duration to onset > 28.500 then MENZ  (0 / 18 / 
2) 

2. if ivmp-event = INJURY and duration to onset > 27.500 and duration to onset 
<= 28.500 then HYBRID  (6 / 2 / 0) 

3. if ivmp-event = INJURY and duration to onset > 23.500 and duration to onset 
<= 27.500 then MENZ  (0 / 19 / 0) 

4. if ivmp-event = INJURY and duration to onset <= 23.500 and duration to 
onset > 22.500 then HYBRID  (6 / 5 / 2) 

5. if ivmp-event = INJURY and duration to onset > 19.500 and duration to onset 
<= 22.500 then MENZ  (3 / 21 / 2) 

6. if ivmp-event =  

7. INJURY and duration to onset > 18.500 and duration to onset <= 19.500 then 
HYBRID  (6 / 4 / 2) 

8. if ivmp-event = INJURY and duration to onset > 14.500  and duration to 
onset <= 18.500 then MENZ  (15 / 30 / 4) 

9. if ivmp-event = INJURY and duration to onset <= 14.500 then MENZ  (17 / 170 
/ 38) 

Figure 30.  Decision tree with vaccine as outcome 

 

1. if ivmp-event = LOCALISED EVENTS and duration to onset > 13.500 then MENZ  
(0 / 9 / 6) 

2. if ivmp-event = LOCALISED EVENTS and duration to onset > 10.500 and 
duration to onset <= 13.500 then SCHED  (0 / 2 / 8) 

3. if ivmp-event = LOCALISED EVENTS and duration to onset > 9.500 and duration 
to onset <= 10.500 then MENZ  (0 / 2 / 0) 

4. if ivmp-event = LOCALISED EVENTS and duration to onset> 8.500 and  duration 
to onset <= 9.500 then SCHED  (0 / 1 / 4) 

5. if ivmp-event = LOCALISED EVENTS and duration to onset > 5.500 and duration 
to onset <= 8.500 then MENZ  (0 / 10 / 0) 

6. if ivmp-event = LOCALISED EVENTS and duration to onset > 4.500 and duration 
to onset <= 5.500 then HYBRID  (6 / 5 / 0) 

7. if ivmp-event = LOCALISED EVENTS and duration to onset <= 4.500 then SCHED  
(8 / 10 / 29) 

Figure 31. Decision tree with vaccine as outcome 
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1. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset > 29.500 then MENZ  
(0 / 3 / 2) 

2. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset > 28.500 and 
duration to onset <= 29.500 then SCHED  (0 / 0 / 2) 

3. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset > 27.500 and 
duration to onset <= 28.500 then MENZ  (0 / 2 / 0) 

4. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset > 26.500 and 
duration to onset <= 27.500 then SCHED  (6 / 0 / 6) 

5. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset > 25.500 and 
duration to onset <= 26.500 then HYBRID  (3 / 0 / 0) 

6. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset > 24 and duration 
to onset <= 25.500 then SCHED  (3 / 0 / 4) 

7. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset > 21.500 and 
duration to onset <= 24 then SCHED  (0 / 1 / 6) 

8. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset <= 21.500 and 
duration to onset > 20.500 then HYBRID  (6 / 0 / 0) 

9. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset > 19.500 and 
duration to onset <= 20.500 then HYBRID  (3 / 0 / 2) 

10. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset > 18.500 and 
duration to onset <= 19.500 then SCHED  (0 / 1 / 2) 

11. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset > 17.500 and 
duration to onset <= 18.500 then HYBRID  (3 / 0 / 2) 

12. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset > 16.500 and 
duration to onset <= 17.500 then HYBRID  (6 / 3 / 2) 

13. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset > 14.500 and 
duration to onset <= 16.500 then HYBRID  (30 / 6 / 0) 

14. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset > 13.500 and 
duration to onset <= 14.500 then SCHED  (3 / 2 / 6) 

15. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset > 12.500 and 
duration to onset <= 13.500 then MENZ  (3 / 3 / 2) 

16. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset > 11.500 and 
duration to onset <= 12.500 then SCHED  (0 / 2 / 3) 

17. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset > 10.500 and 
duration to onset <= 11.500 then SCHED  (3 / 1 / 6) 

18. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset > 9.500 and 
duration to onset <= 10.500 then MENZ  (3 / 5 / 4) 

19. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset > 8.500 and 
duration to onset <= 9.500 then HYBRID  (15 / 1 / 6) 
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20. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset > 6.500 and 
duration to onset <= 8.500 then SCHED  (15 / 12 / 30) 

21. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset <= 6.500 and 
duration to onset > 5.500 then HYBRID  (17 / 5 / 8) 

22. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset > 4.500 and 
duration to onset <= 5.500 then MENZ  (6 / 12 / 8) 

23. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset > 3.500 duration to 
onset <= 4.500 then HYBRID  (24 / 12 / 6) 

24. if ivmp-event = NEUROLOGICAL IRRITABILITY and duration to onset <= 3.500 then SCHED  
(3 / 10 / 21) 

25.  if ivmp-event = OTHER DISORDERS and duration to onset > 29.500 then MENZ  
(30 / 44 / 17) 

 
Figure 32. Decision tree with vaccine as outcome 

1. if ivmp-event = OTHER DISORDERS and duration to onset > 28.500 and duration 
to onset <= 29.500 then HYBRID (18 / 16 / 14) 

2. if ivmp-event = OTHER DISORDERS and duration to onset > 27.500 and 
duration to onset <= 29.500 then MENZ  (21 / 27 / 14) 

1. if ivmp-event = OTHER DISORDERS and duration to onset > 26.500 and 
duration to onset <= 29.500 then HYBRID  (15 / 13 / 8) 

2. if ivmp-event = OTHER DISORDERS and duration to onset > 25.500 and 
duration to onset <= 26.500 then MENZ  (18 / 19 / 14) 

3. if ivmp-event = OTHER DISORDERS and duration to onset > 24.500 and 
duration to onset <= 25.500 then SCHED  (15 / 19 / 22) 

4. if ivmp-event = OTHER DISORDERS and duration to onset > 22.500 and 
duration to onset <= 24.500 then MENZ  (37 / 53 / 28) 

5. if ivmp-event = OTHER DISORDERS and duration to onset > 18.500 and 
duration to onset <= 22.500 then MENZ  (59 / 116 / 52) 

6. if ivmp-event = OTHER DISORDERS and duration to onset > 15.500 duration to 
onset <= 18.500 then HYBRID  (131 / 82 / 48) 

7. if ivmp-event = OTHER DISORDERS and duration to onset > 12.500 and 
duration to onset <= 15.500 then MENZ  (98 / 124 / 65) 

8. if ivmp-event = OTHER DISORDERS and duration to onset > 11.500 and 
duration to onset <= 12.500 and then MENZ  (26 / 38 / 32) 

9. if ivmp-event = OTHER DISORDERS and duration to onset > 10.500 and 
duration to onset <= 11.500 then SCHED  (21 / 50 / 55) 

10. if ivmp-event = OTHER DISORDERS and duration to onset > 9.500 duration to 
onset <= 10.500 then MENZ  (33 / 59 / 54) 
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11. if ivmp-event = OTHER DISORDERS and duration to onset > 8.500 and duration 
to onset <= 9.500 then HYBRID  (56 / 54 / 38) 

12. if ivmp-event = OTHER DISORDERS and duration to onset > 7.500 and duration 
to onset <= 8.500 then MENZ  (54 / 84 / 70) 

13. if ivmp-event = OTHER DISORDERS and duration to onset > 5.500 and duration 
to onset <= 7.500 then MENZ  (124 / 147 / 83) 

14. if ivmp-event = OTHER DISORDERS and duration to onset > 4.500 and duration 
to onset <= 5.500 then HYBRID  (66 / 63 / 38) 

15. if ivmp-event = OTHER DISORDERS and duration to onset > 3.500 and duration 
to onset <= 4.500 then MENZ  (57 / 73 / 54) 

16. if ivmp-event = OTHER DISORDERS and duration to onset <= 3.500 then HYBRID  
(89 / 78 / 65) 

Figure 33 .Decision tree with vaccine as outcome 
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1. if ivmp-event = SLEEP-RELATED EVENTS and duration to onset > 22.500 then 
SCHED  (0 / 3 / 8) 

2. if ivmp-event = SLEEP-RELATED EVENTS and duration to onset > 20.500 and 
duration to onset <= 22.500 then MENZ  (0 / 2 / 0) 

3. if ivmp-event = SLEEP-RELATED EVENTS and duration to onset > 16.500 and 
duration to onset <= 20.500 then HYBRID  (12 / 3 / 0) 

4. if ivmp-event = SLEEP-RELATED EVENTS and duration to onset > 15.500 and 
duration to onset <= 16.500 then MENZ  (0 / 3 / 0) 

5. if ivmp-event = SLEEP-RELATED EVENTS and duration to onset > 14.500 and 
duration to onset <= 15.500 then SCHED  (0 / 1 / 2) 

6. if ivmp-event = SLEEP-RELATED EVENTS and duration to onset > 8.500 and 
duration to onset <= 14.500 then HYBRID  (12 / 8 / 4) 

7. if ivmp-event = SLEEP-RELATED EVENTS and duration to onset > 7.500 and 
duration to onset <= 8.500 then SCHED  (3 / 1 / 4) 

8. if ivmp-event = SLEEP-RELATED EVENTS and duration to onset > 6.500 and 
duration to onset <= 7.500 then HYBRID  (9 / 1 / 2) 

9. if ivmp-event = SLEEP-RELATED EVENTS and duration to onset > 5.500 and 
duration to onset <= 6.500 then HYBRID  (6 / 4 / 6) 

10. if ivmp-event = SLEEP-RELATED EVENTS and duration to onset > 4.500 and 
duration to onset <= 5.500 then SCHED  (3 / 3 / 6) 

11. if ivmp-event = SLEEP-RELATED EVENTS and duration to onset > 3.500 and 
duration to onset <= 4.500 then HYBRID  (6 / 2 / 0) 

12. if ivmp-event = SLEEP-RELATED EVENTS and duration to onset <= 3.500 then 
MENZ  (0 / 2 / 2) 

Figure 34. Decision tree with vaccine as outcome 

 

 

1. if ivmp-event = SOMATIC IMMUNE RESPONSES and duration to onset > 29.500 
then HYBRID  (27 / 14 / 10) 

2. if ivmp-event = SOMATIC IMMUNE RESPONSES and duration to onset > 21.500 and 
duration to onset <= 29.500 then MENZ  (57 / 126 / 46) 

3. if ivmp-event = SOMATIC IMMUNE RESPONSES and duration to onset > 20.500 and 
duration to onset <= 21.500 then HYBRID  (24 / 16 / 4) 

4. if ivmp-event = SOMATIC IMMUNE RESPONSES and duration to onset > 18.500 and 
duration to onset <= 20.500 then MENZ  (15 / 32 / 12) 

5. if ivmp-event = SOMATIC IMMUNE RESPONSES and duration to onset > 17.500 and 
duration to onset <= 18.500 then HYBRID  (39 / 21 / 4) 
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6. if ivmp-event = SOMATIC IMMUNE RESPONSES and duration to onset <= 17.500 
then MENZ  (348 / 730 / 250) 

Figure 35 .Decision tree with vaccine as outcome 

 

1. if ivmp-event = VACCINE ANXIETY-TYPE EVENTS and duration to onset > 15.500 
then MENZ  (0 / 4 / 0) 

2. if ivmp-event = VACCINE ANXIETY-TYPE EVENTS and duration to onset > 14 and 
duration to onset = 15.500 then SCHED  (0 / 0 / 2) 

3. if ivmp-event = VACCINE ANXIETY-TYPE EVENTS and duration to onset > 8 and 
<= 14 then MENZ  (0 / 2 / 0) 

4. if ivmp-event = VACCINE ANXIETY-TYPE EVENTS and duration to onset > 5.500 
and duration to onset <= 8 then HYBRID  (6 / 0 / 0) 

5. if ivmp-event = VACCINE ANXIETY-TYPE EVENTS and > 3.500 and duration to 
onset <= 5.500 then MENZ  (3 / 3 / 0) 

6. if ivmp-event = VACCINE ANXIETY-TYPE EVENTS and duration to onset <= 3.500 
then SCHED  (0 / 0 / 2) 

 

Figure 36. Decision tree with vaccine as outcome 

 

Comments on clinical plausibility of the IVMP Decision Tree Outcomes 

As shown in Table 6, the cohort numbers were HYBRID 1726, MENZ 6311, SCHED 2271. 
Regarding events, respiratory infections were not included in this decision tree as the large numbers 
tended to dominate the data, obscuring other features. 

As the MENZ cohort was approximately three fold larger than the other two cohorts, the data were 
examined for marked prominence of one of the other two cohorts by event and time period. Finding 
an unexpectedly large effect for MENZ is difficult for these data. For all identified associations 
further statistical evaluation would be required before strong inferences can be made. 

Observation of the data shows an expected pattern for local reactions occurring mostly in the first 
week as children present initially with either acute local reactions or marked reactions that do not 
subside quickly over the subsequent days (Figure 30). These observations are in keeping with the 
Bayesian findings and are clinically plausible.  

The other observation of interest is an apparent trend to more neurological events with the HYBRID 
vaccinations. There is marked prominence of the HYBRID vaccinations over the other two for 
neurologic reactions (mostly irritability) in most of the days >3.5 to <9.5 and again at days >14.5 - < 
16.5. This is mirrored for the first time period, but with fewer events, for sleep-related disorders. 
There were fewer reports of convulsions but these also occurred most often with the HYBRID 
vaccine at days >4.5 to <6.5. This more prominent increase with the HYBRID vaccine in the early 
part of the period monitored was also noted from the Bayesian application (Figure 12). 
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3.3.2 Text-mining tools (description, findings from present study as an 
example of use) 
As clinical information such as discharge summaries, clinical notes and nursing notes are 
increasingly available in electronic form either through transcription or direct data entry, 
investigators have begun to recognise that this text data could be of value for adverse event 
detection. The use of Natural Language Processing (NLP) can facilitate this. NLP is essentially an 
automated technique that converts narrative documents into a coded form suitable for computer-
based analysis. In the Health Informatics domain applications of NLP have ranged from improving 
identification of colorectal cancer testing in electronic medical records, Denny (2012), to automated 
identification of postoperative complications within electronic medical records (Murff, 2011). 

With the amount of data now collected electronically, NLP techniques have been combined with 
existing data mining techniques to speed up the process of analysing the text within these electronic 
documents. These technologies could be used to at least reduce the number of cases required to 
be searched for that potentially match a predefined criteria or alternatively highlight words or 
phrases which may signal an adverse drug reaction. 

There are a number of reasons why text mining would be suited to pharmacovigilance as identified 
by Meyer and Feller (2009). First of all it would enable the unified access to many heterogeneous 
data sources such as electronic health records, discharge summaries, and consultation notes. Also, 
because text mining aligns itself with the objectives of data mining, information discovery would be 
possible even though a large part of the content is unstructured. It would also help to contextualise 
new information extracted through this process and potentially speed up the contraindication 
discovery process. Finally because of the speed of processing electronic data, text mining may 
enable faster response time to unexpected ADRs. 

A general architecture for text-mining is depicted in Figure 364. Here a document or documents 
containing raw (free)-text are processed through a series of components which gradually generate 
words or phrases of interest in the form of relations (list of elements) based on the objective of what 
the aim of the text mining is intending to achieve. In this case the elements of interest are those 
adverse drug reaction description or terms which may appear in the free-text GP notes. 

4  From http://nltk.googlecode.com/svn/trunk/doc/book/ch07.html Last accessed 24 October, 2012. 
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Figure 37. Process of extracting concepts from free text. 

 

Analysing free-text in medical documents dates back at least as far as 1995 when Haug (1995) 
investigated the interactions between syntax and semantics of electronic healthcare records through 
a system called SymText. Their main objective was to structure such information in a coded form so 
that it would be accessible to manipulation by processes designed for tasks such as automated 
decision support and medical research in the management of health care delivery. 

Similarly Friedman (1997) proposed a NLP framework for generating coded data from clinical 
reports from textual data known as MedLEE. A lexicon was used to match the textual data extracted 
from the discharge summaries. This input was then passed to an automated system which 
structured this input as clinical information which was associated with the most prevalent health 
conditions. Melton (1995) also analysed discharge summaries using a version of MedLEE  but this 
time detecting adverse events. In this study a much larger set of cases was used (57,452) and to 
validate their results a subset of this data set was also reviewed by a physician to establish the 
degree of agreement between the results of the system and the assessment of the expert. The 
overall finding was that there was a very high agreement rate. The authors did, however, point out 
the fact that such electronic data was to be consistently formatted if it was to be of use to such a 
system.  

Meystre (2005) turned their attention to analysing free text records in electronic medical records to 
generate a summary of patients’ illnesses so that a physician can be aided in their decision-making 
process and plan for their care. The free text in the records were indexed by MetaMap, an 
established system for identifying medical text and the system reformatted this information so that it 
highlighted the medical problem for the physician. Although the problem domain was to do with 
cardiovascular illness, the authors demonstrated the usefulness of their concept. 

There have also been some commercial software applications to perform similar tasks. 
Jagannathan (2008) investigated and compared four NLP vendor solutions for the purpose of 
extracting medication information from dictated clinical notes. Although little information about the 

 



 
160 Final Deliverable Report from the University of Otago Product Vigilance Research Team 

architecture of these commercial systems were provided, the authors did set out an appropriate 
methodology for the comparison of such software drawing a conclusion that although automated 
extraction may serve as the foundation for a manual review process, it is not ready to automate 
medication lists without human intervention. Xu (2009), however, developed MedEx which also 
extracted medication information from clinical notes and in their paper reported the architecture for 
their system which included a new method, incorporating temporal data present in the text, to more 
robustly parse it. Their results indicated that their improved approach resulted in extracting more 
relevant medication information. 

More recently Duke (2010) applied NLP tools to create a parser that extracted Adverse Drug Events 
(ADE) from structured product labels of drugs that could be mapped to the Medical Dictionary of 
Regulatory Activities (MedDRA). The objective of this work was to automate the generation of a list 
of ADEs associated with a patient’s medications.  

Finally Haerian (2012) developed a NLP system to knowledge source to differentiate cases in which 
the patient’s disease is responsible for the event rather than a drug using the MedLEE system. 
Having this information available might help to improve on detecting actual ADRs by eliminating 
confounding information. 

In our study we have drawn from the key ideas reported in these previous studies to frame the 
experiments detailed in this report. These are listed below: 

• The process of keyword extraction from free-text contained in medical documents is very 
domain specific. In light of the different research discussed above, a suitable method for 
extracting keywords from GP consultation notes would need to be contextualised for text 
describing ADRs related to immunisation as is especially the case with the GP consultation 
notes from the IVMP data set. 

• The standard pipeline of NLP techniques for text mining has been found to be a suitable 
starting point for the subsequent analysis of medical documents. This means existing 
algorithms can be leveraged to pre-process the free-text into a format to which domain 
specific analyses can be applied. 

• If data within medical documents is already coded using classification schemes such as ICD-
9 or SNOMED CT then extracting relevant keywords becomes easier since such keywords 
can be matched to an existing data base of codes. 

• As more information about patients is stored electronically then such text mining techniques 
would need to scale to process this increased amount of data and report back findings in a 
timely manner. 

A final issue of text mining is the interpretability of the results. Although much work has been 
conducted in analysing text data in medical records, making sense of the keywords extracted can 
still present some challenges for those clinicians who wish to analyse the results. Presenting the 
results in a way which aids them to immediately identify potential signals would be of some value. 
One way in which this can be done is through a Tag (word) Cloud (TG) (Kuo, 2007; Lohmann, 
2009). Such visualisations present the most frequent words appearing in a body of text. If the word 
is a large size then the word appears more frequently in the text. Conversely, less frequent words in 
the text are represented as words in a smaller size. Finally, the colour of a word indicates that the 
frequency of a word is within a predefined frequency threshold or indicates words which are 
grouped together based on their meaning. Figure 37 depicts a Tag Cloud based on the text of 
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Charles Darwin’s The Origin of Species5. In this example, there is obvious clustering of words within 
the text as indicated by the colour of the words. 

 

Figure 37. A word cloud for Charles Darwin’s “The Origin of Species” 

 

Example 1: IVMP GP free-text notes 
 

Electronic records of GP notes may contain information which would help to identify an ADR or at 
least may signal an indication of one. To this end a subset of the GP consultation notes from the 
IVMP data set was analysed using a text-mining methodology based on current key literature on 
text analysis of ADR. The objective of this study was to investigate which words in the consultation 
notes could be used as search terms for the identification of a related ADR. It is hypothesised that 
words that occur more frequently would be desirable candidates for these search terms. 

 
234 cases of GP consultation notes were sourced from the overall set of consultation notes. For 
each consultation note, there was an event ID, a corresponding term which described the ADR, a 
group which the term belonged to, and the actual GP notes recorded as free-text which was the 
source for the ADR terms. The breakdown of terms to number of events is detailed in Table 12. 

 
 
 
 
 

5 From http://www.neoformix.com/2008/ClusteredWordCloudsII.html. Last accessed 24 October, 2012. 
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Term Number of Events 
APPETITE DECREASED 3 
BRONCHOSPASM 4 
CONJUNCTIVITIS 28 
CONSTIPATION 14 
COUGHING 15 
DIARRHOEA 18 
ECZEMA 31 
INFECTION VIRAL 8 
INJECTION SITE INFLAMMATION 4 
IRRITABILITY 19 
LOWER RESP. TRACT INFECTION 9 
NASAL CONGESTION 12 
PHARYNGITIS 6 
RASH 18 
RASH PRURITIC 5 
RHINORRHOEA 3 
TEETHING 15 
URTICARIA  14 

 
Table 12. Breakdown of terms to number of events 

Examples of the GP free-text consultation notes from this data set verbatim are contained below. 
The / br/ indicates a line break in the text. 

 
•  “Cough - runny nose - raspy voice today /.br/of foods - still drinking though /.br/o/e T 

36.1 wt 9.2kg/.br/ear bilat n /.br/rhinitis with pnd /.br/gingivitis and tonsillitis /.br/chest 
clear /.br/P- Rx a/b /.br/ AccidentMedical clinic: + mum. /.br/conjunctivitis, severe with 
redness under rt eye. oral ab due to this. /.br/tonsils red, few follicles. ears fine. 
/.br//.br//.br/ Laboratory Form null” 

• “1 cough, wheeze 1/7/.br/note past h/o of ventolin responsive wheeze/.br/OE looks well, 
red eyes, chest diffuse wheeze, no resp. distress/.br/IMP - asthma - viral ppt/.br/PLAN - 
ventolin via spacer, redipred, /.br/2 eczema cheeks/face/.br/PLAN - hydrocortisone 
cream” 

• “allergic reaction. Blotchy patches all over the body/.br/t 36.8/.br/ well othe rwise chest 
clear air way intact ,   has urticarial rash over teh body  for symtomatic medicatiosn 
HEREWITH URTICARIAL RASHS OVER THE BODY” 

 

Using the Text Processing toolbox in the Konstanz Information Miner (KNIME) data mining suite, 
this software combines various text-mining and ML algorithms which can be chained together to 
create a pipeline of processing components to analyse data sets of interest. 

The full processing workflow in KNIME is shown in Figure 38. Note that there is a substantial 
amount of filtering to eliminate such artefacts as punctuation and formatting of sentences. 
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Figure 38. Graphical depiction of workflow for text-mining 

 

Each set of consultation notes related to an event was broken down into tokens which would 
possibly constitute a single word. As a starting point, the arbitrary minimum number of characters 
which formed a “word” was deemed to be three. 

Each instance of GP consultation notes was passed through a work-flow of text-mining methods to 
extract a set of words related to a specific ADR term. Once the words were extracted, two 
specialised text-mining algorithms were then applied to them to provide some quantitative statistics 
on them with a view to identifying those ones which appear more frequently for an ADR term. These 
text-mining algorithms were the KeyGraph algorithm (Oshawa et al, 1998) and the Chi-square 
algorithm (Matsuo and Ishizuka, 2004) which identified those words which occur more frequently in 
the same sentence and can be considered to be keywords. The data set for this exercise comprised 
only one consultation for each child.  

Table 13 contains an example of the cluster of words related to “appetite decreased” and 
"bronchospasm" as extracted using the Keygraph algorithm in decreasing order of frequency. The 
word “hungari” (as spelt in the GP consultation notes) occurred 23 times and was associated with 
the ADR term “appetite decreased” whereas the same term only correlated with the word “neck” 4 
times. Similarly for the ADR term "bronchospasm" the word “wzing” occurred 17 times but there was 
only one instance in the text where the actual term "bronchospasm" was included.   
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ADR Term Results of Keygraph algorithm 
“appetite decreased” hungari (23), mum (18), bottle (16), feed (16), vomit (15), week (15), fluid ( 

13), fever (11), bab I (9), review (9), fed (9), time (9), brbroe (9), sleep (9), 
babe (9), sleepi (9), night (9), cont (8), settl (8), happi (8), brhydartion (8), 
wellbr (8), fluid (8), child (8), warm (7), rash (5), hydrate (5), red (4), suppl 
(4), neck (4) 

"bronchospasm" wzing (17), mum (12), ventolin (12), stat (11), asthma (11), respons (10), 
crep (9), grommet (9), situ (9), bilat (9), resp (9), hrly (9), chest (8), wizng 
(8), scatter (8), nad (8), ent (8), brafter (8), afebrile (7), cough (7), onset 
(6), hur (6), broe (6), bilat (6), neb (6), ago (5), ear (5), conjunctivit (4), 
wheezi (4), slightly (4), ches (4), brear (4), breath (4), feed (4), cold (4), 
drnm (3), mild (3), lung (3), inflammedbrreview (3), bronchospasm (1) 

 
Table 13. Results from Keygraph text-mining algorithm corresponding to selected ADR 
terms. 

 

The Tag Cloud of all keywords extracted by the Keygraph algorithm is presented below in Figure 39. 
The most frequent words in all consultation notes were “chest” and “rash”  

 

 

Figure 39. Tag cloud visualisation of terms extracted using the KeyGraph algorithm. 

In terms of the results from the Chi-square algorithm, for the same two ADR terms, the algorithm 
selected “fluid” as an important keyword as the co-occurrence value was 13.52 and “take” with the 
lowest co-occurrence value of 3.64 for “appetite decreased”. “Bronchospasm" had the word “mum” 
register 17.10 as its highest co-occurrence value and 0.0 as its lowest co-occurrence for the word 
“slightly". This is not surprising as the Chi-square algorithm determines a distance metric for the 
separation between that word and the other words around it. 
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ADR Term Results of the Chi-squared algorithm 
“appetite decreased” fluid (13.52), review (13.37), rash (12.16), mum (12.12), child (11.00), 

neck (8.98), suppl (8.98), warm (8.59), take (8.52), vomit (8.21), 
hydrate (8.10), babi (7.84), nad (7.84), red (7.68), brhydartion (6.80), 
cont (6.80), fluid (6.80), happi (6.80), settl (6.80), wellbr (6.80), feed 
(5.45),  babe (3.64), bit (3.64), brbroe (3.64), brha (3.64), didn’t (3.64), 
forc (3.64), sleep (3.64), sleepi (3.64), take (3.64) 

"bronchospasm" mum (17.10), stat (15.09), vent (14.40), resp (14.04), brplan (12.60), 
asthma (12.16), respons (10.33), ventolin (10.33), broe (9.44), sat 
(9.44), neb (4.03), hrly (2.26), pamo (2.26), brafter  (1.68), cough 
(1.68), ent (1.68), nad (1.68), scatter (1.68), wizng (1.68), cold (1.47), 
cough (1.47), fever (1.47), trilbrbr (1.47), drnm (1.25), mild (1.25), 
breath (0.88), feed (0.88), feverbro (0.88), heavi (0.88), chest (0.82), 
bilat (0.68), brear  0.68), chest (0.68), conjunctivit (0.68), crep 
(0.68), grommet (0.68), situ (0.68), slightly (0.68), wheez (0.68), 
bronchospasm (0.00) 

 
Table 14. Results from Chi-squared text-mining algorithm corresponding to selected ADR 
terms. 

 

The Tag Cloud of all keywords extracted by the Chi-squared algorithm is presented below in Figure 
40. The most frequent word in all consultation notes were “chest” and “rash” also but the distribution 
of the other words around them were different. 

 

 

Figure 40.Tag cloud visualisation of terms extracted using the Chi-squared algorithm 

 

These statistics could provide useful information as to the probability that specific ADR is related to 
a particular word. 
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Comments on clinical use of text mining of GP notes. 
Despite the large amount of abbreviation and seemingly irrelevant words the co-occurrences overall 
make clinical sense in terms of correlating clinical conditions with their possible underlying causes 
and management. The high co-occurrence of “whzing” with “vent” (presumably Ventolin) supports 
the ability of the text mining to recognise a medicine as treatment for a condition and therefore 
supports the possibility that an ADR/medicine association can also be detected. However, at this 
point, the technology available is not sufficiently capable of producing reliable outputs that can 
inform case selection or assessment.  

 

Possible improvements 
There are some problems with the set of extracted words. An expert would need to work through 
them to remove any words which clearly would not signal a specific ADR or appear twice for the 
same ADR but with a different value based on the outcome of the two algorithms. Once this has 
been done, the resulting data could be used to help refine a search through free-text GP 
consultation notes. This would hopefully decrease the time to recognition of an adverse reaction.  

Future enhancements to this approach would be to: 

1. Match established WHOART terms (high-level, preferred, included) against the GP notes. 
This would involve building a corpus of these terms but this should highlight text which 
signals the potential existence of the description of an ADR so the expert can focus on the 
entire sentence in which the term(s) appear. 

 
2. Identify clusters of related phrases indicating an ADR. The same ADR could be described 

quite differently so having related phrases might aid an expert in identifying similar phrases. 

 
3. Pre-processing of the GP consultation notes so as to remove “debris” from them. In many of 

the free-text consultation notes, there were phrases such as “no fever” or “no concern from 
the mother about vision”. These phrases could potentially confound text-mining methods so 
filtering out these phrases could help to isolate those phrases which may actually signal an 
ADR. 

 
4. Identifying numerical data indicating temperature and highlight it if it’s above a certain 

threshold. This would reduce the amount of GP consultation notes the expert has to work 
through to determine if an ADR has occurred. 

  



 
167 Developing an Integrated Pharmacovigilance System for New Zealand 

3.4  Discussion 
 
We have investigated novel methods for the signal detection in healthcare databases. The methods 
were drawn from Bayesian modelling and machine learning.  We comment below on the utility of 
each of the methods and conclude with a discussion of the requirements for building a successful 
system for enhanced signal detection. 

3.4.1 Bayesian Methods  
We developed a new Bayesian modelling methodology for signal detection in longitudinal 
pharmacovigilance investigations focussed on a specific groups of drugs. These are the types of 
investigations that we foresee being undertaken in New Zealand and would be facilitated by further 
development of the GP-EDAM system to provide a richer source of clinical data than is provided by 
hospital discharge data.  Our Bayesian methodology builds on the well-developed framework of 
hierarchical Bayesian methods and tailors this general framework to the specific task of signal 
detection in longitudinal health care databases. The computations are fast enough to permit 
investigation of multiple outcomes, as is invariably required for signal detection studies. Application 
of our Bayesian method to a cohort of 4,531 patients dispensed atypical antipsychotics in an 
analysis of 22 outcomes resulted in seven drug-outcome associations being highlighted for further 
investigation. We note this highlighting was purely on statistical grounds and represented only the 
first step in identifying signals of adverse drug reactions.  Clinical investigation of the seven 
highlighted associations suggested some, but not all, probably did not represent a direct link 
between the indicated drug and reaction. However, some of the associations, such as quetiapine 
and ischaemic heart disease could not be ruled out by competing explanations, even though this 
association is not well established in the literature and was not reflected as a drug class effect. In 
fact, the data analysis provided moderately strong evidence for admission rates for ischaemic heart 
disease association evolving differently over time for quetiapine compared to the other three atypical 
antipsychotics.  

The recognised serious adverse reactions myocarditis, cardiomyopathy, and venous 
thromboembolism were not detected as signals as there were no events or only single events. 
Therefore they occurred too infrequently for analysis because of the small size of the cohort. This 
shows the constraints of using hospital diagnoses for finding unknown serious adverse reactions to 
medicines since serious reactions are usually rare or very rare and large cohorts are needed to 
detect them. Therefore the ability to detect serious reactions to new medicines in a timely manner, 
when the number of prescriptions will initially be small, will be limited. In this respect, these records, 
while enabling recognition of events that have not raised clinical suspicion, may not otherwise have 
an advantage over spontaneous reports unless very large databases such as those proposed in the 
EU-ADR project are utilised.  

It is possible, however, that longitudinal databases have an advantage when conditions that occur 
commonly in the population irrespective of drug use are highlighted such as acute myocardial 
infarction. There is difficulty in determining whether this is an adverse reaction in spontaneous 
reporting systems because it is a commonly occurring illness, there is no denominator data and 
infarcted myocardium does not improve on drug dechallenge.  

Increases in other known adverse effects, thrombotic stroke and intestinal obstruction, were 
detected but with lower probabilities indicating that consideration of cohort size as well as 
appropriate cut off points for signal evaluation is needed. It is interesting that the increase in 
thrombotic stroke was with quetiapine which mirrored the increase in IHD. Unexpectedly there was 
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a downward trend with risperidone which was the original atypical antipsychotic found to increase 
the risk of thrombotic stroke in elderly patients with dementia. 

Five of the seven events detected in the atypical antipsychotics analysis were recognised adverse 
reactions.  IHD (AMI and instable angina) and renal failure are not documented as adverse 
reactions to quetiapine.  However, AMI has been suspected and there is limited evidence for a 
subgroup effect as we have already discussed. The evidence in these small cohorts was insufficient 
to consider that a signal had been generated but is sufficient to show that the method is likely to be 
effective in larger cohorts. 

The findings of a decreasing probability of the psychiatric events studied occurring after exposure, 
shown in Figures 3-6, are in keeping with the observation of the CIOMS Working Group VIII, 
referring to continuous disproportionality screening, that since the method can detect 
disproportionalities between positive as well as negative events before and after treatment, it might 
have value in benefit-risk studies. (CIOMS Working Group VIII, 2010).  

The finding of a greater number of highlighted associations with risperidone and quetiapine is in 
keeping with the greater likelihood that these patients were new atypical antipsychotic users 
compared with patients taking clozapine and olanzapine who were very likely to have been treated 
with other atypical agents prior to their use because of funding criteria over the time period of the 
study. 

Outcomes for the Bayesian approach, particularly for the atypical antipsychotic dataset, indicated 
that, ideally, cohort size needs to be determined according to how rare the ADRs  that one hopes to 
detect might be, or, conversely, if the cohort size is fixed, to be aware that this will limit the detection 
of rare adverse reactions. Also attention needs to be paid to the particular features of each data set. 
The atypical antipsychotic cohort included patients who were institutionalised or often hospitalised 
so that their prescriptions for subsequent atypical antipsychotic or other medicines were often not 
identified. This also highlights the limitations of using one particular data set for prescriptions. For 
example, the Pharmaceutical collection owned by Pharmac and the Ministry of Health (Pharms) 
includes only prescriptions dispensed in the community. E-pharmacy should help reduce this 
problem in the future. Use of general practice records, will greatly enhance the range of outcomes 
that can be studied and, if they include events from hospital discharge and outpatient letters, may 
provide more accurate diagnostic data than the NMDS.  

Evaluation of individual records was possible in this study because of the relatively small cohort 
sizes. This showed that for some individual cases a causal association with the atypical 
antipsychotic was unlikely, e.g. some reports of risperidone and neutropenia. However, for each 
event, a proportion of the reports contributing to the statistical signal will comprise the expected 
number of events, so, even if the statistical signal is valid, it is not surprising that not all reports that 
contribute  to the statistical signal can be attributed  to the suspect medicine. However, if all records 
indicate a compelling alternative explanation then the statistical signal cannot be supported.  In the 
atypical antipsychotic example, the clinical information and dispensing data obtained was limited 
and, in some cases, may have been misleading. For example, although we used a subgroup of the 
cohort that was most likely to be first time users of one particular antipsychotic medicine (Figure 2) 
the patients may have been taking other antipsychotic medicines prior to the one identified, and 
prescriptions may have been from a hospital source and therefore not represented in the 
Pharmaceutical collection. Unlike well-documented spontaneous reports there is no clear outcome 
data relating to de- and rechallenge. The EU-ADR project does not mention clinical evaluation of 
individual cases and this may well not be possible for larger databases, though it is, in general, only 
the clinical records of cases contributing to the highlighted statistical associations that need to be 



 
169 Developing an Integrated Pharmacovigilance System for New Zealand 

reviewed. The intention of the EU-ADR project is to automatically detect scientifically and 
mechanistically sound explanations for the signals obtained by means of a combination of analyses 
of repositories of known side effects, biomedical literature, in silico predictions and pathway 
mapping. 

Overall our investigation of the new Bayesian methodology has found the method can find drug-
outcome associations in longitudinal healthcare databases, even when outcomes are rare, and the 
clinical investigation of identified associations suggested that at least some warrant further 
investigation. There were few spurious associations but well-known rare serious adverse reactions 
were not identified. This may have been largely due to cohort size rather than a limitation of the 
method. Once larger data sets are used it will be possible to carry out sensitivity and specificity 
analyses. For each study in the future it will be very important to identify the most useful data 
sources for the particular medicines of interest.  

 

3.4.1 Decision Trees 
We also investigated the application of Decision Trees to signal detection in longitudinal healthcare 
databases. These methods, drawn from machine learning, appear to have some value for mining 
potential signals of interest in the analysis of pharmacovigilance data. They have potential for 
characterising a potential signal by highlighting other factors such as patient characteristics that 
might amplify an effect. Decision Trees may also be of value in finding drug interactions and 
conditions or medicines that may be an alternative explanation for an event signalled through 
another method. In our analyses, there was a reasonable degree of correspondence between 
Decision Tree analyses and the Bayesian analyses and some associations appeared to warrant 
further investigation. Although Decision Trees are a well-established technique in machine learning 
and data mining some further work is required to adapt these methods to the requirements of 
pharmacovigilance and to the features of the data sources used for signal detection in 
pharmacovigilance. For example, fitting Decision Trees to predict rare outcomes may be difficult, 
particularly when the data also contains outcomes that are relatively common.  

 

3.4.2 Text Mining 
We also experimented with text-mining and natural language processing methods for handling 
consultation notes. The latter area is a difficult one in which to make progress because of the 
idiosyncratic nature of consultation notes. Nevertheless, until such time as New Zealand general 
practitioners routinely use a standard coding system for diagnoses the potential benefits for 
pharmacovigilance in achieving even a modest degree of automation of the task of processing 
consultation notes are so great that further development of text mining and natural language 
processing is warranted. However, at this point, the real utility value of text mining is extremely 
limited. Further work on this technology is required and, indeed, encouraged as this will come to be 
of immense value in data sources for pharmacovigilance which are essentially driven by text base 
reporting.  

 

3.4.3 Building a System for Enhanced Signal Detection 
Data mining is just one component of a signal detection process that also includes database 
management, record-linkage, clinical review, and synthesis of evidence from multiple sources. 
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Clinical review seems essential in establishing whether identified statistical associations should be 
considered a signal of an adverse drug reaction.   

Equally essential are good database systems to support both the statistical investigations and 
clinical evaluations. Ideally the database system should permit rapid interrogation of individual case-
histories by clinical reviewers. Access to coding system documentation and the usual facilities for 
manipulating data to support cleaning and editing are also key components of a database system 
for pharmacovigilance. 

To fully develop a system to support real-time signal-detection pharmacovigilance, there should be 
careful consideration of these issues and how they combine to form an integrated solution. Vendors 
of large-scale commercial database servers and systems have recognised this fact and have 
already developed systems such as Oracle Argus Safety Applications6 but the question of how 
much of a good fit these solutions are to the New Zealand situation still needs to be investigated. 

Although DT models and text mining were examples of ML techniques applied to the 
pharmacovigilance data sets presented in this study, this is not to say other statistical and machine 
learning methods could not be applied as well in a specialised software toolbox for 
pharmacovigilance. In fact, such toolboxes already exist as part of other freely available statistical 
modelling packages and could be customised for the purpose of pharmacovigilance. Presented 
below are screenshots of a mock-up of what such a software toolbox could look like. 

 

The toolbar at the top of all the windows indicates generic operations about the loading and saving 
of workflows for the analysis of the data sets. This is an important part of such a software toolbox as 

6http://www.oracle.com/us/industries/health-sciences/027630.htm. Last accessed 26 October, 2012. 
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easily replicating the workflows is important to replicating what processes led to a set of results 
validating the initial results of the analyses. 

In the Data screen pharmacovigilance data to be analysed can be loaded in from a Microsoft Excel 
file, directly accessed from the GP-EDAM data module, from a standard text file, or from an R 
object. Each variable, which is part of the data set, is contained on each row of the displayed table. 
From there the user can select all or a subset of the variables to then perform analyses on.  

The second tab, Explore, allows the user to perform initial statistical analyses on the data set. In this 
way they can begin to formulate their hypotheses on the characteristics of the data set which may 
be of interest to them. 

 

 

 

Once the user has a better appreciation of the data set, then it can be manipulated using the 
Transform tab as indicated in the screen shot below. Transformation of some elements of the data 
set may be required for certain ML models to create better representations of any possible 
underlying pattern or novelty of the data set. 

 



 
172 Final Deliverable Report from the University of Otago Product Vigilance Research Team 

 

The Model tab contains the ML method which can be applied to the transformed data set. In this 
screenshot only the Decision Tree and Bayesian Analysis methods are available to be used but this 
does not preclude other machine learning methods being added at a later date. In this screenshot 
we can see that the DT model has been applied to the data set based on a set of parameters whose 
values can be changed by using their corresponding spinboxes. A number of rules have been 
generated from it which could then be saved and validated by a clinician. If the Bayesian Analysis 
instead was selected then the final screenshot would allow the parameters for this analysis to be 
entered and a graph of the resulting model presented to the user. 
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Spending time and money to develop a toolbox would only be justified if the users of it were 
adequately trained in its use. The question then becomes how much documentation and support 
would be needed? Of the success stories in other domains, GenePattern7 is a web-based solution 
toolbox for bioinformatics which is supported by user forums, a mailing list, tutorials, and other 
resources maintained by the community that uses this software product. If a similar toolbox for 
pharmacovigilance was to be implemented then having the user community provide some degree of 
support would reduce the amount of work the developers would have to spend on supporting the 
users of the toolbox. Having a web-based system might also aid in the workflow required for  
analysing pharmacovigilance data as GenePattern does for bioinformatics data. 

7http://www.broadinstitute.org/cancer/software/genepattern/. Last accessed 26 October, 2012. 
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Chapter 4: Signal assessment – formal 
epidemiological evaluation 
4.1 Introduction 
This chapter provides a general overview of the objectives, conduct, and lessons learned from two 
pharmacoepidemiological studies which were undertaken using linked electronic prescription and 
health data derived from the National Collections held by the New Zealand Ministry of Health.  The 
intention is not to provide a detailed account of the specific results of the two studies, as these will 
be included in peer-reviewed papers and links to the papers will be provided once they have been 
published. The chapter begins with a brief outline of the rationale for using existing data for 
pharmacoepidemiological research and concludes with some comments about future directions for 
such research in New Zealand.   

 

4.2 The use of routinely collected data for pharmacoepidemiological 
research  
There are scientific and economic reasons for using existing electronic prescription and health data 
to study the safety of medicines.  The selection biases which can be problematic in studies which 
rely on the active participation of doctors or patients are avoided.  So, too, are the recall biases 
which can afflict studies based on self-reported medicine use.  Moreover, time and money are not 
wasted in the collection of information that has already been documented.  However, because 
existing data have usually been collected for purposes other than research, it is important to confirm 
their validity and utility for research activities.    

The New Zealand Ministry of Health holds several collections of national health data, including the 
Mortality Collection, the National Minimum Dataset (hospital discharge information about inpatients 
and day patients), the National Non-admitted Patient Collection (outpatient and emergency 
department visits), the Maternity and Newborn Collection, and the New Zealand Cancer Registry.  
Patient records in these datasets all include a unique identifier, the National Health Index (NHI), and 
diagnoses are coded according to the International Classification of Diseases (ICD).  With 
PHARMAC, the Ministry also owns the Pharmaceutical Collection (Pharms), a data warehouse 
which contains the records of all claims by pharmacists for the dispensing of prescription medicines 
which are subsidised by the Government.  Since 2005, almost all pharmaceutical subsidy claims 
submitted by pharmacists have included an NHI (the only personal identifier recorded in the Pharms 
database) and various quality improvement initiatives have been implemented in primary care and 
pharmacies to enhance the accuracy of recorded NHIs.  This circumstance presents a rare 
opportunity to link drug utilisation and health data for an entire nation.  Moreover, unlike some data 
sources employed internationally to undertake pharmacoepidemiological research (for example, the 
UK General Practice Research Database), the Pharms data relate to medicines which have actually 
been dispensed to patients rather than simply prescribed.  However, while some pilot work had 
suggested that pharmacoepidemiological studies could be undertaken using such linked data, 
further work was required to confirm this. 
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4.3 Overarching objectives of the signal evaluation work  
The broad objectives (14 and 15) of the signal evaluation component of the pharmacovigilance 
project were to use linked dispensing and health data from the National Collections: 

• To undertake an epidemiological study to investigate a medicine safety signal detected in 
New Zealand or internationally (Study 1) 

• To undertake an epidemiological study to investigate a signal detected by the spontaneous 
reporting and/or enhanced surveillance phases of the pharmacovigilance programme (Study 
2)   

Additional aims were to contribute to pharmacoepidemiology workforce development by supervising 
a post-graduate student to undertake one of the above studies, and to assist in meeting the 
following objective (11):  

• Develop standardised procedures for linking and analysing prescribing and health outcomes 
datasets so as to enhance post-marketing surveillance of medicines in New Zealand  

4.4 Choosing medicine safety signals to investigate 
The process of selecting signals to investigate in Studies 1 and 2 occurred in several stages, as 
follows:   

• A Scientific Advisory Group for the overall pharmacovigilance project was convened; 
members included a pharmacoepidemiologist (Professor Sir David Skegg), two general 
practitioners (Professor Jim Reid and Associate Professor Dee Mangin), a clinical 
pharmacologist (Professor Carl Burgess), and a Medsafe representative (Dr Stewart 
Jessamine).   
 

• A short discussion document was circulated to Scientific Advisory Group members that 
outlined some of the key issues to be considered in selecting a signal for investigation (see 
Appendix 14).   
 

• In a teleconference on 29 March 2010, the Scientific Advisory Group recommended that 
rather than investigating an emerging medicine safety concern, Study 1 should concentrate 
on a known adverse drug reaction.  Such an approach would serve a dual function in 
providing a good ‘test of the system’ of linking data from the National Collections to 
undertake pharmacoepidemiological studies (for instance, if the study did not find an 
expected association, this would be a cause for concern), as well as contributing to 
knowledge about a specific medicine safety issue.  
 

• Subsequently, short proposals regarding three potential study topics (simvastatin and 
rhabdomyolysis, proton pump inhibitors and interstitial nephritis, clozapine and myocarditis) 
were developed and then discussed at a second teleconference on 20 April 2010.  The 
Scientific Advisory Group recommended that Study 1 should focus on the first of these 
topics; however it also expressed an interest in seeing the other two topics investigated at 
some point.  It was also agreed that a case-control study, nested within a cohort of patients 
who initiated simvastatin use between 2005 and 2009, was the optimal design.  This design 
would provide some control for the underlying characteristics of people who are prescribed 
simvastatin; the nesting of the case-control study within an inception cohort would avoid the 
biases which can sometimes arise if a mixture of long-term and new users are studied; and it 
would allow the estimation of relative and absolute risks of rhabdomyolysis according to daily 
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dose.  Moreover, the data obtained would permit an exploration of whether prescribing 
guidelines about simvastatin dose in the presence of certain health conditions and various 
other medicines were being followed. 
 

• In Year 2 of the project, we opted to make proton pump inhibitors and interstitial nephritis the 
subject of Study 2.  The reasons for this decision were two-fold.  First, as the signal 
generating components of the pharmacovigilance project were in the development phase, 
there was a need to look further afield for a signal to investigate.  Second, while there was 
ongoing national and international interest in the apparent association between proton pump 
inhibitors and interstitial nephritis, the evidence for the potential relationship came from 
spontaneous reports and case series and no analytical epidemiological studies had been 
undertaken to confirm the relationship.  Study 2 was therefore a case-control study nested 
within a cohort of patients who initiated use of a proton pump inhibitor between 2005 and 
2009, with the key analysis exploring the risk of interstitial nephritis in current versus past 
users of proton pump inhibitors.  The study was undertaken by a Master of Public Health 
candidate, Mei-Ling Blank, under the supervision of two of us (C Paul, L Parkin). 

 
4.5 Specific objectives of the two studies 

Study 1 

1. To undertake a study of a known medicine safety issue to test the method of using linked 
data from the National Collections for pharmacoepidemiological research  
 

2. If the expected association is not found, to explore possible reasons for this  
 

3. To examine the association between the current dose of simvastatin and the risk of severe 
rhabdomyolysis resulting in hospital admission or death 
 

4. To explore effect modification by current use of other medicines (if numbers permit) 
 

5. To estimate the absolute risk of severe rhabdomyolysis in current users of simvastatin 
according to dose 
 

6. To ascertain whether all of the hospitalised and fatal cases of rhabdomyolysis in simvastatin 
users that were reported to the New Zealand Pharmacovigilance Centre, and which occurred 
during the study period, were identified using data from the National Collections  
 

7. To determine the number and proportion of cases which were identified using data from the 
National Collections but were not reported to the New Zealand Pharmacovigilance Centre 

 

Study 2 

1. To describe the demographic characteristics of proton pump inhibitor users in New Zealand 
 

2. To examine the association between current, and recent, proton pump inhibitor use (relative 
to past users) and the risk of interstitial nephritis   
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3. To estimate the absolute risks of interstitial nephritis in current, recent, and past users of 
proton pump inhibitors 
 

4. To ascertain whether all of the hospitalised and fatal cases of interstitial nephritis in proton 
pump inhibitor users that were reported to the New Zealand Pharmacovigilance Centre, and 
which occurred during the study period, were identified using data from the National 
Collections 
 

5. To determine the number and proportion of cases which were identified using data from the 
National Collections but were not reported to the New Zealand Pharmacovigilance Centre 

 
4.6 Protocol development and peer review 

Study 1 

Following the selection of simvastatin and rhabdomyolysis as the subject for Study 1, a full protocol 
was developed and sent out for international peer review by two pharmacoepidemiologists (from the 
United States and The Netherlands).  Professor Skegg also provided comments.  Minor revisions to 
the protocol were made in response to the feedback received.   

Study 2 

External peer review was not sought for Study 2 as it involved a very similar design to Study 1.  

 
4.7 Application for ethics approval 

Study 1 

A full application was submitted to the Multi-region Ethics Committee on 28 May 2010 and approval 
was received on 8 July 2010.   

Study 2 

As this study involved the same general methods and ethical issues as Study 1, application was 
made to the Multi-region Ethics Committee for expedited review.  The application was submitted on 
29 September 2011 and approval was received soon after, on 11 October 2011. 

 
4.8 Overview of the general methods and progress of Study 1 and Study 2 

4.8.1 Acquisition of data from Ministry of Health 

Study 1 

A request for linked dispensing and health data was submitted to the Ministry of Health on 5 August 
2010.  The Ministry then sought PHARMAC approval for the release of the Pharms data; approval 
was granted on 8 November and we received the linked data in late December.  In brief, the 
acquired data included (for the cohort of patients who had received at least one dispensing of 
simvastatin at any time between 1 January 2005 and 31 December 2009), demographic information, 
records of all dispensings of simvastatin and other medicines between 2005 and 2009, the dates 
and recorded diagnoses relating to all hospital admissions from 1988 onwards, details of any cancer 
registrations, and any mortality data.  The data were indexed with a unique study identification 
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number; for the potential cases who were identified using the broad search strategy described in 
4.8.3 below, the NHI was also provided (but no names or addresses). 

Study 2 

In the interests of facilitating more rapid acquisition of data for this second study, we sent a 
provisional data request (pending ethics approval) to the Ministry of Health on 4 October 2011.  This 
approach worked well – ethics approval was granted on 11 October and we received the linked data 
on 19 November.  The acquired data included demographic, dispensed medicines, hospital 
discharge, cancer registration, and mortality information for patients who had received at least one 
dispensing of a proton pump inhibitor between 1 January 2005 and 31 August 2009 (this date was 
chosen because one of the proton pump inhibitors, omeprazole, became available without a 
prescription in September 2009); as with Study 1, the data were linked using a unique study 
identification number and NHIs were provided for the potential cases only. 

 
4.8.2 Establishing the study cohort 

For both studies, the data provided by the Ministry of Health were used to establish the inception 
cohort on which the estimates of absolute risk would be based, and from which the cases and 
controls would be drawn for the case-control analysis.  This involved two steps.  The first was a data 
cleaning exercise which entailed the identification and exclusion of linked records in which the 
dispensing information and health data clearly did not refer to the same person (for example, people 
who implausibly received medicines before their supposed date of birth or after their supposed date 
of death).  In this circumstance, the NHI recorded in the Pharms dispensing data (the only personal 
identifier recorded in the Pharms database) clearly must have been incorrect.  Reassuringly, 
however, this involved extremely small proportions of the initial simvastatin and proton pump 
inhibitor cohorts identified by the Ministry (about 0.2% each).   

The second step was to exclude all patients from the cohorts who had a dispensing of the relevant 
drug of interest (simvastatin or a proton pump inhibitor) between 1 January and 30 April 2005.  
Because adverse drug reactions may occur very soon after starting a medicine, it is important to 
ensure that patients are followed from the time they commence use.  Hence patients with a 
dispensing in the first four months of 2005 were excluded because it was impossible to know 
whether such dispensings represented the continuation of an ongoing episode of use begun before 
1 January 2005, or the initiation of a new episode of use (among people who were either starting the 
drug for the first time or restarting after a break).  In addition, people who had been admitted to 
hospital with a renal condition before their first prescription for a proton pump inhibitor were 
excluded from Study 2. 

The final study cohorts for Study 1 and Study 2 included about 310,000 and 570,000 users of 
simvastatin and proton pump inhibitors respectively.  The date of the first dispensing of the study 
drug was taken as the cohort entry date.   

 

4.8.3 Development of diagnostic algorithm to identify potential cases 

Study 1 

As there is no specific ICD-10 rubric for rhabdomyolysis, and because we did not want to miss any 
patients who developed this condition, the initial search for potential cases was based on broad 
criteria.  At our request, the Ministry of Health searched hospital discharge and mortality data to 
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identify all patients with a diagnosis coded to the acquired myopathy ICD-10 rubrics under which 
rhabdomyolysis may be classified, or to acute renal failure rubrics, at any time after initiating 
simvastatin use.  These were the patients for whom NHIs were provided.  As the specificity of this 
broad search strategy was inevitably low, we subsequently applied a diagnostic algorithm to the 
data we received from the Ministry in order to refine the search for cases.  This algorithm was 
adapted from an ICD-9 based algorithm used in a FDA-funded study of rhabdomyolysis and serious 
myopathy1.  

Study 2 

As with Study 1, the identification of potential cases involved two phases: a broad search 
undertaken by the Ministry of Health using an initial set of ICD-10 rubrics (compiled after 
consultation with a clinical coder) and the utilisation of a diagnostic algorithm to screen out some of 
the infection-related renal conditions which share the same rubrics as interstitial nephritis. 

 

4.8.4 Validating the diagnosis  

Study 1 

Copies of hospital discharge letters, necropsy reports, and any death records were sought for all 
potential cases of rhabdomyolysis.  To obtain the relevant hospital discharge letters, we wrote to 
Chief Medical Officers at the District Health Boards (DHBs); we supplied a list of NHIs with the 
associated admission dates, and requested copies of the letters and any necropsy reports (with all 
names and addresses crossed out).  The response to these letters (sent on 20 April 2011) varied 
considerably – the first set of letters was received very promptly (2 May), whereas it took five 
months to obtain the final set.  Moreover, the three DHBs in the Auckland region all required 
additional action before copies of the letters could be released: Waitemata DHB required the 
registration of the study with the WDHB Research Office, the completion of a locality assessment, 
and the nomination of a local collaborator (letters subsequently received 30 May); Auckland DHB 
required the completion of a locality assessment and an application to the ADHB Research Review 
Committee (letters subsequently received 18 August); Counties Manukau DHB required the 
registration of the study with the CMDHB Research Office, the nomination of a local facilitator, the 
completion of a locality assessment, an application to the CMDHB Research Committee, and an 
application to the Māori Research Review Committee – in addition, three of us (M Tatley, C Paul, L 
Parkin) travelled to Auckland in June 2011 to meet with the CMDHB Chief Medical Officer and 
Research Officer (letters subsequently received 25 August).  Finally, a few DHBs requested 
financial reimbursement to cover the costs of retrieving copies of the discharge letters and removing 
patient names and addresses.  

The format and content of the discharge letters we received was variable – some were originally 
paper-based hand-written or typed letters which summarised relevant clinical and laboratory data, 
whereas others were electronic discharge letters which included verbatim results of all diagnostic 
investigations.   

Death information for doctor-certified deaths (including underlying and contributing causes of death) 
was obtained from the Births Deaths and Marriages free-text fields in the Mortality Collection.  In 
order to obtain copies of coroners’ records for the coroner-certified deaths, it was necessary to ask 
the Ministry of Health to send names and other identifying information directly to Coronial Services 
(because the Mortality Collection did not contain a Coronial Services number for all coroner-certified 
deaths, and Coronial Services records are not indexed by NHI).   
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Based on the hospital discharge and mortality information, two of us (CP, LP) then independently 
used standard criteria to validate the diagnosis of rhabdomyolysis, and of probable and possible 
severe myopathy;2 potential cases who did not meet these criteria were excluded.  

 
Study 2 

Fortunately fewer delays were experienced in receiving copies of discharge letters for this study.  
This is attributable, in part, to our work with some of the DHBs in the course of Study 1 to establish 
relationships and agreed-upon processes for future studies.  In addition, while awaiting data from 
the Ministry of Health, we wrote to the relevant people at the Waitemata, Auckland, and Counties 
Manukau DHBs (on 20 October 2011) to provide early notice about the study.  Requests for copies 
of discharge letters and renal biopsies were sent to Chief Medical Officers at all relevant DHBs on 1 
December; the requested information was received from nine DHBs before Christmas, although the 
final set of letters was not received until 23 April 2012 (from the same DHB which had been the last 
to respond to the request for Study 1 – these delays appeared to be due to internal administration 
difficulties rather than any objections to the studies themselves).  For this study, six DHBs requested 
financial reimbursement.   

As in Study 1, two of us (M-L B, LP) independently applied standard criteria to validate the diagnosis 
of interest.  In addition, the opinion of a renal physician was sought for complicated cases.   

 
4.8.5 Selection of controls 

In both studies, 10 controls were randomly selected for each case, using risk set sampling from the 
study cohort.  Controls were individually matched to cases by sex and year of birth and had to be a 
cohort member, and at risk of becoming a case themselves, on the index date of their matched 
case.   

 
4.8.6 Narrative chronological record of dispensing and health records  

For both studies, we asked the project database manager to compile a narrative history for each 
case and control of their hospital admissions (including diagnoses, external causes, and 
procedures), cancer registrations, medicine dispensings (medicine name, dose, frequency, days 
supply), and any death records.  This was achieved firstly by linking the ICD codes recorded in 
hospital discharge, cancer registration, and mortality data with ICD-9-CMA-II (for events before 
1999) or ICD-10-AM-I dictionaries; and secondly by linking the medicine formulation codes recorded 
in Pharms data with a medicine dictionary provided by the Ministry of Health.  The result was a 
useful text-based medical summary which facilitated cross-checking the numerical values of derived 
variables in the case-control analysis datasets.  

4.8.7 Obtaining a case-control analysis dataset 

For both studies, we submitted a request to the project database manager to create a case-control 
analysis dataset that included variables provided by the Ministry of Health, as well as additional 
derived variables.  In brief, the requested information included variables relating to demographic 
factors, the medicine of interest (in particular, whether an individual was a current, recent, or past 
user on the index date; the dose taken; and a summary of continuous episodes of use), other 
medicines used in the year before the index date, hospital admissions in the year before the index 
date, any cancer registrations, and hospital admissions at any time before the index date for 
conditions which were known risk factors for the outcome of interest.  
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In order to derive the variables relating to the medicine of interest, it was first necessary to address 
two issues: missing values and ‘multiple dispensings’.   For some dispensings, values for the ‘days 
supply’ and ‘daily dose’ variables were missing.  As these variables were used to determine ‘user 
status’ (current, recent or past) on the index date and ‘exposure’ (the total daily dose in mg), it was 
necessary to develop rules to derive values for these variables based on other data such as the 
quantity dispensed.  The performance of these rules was then explored in a validation exercise 
based on the subset of people who did not have missing values (by comparing the values obtained 
for ‘user status’ and ‘exposure’ using recorded values with those obtained using derived values).  A 
high degree of concordance was observed and therefore the rules were adopted. 

A very small percentage of dispensings of the medicine of interest in both studies were what we 
termed ‘multiple dispensings’.  For example, on a given date a patient appeared to have received 
two dispensings of simvastatin (a 90 day supply of 40mg daily plus a 90 day supply of 20mg daily) 
or on a given date a patient appeared to have received four dispensings of simvastatin (four 
dispensings of 7 days’ supply of 20mg daily) and 28 days later they received an identical four 
dispensings.  After examining a selection of multiple dispensings, it became apparent that these 
could be summarised and recoded using a few simple rules.  For instance, in the first example 
above, the data were recoded as a 90 day supply of 60mg simvastatin daily; in the second, the data 
were recoded as a 28 day supply of 20mg simvastatin daily.  

 
4.8.8 Analysis of case-control studies 

Odds ratios (as estimates of relative risk) and 95% confidence intervals were calculated using 
conditional logistic regression.  Where it was necessary in sub-analyses to break the matching and 
undertake an unmatched analysis (e.g. to explore the potential effect of duration of use of proton 
pump inhibitors on the risk of interstitial nephritis), unconditional logistic regression was used and 
the matching factors (sex, year of birth) were adjusted for.  Potential confounding by known and 
suspected risk factors for the outcome of interest was explored by adding the variables one by one 
to the regression model; variables which changed the odds ratios by 10% or more were retained in 
the model.  

 
4.8.9 Calculation of person-years of exposure and estimation of absolute risks 

In both studies, the dispensing data of each member of the study cohort were summarised into 
episodes of use of the relevant drug, the durations of these episodes were then summed for each 
patient, and the totals for each person were then added together to obtain total person-years of 
exposure for the entire cohort.  In Study 1, person-years of simvastatin use was estimated 
according to daily dose.  In Study 2, person-years of follow-up was estimated for current users of 
proton pump inhibitors, for recent users, and for past users.  Because proton pump inhibitors are 
prescribed for patients of all ages, including infants, person-years for current, recent, and past users 
was also estimated by age group to permit the calculation of age-specific incidence rates.  

Incidence rates were then estimated by dividing the number of cases in a particular category of 
exposure by the person-years of follow-up for that category.  The Poisson distribution was used to 
calculate 95% confidence intervals for the rates. 
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4.9 Results 
Manuscripts which describe the methods of the studies, present the results, and discuss the 
implications of the findings will be submitted to international peer-reviewed journals and links to the 
papers will be provided once they are published. 

4.10 Conclusions 

4.10.1 Objectives met 

The work described in this chapter had both overarching and more specific objectives.  In terms of 
the over-arching objectives we have: 

• Completed two pharmacoepidemiological studies to investigate medicine safety questions of 
importance to New Zealanders.  We are drafting papers regarding these studies and intend 
to submit these to peer-reviewed journals in the near future.  
 

• Tested, and validated, the method of using linked dispensing and health data from the 
National Collections to investigate medicine safety signals.  This was achieved by 
undertaking studies of known medicine safety issues and finding the expected associations, 
and by examining spontaneous reports received by the NZPhvC and determining that our 
studies had detected the cases they should have. 
 

• Developed procedures for managing and analysing linked dispensing and health data.  We 
identified several critical points at which delays could, and did, occur when acquiring data for 
the two epidemiological studies; however, these issues have largely been resolved for future 
studies.  We identified and excluded linked records in which the dispensing information and 
health data clearly did not refer to the same person (an extremely small proportion of the 
total records for which the NHI recorded in Pharms must have been incorrect), and have 
established potential means of enhancing this process in the future with the use of extra 
data.  In addition, the various initiatives which have been introduced to improve the coverage 
and accuracy of NHIs recorded in Pharms data should also help to minimise incorrect 
linkage in future studies.  We have developed rules to derive values for the ‘days supply’ and 
‘daily dose’ variables when these are missing in Pharms data, and other rules to deal with 
multiple dispensings, which could easily be applied to future studies.  Finally, we have 
developed and refined steps for extracting and deriving variables from the linked dispensing 
and health data in order to produce case-control analysis datasets and to estimate person-
years of use.  
 

• Contributed to workforce development by supervising a Master of Public Health candidate to 
undertake one of the studies.  The candidate submitted her thesis for marking on 30 
November 2012. 

As for the more specific objectives, we have: 

• Explored the association between the current dose of simvastatin and severe 
rhabdomyolysis resulting in hospital admission or death. We have confirmed the dose-
response relationship and have also generated useful new information which is likely to be of 
interest to regulators and prescribers internationally. 
 

• Estimated the absolute risk of rhabdomyolysis in current users of simvastatin according to 
dose.  Previous estimates of the incidence of rhabdomyolysis in users of simvastatin have 
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often been based on the highly selected participants in clinical trials.  By contrast, we have 
provided population-based estimates in a ‘real world’ setting.   
 

• Examined the association between current, and recent, proton pump inhibitor use (relative to 
past users) and the risk of interstitial nephritis.  This investigation has generated new 
information about the postulated relationship between proton pump inhibitors and interstitial 
nephritis which is likely to interest international regulators and prescribers, as well as 
patients in countries where proton pump inhibitors can be obtained over-the-counter.   
 

• Estimated the absolute risks of interstitial nephritis in current, recent, and past users of 
proton pump inhibitors.  As with the simvastatin study, in this study we have provided useful 
population-based estimates of incidence rates in a general population of users. 
 

• Described the demographic characteristics of proton pump inhibitor users in New Zealand.  
This aspect of the study has highlighted the widespread use of proton pump inhibitors by 
New Zealanders of all ages.   

 

4.10.2 Future directions 

Drug safety questions with potential to be investigated using the National Collections 

The general conclusion arising from the work described in this chapter is that linked dispensing and 
health data from the National Collections can be used to undertake formal epidemiological 
investigations into medicine safety issues.  However, whether a particular safety issue can be 
investigated using this approach will depend on several things: 

• Whether the medicine of interest is subsidised by the Government and is dispensed through 
a community pharmacy (the majority of medicines prescribed in New Zealand) 
 

• Whether the health outcome of interest is of a serious nature and will result in hospital 
admission, cancer registration, or death 
 

• Whether information about important confounders of any relationship between the medicine 
and adverse event can be obtained from the National Collections 

Even if the above conditions are met, there will inevitably be some issues which cannot be 
investigated in New Zealand because of our small population.  The feasibility of exploring an issue 
will depend on:  

• The proportion of the New Zealand population who are users of the medicine of interest 
  

• The background incidence of the health outcome of interest  
 

• The likely strength of the relationship between the medicine and the outcome (i.e. the 
magnitude of the relative risk) 
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Potential uses of general practice data in future pharmacoepidemiological studies 

We are fortunate in New Zealand to have access to high-quality routinely collected electronic 
dispensing and health data for the entire population.  Because of the standardised approach to 
coding and recording such data, the National Collections are likely to remain the preferred source of 
information about the dispensing of subsidised medicines, hospital discharges, cancer registrations, 
and deaths.  Indeed, it is worth noting that in the UK, hospital discharge data were not available at 
the national level until very recently and pharmacoepidemiologists were therefore obliged to identify 
hospital admissions among users of specific medicines using less direct methods such as 
examining general practice records (e.g. in studies based on the UK General Practice Research 
Database).  Similarly, studies based on general practice records have also measured medicine use 
less directly (by looking at prescribed medicines) than we are able to do using the Pharmaceutical 
Collection (dispensed medicines).  

Nevertheless, the prospect of obtaining access to general practice data throughout New Zealand 
does raise some exciting possibilities.  Such data would extend the range of medicine safety issues 
which could be investigated using linked data from the National Collections by providing information, 
for study members, about potential confounders which is not consistently (if at all) recorded in 
hospital discharge and mortality data (e.g. weight, height, smoking status).   

Furthermore, the availability of general practice data might also allow the investigation of potential 
adverse drug reactions that do not result in hospital admission or death – with the caveat that the 
potential for bias in such studies would be greater for two reasons.  First, the decision to seek 
primary care for less severe outcomes is influenced by many factors, including financial 
circumstances. Hence, events will inevitably be missed because some people will not visit their 
doctor and these people will differ in important ways from those who do seek medical attention.  
Second, because the primary purpose of general practice notes is to provide a care-oriented record 
of medical consultations, rather than to fulfil a statistical function, diagnoses are generally not coded 
according to strict criteria.  This inevitably poses a challenge for epidemiological studies in which it 
is vital that all potential cases are identified.     

Finally, general practice records would be useful for identifying users of non-subsidised medicines – 
with the obvious caveat that this would identify prescribed rather than dispensed medicines.   

Other practical issues for future studies 

Very briefly, there are several issues to note for future studies: 

• Although we resolved most of the issues related to obtaining copies of hospital discharge 
letters, it is possible that this could still be a rate-limiting step in future studies. 
 

• The number of DHBs who request financial reimbursement for the retrieval and copying of 
discharge letters may increase in the future.   
 

• It is anticipated that the level of detail contained in discharge letters will increase with the 
adoption of electronic discharges which include verbatim results of diagnostic tests; this has 
obvious advantages for validating diagnoses. 
 

• It will depend on the potential adverse event of interest as to whether there is a specific 
(enough) ICD rubric which identifies that outcome;  when several conditions share the same 
ICD rubric, the use of that rubric to identify potential cases will inevitably cast a wide net and 
it will be necessary to develop a diagnostic algorithm  
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Retaining and developing data management expertise 

The services of an experienced data manager who can produce analysis datasets in a timely 
fashion are vital to undertaking epidemiological studies based on linked dispensing and health data.  
Hence, the establishment of a long-term employment arrangement with a data manager who 
possesses such expertise would be essential to the viability of any future programme of 
pharmacoepidemiological research based on data from the National Collections. 

 
Development of a critical mass of pharmacoepidemiological expertise 

New Zealand has very few pharmacoepidemiologists and there is an urgent need to develop and 
maintain a critical mass of expertise in this field.  One option for developing capacity would be to 
offer competitive funding for post-graduate students to undertake Masters and PhD 
pharmacoepidemiological research projects; another would be to establish HRC Training 
Fellowships in the field of Pharmacoepidemiology. 

 

4.11 References 
1.  Andrade SE, Graham DJ, Staffa JA, Schech SD, Shatin D, La Grenade L, et al. Health plan 

administrative databases can efficiently identify serious myopathy and rhabdomyolysis. Journal 
of Clinical Epidemiology 2005;58:171-4. 

2.  Armitage J. The safety of statins in clinical practice. Lancet 2007;370:1781-90. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

ISBN 978-0-473-26084-2 


	Pharmacovigilance Research Group Members
	This document can be cited as:

	Background
	Aims and Methods
	Key Findings and Implications
	1. Effective Communication of Medicines Safety Information
	Medsafe as a Public Communicator of Drug Safety Information
	Drug Safety Awareness amongst the New Zealand Public
	Measuring the Effectiveness of Communications

	2. Improved Data Sources
	3. Enhanced Signal Detection
	4.  Robust Signal Evaluation
	Drug safety questions with potential to be investigated using the National Collections
	Potential uses of general practice data in future pharmacoepidemiological studies
	Other practical issues for future studies


	Conclusion
	General Summary
	Aims & Methods
	Key Findings & Implications
	1. Medsafe as a Public Communicator of Drug Safety Information
	2. Drug Safety Awareness in New Zealand – the public as a target group for drug safety communications
	Key findings
	Implications

	3. Measuring the Effectiveness of Communications
	Key findings
	Implications



	1.1 Risk Communication Case Study: Influenza vaccine & febrile reactions in children
	1.1.1 Aims
	1.1.2 Methods
	Justification for the Case Study Approach
	Data Collection
	Key Informant Interviews

	Data Analysis

	1.1.3 Best Practices in Risk Communication Framework
	i) Approach Risk Communication as a Process
	ii) Understand the Target Audience
	Ensure communications are accessible to the target audience

	iii) Trust the Public and Respect Different Levels of Risk Tolerance
	iv) Collaborate and/or Coordinate with other Information Sources
	Meeting the needs of the Media

	v) Present messages with Compassion, Concern and Empathy
	vi) Acknowledge the Uncertainty Inherent in Risk
	vii) Provide Messages of Self Efficacy

	1.1.4 Case Overview
	Background – The 2010 Seasonal Influenza Campaign
	New Zealand
	Australia

	Communication of the ‘Influenza Vaccine & Febrile Reactions in Children’ Issue in NZ
	Subsequent Events
	2010
	2011
	2012


	1.1.5 Application of Best Practices in Risk Communication Framework to Communication of the Influenza Vaccine and Febrile Convulsions Safety Issue
	i) Approach Risk Communication as a Process
	a) Pre-Event Planning
	b) Feedback and Involving the Public in Dialogue about Risk
	c) Post-Event Resolution
	d) Post-Event Evaluation

	ii) Understand the Target Audience
	Ensure communications are accessible to the target audience

	iii) Trust the Public and Respect Different Levels of Risk Tolerance
	iv) Collaborate and Coordinate about Risk with Credible Information Sources
	Meeting the needs of the Media


	1.1.6 Key Findings & Implications for Effective Risk Communication
	Key Findings
	Implications for Improved Risk Communication


	1.2 Regulator Survey: Communicating drug safety information to healthcare professionals and the public
	1.2.1 Aims
	1.2.2 Methods
	Participants
	Pre-testing
	Interview Measures
	Data Analysis

	1.2.3 Results
	i) Approach Risk Communication as a Process
	ii) Understand the Target Audience
	iii) Collaborate and/or Coordinate with other Information Sources

	1.2.4 Key Findings & Implications for Effective Risk Communication
	Key findings
	Implications for Improved Risk Communication


	1.3 National Survey: Drug safety awareness in NZ – public knowledge & preferred sources for information
	1.3.1 Aims
	1.3.2 Methods
	Participants
	Letter of Invitation
	Pre-testing
	Interview Measures
	Data Analysis

	1.3.3 Response & Participation Rates
	1.3.4 Results
	i) Approach Risk Communication as a Process
	ii) Understand the Target Audience
	Use of the Internet to obtain information about medicines was most popular in the youngest age group, and was used by approximately 2/3 or more in all age groups except the 65+ group. In this oldest age group, it was used by less than 1/3; however, th...
	iii) Trust the Public and Respect Different Levels of Risk Tolerance
	iv) Collaborate and/or Coordinate with other Information Sources

	1.3.5 Key Findings & Implications for Effective Risk Communication
	Key findings
	Implications for Improved Risk Communication


	1.4 References
	2.1 Introduction
	2.2 Governance and ethical implications of GP data collection
	2.2.1 Overview of the Pharmacovigilance Ethics Advisory Group (PEAG)
	2.2.2 Terms of Reference
	2.2.3 PEAG Membership
	2.2.4 Process
	2.2.5 Proposed Model
	2.2.6 Recommendations for National-Rollout

	2.3 Development of an Electronic Data Acquisition Module for General Practice
	2.3.1 Overview
	2.3.2 Pegasus Health Partnership
	2.3.3 24-hours Medical Centre Pilot
	Overview of Pilot
	Results

	2.3.4 GP-EDAM Technical Specifications & Functionality
	Component or System Overview
	Process Overview
	Outstanding Issues

	2.3.5 Module Testing & Deployment
	Overview

	2.3.6 Recruitment of GP practices
	Processes
	Practice Demographics

	2.3.7  Methodology
	Initiate Query
	Query Translation
	Client Component
	Consolidation
	Privacy and Anonymisation
	Data Transfer
	Data File Management
	The concept used in the GP-EDAM for the processing of and tools for the management, assessment, analysis and reporting of its results is based on the Intensive Vaccine Monitoring Programme (IVMP) developed by the NZPhvC for the Monitoring of the MeNZB...
	Data files were transmitted via secure FTP from Pegasus Health to the NZPhvC’s FTP server alongside other secure data transfer files routinely destined for the Centre. The encrypted data contained within the XML structure of the received file is decry...
	The SQL database is stored on a server physically located within the NZPhvC with no direct external access available. Databases are backed-up on a 4 hourly cycle with copies held within a fire-safe (in building) and a secured off-site facility.
	User Interface Application
	A user interface has been designed for the display and interrogation of the raw data in a logical format to facilitate assessment of patient information required for further causality assessment. (Figure 8) In addition, the user interface enables on-l...
	Data Assessment and Processing
	Causality assessment was performed in accordance with standard WHO causality assessment procedures as used in the CARM routine causality assessment processes as follows:
	Data Presentation & Analysis
	Dabigatran Data Extract
	Key findings, Limitations and Future prospects

	2.3.8 Practice Experiences
	2.4 Discussion

	General Summary
	3.2 Bayesian Methods
	3.2.1 Background
	3.2.2 Data structure
	3.2.3 Background on Bayesian statistical inference
	3.2.4 The hierarchical Bayesian model
	3.2.5 Case-study 1: Atypical Antipsychotics
	Background to the Atypical Antipsychotics Study
	Choice of Outcomes to study
	Application of the hierarchical Bayesian model
	Causality assessment
	Results
	Causality assessment and clinical evaluation of highlighted associations
	Risperidone and neutropenia
	Risperidone and generalised skin eruption
	Risperidone and anaphylaxis
	Risperidone, olanzapine and constipation
	Quetiapine and acute renal failure
	Quetiapine and ischaemic heart disease

	Potential for signal-detection methods to provide information on efficacy

	3.2.6 Case Study 2: The Intensive Vaccines Monitoring Programme (IVMP)
	Description of dataset and background to the study
	Application of the Bayesian model


	3.3 Machine Learning Methods
	3.3.1 Decision Trees
	Example 1: Atypical antipsychotics
	First data set:
	Most recent data set (outcome is event)
	Most recent data set (outcome is drug)

	Comments on clinical plausibility of the Decision Trees for the atypical antipsychotics data and supporting evidence from Bayesian analysis
	Individual antipsychotics, age and outcome

	Comparison of decision tree results with outcomes of Bayesian analysis
	Example 2: IVMP
	Comments on clinical plausibility of the IVMP Decision Tree Outcomes

	3.3.2 Text-mining tools (description, findings from present study as an example of use)
	Example 1: IVMP GP free-text notes
	Comments on clinical use of text mining of GP notes.
	Possible improvements

	3.4  Discussion
	3.4.1 Bayesian Methods
	3.4.1 Decision Trees
	3.4.2 Text Mining
	3.4.3 Building a System for Enhanced Signal Detection

	3.5 References
	4.1 Introduction
	4.2 The use of routinely collected data for pharmacoepidemiological research
	4.3 Overarching objectives of the signal evaluation work
	4.4 Choosing medicine safety signals to investigate
	4.5 Specific objectives of the two studies
	Study 1
	Study 2

	4.6 Protocol development and peer review
	Study 1
	Study 2

	4.7 Application for ethics approval
	Study 1
	Study 2

	4.8 Overview of the general methods and progress of Study 1 and Study 2
	4.8.1 Acquisition of data from Ministry of Health
	Study 1
	Study 2
	4.8.2 Establishing the study cohort
	4.8.3 Development of diagnostic algorithm to identify potential cases
	Study 1
	Study 2
	4.8.4 Validating the diagnosis
	Study 1
	Study 2
	4.8.5 Selection of controls
	4.8.6 Narrative chronological record of dispensing and health records
	4.8.7 Obtaining a case-control analysis dataset
	4.8.8 Analysis of case-control studies
	4.8.9 Calculation of person-years of exposure and estimation of absolute risks

	4.9 Results
	4.10 Conclusions
	4.10.1 Objectives met
	4.10.2 Future directions
	Drug safety questions with potential to be investigated using the National Collections
	Potential uses of general practice data in future pharmacoepidemiological studies
	Other practical issues for future studies
	Retaining and developing data management expertise
	Development of a critical mass of pharmacoepidemiological expertise


	4.11 References


