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Exploring the impact of public health campaigns for glaucoma 
and macular degeneration utilising Google Trends data in a 

New Zealand setting
Adeline Kho, Rachael Niederer, Graham Wilson

This study evaluated the impact of public health campaigns for glaucoma and age-related 
macular degeneration compared to breast cancer and prostate cancer using Google Trends 
data. Glaucoma and macular degeneration search behaviour in New Zealand demonstrated 
a low impact following health awareness campaigns in comparison to breast and prostate 
cancer. This implies there is scope for improvement with these campaigns and a large 
increase in macular degeneration internet search activity following a public meeting, and 
report release suggests that increased funding may increase impact. This study also high-
lights the utility of internet data for monitoring of public interest in health issues. It also 
demonstrates the power of internet and social media in the dissemination of information 
amongst the public.

An economic evaluation of the All New Zealand Acute Coronary 
Syndrome Quality Improvement Registry programme—

subanalyses for Māori (ANZACS-QI 42) 
Peter Lee, Ella Zomer, Danny Liew 

The All New Zealand Acute Coronary Syndrome Quality Improvement (ANZACS-QI) programme 
comprises a clinical quality registry of acute coronary syndrome patients admitted to 
hospitals across New Zealand. Its primary purpose is to improve quality of care by promoting 
evidence- and guidelines-based practice, and benchmarking against performance targets. We 
aimed to evaluate the clinical and cost impacts of the ANZACS-QI programme in New Zealand. 
Our analyses show that the ANZACS-QI programme is cost-saving, with an expected return of 
$1.50 New Zealand Dollars (NZD) for every $1 NZD invested.

Comparison of characteristics and outcomes for type A aortic 
dissection surgery by Māori, Pasi� ka or other ethnicities

Tom Kai Ming Wang, Danting Wei, Thomas Evans, Thaurmenthiran Ramanathan, 
David Haydock

A tear in the enlarged major artery coming out of the heart (type A aortic dissection) requires 
urgent surgery that is high risk, but without which almost all will die. Māori and Pasifi ka 
patients who have this condition are younger with more risk factors like high blood pressure 
and smoking than other ethnicities. Our study found that adjusting for age, Pasifi ka and Maori 
patients have higher risk dying in the short- and long-term respectively after surgery for this 
condition. It is important to educate, control risk factors and monitor closely these high-risk 
patients with enlarged major heart artery to prevent this condition from happening.

Non-resident orthopaedic admissions to Dunedin Hospital 1997 
to 2017 and Southland Hospital 2011 to 2017

Annabel Merrett, Jennifer Keys, Chris Crane, David Gwynne-Jones
The purpose of this paper was to audit the numbers of non-residents requiring admission to 
the orthopaedic departments at Dunedin and Southland Hospitals and determine the effects 
of increasing tourist numbers on healthcare resources. We found that with the increase in 
tourist numbers in New Zealand there has been a subsequent increase in the number of 
non-resident admissions. Non-resident orthopaedic admissions accounted for 1.6% of the 
total orthopaedic workload in Dunedin and 3.9% in Southland. These patients represent a 
cost in excess of $1,000,000 per annum to Southern DHB. 

SUMMARIES
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An estimate of limited duration cancer prevalence in 
New Zealand using ‘big’ data

Naomi Brewer, June Atkinson, Parry Guilford, Cristin Print, Tony Blakely, Andrea Teng
A larger number of people are being diagnosed with cancer in New Zealand, while cancer 
mortality is decreasing, meaning that there are now more people living beyond a cancer 
diagnosis. It is important to understand how many of these people there are since estimates 
of the number of people living with cancer (cancer prevalence) can indicate the demand 
for healthcare, psychosocial support, practical assistance and social services. We aimed to 
estimate cancer prevalence in the New Zealand population. We used national health, social 
and census datasets linked up by the Stats NZ Integrated Data Infrastructure to identify the 
number of New Zealand residents who had at least one cancer diagnosis in New Zealand 
from January 1995 to June 2013, and used the 2013 census for demographic and socioeco-
nomic data. We estimated that on 30 June 2013, 140,600 of 4,438,900 (3.2%) New Zealand 
residents had a recorded diagnosis of cancer from the last 18.5 years. The prevalence was 
greatest in the oldest ages, European/Other, highest qualifi ed, highest income, least deprived, 
ex-smokers, and Canterbury, Bay of Plenty and Nelson/Marlborough District Health Boards 
(age-standardised). 

Early identi� cation of infants at risk of cerebral palsy: 
developing the use of general movement assessment in routine 

clinical practice in a tertiary neonatal unit in New Zealand 
Meghan Sandle, Alison Sheppard, Angelica Allermo Fletcher, Max Berry, 

Nathalie DeVries
The general movement assessment is an assessment tool which can accurately identify infants 
who are high risk of developing cerebral palsy. This assessment can therefore facilitate earlier 
diagnosis of cerebral palsy so that early intervention can be provided, which is associated with 
improved outcomes. In our service in Wellington we have introduced the general movement 
assessment as part of routine clinical practice for high-risk infants in the neonatal unit. 

Is there systemic bias for Māori with eating disorders? A need 
for greater awareness in the healthcare system

Cameron Lacey, Mauterangimarie Clark, Jenni Manuel, Suzanne Pitama,
 Ruth Cunningham, Karen Keelan, Vivienne Rijnberg, Lana Cleland, Jennifer Jordan

Eating disorders are at least as common in Māori as non-Māori, which is consistent with 
other indigenous and ethnic minority groups. Factors for Māori include differential exposure 
to risk factors, the impact of acculturation, changing body image ideals and systemic bias 
reducing access to treatment and research participation. We suspect that Māori do not receive 
treatment in specialist eating disorders services at a level commensurate with comparable 
prevalence data in New Zealand and that a signifi cant contributory factor to the apparent 
unmet need for Māori with eating disorders is likely to be systemic bias. 

SUMMARIES
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While we have your 
attention…

Felicity Dumble, Jim Miller, Maria Poynter, Phil Shoemack 

In normal times, public health profession-
als work in the background to ensure 
that the myriad health risks faced by 

our population do not see the light of day. 
Pandemics and other major outbreaks or 
health emergencies remind the public of the 
importance of public health services. We are 
fortunate that we have, during the COVID-19 
crisis, had leadership that includes public 
health expertise and that understands the 
need for swift and decisive public health 
action. The aid of the hundreds of additional 
health professionals that have temporarily 
joined the Ministry of Health and public 
health units within DHBs to help out over 
this period has been greatly appreciated.

But the COVID-19 response has exposed an 
extremely concerning reality—that there is a 
massive and hugely problematic shortfall in 
New Zealand’s public health investment.

The lack of capacity within public health 
has been noted by Dr Ayesha Verrall’s report 
into contact tracing.1 It is also evident in 
the number of public health events over 
the past few years, including the Havelock 
North campylobacter outbreak and the 2019 
measles epidemic—both of which were 
preventable had the health system had 
capacity to manage upstream risks. 

Despite this under-resourcing and 
under-investment over many years, our 
depleted public health professionals and 
public health units have responded amaz-
ingly well to the size of the challenge that 
COVID-19 has given us. But this has required 
substantial emergency investment. You 
cannot make up for more than a decade of 
underfunding with emergency funding. Now 
that the money has started to fl ow to public 
health, we need to maintain this fi nancial 
momentum and make wise investment 
decisions. Some of the current spending is 
just to see us to the other side of the crisis—
what we really need is a long-term public 
health investment strategy, both regionally 

and nationally. This strategy needs to build 
on the rapid innovation that is currently 
happening, but still be focused on creating 
a world-class public health service that will 
see us through the next generation. 

This future needs to be co-designed with 
those public health professionals who 
understand it intimately and who can avoid 
repeating the mistakes of the past and 
current systems and embedding a whole 
new set of fl aws. 

Nationally, we need information systems 
that can capture all our data needs, from 
clinical and laboratory notifi cation through 
to case and contact management, as well 
as real-time monitoring and centralised 
reporting. Clinicians from around Aotearoa 
should be able to electronically report all 
notifi able diseases to Medical Offi  cers of 
Health, in the same way they can refer a 
patient for a specialist service. As well as 
being electronic this notifi cation pathway 
should be similar to the electronic system 
already used by laboratories to notify cases 
to Medical Offi  cers of Health that uses the 
EpiSurv (the national notifi able disease 
database) system. This would ensure that 
data from clinician notifi cations can be 
automatically entered into EpiSurv and the 
collated information will be available to 
be seen locally, regionally and nationally 
as is currently available from this dataset.
Case and contact management needs its 
own information system to adequately 
capture and link cases, contacts and their 
management—and if the system works well, 
this should be operated around the country 
so that workload overfl ows can be taken 
up by other areas when a local outbreak 
outstrips local capacity. Such a system would 
need to work very differently to the current 
case/contact split in COVID-19 management, 
whereby the national hub takes contacts 
without the linked case; this is a stop-gap 
measure only and should absolutely not be 
the longer-term approach. 

EDITORIAL
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Like IT infrastructure, the workforce infra-
structure also needs investment. The New 
Zealand College of Public Health Medicine 
has advocated for more public health 
medicine training positions for several 
years. Because of the scope of public health, 
workforce development also requires more 
people skilled in areas such as epidemi-
ology and statistics, geospatial epidemiology, 
social marketing, informatics and emer-
gency management. Related specialist 
areas including occupational health, health 
protection and drinking water assessment 
require similar investment. 

While much can be invested nationally, 
there will always be a need for public health 
service delivery at the local level. We do not 
know whether the forthcoming Health and 
Disability System Review report will include 
a recommendation to (re-) establish a central 
public health agency; there are arguments 
both for and against one. Public health is 
about people and contexts; regional services 
have much greater ability to be sensitive to 
the local populations than a remote national 
service. This is particularly true for ensuring 
any public health response addresses and 
removes inequities and can work with mana 
whenua to distribute power appropriately. 

Public health crises have historically 
been used to drive reform in the public 
health sector, such as with the 1988 Acheson 
Report in the UK.2 The COVID-19 pandemic 
is the opportunity to move public health 

service design in New Zealand out of the 
19th century and into the 21st century. We 
must have excellent and collective fore-
sight to plan the services we need to deliver 
into the future, rather than repeating past 
mistakes of responding with ‘just enough’ to 
see us through the current crisis. While we 
are focusing at present on communicable 
disease control, this design opportunity 
exists for all aspects of population health. 
First and foremost, this must achieve health 
equity for Māori. Health equity for Pacifi c 
People must also be addressed. Addi-
tionally, addressing risks related to social 
and commercial determinants of health, 
non-communicable disease threats, envi-
ronmental health and climate change are 
all part of the agenda, and would benefi t 
from a Health in All Policies approach. 
Public health needs capital infrastructure 
investment to deliver information systems 
and workforce development to meet current 
demands, as well as an increase in baseline 
funding for both national (Ministry of 
Health and ESR), and regional (public health 
unit) service delivery.

The co-ordinated response of Aotearoa 
to COVID-19 represents a refreshingly 
powerful example of our government 
seeking, and following, the advice of public 
health experts. Many of the most effective 
public health levers are held by politicians. 
Our hope is that national and local deci-
sion-makers continue to commit to acting on 
the evidence. 

EDITORIAL
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Exploring the impact of 
public health campaigns 

for glaucoma and macular 
degeneration utilising 

Google Trends data in a 
New Zealand setting

Adeline Kho, Rachael Niederer, Graham Wilson

Glaucoma and age-related macular 
degeneration (AMD) are the leading 
causes of blindness in New Zealand, 

as they are for the developed world.1 AMD 
and glaucoma account for 48% and 16% of 
blindness in New Zealand respectively.1 Vi-
sion loss has far-reaching deleterious effects 
on quality of life, other health issues such 
as falls, depression, increased mortality and 
increased economic costs due to dependence 
on care services, treatment costs and lost 
productivity.1 Both conditions are commonly 
asymptomatic until vision loss is advanced. 
However, if detected early, both are often 

amenable to cost-effective treatment which 
can slow or halt vision loss.1

New Zealand runs numerous annual 
public health campaigns aimed at raising 
awareness and educating the general 
public on specifi c diseases. Macular Degen-
eration Awareness Week is held in May, 
and Glaucoma Awareness Month in July. 
Previous research has utilised Google Trends 
to show increased internet traffi  c for breast 
(October—Breast Cancer Awareness Month) 
and prostate (September—Blue September) 
cancer following their respective disease 
awareness campaigns.2

ABSTRACT
AIM: To evaluate the impact of public health campaigns for glaucoma and age-related macular degeneration 
compared to breast cancer and prostate cancer using Google Trends data.

METHODS: Relative search volumes for the terms ‘glaucoma’, ‘macular degeneration’, ‘breast cancer’ 
and ‘prostate cancer’ for New Zealand from October 2008–September 2018 were obtained via Google 
Trends. Intervention time-series analyses were used to compare observations before and a� er each 
awareness campaign. 

RESULTS: Of the campaigns occurring in the 10-year study period, statistically significant increases in 
search behaviour were observed for breast cancer (45%, p<0.01), prostate cancer (32%, p<0.01) and 
glaucoma (16%, p<0.01). Macular degeneration search behaviour increased on average 14% but this was 
not statistically significant (p>0.1), although increased activity (294%) was observed in December 2016, 
corresponding with the release of a report, public meeting and media release on the socioeconomic impact 
of macular degeneration.

CONCLUSIONS: Glaucoma and macular degeneration search behaviour in New Zealand has a low impact 
following health awareness campaigns in comparison to breast and prostate cancer. This implies there is 
scope for improvement with these campaigns and a large increase in macular degeneration activity following 
a public meeting, and report release suggests that increased funding may increase impact. This study also 
highlights the utility of internet data for cost-e� ective monitoring of public interest in health issues.

ARTICLE
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Internet search engines and social media 
generate massive amounts of data. Google 
Trends is a freely available web tool which 
analyses a proportion of the billions of 
daily Google search engine queries to 
provide user-specifi ed data on relative 
search volumes.3 Google Trends data has 
been utilised in previous studies to estimate 
disease incidence (such as seasonal allergic 
conjunctivitis, cancers), to identify and 
predict epidemic infl uenza outbreaks, 
and gauge public interest in a health-re-
lated condition or procedures such as 
laser refractive surgery.4–10 Thus, internet 
search behaviour may be a useful proxy to 
approximate a population’s health-seeking 
behaviour.4–10

With the rising ageing population and 
forecasted increase in healthcare costs and 
burden, Internet data could complement 
traditional epidemiological research tools 
to optimise service delivery planning and 
public health initiatives.

Aim 
We aim to evaluate the impact of public 

health campaigns for macular degeneration 
and glaucoma public awareness campaigns 
in New Zealand compared to breast and 
prostate cancer using Google Trends data. 

Methods
Search volumes for the terms ‘glaucoma’, 

‘macular degeneration’, ‘breast cancer’ 
and ‘prostate cancer’ for New Zealand 
from October 2008–September 2018 were 
obtained via Google Trends on 28 September 
2018 (Figure 1). These terms also included 
commonly related search words identifi ed by 

Google Trends, in order to capture a repre-
sentative sample of possible search terms.

The values yielded are not absolute 
fi gures, but relative numbers: 0–100. The 
value 100 is assigned to the highest volume 
(or most popular term) during the specifi ed 
period of time, and all other volumes are 
assigned a value relative to this. Therefore, 
a value of 0 does not mean that a term has 
never been searched, but that it was too 
small to be included in the output data, to 
avoid compromising anonymity of user data. 
The RSV were analysed for monthly and 
yearly temporal patterns in relation to their 
respective disease awareness campaigns. 

Statistical analysis
Statistical analysis was conducted in 

SPSS statistical software version 25 (IBM, 
Chicago, IL). Intervention time-series 
analyses were used to compare observations 
before and after the awareness campaign. 
A time domain Box-Jenkins auto-regressive 
integrated moving average (ARIMA) 
model analysis was used for each medical 
condition.11 A 60-month intervention series 
was used to identify an ARIMA (0,1,1)
(0,1,1) model with differencing to achieve 
stationarity. To ensure the robustness and 
applicability of the ARIMA analysis, the data 
was evaluated for normality of sampling 
distribution, homogeneity of variance, 
independence of residuals and outliers. A p 
value of ≤0.05 was considered signifi cant. 

Results
Mean relative search volume per month 

is illustrated in Figure 1. Breast cancer had 
the highest search volumes, followed by 
prostate cancer, glaucoma and AMD. 

Figure 1: Mean relative search volume per month.

ARTICLE
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For breast cancer, there was a peak 
in search activity corresponding to the 
awareness campaign in October (p<0.01). 
The breast cancer campaign with the highest 
Google Trends impact resulted in a 68% rise 
in search activity under that term. Of the 
campaigns that have occurred over the past 
10 years, breast cancer search behaviour 
increased on average 45% under that term. 
The impact of the campaign is moderate to 
strong, with the peak of activity occurring 
within the fi rst two weeks of the awareness 
month. Data showed post-campaign search 
activity dropping back to baseline levels 
(pre-campaign) within 6–8 weeks. In-be-
tween the yearly campaigns, there are 
some spikes in activity, which cannot be 
accounted for against any intervention 
activity. Search activity remains at baseline 
(pre-intervention) levels until the launch of 
the following year’s campaign.

For prostate cancer, there was a peak 
in search activity corresponding to the 
awareness campaign in September (p<0.01). 
The campaign with the highest Google 
Trends impact resulted in a 51% rise in 
search activity under that term. Of the 
campaigns that have occurred over the past 
10 years, prostate cancer search behaviour 
increased on average 32% under that term. 
The impact of the campaign is moderate to 
strong, with the peak of activity occurring at 
the fi rst two weeks of the awareness month. 
Data showed post-campaign search activity 
dropping back to baseline levels (pre-cam-
paign) at four weeks. Search activity remains 
at baseline (pre-intervention) levels until the 
launch of the following year’s campaign. 

For glaucoma, there was a small peak 
in search activity corresponding to the 
awareness campaign in July (p<0.01). 
The glaucoma campaign with the highest 
Google Trends impact resulted in a 28% 
rise in search activity under that term. Of 
the campaigns that have occurred over the 
past 10 years, glaucoma search behaviour 
increased on average 16% under that term. 
The impact of the campaign is short with 
the peak of activity occurring at the fi rst 
week of the awareness month. Data showed 
post-campaign search activity dropping back 
to baseline levels (pre-campaign) within 4–6 
weeks. With the exception of some spikes 
in activity, which cannot be accounted for 
by any intervention activity, search activity 

does not increase until the launch of the 
following year’s campaign. 

For macular degeneration, there was 
a small increase in search activity corre-
sponding to the awareness campaign in 
May, but this did not reach statistical signif-
icance (p>0.1). The macular degeneration 
campaign with the highest Google Trends 
impact resulted in an 18% rise in search 
activity under that term. Of the campaigns 
that have occurred over the past 10 years, 
macular degeneration search behaviour 
increased on average 14% under that term. 
The impact of the campaign is weak, with 
the peak of activity occurring during the 
awareness week. Data showed post-cam-
paign search activity dropping back to 
baseline levels (pre-campaign) within four 
weeks. There are a few small spikes in 
activity, not accounted by any intervention, 
and otherwise search activity remains at 
baseline (pre-intervention) levels until the 
launch of the following campaign. One 
larger spike in activity (294%) was observed 
in December 2016 for macular degeneration. 
This did not correspond to any awareness 
week, but did coincide with the release of a 
report on the socioeconomic cost of AMD the 
prior month,12 a large public meeting and 
media release. 

Discussion 
This data demonstrates a correlation 

between increased internet search activity 
and national public health campaigns, 
suggesting that there is a positive effect on 
public awareness due to the campaigns. 
Over the past decade, glaucoma campaigns 
generated an average 16% increase in 
search activity, which is weak in comparison 
to breast cancer (45% increase) and prostate 
cancer (32% increase). AMD campaigns 
failed to generate a statistically signifi cant 
increase in search activity, but a strong 
increase (294%) was observed following the 
release of the Deloitte report, media release 
and public meeting on the socioeconomic 
impacts of AMD.12 

The higher results for breast and prostate 
cancer in comparison to macular degener-
ation and glaucoma during their respective 
awareness campaigns may be explained by 
a number of factors, such as the nature and 
resourcing of the campaigns. It could also 
be explained by higher relative prevalence 
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and mortality rates for cancer, in addition to 
greater funding for awareness campaigns. 
Breast cancer is estimated to affect one 
out of nine New Zealand women in their 
lifetime, and kills over 600 people each 
year.13 Prostate cancer is the most common 
cancer in males, with an estimated 3,000 
new diagnoses and 600 deaths annually 
in New Zealand.14 Australia and New 
Zealand have the highest incidence rates in 
the world at 104.2 per 100,000.15 Macular 
degeneration is thought to affect 1.1% of 
all New Zealanders aged 45 years old and 
above, increasing to 7.6% of those aged 80 
years and above.12 Glaucoma prevalence 
is approximately 2% in New Zealanders 
aged 45 and above, increasing to 10% in 
those aged 80 and above.16 Morbidity and 
mortality due to visual impairment are less 
readily quantifi able, and a less visible public 
health issue.12,16 

Breast and prostate cancer both tend 
to affect relatively young people (with 
incidence increasing from age 50 years 
onwards) in comparison to macular degen-
eration and glaucoma. Older people are 
less likely to use the internet as their main 
source of information; of those aged 75 
years and over, only 52% had home internet 
access, and 32% had used the internet in the 
past year.17 Therefore, breast and prostate 
cancer may have higher RSV because they 
tend to affect younger age groups who are 
more likely to use the internet. Also, data on 
new patient presentations to Optometry or 
Ophthalmology clinics, and phone enquiries 
to Macular Degeneration New Zealand and 
Glaucoma New Zealand were not available 
for this study; it may be that the interest 
generated by these campaigns are mani-
fested more in these avenues, rather than 
through internet search data.

The positive correlation between public 
health campaigns and increased internet 
search activity is in keeping with previous 
research demonstrating an increase in 
search activity after WHO campaigns18 and 
Breast Cancer Awareness Month.2 Sharat-
pehani et al18 analysed Google Trends 
data using a system dynamics model to 
demonstrate that WHO disease awareness 
programmes (for tuberculosis, AIDS, 
breast and autism) increased population 
awareness. Their modelling also simulated 
the effect of word-of-mouth, as knowledge 
gleaned by the internet users would be 

propagated exponentially to others. The 
power of social media further amplifi es this. 
Noar et al analysed the traffi  c generated by a 
viral Facebook skin cancer selfi e by a young 
woman, and demonstrated an exponential 
increase in skin-cancer related queries and 
internet activity as a result.19 Social media 
is a cheap, cost-effective form of health 
promotion; organisers should consider 
utilising these platforms in addition to tradi-
tional mass media campaigns. 

Previous similar studies suggest patients 
are increasingly seeking internet-derived 
information on ophthalmic conditions.4–6,9,10 
Nicholson et al20 assessed 41 websites on 
ophthalmic-related conditions (cataract, 
glaucoma, retinal detachment) and found 
the overall quality to be poor. There was 
a dearth of patient-friendly information 
available. Only fi ve were authored or 
reviewed by ophthalmologists, three by 
general practitioners and two by optom-
etrists. As the internet becomes a more 
popular medium for the public, health 
providers need to adapt and use these 
channels more. 

Strengths to this study include the use of 
a large dataset in a developed country with 
high rates of internet access, over a long 
time period of 10 years. This increases the 
likelihood that the data is representative 
of the modern New Zealand population. 
The use of breast and prostate cancer as 
comparisons provided useful benchmarks 
for what could potentially be achieved with 
effective campaigns. Also, the data is freely 
and easily accessible. This provides a novel 
way to assess the effectiveness of health 
campaigns, even in real time. This feedback 
can help guide organisations’ health 
promotion strategies to help them maximise 
their reach and effi  cacy.

There are limitations to this study. Firstly, 
this data was only obtained from one 
popular search engine. Secondly, only a 
proportion of the total search volumes are 
analysed. This is randomly generated and 
assumed to be representative of the sample 
population. Therefore the search volumes 
are not absolute; they are given as a ratio, 
relative to the most popular search term 
in that user-specifi ed query. A decrease in 
relative volume does not directly translate to 
a decrease in total volumes, but a decrease 
relative to the most popular term. 
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Furthermore, the intent and identity of 
the users Googling a specifi c term cannot be 
determined. For example, we cannot know if 
a user searching ‘glaucoma’ because they are 
seeking information as a patient, healthcare 
professional or other. We do not know if 
this increased search activity translates to 
increased numbers attending for assessment, 
or if this leads to improved outcomes. 
Future studies could utilise Google Trends 
data to complement real-world data on 
new presentations, referrals for assessment 
or compliance with treatment and other 
outcome-related measures.

Educating public health organisations 
in the use of Google Trends to monitor the 
effectiveness of their initiatives could help 
optimise their services. The data is free and 
readily accessible, but analysis and interpre-
tation can be complex. Nuti et al conducted 
a systematic review of studies utilising 
Google Trends data in healthcare, and found 
that a large proportion failed to adequately 
document search strategies, and only 10% 
were reproducible.21 Google collaboration 
with health researchers to develop effective 

search methodology could lead to more 
robust research. Access to real numbers 
would also increase accuracy and reliability, 
though may be more cumbersome to handle.

Conclusions
Glaucoma and AMD health promotion 

efforts during Glaucoma Awareness Month 
and Macular Degeneration Awareness Week 
respectively generated a weak increase in 
public interest via internet search activity 
in comparison to breast and prostate cancer 
campaigns. A large increase in Google 
traffi  c for AMD following the Deloitte report 
release,12 media attention and public meeting 
suggests that increased funding and media 
presence may generate increased awareness. 

Furthermore, this study highlights the use 
of internet search traffi  c as a useful proxy 
for population health-seeking behaviour. It 
also demonstrates the power of internet and 
social media in the dissemination of infor-
mation, especially among younger adults. 
Health campaigns should utilise these plat-
forms to reach a wider audience. 
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An economic evaluation of 
the All New Zealand Acute 

Coronary Syndrome Quality 
Improvement Registry 

programme—subanalyses 
for Māori (ANZACS-QI 42) 

Peter Lee, Ella Zomer, Danny Liew 

Cardiovascular diseases (CVDs) repre-
sent a signifi cant public health issue in 
New Zealand. In 2015, 33.0% of deaths 

were due to CVD, with 15.8% attributed to 
coronary heart disease (CHD).1 The disease 
burden attributed to CVD in New Zealand is 
also higher compared with other Western 
countries.2  Additionally, it is established 
that signifi cant disparities in outcomes exist 
between Māori and non-Māori in New Zea-
land.  For example, in 2014–15, the mortality 
rate for CHD was greatest for Māori (337 per 
100,000).3 Furthermore, the relatively low 
hospitalisations for CHD, compared with 
high CHD-related mortality (three CHD-re-
lated hospitalisations for each CHD-related 
death), indicates that signifi cant disparities 
exist in the management of CVD for  Māori.3 

 These include lower patient adherence to 
pharmacotherapies indicated in the manage-
ment of CVD, and lower rates of revascular-
isation following acute coronary syndrome 
(ACS).3–5  Such disparities in the manage-
ment of CVD for Māori in New Zealand are 
attributed to multiple factors, including cost 
barriers and access to culturally sensitive 
healthcare services.3,5 

The All New Zealand Acute Coronary 
Syndrome Quality Improvement programme 
(ANZACS-QI) was developed in 2011 to 
support the evidence-based management 
of ACS through ongoing feedback and 
benchmarking. ANZACS-QI is a web-based 
clinical quality registry comprised of two 
overlapping cohorts which capture data 
for all New Zealand ACS patients directly 

ABSTRACT
AIMS: To evaluate the clinical and cost impacts of the All New Zealand Acute Coronary Syndrome Quality 
Improvement programme (ANZACS-QI) specifically for Māori with acute coronary syndrome (ACS). 

METHODS: Decision analytic Markov models were used to estimate the e� ectiveness and costs of the 
ANZACS-QI programme over four years of full coverage (2013 to 2016), against a hypothetical scenario in 
which the registry did not exist. The estimated return on investment (ROI) and incremental cost-e� ectiveness 
ratios (ICERs) are reported.

RESULTS: The ROI ratio for the ANZACS-QI programme for Māori over the four-year period of full coverage 
was 1.51; that is, every dollar spent on the programme resulted in a return of NZD $1.51. The estimated ICER 
was NZD $114,786 per year of life saved (YoLS) over a one-year time horizon, but extending the benefits 
accrued to five years reduced the ICER to NZD $20,173 per YoLS.

CONCLUSIONS: The ANZACS-QI programme represents a sound investment for improving outcomes in the 
setting of ACS for Māori in New Zealand. Using highly conservative assumptions, the programme would be 
cost-saving based on an annual ROI ratio of 1.5.
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from national health datasets and through 
a web-based data collection system.6 Addi-
tional details regarding the ANZACS-QI 
clinical quality registry have been published 
elsewhere.6 Studies have demonstrated 
that clinical quality registries are asso-
ciated with major improvements in patient 
outcomes,7 and have signifi cant utility in 
medical research.7 However, few studies 
have assessed the clinical and cost impacts 
attributed to clinical registries. 

Recently, cost-effectiveness and return-on-
investment (ROI) analyses of the ANZACS-QI 
programme for the entire New Zealand 
population were undertaken.8 This study 
aimed to evaluate the cost-effectiveness and 
ROI of the ANZACS-QI programme specifi -
cally for Māori. 

Methods 
The methods applied for the present 

analyses were in line with the cost-effec-
tiveness and ROI analyses of the ANZACS-QI 
programme for the entire New Zealand popu-
lation.8 The approach will be reiterated here. 

Model structure
Decision analysis was applied to compare 

the downstream clinical and economic 
impacts of the ANZACS-QI programme 
(‘ANZACS-QI’ group) against a hypothetical 
scenario which assumed that the programme 
did not exist (‘No ANZACS-QI’ group).9,10 

In the base case analyses, four separate 
evaluations were performed. In each eval-
uation, a one-year (Cycles 1 and 2) time 
horizon was employed to represent the 
cost and clinical outcomes accrued by an 
ACS patient over one year. For example, for 
2013, the cost and clinical outcomes were 
those accrued one year following an ACS 
admission in 2013. The outcomes for each 
evaluation were then aggregated to refl ect 
four-year period of full coverage of the 
ANZACS-QI programme (2013–2016). 

For each evaluation, eight separate 
Markov models were created.9 E ach model 
represented a patient sub-cohort, stratifi ed 
by patient sex and four ACS sub-types; ST 
elevation myocardial infarction (STEMI), 
non-ST elevation myocardial infarction 
(NSTEMI), unstable angina (UA) and unspec-
ifi ed myocardial infarction (MI). For each 
model, three health states were used (‘ACS’, 
‘Alive >28d’ or ‘Dead’; Figure 1). All patients 

entered the model in the ‘ACS’ health state, 
representing the acute period following 
an ACS event. A fter 28 days (Cycle 1), all 
patients moved to the health state ‘Alive 
>28d’ (if they survived) or ‘Die’ (if they 
died) in the fi rst 28 days of their ACS event. 
Patient readmissions for MI within 28 days 
were not considered as the majority of 
patients dying within 28 days would have 
been readmitted prior to death and hence, 
captured by the ‘Die’ health state. 

Patients in the ‘Alive >28d’ state either 
remained alive (with or without read-
mission for MI), or transitioned to ‘Die’. 
The length of Cycle 2 was 337 days, repre-
senting the remaining year following Cycle 
1 (365 minus 28 days). Cycles 3 and beyond 
were 365 days in length, and were only 
considered in sensitivity analyses where 
the time horizon was extended beyond the 
fi rst year from index admission, to two and 
fi ve years. Clinical and cost outputs for each 
model in the two scenarios (‘ANZACS-QI’ 
and ‘No ANZACS-QI’) were aggregated to 
determine the overall cost-effectiveness 
and ROI attributed to implementation of the 
ANZACS-QI programme.

Model populations
T he model population was profi led on 

5,859 ACS patients of self-identifi ed Māori 
ethnicity who were managed at New 
Zealand public hospitals in the time period 
2013-2016 (Appendix A).11 P atient demo-
graphic characteristics are collected in the 
ANZACS-QI Routine Information Cohort, 
which is derived directly from the national 
health datasets.6 Patients may identify with 
up to three ethnic groups in a dataset, and 
patients who self-identifi ed as Māori in 
any of the linked datasets were classifi ed 
as Māori in line with the national ethnicity 
prioritisation protocol.5 T he accuracy of 
procedural and outcomes data collected by 
the ANZACS-QI ACS-CathPCI Registry cohort 
is ensured via validity checks at the point 
of data entry.6 Furthermore, the ANZACS-QI 
programme has been associated with a high 
level of data capture and agreeance with 
national datasets.12 

A lthough data were available from 2010 
onwards, data from the four-year period 
of 2013–2016 were only included to refl ect 
the period of full coverage of hospitals by 
the ANZACS-QI programme. That is, the 
ANZACS-QI programme was implemented in 
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41 hospitals across all district health boards 
(DHBs) in New Zealand from 2013 onwards. 
Data relating to the number of episodes of 
care across the four ACS sub-types were 
extracted for each model. Additionally, 
within each ACS sub-type, data pertaining 
to age at admission, sex, and the probability 
of readmissions for MI or death at 28 days 
and one year post-ACS were collected. The 
mean patient age at hospital admission was 
the baseline age of the model population 
for each of the eight ACS and sex-stratifi ed 
sub-cohorts. 

Transition probabilities
The population characteristics and tran-

sition probabilities are presented in Tables 
B1 to B4 of Appendix B. Transition proba-
bilities for Cycle 1 (0–28 days) and Cycle 2 
(29–365 days) were based on data drawn 
directly from national New Zealand data for 
2013–2016. The difference in likelihood of 
28-day and one-year outcomes were used to 
inform transition probabilities in Cycle 2. 

International Classifi cation of Diseases 
(ICD-10) codes for hospitalisations for 
NSTEMI (I214 and I222), STEMI (I210-I213, 
I220, I221, I228 and I229), and MI not spec-
ifi ed (I219) were used to identify the number 
of readmissions for MI.

In determining Cycle 2 transition prob-
abilities for ‘Stay Alive, MI readmission’, 
the probability of surviving in the period 
of 29 days to one year was estimated using 
the formula (1 – ‘mortality’). The likelihood 

of ‘mortality’ in Cycle 2 was the difference 
between the likelihood of mortality at one 
year and 28-days. The probability of survival 
in Cycle 2 was then multiplied by the prob-
ability of readmissions for the period of 29 
days to one year, estimated by the difference 
in probability of readmissions at one year 
and 28-days. 

Transition probabilities for ‘Stay Alive, 
MI readmission’ for Cycle 3 onwards were 
assumed to remain the same as in Cycle 
2. The probability of transitioning to the 
health state ‘Die’ in Cycle 3 was based on 
age- and sex-specifi c general Māori death 
rates estimated from population and 
mortality data provided by Statistics New 
Zealand, and adjusted through multipli-
cation by a standardised mortality ratio 
(SMR) of 1.3 (95% confi dence interval [CI] 
1.2 to 1.5) to account for the greater like-
lihood of death for ACS patients.13 

As discussed above, the base-case evalua-
tions used a time horizon of one year; hence, 
transition probabilities beyond Cycle 2 were 
only considered in sensitivity analyses. 

Benefits of the ANZACS-QI 
programme

In the absence of directly comparable 
data, the assumed level of contribution 
of the ANZACS-QI programme to health 
outcomes was applied and decision analysis 
was used to compare the clinical and cost 
impacts of the ‘ANZACS-QI’ and the ‘No 
ANZACS-QI’ groups.10

Figure 1: Structure of the ACS Markov models.

ACS = acute coronary syndrome; 28d = 28 days; MI = myocardial infarction; readm = readmission.
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In the base case analysis, we assumed that 
the ANZACS-QI programme contributed to 
15% of the observed temporal changes in 
risks of MI readmission and death among 
New Zealand Māori ACS patients in the 
period from 2010 to 2016. For example, 
the risk of 28-day mortality among female 
NSTEMI patients was observed to reduce 
annually by 2%; a similar reduction in 
the risk of mortality was observed among 
female Māori NSTEMI patients. W hen 
applied to Māori, we assumed that in the 
absence of the registry, the temporal trends 
for this outcome would have decreased by at 
least 15%; that is, the average difference in 
the likelihood of 28-day mortality between 
the ANZACS-QI and non-ANZACS-QI patients 
would be 0.3% (15% multiplied by 2%). 

Studies have previously identifi ed 
strong associations between hospital 
benchmarking and quality improvement 
with improved clinical outcomes.14–19 T he 
assumed contribution of the ANZACS-QI 
programme was based on temporal trends 
observed in key performance indicators 
(KPIs) collected by the registry itself. First, 
there was a considerable increase in the 
likelihood of patients being discharged 
on angiotensin converting enzyme (ACE) 
inhibitors and aspirin (6% and 10% increase 
in likelihood per year, respectively). This 
corresponds to at least a 4% increase in 
the rate of evidence-based medications 
prescribed at discharge over the period of 
full ANZACS-QI coverage. Based on a 1:1 
association between increased adherence to 
guidelines and reduced in-hospital mortality 
as reported by Peterson et al (2006),17 this 
would likely to have contributed to at least 
a 2% reduction in in-hospital mortality. 
I mprovements in hospital adherence 
to evidence-based practice have been 
attributed to initiatives by insights from the 
ANZACS-QI programme.6,20

Second, there were considerable annual 
reductions in the median time between fi rst 
medical contact (FMC) and use of a coronary 
device (24 minutes per year), and door-to-
needle (DTN) time (11 minutes per year). 
This would likely lead to at least a 30-minute 
reduction in time-to-treatment over the 
four-year period of full coverage, and a 
possible reduction in one-year MI-mortality 
of 6%.15,19,21 The improvements in time-to-
treatment parameters may be attributed to 

the ANZACS-QI “three-day door-to-catheter” 
initiative implemented nationally in 
response to poor adherence to guidelines for 
the timely management of ACS. 

Based on these KPI improvements 
alone, a reduction in MI readmissions 
and post-ACS mortality of at least 2% over 
a four-year period of full coverage was 
likely. Further, the assumed contribution 
of ANZACS-QI (15%) was tested against the 
expert opinion of four clinical cardiologists 
(not authors of the present paper), each of 
whom felt it to be a reasonable, and likely 
conservative, assumption. 

The observed temporal trends in MI read-
missions and deaths post-ACS from 2010–16 
(based on ANZACS-QI data) are presented in 
Tables C1 and C2 of Appendix C. The effi  cacy 
of the ANZACS-QI programme was only 
applied to trends with signifi cant temporal 
changes, such as the change in likelihood of 
28-day mortality for patients with NSTEMI. 

Registry costs 
The annual cost of the ANZACS-QI 

programme for the New Zealand 
government was estimated to be $781,064 
per year, based on the annual contract 
cost paid to registry managers and the 
total annual staff cost for data entry. This 
cost was apportioned evenly according to 
the relative composition of Māori patients 
within each year; for example, in 2016, 
10.8% of the New Zealand ACS population 
were Māori and therefore the costs of the 
ANZACS-QI programme for Māori was 
assumed to be $84,684. The derivation of 
registry costs is provided in Appendix D.

Costs attributed to ACS
The derivation of costs attributed to ACS 

was through the use of data pertaining to 
diagnostic-related groups (DRGs) and their 
costs for publicly funded casemix hospital-
isations in 2016/2017 (see Appendix D).The 
cost of each hospital readmission for MI, and 
the cost of death, was $4,992. This was based 
on the weighted-average costs for MI-re-
lated DRGs. The cost of death was assumed 
to be the same as the cost of hospitalisation 
for MI; this was due to a lack of robust 
data on the costs of patient mortality. This 
assumption was justifi ed on the basis that 
most deaths occurring within a year of the 
index ACS would be attributed to MI, with 
most patients experiencing MI being hospi-
talised prior to death. 
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Cost of a year of life
The estimated value of statistical life year 

(VoSLY) ranged from $135,552 to $213,049 
depending on the discount rate assumed 
(3–5%) and population characteristics (see 
Appendix E). This range of VoSLY values 
was estimated using a published method for 
deriving VoSLY, which considers the value 
of statistical life (VoSL), life expectancy 
and annual discount rates.22–24 Specifi cally, 
the equation used was VoSLY = VoSL*d/
[1-(1+d)^(-L)] where ‘d’ is the discount rate 
and ‘L’ is the life expectancy.  Based on 
mortality rates in New Zealand in 2012–
2014, the estimated life expectancy was 77.1 
years for Māori females and 73.0 years for 
Māori males.25 In the base-case analysis, the 
VoSLY was assumed to be $180,000, which 
lies in the range of estimated VoSLY values.

All costs are expressed in 2017 New 
Zealand Dollars (NZD).

Discounting
A discount rate of 5% per annum was 

applied to years of life lived and costs 
incurred beyond the fi rst year. This was 
only applied in the sensitivity analyses, as 
a one-year time horizon was considered for 
the base-case analysis.

Economic evaluations
As discussed above, four economic eval-

uations were performed in the base case 
analysis. Each evaluation considered eight 
models, stratifi ed by sex and ACS sub-type, 
and the expected value across the ACS 
sub-types represented the clinical and 
cost outcomes over one year following an 
index hospitalisation for the selected year. 
The results of these four evaluations were 
aggregated to represent the clinical and cost 
outcomes attributed to the four-year period 
in which the ANZACS-QI programme had 
full coverage (2013–2016). The evaluations 
were repeated assuming the ANZACS-QI 
programme did not exist, and the difference 
in outcomes between the ‘ANZACS-QI’ and 
‘No ANZACS-QI’ groups represented the 
benefi t attributable to the programme.

The primary cost-benefi t analysis calcu-
lated differences between the ‘ANZACS-QI’ 
and ‘No ANZACS-QI’ groups in terms of net 
societal costs to assess the ROI attributed 
to the ANZACS-QI programme. Net costs 
were defi ned as the cost of the ANZACS-QI 
programme, minus the total cost averted 

through preventing deaths and readmis-
sions for MI and the subsequent cost savings 
from prolonging years of life lived by the 
cohort, estimated through VoSLYs gained. 

A cost-effectiveness analysis was also 
undertaken to estimate the incremental 
cost-effectiveness ratio (ICER) in terms of 
net health system costs (not societal costs) 
per year of life saved. ICERs were estimated 
through dividing the difference in net 
health system costs, excluding VoSLYs, by 
the difference in years of life saved between 
the ‘ANZACS-QI’ and ‘No ANZACS-QI’ groups. 
VoSLYs were excluded because the analysis 
was conducted from only the perspective of 
the New Zealand health system. 

Sensitivity and scenario analyses
Key input parameters were individually 

varied in one-way sensitivity analyses to 
establish the impact of specifi c model inputs 
on cost-benefi t/effectiveness. Specifi cally, 
these include varying the time horizon, the 
assumed contribution of the ANZACS-QI 
programme, costs of readmissions and 
death, and the assumed VoSLY.

Ethics approval
The ANZACS-QI programme is governed 

by the ANZACS-QI governance group, which 
has established protocols and processes to 
ensure the appropriate access and usage 
of data from the ANZACS-QI programme.6 
F or the present study commissioned by the 
University of Auckland (Project Number: 
32902), ethics approval was granted 
by the University of Auckland Human 
Research Ethics Committee prior to the 
commencement of analyses.

Results
Patient outcomes and costs

Table 1 presents the results of the 
base-case analysis in terms of overall 
clinical (deaths and readmissions for MI) 
and burden of disease outputs (years of 
life lived). The total costs and VoSLYs are 
also presented in Table 1. These are the 
aggregate results for years 2013 to 2016 
inclusive, with one year of follow-up for 
each ACS event. 

There were a total of 5,859 admissions 
to a New Zealand hospital across all ACS 
sub-types for Māori in the registry for 
the period of full programme coverage 
(2013–2016). Based on the assumed level 
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of contribution (15%) of the ANZACS-QI 
programme to temporal trends, the total 
clinical benefi ts of the programme were the 
prevention of three readmissions and four 
deaths attributed to an MI, and two years 
of life saved.   The net cost of the ANZACS-QI 
programme from the perspective of the New 
Zealand healthcare system was $277,284 
for Māori. This was based on the difference 
between the costs attributed to programme 
implementation ($308,933) and total cost 
of MI-related readmissions and mortality 
averted by the programme ($31,649).

From a broader societal perspective, the 
ANZACS-QI programme resulted in a net 
saving of $157,535 for Māori. This was based 
on the difference between the estimated 
savings in years of life lived ($434,819) and 
the total healthcare costs ($277,284). The ROI 
ratio, comprising the ratio of the total cost 
savings to the total cost of the ANZACS-QI 
programme, was 1.51. 

Based on a net cost of $277,284 to the 
healthcare system and a saving of two years 
of life lived, the ANZACS-QI programme was 
associated with an incremental cost-effec-
tiveness ratio (ICER) of $114,786 per year 
of life saved for Māori (Table 2). It should 
be noted that a one-year time horizon was 
assumed in this base-case evaluation. Years 
of life saved would have continued to accrue 
with increasing time horizons for ACS 
patients saved by the programme, resulting 
in progressively increasing cost-effec-
tiveness (Table 3).

Sensitivity analyses
Table 3 presents the results of the sensi-

tivity analyses in terms of ICERs, estimated 
net costs attributed to the ANZACS-QI 
programme and the ROI ratio. As with the 
base-case analysis, results are presented 
for the four-year period from 2013–2016 
inclusive for Māori. 

Table 2: The estimated overall cost-effectiveness attributed to the ANZACS-QI registry. 

Overall population (N=5,859) Outcomes Total cost

MI readmissions (n) Deaths (n) Years lived

ANZACS-QI
No ANZACS-QI
Di� erence

317
320
3

1,016
1,020
4

5,141
5,138
-2

$6,965,199
$6,687,915
-$277,284

ICER $114,786

ANZACS-QI = All New Zealand Acute Coronary Syndrome Quality Improvement; ICER = incremental cost-e� ectiveness 
ratio; MI = myocardial infarction; Readm = readmissions. All costs are presented in 2017 New Zealand Dollars (NZD).

Table 1: Results of the base-case analysis—clinical and burden of disease and cost outputs.

Clinical outcomes Parameter Overall (N = 5,859)

ANZACS-QI No ANZACS-QI Di� erencea

MI readmissions (n, %N)
Deaths (n, %N)
Years lived

317 (5.4%)
1,016 (17.3%)
5,141

320 (5.5%)
1,020 (17.4%)
5,138

3 (0.1%)
4 (0.1%)
-2

Cost outcomes ($) ANZACS-QI
MI readmissions
Deaths
Total
VoSLY

$308,933
$1,582,686
$5,073,580
$6,965,199
$925,348,680

$0
$1,597,051
$5,090,864
$6,687,915
$924,913,861

-$308,933
$14,365
$17,284
-$277,284
-$434,819

ANZACS-QI = All New Zealand Acute Coronary Syndrome Quality Improvement; MI = myocardial infarction; VoSLY = 
value of statistical life year. All costs are presented in 2017 New Zealand Dollars (NZD).
aFigures may not add up due to rounding.
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Discussion
Main findings

 Our study estimated that investment 
in the ANZACS-QI programme resulted 
in savings in years of life lived (VoSLYs) 
of approximately $277,284 per year and 
provided a ROI ratio of 1.51 for Māori. This 
was based on a conservative assumption in 
which 15% of the temporally related change 
in likelihood of MI-related events was 
attributed to the ANZACS-QI programme. 
Analyses using longer time horizons demon-
strated that the ANZACS-QI programme 
would represent a sound investment for 
New Zealand, with an expected increase 
in the ROI ratio to 3.1 with a two-year 
time horizon. These fi ndings are in accord 
with the range of ROI ratios estimated by a 
recent economic evaluation of fi ve clinical 
quality registries across Australia.26

 In the determination of cost-effectiveness 
of health interventions in New Zealand, 
gross domestic product (GDP) per capita 
expenditure is often used in lieu of an 
offi  cial willingness-to-pay threshold,  with a 
GDP per capita expenditure of $45,000 per 

quality-adjusted life year (QALY) gained 
considered cost-effective.27 In the base-case 
cost-effectiveness analysis of the ANZACS-QI 
programme, an ICER of $114,786 per year of 
life saved was estimated for Māori with ACS. 
Programme cost-effectiveness improved 
when the time horizon was extended to 
two years (ICER = $49,157 per year of life 
saved) and fi ve years (ICER = $20,173 per 
year of life saved).  This fi nding is typical of 
healthcare interventions that are applied, 
and hence costed, only once to the target 
population, but which continue to accrue 
benefi ts over time.

It should be noted that the transition 
probabilities for Māori with ACS used in the 
evaluations, and hence the estimated ROI 
and cost-effectiveness of the ANZACS-QI 
programme, did not differ signifi cantly 
from the total New Zealand ACS popu-
lation (Appendix F). However, the average 
age of Māori ACS patients is considerably 
lower than the mean age of the general 
ACS population in New Zealand.11,25 As this 
difference is greater than the difference in 
average life expectancy between the two 
populations,  each death prevented by the 

Table 3: Results of sensitivity analyses—net costs and return on investment ratio.

Input parameter Net costa ROI ratio ICER

Base case -$157,535 1.51 $114,786

Time horizon (Base case: 1 year)
2 years
5 years

- $660,277b

- $1,947,113b

3.14b

7.30b

$49,157b

$20,173b

Contribution of ANZACS-QI to observed temporal trends 
(Base case: 15%)
10%
20%

-$1,449
-$314,222

1.00
2.02

$179,098
$82,626

Assumed cost of readmissions or mortality 
(Base case: $4,992)
$3,744 (Decreased 25%)
$6,240 (Increased 25%)

-$149,623
-$165,447

1.48
1.53

$118,061
$111,511

VoSLY in the first year (Base case: $180,000)
$135,000
$213,000

-$48,830
-$237,252

1.16
1.77

N/Ac

N/Ac

ANZACS-QI = All New Zealand Acute Coronary Syndrome Quality Improvement; ICER = incremental cost-e� ectiveness 
ratio; N/A = not assessed; ROI = return on investment; VoSLY = value of statistical life year. All costs are presented in 
2017 New Zealand Dollars (NZD).
a Based on the di� erence in total costs and estimated value of statistical life.
b results discounted at an annual rate of 5%.
c The VoSLY was not considered in the calculations for the ICER.
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ANZACS-QI programme would have resulted 
in more life years lived by Māori survivors 
relative to non-Māori. Hence, the ANZACS-QI 
programme is likely to be more cost-ef-
fective and benefi cial for Māori if the time 
horizon were extended to refl ect the life 
expectancy of an individual.11,25

Limitations
The extent to which the ANZACS-QI 

programme was assumed to contribute to 
temporal reductions in MI-related mortality 
and readmissions was a key limitation in 
this study. Hence, conservative estimates of 
the benefi ts were adopted in the base-case 
analysis, and were explored in sensitivity 
analyses. Importantly, decreasing the 
assumed benefi t of ANZACS-QI from an 
already conservative level (15–10%) did 
not result in lost investment for the New 
Zealand government (ROI = 1.00).

The cost inputs, including the value of 
VoSLY, were also a key limitation in this 
study. However, the results of the current 
study were only sensitive to the assumed 
VoSLY cost input. Varying the VoSLY to 
refl ect the lower and upper estimated range 
of values (see Appendix E) did not signifi -
cantly reduce the estimated ROI. It should be 
noted that a conservative VoSLY of $180,000 
was selected, and refl ects the estimate used 
by the Australian Commission on Safety and 

Quality in Health Care in its 2016 economic 
evaluation of select Australian clinical 
quality registries.26 The assumption of 
higher VoSLYs in the model ($213,000) would 
result in a higher ROI for the ANZACS-QI 
programme.

Finally, a cost-utility analysis evaluating 
the impact of the ANZACS-QI programme 
on patient quality-of-life was not performed 
due to lack of available data in the registry, 
and the considerable heterogeneity in 
post ACS quality-of-life data. Hence, our 
analyses were restricted to outcomes 
of patient mortality and readmissions 
attributed to MI, which represent clinically 
relevant outcomes in the setting of ACS, 
and are collected as indicators of quality 
improvement in the ANZACS-QI programme.

Conclusion
The ANZACS-QI programme represents 

a sound investment for managing cardiac 
care for Māori with ACS in New Zealand. 
Even based on highly conservative assump-
tions, the programme results in cost savings, 
at a ROI ratio of 1.51 for the period of 
full-coverage. Additionally,  the ANZACS-QI 
programme would be considered cost-ef-
fective to the healthcare system and is likely 
to be more effi  cient for Māori relative to 
non-Māori in New Zealand.
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Appendix
Appendix A: Population data tables for New Zealand

Table A1: New Zealand population data for Māori people aged 40 years and above, 2010 to 2016. 

2010 2011 2012 2013 2014 2015 2016

Male Female Total Male Female Total Male Female Total Male Female Total Male Female Total Male Female Total Male Female Total

40 3,830 4,500 8,330 4,160 4,690 8,850 4,080 4,800 8,880 3,990 4,710 8,700 3,760 4,520 8,290 3,720 4,400 8,120 3,650 4,230 7,880

41 3,990 4,400 8,390 3,830 4,490 8,320 4,160 4,680 8,830 4,060 4,790 8,850 3,960 4,690 8,650 3,740 4,500 8,240 3,700 4,390 8,090

42 3,820 4,410 8,230 3,970 4,400 8,360 3,820 4,470 8,290 4,150 4,660 8,810 4,030 4,770 8,790 3,940 4,670 8,610 3,720 4,480 8,200

43 3,860 4,290 8,150 3,810 4,400 8,220 3,940 4,400 8,330 3,800 4,440 8,250 4,120 4,630 8,750 4,010 4,750 8,750 3,920 4,650 8,570

44 3,640 4,070 7,710 3,840 4,280 8,120 3,810 4,410 8,210 3,910 4,390 8,300 3,770 4,420 8,190 4,100 4,610 8,710 3,990 4,730 8,720

45 3,770 4,090 7,860 3,630 4,060 7,690 3,830 4,280 8,100 3,800 4,400 8,200 3,880 4,360 8,240 3,730 4,400 8,140 4,070 4,590 8,660

46 3,710 4,170 7,870 3,760 4,080 7,840 3,620 4,050 7,680 3,820 4,270 8,090 3,760 4,370 8,140 3,850 4,340 8,190 3,720 4,390 8,110

47 3,900 4,410 8,310 3,690 4,150 7,840 3,740 4,080 7,820 3,610 4,040 7,660 3,780 4,240 8,020 3,740 4,350 8,090 3,830 4,320 8,150

48 3,800 4,270 8,060 3,870 4,400 8,270 3,680 4,130 7,810 3,730 4,070 7,800 3,580 4,010 7,600 3,750 4,220 7,970 3,720 4,330 8,040

49 3,540 4,110 7,640 3,780 4,240 8,020 3,850 4,380 8,230 3,660 4,120 7,780 3,700 4,040 7,740 3,560 3,980 7,550 3,740 4,200 7,940

50 3,370 3,840 7,210 3,520 4,100 7,620 3,770 4,220 7,980 3,830 4,350 8,180 3,620 4,080 7,700 3,670 4,020 7,690 3,520 3,960 7,480

51 3,360 3,740 7,100 3,340 3,810 7,160 3,490 4,090 7,590 3,770 4,180 7,950 3,790 4,320 8,120 3,590 4,070 7,650 3,640 3,990 7,620

52 3,000 3,310 6,300 3,340 3,740 7,080 3,320 3,800 7,120 3,470 4,080 7,550 3,720 4,150 7,870 3,760 4,290 8,050 3,560 4,040 7,600

53 2,980 3,240 6,230 2,970 3,280 6,250 3,310 3,730 7,040 3,300 3,760 7,060 3,430 4,050 7,470 3,690 4,120 7,810 3,730 4,270 8,000

54 2,750 3,120 5,870 2,960 3,220 6,180 2,950 3,260 6,210 3,280 3,720 7,000 3,260 3,730 6,990 3,380 4,020 7,400 3,660 4,080 7,740

55 2,570 2,900 5,470 2,730 3,110 5,840 2,940 3,210 6,140 2,930 3,240 6,170 3,260 3,680 6,940 3,230 3,700 6,930 3,340 3,990 7,330

56 2,430 2,760 5,190 2,560 2,900 5,460 2,700 3,110 5,810 2,910 3,200 6,110 2,880 3,210 6,090 3,210 3,660 6,870 3,190 3,670 6,860

57 2,350 2,540 4,900 2,420 2,750 5,170 2,540 2,890 5,430 2,670 3,100 5,770 2,880 3,160 6,040 2,840 3,180 6,030 3,160 3,620 6,790

58 2,250 2,420 4,670 2,340 2,550 4,880 2,400 2,750 5,150 2,520 2,890 5,410 2,640 3,070 5,710 2,840 3,130 5,970 2,800 3,160 5,950

59 2,110 2,320 4,430 2,220 2,410 4,620 2,320 2,550 4,870 2,370 2,740 5,120 2,490 2,850 5,340 2,600 3,040 5,640 2,800 3,100 5,900

60 2,020 2,280 4,300 2,100 2,300 4,400 2,180 2,400 4,570 2,300 2,550 4,850 2,340 2,710 5,050 2,450 2,830 5,280 2,560 3,010 5,570

61 1,840 2,060 3,900 2,000 2,260 4,260 2,070 2,280 4,350 2,150 2,380 4,530 2,260 2,520 4,780 2,300 2,680 4,980 2,410 2,800 5,210

62 1,850 1,970 3,810 1,820 2,060 3,880 1,970 2,240 4,200 2,050 2,250 4,300 2,110 2,360 4,470 2,210 2,490 4,700 2,250 2,650 4,900

63 1,660 1,840 3,500 1,830 1,950 3,770 1,790 2,050 3,850 1,950 2,200 4,150 2,010 2,210 4,220 2,070 2,340 4,400 2,160 2,460 4,620

64 1,400 1,540 2,950 1,630 1,820 3,450 1,790 1,920 3,710 1,760 2,030 3,800 1,910 2,170 4,070 1,970 2,180 4,150 2,030 2,300 4,330

65 1,310 1,500 2,810 1,390 1,530 2,920 1,610 1,790 3,390 1,770 1,900 3,670 1,730 2,000 3,720 1,860 2,130 3,990 1,920 2,140 4,070

66 1,240 1,390 2,640 1,290 1,480 2,770 1,360 1,510 2,870 1,580 1,770 3,360 1,730 1,870 3,590 1,680 1,960 3,640 1,820 2,090 3,910

67 1,130 1,260 2,390 1,230 1,370 2,600 1,270 1,460 2,730 1,340 1,490 2,830 1,540 1,740 3,280 1,680 1,830 3,510 1,630 1,930 3,560

68 1,120 1,240 2,360 1,100 1,230 2,330 1,210 1,330 2,540 1,250 1,430 2,690 1,300 1,470 2,760 1,490 1,700 3,190 1,630 1,790 3,420

69 1,080 1,230 2,310 1,100 1,210 2,310 1,080 1,200 2,280 1,180 1,300 2,490 1,220 1,390 2,620 1,260 1,430 2,690 1,440 1,650 3,090

70 1,090 1,150 2,240 1,050 1,200 2,240 1,070 1,160 2,240 1,040 1,180 2,220 1,140 1,260 2,400 1,180 1,360 2,540 1,230 1,390 2,620

71 890 1,010 1,900 1,050 1,110 2,160 990 1,170 2,160 1,040 1,140 2,180 1,010 1,140 2,150 1,100 1,220 2,320 1,140 1,330 2,470

72 830 950 1,780 840 980 1,820 1,020 1,090 2,110 950 1,140 2,090 1,010 1,100 2,110 970 1,100 2,070 1,060 1,180 2,240

73 720 920 1,630 780 920 1,690 810 940 1,760 970 1,060 2,030 900 1,110 2,010 960 1,060 2,010 940 1,070 2,010

74 650 780 1,430 680 890 1,580 740 880 1,610 780 900 1,690 930 1,020 1,950 860 1,060 1,920 910 1,020 1,930

75 600 650 1,250 600 740 1,350 650 860 1,500 690 840 1,530 740 870 1,620 880 1,000 1,880 810 1,030 1,830

76 530 620 1,150 560 620 1,180 560 710 1,270 600 820 1,420 650 810 1,460 700 820 1,520 840 950 1,790

77 460 630 1,090 500 600 1,100 510 590 1,100 520 680 1,210 560 780 1,340 610 770 1,380 660 760 1,420

78 400 520 910 420 600 1,020 460 570 1,040 470 550 1,020 490 650 1,150 520 740 1,270 570 720 1,290

79 340 520 860 370 490 860 380 570 950 420 540 960 430 520 940 460 620 1,090 490 690 1,180

80 300 440 750 320 490 810 340 460 810 360 530 890 400 510 910 370 490 860 430 590 1,020

81 270 360 630 290 410 690 300 450 750 310 430 740 330 490 820 370 470 840 340 460 800

82 210 300 510 250 330 580 250 380 630 270 430 700 290 400 690 290 450 740 330 430 760

83 160 280 440 190 280 470 230 300 530 210 350 560 240 390 630 270 370 640 260 420 680

84 140 240 380 130 250 380 170 260 430 200 280 480 180 320 500 220 350 570 240 350 590

85 110 200 310 130 210 350 120 230 350 150 230 370 170 240 410 160 280 440 190 320 520

86 90 150 240 100 180 270 110 190 300 110 200 300 130 210 340 150 220 370 140 260 400

87 60 130 190 80 130 210 80 160 240 100 160 260 90 180 270 100 170 280 130 200 330

88 50 80 130 60 110 170 60 110 170 60 140 200 90 140 230 80 160 230 90 150 230

89 40 70 110 40 70 110 50 90 140 50 100 140 50 110 170 80 120 200 70 140 210

90+ 120 270 390 130 290 420 130 290 410 130 310 440 150 340 490 170 380 550 200 410 610
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Table A2: New Zealand death data for Māori people aged 40 years and above, 2010 to 2016.

2010 2011 2012 2013 2014 2015 2016

Male Female Total Male Female Total Male Female Total Male Female Total Male Female Total Male Female Total Male Female Total

40 6 9 15 12 6 18 6 6 9 9 3 12 15 12 24 3 3 9 9 6 15

41 24 3 30 6 9 18 12 9 18 9 6 15 9 9 18 9 6 15 6 6 9

42 12 9 18 9 6 15 18 12 30 9 9 18 9 9 18 18 6 24 15 6 24

43 12 12 21 12 9 18 21 6 24 15 15 27 18 3 24 9 6 15 18 6 24

44 18 9 27 18 12 33 12 3 12 15 9 24 24 9 30 15 15 33 12 9 24

45 18 9 27 9 12 21 18 9 24 15 15 27 15 12 27 18 6 27 15 6 24

46 18 12 30 12 15 27 12 12 27 24 12 30 15 6 24 15 9 24 9 12 21

47 21 6 30 18 18 33 18 12 30 15 15 27 18 12 30 15 18 33 24 15 33

48 21 18 39 24 15 42 18 15 33 15 12 30 12 18 30 21 15 36 18 18 33

49 27 18 48 24 12 36 18 24 42 18 21 39 21 12 36 24 18 42 21 12 30

50 24 27 51 24 18 42 24 12 39 27 21 48 24 15 42 21 24 48 27 24 48

51 18 12 30 24 18 42 27 21 51 24 24 45 27 18 51 27 12 39 33 18 51

52 30 24 54 18 15 30 24 27 54 33 24 60 33 27 57 21 18 42 24 18 42

53 33 24 57 27 21 48 27 15 42 18 27 42 30 24 54 27 18 48 30 27 60

54 36 24 57 21 27 48 36 21 54 27 24 48 30 24 54 36 21 57 39 27 66

55 15 18 36 27 18 45 27 12 42 30 27 57 24 21 45 33 27 60 42 18 60

56 24 27 54 33 21 54 21 21 45 33 21 51 36 21 57 42 30 72 33 30 63

57 33 18 51 24 21 45 27 18 45 27 24 51 27 27 57 36 27 66 39 21 60

58 36 21 54 27 24 51 30 27 54 27 27 51 24 27 51 39 33 72 39 24 63

59 24 24 45 36 24 60 33 18 51 39 27 66 36 21 57 30 27 57 39 33 69

60 24 21 48 33 27 60 39 27 66 33 21 54 36 27 63 30 27 60 36 33 69

61 30 21 51 30 24 54 36 33 69 33 27 60 39 24 66 45 30 78 42 36 78

62 30 30 60 30 24 54 33 24 60 36 30 66 42 24 63 45 30 75 48 27 72

63 42 30 72 42 36 78 30 39 66 48 36 87 42 36 78 45 30 75 39 27 63

64 27 27 48 24 42 66 33 33 69 30 39 72 51 30 81 39 33 72 36 36 72

65 33 24 57 30 30 63 30 33 63 48 27 72 36 39 78 39 36 78 45 33 75

66 24 18 45 39 33 69 27 30 60 30 33 66 42 30 72 45 39 84 51 24 75

67 30 42 72 27 30 57 30 27 54 36 36 72 51 33 84 51 30 84 36 48 81

68 33 30 60 30 36 66 36 42 81 27 36 63 39 33 72 48 39 87 45 42 87

69 30 27 57 30 39 72 27 33 60 36 33 72 39 39 78 36 39 75 48 45 90

70 33 39 72 42 39 81 33 30 63 36 39 75 42 36 78 33 36 66 36 30 66

71 33 33 63 45 36 81 48 27 75 51 33 81 36 39 72 42 39 81 33 39 72

72 30 27 60 45 30 75 48 30 78 36 33 66 45 33 78 27 39 63 45 39 84

73 24 24 48 36 33 69 27 42 72 51 33 84 48 42 90 42 42 84 30 36 63

74 39 30 69 30 27 60 36 33 69 39 36 78 33 33 66 48 39 87 48 39 87

75 42 27 69 42 33 75 42 33 75 42 33 75 42 39 81 45 42 87 48 39 87

76 27 21 48 27 33 60 36 36 69 36 30 66 33 42 81 48 48 93 45 51 99

77 18 33 54 30 30 60 36 36 75 30 24 54 39 39 81 42 51 93 39 36 78

78 21 33 54 36 30 66 39 30 66 45 39 84 33 33 63 33 39 78 45 42 90

79 21 33 54 30 27 57 36 27 63 27 33 60 39 27 63 39 42 81 27 45 72

80 18 39 60 15 30 42 24 30 54 18 36 57 30 42 72 45 27 75 24 36 63

81 15 21 36 27 36 63 24 24 48 33 30 66 33 45 78 33 36 69 39 36 75

82 18 27 45 21 27 48 42 36 78 30 24 54 24 36 60 24 45 72 39 33 72

83 21 30 51 21 30 48 36 15 51 27 39 66 27 39 69 24 21 45 36 27 63

84 18 18 36 21 21 42 15 27 45 24 30 54 27 21 45 24 39 60 33 30 66

85 15 18 33 9 30 42 15 33 45 18 24 45 21 36 54 18 39 60 24 24 51

86 9 12 24 9 30 36 21 24 42 12 18 30 27 24 54 21 24 45 18 15 33

87 3 15 18 12 24 33 15 18 33 12 21 33 12 24 39 27 30 60 18 21 39

88 9 18 27 9 9 21 9 18 27 15 21 33 9 24 33 12 18 30 9 21 30

89 6 18 21 3 12 15 9 9 18 6 18 24 9 18 30 12 18 30 12 12 27

90+ 9 36 60 21 63 87 18 54 84 24 69 93 21 60 87 30 87 117 39 84 111
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Appendix B: Population characteristics and transition probabilities 
(Māori population)
Table B1: Number of patients in each sub-type of ACS, by sex and year. 

Year Females Males

STEMI NSTEMI UA Unspec STEMI NSTEMI UA Unspec

2010 102 431 236 23 144 516 238 29

2011 111 452 196 29 186 448 216 43

2012 110 372 179 38 184 475 213 40

2013 76 415 175 28 153 423 190 37

2014 97 343 153 23 164 415 188 29

2015 81 357 133 27 167 421 142 41

2016 115 382 179 33 217 437 176 42

STEMI = ST elevation myocardial infarction; NSTEMI = non-ST elevation myocardial infarction; UA = unstable angina; 
Unspec = unspecified myocardial infarction.

Table B2: Mean age of patients in each sub-type of ACS, by sex and year. 

Year Females Males

STEMI NSTEMI UA Unspec STEMI NSTEMI UA Unspec

2010 60.1 65.1 61.1 72.0 55.5 61.3 60.6 60.8

2011 59.7 64.2 62.8 66.2 56.9 62.1 60.3 61.4

2012 59.9 65.0 52.9 70.9 57.9 62.3 60.9 65.8

2013 60.9 65.5 63.2 67.7 55.0 61.6 62.1 67.6

2014 61.3 64.1 62.4 65.9 56.9 61.7 61.1 65.3

2015 61.5 65.2 62.4 68.6 55.9 61.6 61.1 65.3

2016 59.9 65.5 62.1 75.3 58.1 62.1 62.9 63.5

STEMI, ST elevation myocardial infarction; NSTEMI, non-ST elevation myocardial infarction; UA, unstable angina, 
Unspec, unspecified myocardial infarction.

Table B3: Transition probabilities for Cycles 1 and 2 regarding readmissions. 

Year Sex 28-day readmission for MI 1-year readmission for MI

STEMI NSTEMI UA Unspec STEMI NSTEMI UA Unspec

2007 Females 9.5% 6.8% 0.4% 5.1% 16.7% 18.9% 7.8% 12.8%

2008 10.1% 8.0% 0.9% 3.6% 18.3% 19.4% 8.2% 7.1%

2009 7.4% 6.4% 1.8% 4.3% 14.9% 21.9% 7.5% 4.3%

2010 4.9% 5.3% 1.7% 0.0% 10.8% 20.9% 12.3% 0.0%

2011 8.1% 6.6% 0.5% 3.4% 11.7% 19.9% 10.7% 6.9%

2012 7.3% 5.4% 2.2% 0.0% 10.9% 16.1% 7.8% 2.6%

2013 5.3% 7.5% 1.1% 0.0% 5.3% 17.8% 8.0% 0.0%

2014 6.2% 4.7% 2.0% 0.0% 13.4% 13.4% 6.5% 0.0%

2015 3.7% 4.2% 0.8% 0.0% 6.2% 15.1% 10.5% 0.0%

2016 7.0% 3.9% 2.2% 3.0% 7.8% 9.2% 5.6% 3.0%
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Year Sex 28-day readmission for MI 1-year readmission for MI

STEMI NSTEMI UA Unspec STEMI NSTEMI UA Unspec

2007 Males 5.3% 8.7% 0.8% 2.7% 12.9% 20.3% 9.8% 5.4%

2008 7.9% 4.8% 0.8% 2.9% 13.2% 19.1% 10.2% 5.9%

2009 6.0% 7.2% 1.5% 0.0% 10.2% 18.7% 7.4% 5.4%

2010 4.2% 6.2% 2.5% 3.4% 9.7% 15.9% 6.3% 6.9%

2011 3.2% 5.1% 0.9% 0.0% 10.8% 12.7% 4.2% 0.0%

2012 3.8% 4.6% 0.9% 5.0% 8.7% 14.7% 8.0% 7.5%

2013 5.2% 5.0% 1.6% 0.0% 7.8% 14.2% 4.7% 8.1%

2014 6.1% 4.3% 0.5% 0.0% 10.4% 16.4% 6.9% 0.0%

2015 6.6% 2.9% 0.7% 0.0% 13.8% 11.2% 4.9% 0.0%

2016 4.6% 3.7% 2.3% 0.0% 6.5% 7.1% 6.8% 0.0%

STEMI = ST elevation myocardial infarction; NSTEMI = non-ST elevation myocardial infarction; UA = unstable angina; 
Unspec = unspecified myocardial infarction.

Table B3: Transition probabilities for Cycles 1 and 2 regarding readmissions (continued). 

Table B4: Transition probabilities for Cycles 1 and 2 regarding mortality.

Year Sex 28-day mortality 1-year mortality

STEMI NSTEMI UA Unspec STEMI NSTEMI UA Unspec

2007 Females 7.1% 9.2% 1.9% 48.7% 15.5% 22.1% 8.5% 56.4%

2008 11.9% 8.8% 0.9% 50.0% 24.8% 23.1% 8.7% 64.3%

2009 14.9% 5.5% 0.4% 69.6% 23.4% 20.8% 5.8% 78.3%

2010 16.7% 8.4% 1.3% 60.9% 26.5% 20.6% 6.8% 78.3%

2011 11.7% 8.4% 1.5% 41.4% 18.0% 22.8% 11.2% 44.8%

2012 10.0% 5.1% 2.8% 55.3% 15.5% 19.4% 6.7% 63.2%

2013 14.5% 6.5% 1.1% 53.6% 19.7% 20.0% 8.0% 57.1%

2014 14.4% 7.6% 2.0% 34.8% 25.8% 20.1% 6.5% 47.8%

2015 18.5% 4.2% 3.8% 55.6% 24.7% 17.4% 12.0% 70.4%

2016 13.0% 7.6% 0.6% 39.4% 18.3% 17.5% 5.0% 51.5%

2007 Males 9.9% 8.2% 1.9% 59.5% 12.3% 23.5% 8.7% 70.3%

2008 7.9% 8.2% 2.4% 64.7% 14.6% 17.6% 11.4% 67.6%

2009 10.8% 6.5% 2.6% 62.2% 15.1% 21.9% 8.8% 70.3%

2010 12.5% 6.8% 2.1% 44.8% 19.4% 20.5% 8.0% 51.7%

2011 4.3% 4.7% 2.3% 48.8% 9.1% 19.0% 11.6% 58.1%

2012 8.2% 5.9% 0.5% 55.0% 15.2% 19.2% 7.0% 70.0%

2013 8.5% 7.1% 1.1% 64.9% 13.1% 21.3% 6.3% 67.6%

2014 9.8% 5.3% 0.5% 55.2% 13.4% 15.9% 5.9% 65.5%

2015 10.8% 9.0% 0.7% 46.3% 16.2% 24.0% 11.3% 58.5%

2016 8.8% 9.2% 1.7% 52.4% 14.7% 19.7% 8.0% 61.9%

STEMI, ST elevation myocardial infarction; NSTEMI, non-ST elevation myocardial infarction; UA, unstable angina, 
Unspec, unspecified myocardial infarction.
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Table C1: Trends over time in the likelihood of deaths and readmissions for the ANZACS-QI cohort and No-ANZACS-QI cohort (females).

Outcome ACS type Intervention Likelihood of outcome

2010 2011 2012 2013 2014 2015 2016

Death (28d) STEMI ANZACS-QI 16.67% 11.71% 10.00% 14.47% 14.43% 18.52% 13.04%

None 16.67% 11.71% 10.00% 14.47% 14.43% 18.52% 13.04%

Di� erence 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

NSTEMIa ANZACS-QI 8.35% 8.41% 5.11% 6.51% 7.58% 4.20% 7.59%

None 8.38% 8.43% 5.12% 6.52% 7.60% 4.21% 7.61%

Di� erence 0.02% 0.02% 0.01% 0.02% 0.02% 0.01% 0.02%

UA ANZACS-QI 1.27% 1.53% 2.79% 1.14% 1.96% 3.76% 0.56%

None 1.27% 1.53% 2.79% 1.14% 1.96% 3.76% 0.56%

Di� erence 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

MI unspa ANZACS-QI 60.87% 41.38% 55.26% 53.57% 34.78% 55.56% 39.39%

None 61.51% 41.81% 55.84% 54.13% 35.15% 56.14% 39.81%

Di� erence 0.64% 0.43% 0.58% 0.56% 0.36% 0.58% 0.41%

Death (29d to 1 
year)

STEMI ANZACS-QI 9.80% 6.31% 5.45% 5.26% 11.34% 6.17% 5.22%

None 9.80% 6.31% 5.45% 5.26% 11.34% 6.17% 5.22%

Di� erence 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

NSTEMIa ANZACS-QI 12.30% 14.38% 14.25% 13.49% 12.54% 13.17% 9.95%

None 12.35% 14.45% 14.31% 13.55% 12.59% 13.22% 9.99%

Di� erence 0.06% 0.07% 0.06% 0.06% 0.06% 0.06% 0.04%

UA ANZACS-QI 5.51% 9.69% 3.91% 6.86% 4.58% 8.27% 4.47%

None 5.51% 9.69% 3.91% 6.86% 4.58% 8.27% 4.47%

Di� erence 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

MI unspa ANZACS-QI 17.39% 3.45% 7.89% 3.57% 13.04% 14.81% 12.12%

None 17.57% 3.48% 7.97% 3.61% 13.18% 14.97% 12.24%

Di� erence 0.18% 0.04% 0.08% 0.04% 0.13% 0.15% 0.12%

Readmissionsb STEMIa ANZACS-QI 5.31% 3.38% 3.44% 0.00% 6.40% 2.32% 0.82%

None 5.37% 3.42% 3.48% 0.00% 6.48% 2.35% 0.83%

Di� erence 0.07% 0.04% 0.04% 0.00% 0.08% 0.03% 0.01%

NSTEMIa ANZACS-QI 13.63% 11.37% 9.22% 8.96% 7.65% 9.49% 4.71%

None 13.74% 11.45% 9.29% 9.03% 7.71% 9.56% 4.75%

Di� erence 0.11% 0.09% 0.07% 0.07% 0.06% 0.07% 0.04%

UAa ANZACS-QI 10.01% 9.21% 5.37% 6.39% 4.37% 8.97% 3.20%

None 10.09% 9.29% 5.41% 6.44% 4.40% 9.04% 3.23%

Di� erence 0.08% 0.08% 0.04% 0.05% 0.04% 0.07% 0.03%

MI unspa ANZACS-QI 0.00% 3.33% 2.42% 0.00% 0.00% 0.00% 0.00%

None 0.00% 3.33% 2.42% 0.00% 0.00% 0.00% 0.00%

Di� erence 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

ACS = acute coronary syndrome; ANZACS-QI = All New Zealand Acute Coronary Syndrome Quality Improvement; 28d = 28 days; MI unspec = myocardial 
infarction unspecified; NSTEMI = non-ST elevation myocardial infarction; STEMI = ST elevation myocardial infarction; UA = unstable angina.
a Indicates that the ANZACS-QI program contributed to temporal trends.
b Readmissions for MI in the period of 29-days to 1-year.

Appendix C: Trends over time for the ANZACS-QI and No-ANZACS-QI cohorts 

ARTICLE



29 NZMJ 8 May 2020, Vol 133 No 1514
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

Table C2: Trends over time in the likelihood of deaths and readmissions for the ANZACS-QI cohort and No-ANZACS-QI cohort (males).

Outcome ACS Intervention Likelihood of outcome

2010 2011 2012 2013 2014 2015 2016

Death (28d) STEMI ANZACS-QI 12.50% 4.30% 8.15% 8.50% 9.76% 10.78% 8.76%

None 12.50% 4.30% 8.15% 8.50% 9.76% 10.78% 8.76%

Di� erence 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

NSTEMIa ANZACS-QI 6.78% 4.69% 5.89% 7.09% 5.30% 9.03% 9.15%

None 6.80% 4.70% 5.91% 7.11% 5.31% 9.05% 9.17%

Di� erence 0.01% 0.01% 0.01% 0.01% 0.01% 0.02% 0.02%

UA ANZACS-QI 2.10% 2.31% 0.47% 1.05% 0.53% 0.70% 1.70%

None 2.10% 2.31% 0.47% 1.05% 0.53% 0.70% 1.70%

Di� erence 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

MI unspa ANZACS-QI 44.83% 48.84% 55.00% 64.86% 55.17% 46.34% 52.38%

None 45.13% 49.17% 55.37% 65.31% 55.55% 46.66% 52.74%

Di� erence 0.30% 0.33% 0.37% 0.44% 0.37% 0.31% 0.36%

Death (29d to 1 
year)

STEMI ANZACS-QI 6.94% 4.84% 7.07% 4.58% 3.66% 5.39% 5.99%

None 6.94% 4.84% 7.07% 4.58% 3.66% 5.39% 5.99%

Di� erence 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

NSTEMIa ANZACS-QI 13.76% 14.29% 13.26% 14.18% 10.60% 14.96% 10.53%

None 13.83% 14.35% 13.33% 14.25% 10.65% 15.04% 10.58%

Di� erence 0.07% 0.07% 0.06% 0.07% 0.05% 0.07% 0.05%

UA a ANZACS-QI 5.88% 9.26% 6.57% 5.26% 5.32% 10.56% 6.25%

None 5.90% 9.29% 6.60% 5.28% 5.34% 10.60% 6.27%

Di� erence 0.02% 0.03% 0.02% 0.02% 0.02% 0.04% 0.02%

MI unspa ANZACS-QI 6.90% 9.30% 15.00% 2.70% 10.34% 12.20% 9.52%

None 6.94% 9.36% 15.10% 2.72% 10.41% 12.27% 9.59%

Di� erence 0.04% 0.06% 0.10% 0.02% 0.07% 0.08% 0.06%

Readmissionsb STEMIa ANZACS-QI 5.17% 7.16% 4.55% 2.49% 4.11% 6.80% 1.73%

None 5.24% 7.27% 4.61% 2.53% 4.17% 6.90% 1.76%

Di� erence 0.07% 0.10% 0.07% 0.04% 0.06% 0.10% 0.02%

NSTEMIa ANZACS-QI 8.36% 6.51% 8.76% 7.91% 10.77% 7.07% 3.07%

None 8.44% 6.57% 8.86% 7.99% 10.88% 7.14% 3.10%

Di� erence 0.09% 0.07% 0.09% 0.08% 0.11% 0.07% 0.03%

UAa ANZACS-QI 3.56% 2.94% 6.58% 2.99% 6.04% 3.78% 4.26%

None 3.58% 2.96% 6.63% 3.01% 6.09% 3.81% 4.29%

Di� erence 0.03% 0.02% 0.05% 0.02% 0.04% 0.03% 0.03%

MI unspa ANZACS-QI 3.21% 0.00% 2.13% 7.89% 0.00% 0.00% 0.00%

None 3.25% 0.00% 2.15% 7.98% 0.00% 0.00% 0.00%

Di� erence 0.04% 0.00% 0.02% 0.09% 0.00% 0.00% 0.00%

ACS = acute coronary syndrome; ANZACS-QI = All New Zealand Acute Coronary Syndrome Quality Improvement; 28d = 28 days; MI unspec = myocardial 
infarction unspecified; NSTEMI = non-ST elevation myocardial infarction; STEMI = ST elevation myocardial infarction; UA = unstable angina.
a Indicates that the ANZACS-QI program contributed to temporal trends.
b Readmission for MI in the period of 29-days to 1-year.
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Table D1: Estimation of ANZACS-QI programme costs.

Item Value

Number of forms entered into the ANZACS-QI dataset in the period from 1 December 2016 to 30 November 2017
Time taken to enter each form
Average annual salary of sta�  entering forms
Total time spent per week per sta�  member
Total time spent per year per sta�  member
Cost per form 
Total sta�  cost for all forms entered in a 1-year period
Annual contract cost 

28,675
11 min
$63,000
2,400 min
124,800 min
$5.55
$159,228.97
$621,834.90

Total annual cost of ANZACS-QI $781,064

ANZACS-QI = All New Zealand Acute Coronary Syndrome Quality Improvement; min = minutes.

Appendix D: Derivation of costs

Table D2: Derivation of costs attributed to readmission for MI.

DRG DRG description Number of discharges Average cost

F41A
F41B
F60A
F60B

Circulatory Disorders W AMI W Invasive Cardiac Inves Proc W Cat or Sev CC
Circulatory Disorders W AMI W Invasive Cardiac Inves Proc W/O Cat or Sev CC
Circulatory Disorders W AMI W/O Invasive Cardiac Inves Proc W Catastrophic CC
Circulatory Disorders W AMI W/O Invasive Cardiac Inves Pr W/O Catastrophic CC

425
1,421
687
4,485

$9,157
$5,656
$7,323
$4,030

AMI = acute myocardial infarction; Cat = catastrophic; CC= complication and/or comorbidity; Inves = investigation; Proc = procedure; Sev = severe; W = with; 
W/O = without.

Appendix E: VoSLY assumptions
Based on death rates in New Zealand in 2012–14, life expectancy at birth is 77.1 years for Māori females and 73.0 years 

for Māori males. In the same year, the non-Māori life expectancy at birth for females was 83.9 years, and 80.3 years for 
males. Using these estimates, and assuming an annual discount rate of 3%, the VoSLY would range from $135,552 for 
non-Māori females to $140,431 for Māori males. The VoSLY would range from $210,512 for non-Māori females to $213,049 
for Māori males based on a discount rate of 5%. Hence, the VoSLY was decreased to $135,000, and increased to $213,000 in 
sensitivity analyses. 

Table F1: Results of sensitivity analyses (net costs and return on investment ratio) for the total New Zealand ACS population.

Input parameter Net costa ROI ratio ICER

Base case -$1,644,948 1.53 $113,327

Time horizon (Base case: 1 year)

2 years - $6,919,128 b 3.21 b $47,825

5 years - $20,261,817 b 7.49 b $19,684

Contribution of ANZACS-QI to observed temporal trends (Base case: 15%)

10% -$49,495 1.02 $176,985

20% -$3,246,171 2.04 $81,493

Assumed cost of readmissions or mortality (Base case: $4,992)

$3,744 (Decreased 25%) -$1,562,877 1.50 $116,653

$6,240 (Increased 25%) -$1,727,019 1.55 $110,000

VoSLY in the first year (Base case: $180,000)

$135,000 -$534,718 1.17 $113,327

$213,000 -$2,459,117 1.79 $113,327

ANZACS-QI = All New Zealand Acute Coronary Syndrome Quality Improvement; ICER = incremental cost-e� ectiveness ratio; ROI = return on investment; 
VoSLY = value of statistical life year. 
a Based on the di� erence in total costs and estimated value of statistical life.
b results discounted at an annual rate of 5%.

Appendix F: Results of evaluation for total New Zealand ACS population
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Comparison of characteristics 
and outcomes for type A aortic 

dissection surgery by Māori, 
Pasi� ka or other ethnicities

Tom Kai Ming Wang, Danting Wei, Thomas Evans, 
Thaurmenthiran Ramanathan, David Haydock

Ethnic disparities is a leading prob-
lem in healthcare, affecting many 
cardiovascular conditions and mor-

tality rates in New Zealand.1,2 Type A aortic 
dissection has high fatality from associated 
cardiac tamponade, malperfusion of critical 
organ(s), aortic regurgitation and vessel 
rupture.3,4 Emergency surgery is generally 
recommended due to the high risk of death 
if left untreated, 1–3%/hour in the fi rst 24 
hours reaching hospital, 30% at one week 
and 90% at one month; however, opera-
tive mortality remains high at 17–25% in 
contemporary literature.3,5 Key risk factors 

include hypertension and aortopathy syn-
dromes; however, possible ethnic associa-
tions and differences in presentation and 
outcomes are less well established.3,4 We re-
viewed our type A aortic dissection surgery 
experience by ethnicity.

Methods
Consecutive type A aortic dissection 

surgeries performed at Auckland City 
Hospital during March 2003–March 2017 
were divided into three ethnic groups—
Māori, Pasifi ka and Other. Ethnicity was 
obtained from clinical records, whereby 

ABSTRACT
BACKGROUND: Aortic dissection is a life-threatening condition frequently requiring emergency surgery. 
Key risk factors include hypertension and aortopathy syndromes; however, possible ethnic associations 
and di� erences in presentation and outcomes are less well established. We compared characteristics and 
outcomes of type A aortic dissection surgery by ethnicity.

METHODS: Consecutive patients having type A aortic dissection surgery at Auckland City Hospital March 
2003–March 2017 were divided into three ethnic groups: Māori, Pasifika and ‘other’, and analysed for 
characteristics, presentation and outcomes. 

RESULTS: Among 327 patients, 45 (14%) were Māori, 91 (28%) were Pasifika Islander and 191 (58%) were other 
ethnicities. Mean age was lowest for Māori 51+/-12 years, then Pasifika 56+/-12 and other ethnicities 63+/-13 
(P<0.001). Māori and Pasifika ethnicities had higher body mass index, more hypertension, dyslipidaemia 
and smoking, but lower proportion presenting in critical pre-operative state. Operative mortality occurred 
in 5 (11%), 18 (20%) and 42 (22%) for Māori, Pasifika and other ethnicities (P=0.258). Pasifika had higher 
age-standardised operative mortality standardised mortality ratio 6.00, 95% confidence interval 3.67–9.30 
than ‘other’ ethnicities, while Māori had higher age-standardised late mortality 5.71, 2.90–10.2 respectively, 
and the latter association persisted in multivariable analysis. Critical pre-operative state and malperfusion 
syndrome independently predicted operative mortality. 

CONCLUSION: Māori and Pasifika patients were younger and present less unwell with type A aortic 
dissection, but had higher prevalence of cardiovascular risk factors. They had higher age-standardised late 
and operative mortality respectively, suggesting that aggressive management and risk factor control are 
critical for these patients.
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patients reported their self-identifi ed one or 
more ethnic groups they belonged to, and 
when selected Māori ethnicity was priori-
tised above Pasifi ka, and both above others 
in its coding. Data were extracted from 
the prospectively collected cardiothoracic 
surgical unit database. Critical pre-oper-
ative state was defi ned as having inotropic 
support, cardiogenic shock, mechanical 
ventilation and/or cardiopulmonary resusci-
tation. Malperfusion syndrome were defi ned 
as the presence of coronary, limb, brain 
and/or abdominal viscera ischaemia of new 
onset related to the aortic dissection, using 
clinical, biomarker and radiological tests. 
Creatinine clearance was calculated using 
the Cockcroft-Gault formula. The EuroSCORE 
and EuroSCORE II were retrospectively 
calculated.7,8 The Society of Thoracic 
Surgeon’s (STS) defi nitions was used for 
all outcomes including operative mortality 
(in-hospital or within 30 days) and post-op-
erative complications.9 Total mortality 
during follow-up from operation date 
until 31 January 2019 was checked against 
the National Mortality Database, and late 
mortality defi ned by all deaths that occurred 
after the operative mortality defi ned period.

Quantitative and categorical variables 
were described using mean+/-standard 
deviation and frequency (percentage) 
respectively. Univariable analysis was 

performed using Analysis of Variance 
(ANOVA) and Chi-squared tests respectively. 
Survival was presented using Kaplan-
Meier plots and compared by the log-rank 
test. Age-standardisation to calculate 
standardised mortality ratio (SMR) for 
operative and late mortality for Māori and 
Pasifi ka patients compared to other ethnic-
ities was performed using the 2013 New 
Zealand Census District Health Board and 
ethnic group-based population age struc-
tures. Stepwise logistic regression and Cox 
Proportional Hazards regression were the 
multivariable analysis techniques used for 
cross-sectional and longitudinal outcomes. 
The signifi cance level was set at P-value less 
than 0.05 and all tests were two-tailed. 

Results
Among 327 aortic dissection surgery 

patients, the ethnic breakdown was Māori 45 
(14%), Pasifi ka 91 (28%) and other 191 (58%). 
Table 1 lists the characteristics of the cohort. 
Māori and Pasifi ka patients were signifi cantly 
younger, had higher body mass index and 
higher prevalence of hypertension, but lower 
EuroSCORE, EuroSCORE II and presentation 
with critical pre-operative state than other 
patients. Māori patients also had a higher 
prevalence of smoking and family history of 
aortic dissection than other patients. 

Table 1: Cohort characteristics and outcomes.

Characteristics Māori Pasifika Other P-value

N 45 (14%) 91 (28%) 191 (58%)

Demographics

Age (years) 51+/-12 56+/-12 63+/-13 <0.001

Female 22 (49%) 33 (36%) 69 (36%) 0.264

Weight (kg) 96+/-30 101+/-24 79+/-18 <0.001

Body mass index (kg/m2) 33+/-9 34+/-8 27+/-5 <0.001

Presentation

Migrating chest pain 18 (40%) 32 (35%) 70 (37%) 0.859

New York Heart Association Class >1 1 (2%) 2 (2%) 9 (5%) 0.605

Syncope 5 (11%) 14 (15%) 34 (18%) 0.532

Pulse deficit 7 (16%) 15 (17%) 28 (15%) 0.923

Critical pre-operative state 4 (9%) 10 (11%) 48 (25%) 0.003

Malperfusion syndrome (all) 21 (47%) 58 (53%) 85 (45%) 0.431
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 Coronary 15 (33%) 35 (39%) 52 (27%) 0.154

 Limb 2 (4%) 10 (11%) 19 (10%) 0.445

 Neurological 3 (7%) 8 (9%) 18 (9%) 0.842

 Other viscera 5 (11%) 7 (8%) 15 (8%) 0.755

Emergency surgery 45 (100%) 89 (98%) 186 (97%) 0.751

Past history

Cardiac surgery 1 (2%) 0 (0%) 10 (5%) 0.067

Family history of aortic dissection 5 (11%) 2 (2%) 4 (2%) 0.008

Bicuspid aortic valve 3 (7%) 1.1% (1) 5 (3%) 0.172

Myocardial infarction 5 (11%) 3 (3%) 16 (8%) 0.180

Congestive heart failure 1 (2%) 4 (4%) 4 (2%) 0.529

Atrial fibrillation 3 (7%) 1 (1%) 22 (12%) 0.010

Hypertension 30 (67%) 66 (73%) 101 (53%) 0.004

Diabetes mellitus 2 (4%) 9 (10%) 7 (4%) 0.095

Current smoker 20 (44%) 21 (23%) 30 (16%) <0.001

Infective endocarditis 1 (2%) 0 (0%) 1 (1%) 0.754

Stroke 2 (4%) 4 (4%) 8 (4%) 0.995

Peripheral vascular disease 3 (7%) 8 (9%) 22 (12%) 0.554

Chronic respiratory disease 12 (27%) 12 (13%) 25 (13%) 0.061

Pulmonary hypertension 2 (4%) 1 (1%) 0 (0%) 0.202

Dialysis 1 (2%) 1 (1%) 1 (1%) 0.548

Poor mobility 1 (2%0 2 (2%) 3 (2%) 0.915

Investigation

Ejection fraction 0.532

 Normal (>50%) 36 (80%) 77 (85%) 167 (87%)

 Mild impairment (40-49%) 7 (16%) 7 (8%) 18 (9%)

 Moderate impairment (30-39%) 1 (2%) 4 (4%) 3 (2%)

 Severe impairment (<30%) 1 (2%) 3 (3%) 3 (2%)

Aortic regurgitation 0.105

 None 13 (29%) 26 (29%) 71 (37%)

 Mild 12 (27%) 25 (28%) 66 (35%)

 Moderate 6 (13%) 14 (15%) 24 (13%)

 Severe 14 (31%) 26 (29%) 30 (16%)

Coronary artery disease on CT/intraoperative 3 (7%) 2 (2%) 9 (5%) 0.433

Low density lipoprotein (mmol/L) 2.6+/-0.8 2.7+/-1.0 2.5+/-1.0 0.654

Creatinine clearance (ml/min) 99+/-54 108+/-61 81+/-39 <0.001

Risk score

EuroSCORE (%) 21.8+/-14.9 19.4+/-12.9 28.2+/-17.7 <0.001

EuroSCORE II (%) 6.4+/-5.6 5.3+/-6.1 8.1+/-7.6 0.005

Table 1: Cohort characteristics and outcomes (continued).
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Operative variables and outcomes are 
shown in Table 2. There was no statistically 
signifi cant difference in operative mortality 
by ethnicity (11–22%), or post-operative 
complications (composite 62–70%). Figure 1 
shows the survival curves by ethnicity with 
a mean follow-up of 4.3+/-3.3 years, where 1, 
5 and 10-year survival were 86, 74 and 54% 
for Māori; 79, 76 and 72% for Pasifi ka; and 
74, 66 and 54% for Other ethnicities (log-rank 
P=0.185). The SMR (95% confi dence intervals) 
for operative mortality were 1.18 (0.43–2.62) 
for Māori and 6.00 (3.67–9.30) for Pasifi ka; 
and for late mortality 5.71 (2.90–10.2) and 
1.95 (0.72–4.33) respectively.

Multivariable analysis are shown in Table 
3. Critical pre-operative state, malperfusion 

syndrome and cross-clamp time were 
independent predictors of both operative 
mortality and composite morbidity, while 
Māori ethnicity and history of myocardial 
infarction were independently associated 
with higher late mortality.

Discussion
Unlike other types of cardiovascular 

disease, few studies have assessed the rela-
tionship between type A aortic dissection 
and ethnicity,10,11 including one other study 
from New Zealand.12 Pasifi ka ethnicity 
is over-represented at 28% in our cohort 
compared to just 7% in the New Zealand 
2018 Census ethnicity breakdown, and 
non-Māori or Pasifi ka ethnicities were 

Table 2: Operative variables and outcomes.

Variables Māori Pasifika Other P-value

N 45 (14%) 91 (28%) 191 (58%)

Operation

Partial arch repair 10 (22%) 35 (39%) 68 (36%) 0.155

Aortic valve surgery 13 (29%) 20 (22%) 31 (16%) 0.124

Mitral valve surgery 0 (0%) 1 (1%) 2 (1%) 0.785

Coronary bypass gra� ing 4 (9%) 8 (9%) 14 (7%) 0.886

Cardiopulmonary bypass time (minutes) 190+/-83 193+/-89 182+/-64 0.476

Cross-clamp time (minutes) 126+/-55 121+/-59 117+/-49 0.512

Intraoperative shock 3 (7%) 13 (14%) 30 (16%) 0.291

Intraoperative right ventricular dysfunction 10 (22%) 25 (28%) 32 (17%) 0.108

Outcome

Composite morbidity 31 (69%) 63 (70%) 118 (62%) 0.340

 Stroke 6 (13%) 19 (21%) 38 (20%) 0.540

 Acute kidney injury 20 (44%) 42 (46%) 72 (38%) 0.353

 Ventilation>24 hours 21 (48%) 37 (41%) 71 (37%) 0.421

 Deep sternal wound infection 0 (0%) 2 (2%) 6 (3%) 0.470

 Return to theatre 16 (35%) 25 (28%) 53 (28%) 0.745

Pacemaker implantation 3 (7%) 1 (1%) 7 (4%) 0.223

Length of stay (days) 18+/-19 16+/-31 18+/-34 0.799

Operative mortality 5 (11%) 18 (20%) 42 (22%) 0.258

Late mortality 10 (22%) 5 (6%) 28 (15%) 0.016

Total mortality 16 (36%) 24 (26%) 77 (40%) 0.074
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under-represented (58% versus 80%).13 
Māori was previously reported to have 
signifi cantly higher prevalence of aortic 
dissection than non-Māori,12 though in 
our study it was the same as the 14% from 
the latest Census.12 Non-white and Afri-
can-American ethnic groups have also 

been found to have higher prevalence of 
aortic dissection than their counterparts.10,11 
Reviewing the clinical characteristics of 
aortic dissection patients may provide 
insight into the ethnic discrepancies of this 
condition. 

Figure 1: Kaplan-Meier survival curve of the cohort by ethnicity (log-rank p-value P=0.19).

Table 3: Multivariable analysis.

Outcome/predictor Risk ratio 95% confidence interval P-value

Operative mortality Odds ratio

Critical pre-operative state 3.17 1.60–6.27 0.001

Malperfusion syndrome 1.63 1.25–2.12 <0.001

Cross-clamp time (minutes) 1.01 1.01–1.02 <0.001

Composite morbidity Odds ratio

Age (years) 1.03 1.00–1.06 0.050

Critical pre-operative state 2.99 1.51–5.95 0.002

Malperfusion syndrome 1.70 1.30–2.24 <0.001

Cross-clamp time (minutes) 1.01 1.01–1.02 <0.001

Late mortality Hazards ratio

Māori ethnicity 2.15 1.02–4.54 0.046

Myocardial infarction history 2.47 1.00–6.06 0.049
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Māori and Pasifi ka patients were signifi -
cantly younger, which may highlight both 
their underlying susceptibility for aortic 
dissection and worse control of cardio-
vascular risk factors. They had a higher 
prevalence of hypertension and smoking, 
both of which are associated with aortic 
pathologies.3,4,12 Māori in particular had 
family history of aortic dissection in 11%, 
more so than other ethnicities as a known 
risk factor for dissection. These fi ndings 
are consistent with studies of aortic 
dissection,10,11 and other cardiovascular 
diseases, and targeting them for prevention 
is critical for this condition.1,2 Partly because 
they are younger, Māori and Pasifi ka patients 
appear to tolerate aortic dissection better 
with lower proportion presenting in critical 
pre-operative state. In a previous study of 
coronary artery bypass grafting surgery, 
characteristics and outcomes from our 
institution also found Māori to be younger, 
with higher body mass index, prevalence of 
diabetes, smoking, heart failure and dialysis, 
suggesting similarly a greater burden of 
cardiovascular disease at younger age.14

There were no differences in all in-hos-
pital surgical outcomes by ethnicity, 
similarly observed in other studies.10,11 
Their risk profi les need to be taken into 
context, however, with Māori and Pasifi ka 
patients being younger and having lower 
proportion with critical pre-operative state, 
both established adverse prognosticators in 
cardiac surgery, and lower EuroSCOREs.7–9 
After age-standardisation, Pasifi ka patients 
had markedly higher operative mortality 
than other ethnic groups. Although Māori 
patients did not display this, they were 
also associated with higher operative and 
medium-term mortality as well as composite 
morbidity in a previous local study for 
coronary artery bypass grafting surgery.14 
Greater attention needs to be directed to 
the peri-operative management of both 
ethnicities recommended by guidelines 
such as replacing the aortic valve, root and 
repairing supra-aortic branches, descending 
aorta and other visceral vessels if the 
dissection involve or compromises those 
areas, and blood pressure control.4 Female 
sex was previously found to have a strong 
association with operative mortality of 
aortic dissection for all New Zealand ethnic-
ities,12 but this was not found in our study. 

After aortic dissection surgeries, most 
deaths and complications occur during the 
index hospitalisation, but once patients 
get through this early phase, long-term 
prognosis is generally favourable.3–5 It is 
concerning nevertheless that Māori patients 
had higher age-standardised late mortality, 
and remained independently associated 
with higher late mortality in multivariable 
analysis, and this trend had also previ-
ously been seen.12 Their higher prevalence 
of family history of aortic dissection, and 
numerically but not statistically more 
patients with bicuspid aortic valve may 
contribute to further aortic events. Control 
of risk factors like hypertension and clinical 
and close imaging surveillance are the key 
guideline recommendations long-term after 
aortic dissection, and the worse outcomes 
for Māori may be related to impaired imple-
mentation.4,15 Strategies including education, 
strict risk factor control and attendance to 
follow-up are critical for these patients with 
the potential to improve their outcomes. For 
imaging surveillance after aortic dissection 
surgery, the European Society of Cardiology 
guidelines recommend aortic imaging at 1 
month, 6 month, 12 months, and if stable 
then this can be spaced out but remain 
regular.4 Computed tomography (CT) is 
preferred with magnetic resonance imaging 
(MRI) as an alternative. The joint guidelines 
of American Society of Echocardiography 
and European Society of Cardiovascular 
imaging recommend aortic imaging at 1, 3, 
6 and 12 months followed by yearly exam-
ination, again with either CT or MRI.15

This study had some limitations. It is a 
single-centre observational study. The study 
had modest power with regards to limited 
numbers of particularly Māori and Pasifi ka 
patients. We did not investigate non-type A 
aortic dissection or those managed conser-
vatively with medical therapy and/or 
endovascular treatments. The aetiology of 
dissection wasn’t routinely investigated so 
the presence of associated conditions such 
as Marfan syndrome are unknown. Other 
characteristics we didn’t collect include 
time from presentation to surgery, frailty, 
blood pressure control and medications, 
cause of death, peri-operative myocardial 
infarction, cardiovascular readmissions 
and recurrence of dissection and/or repeat 
operation. We also were unable to perform 
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age-standardisation analysis, which may 
have better presented any differences in 
outcomes by ethnicity given baseline differ-
ences in age.

In conclusion, Pasifi ka patients were 
over-represented, Māori patients similarly 
represented and non-Māori or non-Pasifi ka 
ethnicities under-represented in our aortic 
dissection surgery cohort compared to the 
general population. Māori and Pasifi ka 

patients were signifi cantly younger and 
presented less unwell, but had higher 
prevalence of cardiovascular risk factors. 
Importantly, Pasifi ka and Māori patients 
had signifi cantly higher age-standardised 
operative and late mortality respectively. 
Education, strict risk factor control and 
surveillance are critical in primary and 
secondary prevention of aortic dissection, 
especially ethnicities at high risk. 
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Non-resident 
orthopaedic admissions 

to Dunedin Hospital 1997 
to 2017 and Southland 
Hospital 2011 to 2017

Annabel Merrett, Jennifer Keys, Chris Crane, 
David Gwynne-Jones

Over the past several decades, New 
Zealand’s tourism industry has expe-
rienced exceptional growth, and fore-

casts for the sector indicate this expansion 
will continue. Statistics New Zealand has 
recorded that New Zealand attracted 3.5 mil-
lion international visitors in the year ending 
December 2016.1 This has risen from 1.48 
million in 1998 and is projected to increase 
to 4.5 million by 2022.1,2 

In the Otago and Southland regions, due 
to the popularity of the tourist resorts of 
Queenstown and Wanaka, there is a higher 
ratio of international tourists to local resi-
dents and a forecast growth in tourism that 

is higher than for other regions. This puts 
relatively higher pressure on the local infra-
structure, including healthcare, compared 
to other regions.2 In overseas studies the 
most common reason for admission for 
overseas residents is trauma.3,4 In New 
Zealand in general, and Otago and Southland 
in particular, adventure tourism, snow 
sports and motor vehicle accidents involving 
overseas drivers may all lead to admissions 
to the orthopaedic service. Concerns over this 
burden has led to previous studies looking 
at overseas admissions to Dunedin Hospital 
from 1997–2004 and snow sports injuries 
admitted to Invercargill during 2009.5,6

ABSTRACT
AIMS: The purpose of this study is to audit the numbers of non-residents requiring orthopaedic admission 
to Dunedin and Southland Hospitals and determine the e� ects of increasing tourist numbers on healthcare 
resources. 

METHOD: All non-resident orthopaedic admissions to Dunedin Hospital from January 2005 to December 
2017 and Invercargill Hospital from January 2011 to December 2017 were analysed with respect to country 
of residence, mechanism of injury, primary diagnosis and case weights consumed. The results were 
combined with figures from 1997–2004 to give a 21-year series for Dunedin Hospital. 

RESULTS: There has been a significant increase in the number of admissions and case weights (CW) over 
the past 21 years at Dunedin Hospital (p<0.001). The most common mechanisms of injury were snow sports 
at Dunedin Hospital and falls for Southland Hospital. Between 2011 and 2017 there were on average 50 
non-resident admissions per year (92.9 CW/year) to Dunedin Hospital and 74 admissions (120.7 CW/year) 
in Southland. 

CONCLUSION: Increasing tourist numbers have resulted in an increase number of orthopaedic admissions 
to Dunedin Hospital over the last two decades although it remains a small proportion of the total workload. 
Southland Hospital is relatively more a� ected. These patients represent an annual cost in excess of 
$1,000,000 to Southern DHB. 
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Each DHB receives funding according 
to the population-based funding formula 
(PBFF). Public Health Acute services (PHAS) 
are funded from this. Since July 1999, all 
non-residents with accidental injuries are 
covered by the Accident Compensation 
Corporation (ACC) while in New Zealand. 
Prior to 1999, non-residents were only 
covered by the ACC if their injury was the 
result of a motor vehicle accident. The DHB 
are expected to cover all acute costs through 
PHAS, from their bulk funding. The Crown 
recovers these costs from ACC at a national 
level but not directly to individual DHBs. 
Therefore the cost of treating patients from 
overseas comes directly from the base 
funding of the DHB.

The Otago DHB and Southland DHBs 
merged in 2010 to form the Southern 
DHB (SDHB).The Southern DHB has had 
well-publicised problems with a fi nancial 
defi cit and diffi  culties with access to elective 
orthopaedic surgery.7,8 Any increase in 
non-resident admissions over and above 
normal adjustments may have impacts on 
healthcare costs and directly and indirectly 
on elective service delivery.

The base hospitals in Dunedin and Inver-
cargill both provide an orthopaedic trauma 
service. Patients from Queenstown have 
traditionally been transferred to Invercargill 
and those from Wanaka and Central Otago 
to Dunedin. Due to the nature and increased 
volume of tourism throughout the district it 
is hypothesised that there will have been an 
increase in overseas orthopaedic admissions 
since our original study.

The primary objective of this study is to 
audit the numbers and details of non-res-
ident orthopaedic admissions to Dunedin 
Hospital over the 21-year period 1997 to 
2017. The secondary outcome is to compare 
the equivalent fi gures from 2011 to 2017 for 
Southland to determine the overall impact 
on Southern DHB.

Materials and 
Methods

We used the same methodology as for 
our previous study.5 Hospital adminis-
tration systems were used to identify all 
non-resident patients that were admitted 
under orthopaedic surgery from January 
2005 to December 2017 for Dunedin 

Hospital, and January 2011 to December 
2017 for Southland Hospital. The search 
included residency status of all patients 
and overseas address, which is determined 
at the time of admission and captured in 
the electronic record. Patients who were 
students or people in employment in New 
Zealand including those on working visas 
were excluded as in our previous study. All 
cases identifi ed were individually checked 
including a review of admission notes if 
required. The demographics of the patients 
were recorded, including age, sex, country of 
residence, mechanism of injury and primary 
diagnosis. The case weights (CW) consumed 
were also recorded. The price per CW in 
2017 was $4,921 and allowed the cost to the 
hospital was estimated. The proportion of 
the total orthopaedic workload was then 
calculated based on both total discharges 
and CWs from DHB reporting systems for 
both hospitals.

The results of this study were then 
combined with the previous study to create 
one continuous data set for numbers of 
patients and case weights consumed from 
January 1997 to December 2017 for Dunedin 
Hospital.

Results
Dunedin site 2005–2017

There were a total of 651 patients 
admitted (mean 50/year). The average length 
of stay (LOS) was 4.9 days (median three 
days). There were a total of 3,128 bed nights 
used over this period (240/year). The total 
case weights were 1,159 (mean 89.1/year).

The majority of patients in Dunedin come 
from Australia (201 patients, 31.0%), followed 
by the UK (115 patients, 17.7%) and Europe 
(111 patients, 17.1%,). Despite increasing 
numbers of Asian tourists there were only 88 
patients (13.6%) during this time.

Mechanism of injury
The most common cause of injury was 

skiing and snowboarding with 200 admis-
sions (mean 15.4 admissions per year), 
comprising 30% of all non-resident admis-
sions. Falls were the second most common 
cause with 168 admissions (26%) (13/year). 
Motor vehicle accidents (MVAs) caused 83 
admissions (13%) (6/year) with bicycle acci-
dents causing 41 admissions (6%) (3/ year). 
Commercial tourist activities such as para-
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gliding, bungy jumping and canyoning only 
led to 15 admissions (2%) over the 13-year 
period (Figure 1). The mean case weight 
per discharge (CW/D) was 2.8 for patients 

admitted due to MVAs, 2.4 for commercial 
tourist activities and 1.6 to 1.8 for snow 
sports, falls and bicycle accidents (Table 1). 

Table 1: Details of mechanism of injury and case weights for non-resident orthopaedic admissions to Dunedin Hos-
pital 2005–2017 and Southland Hospital 2011–17.

Dunedin 2005–2017 Southland 2011–2017

Mechanism Number % CW  CW/D Number % CW  CW/D

Snowsports 200 30 346 1.7 141 27 217 1.5

Falls 168 26 294 1.8 161 31 312 1.9

MVAs 83 13 230 2.8 42 8 76.4 1.8

Fall from bike 41 6 66 1.6 59 11 87 1.5

Lacerations, amputations, 
crush injuries and infection

36 6 36 1.0 27 5 34 1.3

Sports 16 2 34 2.1 10 2 14.2 1.4

Commercial tourist activities 15 2 36 2.4 30 6 43.7 1.5

Fall from horse 5 1 6 1.2 11 2 23.9 2.2

Other 26 4 43 1.7 12 2 10.9 0.9

Unknown 61 9 68 1.1 24 5 25.6 1.1

Total 651 100 1,159 1.8 517 100 845 1.6

CW; Case Weight, CW/D; Case weight/discharge, MVA; Motor vehicle Accident.

Figure 1: Numbers of non-resident orthopaedic admissions to Dunedin Hospital by mechanism of 
injury 2005 to 2017. 

Commercial tourist activities include: canyoning, parachuting, jetboating, skydiving, hang gliding, scenic flights, go-
karting, bungy jumping, fly-by-wire and paragliding.
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The most common injuries seen were 
lower limb fractures and dislocations, which 
made up 42% of admissions followed by 
upper limb fractures (28%) with 47 patients 
(7%) having spinal injuries (Table 2).

Changes 1997–2017
Linear regression analysis shows a 

signifi cant increase in numbers of non-res-
ident patients (p=0.0002) and case weights 
(p=0.006) consumed in Dunedin Hospital 

during the previous 21 years (Figure 2). 
Numbers have increased from 32 patients 
per year from 1997–2004 to 50 patients 
a year (+60%). The case weights ranged 
between 44 CW (2001) and 133 CW (2016). 
The mean case weight/year from 1997–2004 
was 50, rising to 85.5 CW/year for the period 
2005–2010 and 92.9 CW/year between 2011 
and 2017. This represents an 86% increase. 
The mean CW/D has increased from 1.67 
(1997–2004) to 1.9 (2011–17) (+14%). 

Table 2: Details of injury for non-resident orthopaedic admissions to Dunedin Hospital 2005–2017.

Primary diagnosis Number of patients % CW

Lower limb fractures and dislocations 272 42 557

Upper limb fractures and dislocations 181 28 280

Spinal injuries 47 7 80

Hip and pelvis fractures and dislocations 31 5 55

Laceration, crush injuries and amputations 24 4 24

Tendon and ligament injuries 28 4 36

Infection and so�  tissue injuries 24 4 26

Multiple fractures and injuries 8 1 42

Other 18 3 59

Unknown 18 3

Total 651 100 1,159

Figure 2: Number and case weights of non-resident orthopaedic admissions to Dunedin Hospital, 
January 1997 to October 2017.
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Southland site 2011 to 2017
At Southland Hospital there were a total of 

517 admissions (845CW) over the seven-year 
period. The average was 74 discharges/year 
(120.7 CW/year). The numbers also showed 
a rising trend though there was a dip in 2017 
(linear regression p= 0.23, ns) (Figure 3). 
The case weights consumed for non-resident 
orthopaedic admissions are also showed 
an increasing trend year to year with the 
exception of 2017 (linear regression, p=0.17) 
(Figure 3). The mean LOS was 3.6 days, 
(median 3) with an average of 270 bed 
nights per year.

Patients most commonly were from 
Australia (226, 43.7%), followed by UK (80, 
15.5%), and Europe (77, 14.9%) and Asia. 
Australians made up a signifi cantly higher 
proportion of admissions in Southland than 
in Dunedin (Fisher exact test, p<0.001).

Falls were the most common cause of 
admission with 161 admissions (23 per 
year, 31.1% of all non-resident admissions), 
followed by skiing and snowboarding with 
141 admissions (20.1 per year, 27.3% of 
all non-resident admissions), and bicycle 
accidents with 59 admissions (8.4 per year, 
11.4% of all non-resident admissions). 
Commercial tourist activities led to 30 
admissions (5.8%) (Table 1).

The mean CW/discharge was lower in 
Southland at 1.6 CW compared to 1.8 CW 
in Dunedin. The mean CW/discharge was 
highest for falls from horse (2.2), falls 
(1.9) and MVAs at 1.8 CW/D and 1.5 CW/D 
for snow sports, bicycle accidents and 
commercial tourist activities.

There was a similar mix of injuries to 
Dunedin with lower limb fractures most 
common (39%), then upper limb fractures 
(34%) but a higher proportion of spinal 
injuries at 72 (13%).

Proportion of workload in 
Southern DHB

In 2004 the total orthopaedic budget in 
Dunedin was 4,332 CW. In 2017 this had 
risen to 6,421 CW. The proportion consumed 
by overseas patients was 1.1% in the period 
1997–2005. Between 2007–17 this had 
increased to 1.6% of total CW and 1.8% of 
all discharges. Overseas cases accounted for 
3.1% of acute admissions and CWs. In dollar 
terms, using 2017 CW values, the cost in 
Dunedin was $620,046 in 2016 and $418,285 
in 2017. 

In Southland overseas cases accounted 
for 3.9% of all discharges and 3.8% of total 
CW for the period 2011–17. They accounted 
for 6.9% of acute admissions and 7.2% 

Figure 3: Number and case weights of non-resident orthopaedic admissions to Invercargill Hospital 
2011–2017.
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acute CWs during this period. The cost was 
$728,000 in 2016 and $585,600 in 2017.

The cost for Southern DHB for the 
seven-year period 2011–17 has averaged 
214 CW or 2.3% of the total orthopaedic 
budget. Using 2017 values, this represents 
an average annual cost of $1,051,125 (range 
$853,795 to $1,348,354).

Discussion
With the increase in tourist numbers in 

New Zealand, there has been a subsequent 
increase in the number of non-resident 
admissions and case weights consumed 
over the past 21 years for Dunedin hospital, 
and over the seven-year study period at 
Southland Hospital. The commonest causes 
of admission are due to snow sports, MVAs 
and falls. Australian residents compromise 
the largest proportion of admissions. 
Overseas admissions only comprise 3.1% of 
the acute orthopaedic budget in Dunedin but 
7.2% in Southland, which is disproportion-
ately affected. 

In the six years (2010–2016) there was a 
27.9% increase in annual visitor arrivals to 
New Zealand (2,525,044–3,499,939).1 This 
increase in tourist numbers has occurred 
throughout New Zealand, including Otago 
and Southland. In Otago in 2015, the ratio 
of annual visitor count to resident popu-
lation was 4.9, which was the second highest 
ratio in New Zealand, after the West Coast.2 
Therefore, it would be expected that this 
rise in tourism would lead to an increase in 
non-resident hospital admissions. 

Our previous study showed that while 
there was a 43% increase in visitor arrival to 
New Zealand between 1997 and 2004, there 
was no signifi cant increase in the number 
of non-resident orthopaedic admissions at 
Dunedin hospital over that time period.5 
However, over the 21-year period between 
1997 and 2017, there is an increasing trend 
in terms of numbers of non-resident admis-
sions, case weights consumed and the 
proportion of the total orthopaedic budget 
at Dunedin Hospital. Between 1997 and 2004 
there were on average 32 patients per year, 
which has increased by 50% to 49 during 
the last seven years of this study. Southland 
Hospital carries a higher burden than 
Dunedin with 74 non-resident orthopaedic 

patients/year accounting for 3.8% of the total 
orthopaedic budget. The appointment of a 
trauma surgeon in Southland has meant that 
fewer patients are transferred out to larger 
centres. However, the CW/D ratio is lower 
for Southland than Dunedin suggesting that 
it is high numbers of less complex cases that 
makes up the bulk of their load. 

From 2012 to 2016, tourists from Australia 
made up 40% of our annual visitors, those 
from Asia made up 23%, and tourists from 
the US and UK made up 8% and 6% respec-
tively.1 As expected, patients from Australia 
make up the largest proportion of ortho-
paedic admissions (31% at Dunedin hospital, 
43.7% at Invercargill Hospital). This may 
be due to an increase in the number of 
direct fl ights into Queenstown Airport from 
Australia. However, those from Asia only 
made up 13.5% of admissions at Dunedin 
Hospital and 12.8% at Invercargill Hospital. 
This is in contrast to our previous paper 
covering 1997 to 2004 when patients from 
Asia made up the largest proportion of 
orthopaedic admissions (26%), followed by 
Australia (23%) and the UK (18%).5 

It is a common perception that snow 
sport injuries and motor vehicle accidents 
(MVAs) are a major cause of non-residents’ 
hospital admissions. This study confi rmed 
that snow sports were the most common 
reason for admission at Dunedin Hospital 
and the second most common reason for 
admission at Invercargill Hospital. Burgess 
and Namazie6 reported that in 2009, 59 
overseas patients (85 CW) were admitted to 
Southland Hospital following snow sports 
injuries over a four-month period. This 
represented two-thirds of admissions for 
snow sport injuries over the same period. 
This is much higher than in subsequent 
years which suggests either that 2009 was 
a bad year prompting their study or safety 
measures in the snow sport industry have 
improved. They recorded country of origin 
and patients may have been categorised as 
an overseas patient even if they had a local 
address and were working or studying. 
In their study the average CW/D was 1.44 
($7,086, 2017 values) compared with 1.54 
CW/D ($7,578) in Southland and 1.72 CW/D 
($8,464) in Dunedin in in this study. This 
suggests that the severity of injury and 
hence cost is increasing. 
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There were fewer non-residents admitted 
after MVAs, however each admission cost 
an average of 2.8 CW ($13,779) for Dunedin 
Hospital, and 1.95 ($9,596) for Southland 
Hospital due to the greater severity of 
injuries. More seriously injured patients are 
usually transferred to Dunedin Hospital by 
rescue helicopter regardless of the location 
of their accident. 

This study found that the average case 
weights per year from 2011 to 2017 was 92.9 
CW for Dunedin Hospital and 120.7 CW for 
Invercargill, which equates to approximately 
$457,161 and $590,520 respectively (2017 
values). In our previous study non-resident 
orthopaedic admissions accounted for 1.1% 
of the total orthopaedic workload.5 This is 
now 1.6% in Dunedin and 3.9% in Southland. 
Consequently the burden of overseas resi-
dents on the service has increased in both 
absolute and relative terms. This is despite 
signifi cant increases in the orthopaedic 
elective budget due to the Orthopaedic Joint 
Initiative and other policies. 

There may be both direct and indirect 
consequences of this work on elective 
surgery. Bed block and theatre access 
problems can lead to cancellation of elec-
tives. The fi nancial cost per year adds to the 
budget defi cit and could be used to employ 
more staff. The cost and number of CWs/ 
year across Southern DHB would equate to 
approximately 65 elective hip replacements. 

A weakness of the study is that the 
inclusion criteria was to have an overseas 
home address listed on their patient records 
or in-patient notes. However, some overseas 
patients report a local address that they 
are currently staying at and may not have 
been identifi ed as an overseas resident. 
However, residency status is routinely 

checked at the time of admission and was 
used to help identify non-residents. We 
excluded students studying in New Zealand 
and those in employment, for example on 
working visas, as they were considered to 
be paying New Zealand taxes. We used the 
same methodology in our previous study 
so that trends were more likely to be valid. 
However, the results are still likely to be 
an underestimate. Outpatient and fracture 
clinic costs for patients treated with more 
minor injuries have not been collected so 
the true cost to SDHB of injuries to overseas 
residents will be greater. 

This study focused solely on Southern 
DHB and there is a lack of national data 
with which to compare these results.  
However, data presented at the NZOA 
trauma meeting this year suggests that the 
total overseas delivery funded through the 
Population-based funding formula (PBFF) in 
Southern DHB is the highest in New Zealand 
and in excess of $2 million.10 Further work 
at a national level will help identify the 
workload caused by overseas tourists. If 
signifi cant anomalies exist then this should 
have an impact on future funding decisions 
such as the mechanism used by ACC to fund 
acute care for each DHB.

Conclusion
Increasing tourist numbers have resulted 

in an increased number of orthopaedic 
admissions to Dunedin Hospital over the last 
two decades. It remains a small proportion 
of the total departmental workload while 
Southland Hospital is relatively more 
affected. These patients represent a cost in 
excess of $1,000,000 per annum to Southern 
DHB, which has to be funded from its share 
of population-based funding. 
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An estimate of limited 
duration cancer prevalence in 

New Zealand using ‘big’ data
Naomi Brewer, June Atkinson, Parry Guilford, Cristin Print, Tony Blakely, 

Andrea Teng

A larger number of people are be-
ing diagnosed with cancer in New 
Zealand,1 while cancer mortality is 

decreasing,2 meaning more people living 
beyond a cancer diagnosis. It is important to 
understand how many of these people there 
are since cancer prevalence estimates are 
a direct measure of the demand for health-
care, psychosocial support, practical assis-
tance and social services. 

Cancer prevalence can be defi ned as the 
number of people in a specifi ed population 
who are still alive after at least one cancer 
diagnosis.3 This measure of prevalence, 
termed total prevalence, includes a hetero-
geneous group comprised of those who 
were diagnosed many years ago (and are 
therefore likely to be completely cured) and 
people who were diagnosed only recently 
(and therefore may still be undergoing 
treatment).3 Limited duration prevalence 
is an indicator of the number of people 

who have been diagnosed over a defi ned 
(usually relatively recent) period of time. 
The meaning of limited duration prevalence 
depends on the specifi c cancer site, but 
limited duration prevalence within one year 
may indicate the number of people in initial 
treatment, greater than fi ve years is often 
used as an indicator of the number of people 
in complete remission, and 10 years tends 
to indicate the number of cured patients 
(although statistical cure time varies by 
cancer site4).3 Cancer prevalence is infl u-
enced by both the number of people who 
are diagnosed with cancer and the number 
of people who die from cancer; thus a high 
incidence rate coupled with a low mortality 
rate will result in a high prevalence. 

There is a scarcity of estimates of the prev-
alence of cancer in New Zealand. A Ministry 
of Health (MoH) report on urban/rural 
health comparisons using data from the 
2002/03 New Zealand Health Survey (which 

ABSTRACT
AIMS: Increases in cancer survival may increase cancer prevalence and demand for healthcare. We aimed 
to estimate cancer prevalence in the New Zealand population. 

METHODS: We used national linked health, social and census datasets from the Stats NZ Integrated Data 
Infrastructure to identify the number of New Zealand residents who had at least one cancer diagnosis in 
New Zealand. We included all primary cancers recorded on the New Zealand Cancer Registry from January 
1995 to June 2013, and used the 2013 census for demographic and socioeconomic data. 

RESULTS: On 30 June 2013, 140,600 of 4,438,900 (3.2%) New Zealand residents had been diagnosed with 
cancer in the last 18.5 years. In ≥15 year olds, the age-standardised prevalence of cancer diagnosed 0 to ≤1 
year, and >1 to ≤5 years, prior to 30 June 2013 was 0.4% and 1.1% in men and 0.3% and 0.9% in women, 
respectively. Over the 18.5-year period prevalence was greatest in the oldest ages, European/Other, 
highest qualified, highest income, least deprived, ex-smokers, and Canterbury, Bay of Plenty and Nelson/
Marlborough District Health Boards (age-standardised). 

CONCLUSIONS: Groups with the highest survival and the greatest access to healthcare had the highest 
cancer prevalences. 
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involved interviews with approximately 
12,900 people aged ≥15 years) indicated 
that the age-standardised self-reported 
lifetime prevalence of cancer in urban 
females was 6.8%, the proportion in rural 
females was 5.8%, and the corresponding 
proportions in males were 4.8% and 5.2%.5 
Globocan 2018 estimates of the number 
of fi ve-year prevalent cases of all cancers 
(International Classifi cation of Diseases 10th 
revision (ICD-10) C00–97) in males of all ages 
in New Zealand were 77,878 (3.3%), and 
55,838 (2.3%) for females of all ages.6 When 
excluding non-melanoma skin cancer (C44) 
the corresponding estimates were 36,814 
(1.6%) for males, and 37,171 (1.5%) for 
females.6 However, the Globocan prevalence 
estimates are based upon projections and 
are not available by ethnicity or other demo-
graphic factors.6,7

We aimed to provide estimates of limited 
duration cancer prevalence in the New 
Zealand population on 30 June 2013 using 
national linked health, social and census 
data. We aimed to examine how prevalence 
differed by age, sex, ethnicity, socioeconomic 
status (SES) and region, and how the preva-
lence differed by the major cancer sites.

Methods
We used the Stats NZ Integrated Data 

Infrastructure (IDI; https://www.stats.govt.
nz/integrated-data/integrated-data-infra-
structure/). We included only individuals 
who were in the central IDI spine (data 
refreshed in March 2017; see Appendix 
Figure 1). The spine is an ever resident popu-
lation that includes individuals with data on 
New Zealand tax, births or long-term immi-
gration visa records; and is a centralised 
list of people to which health and census 
datasets were each probabilistically linked. 
The probabilistic data linkages to create the 
spine and link the datasets were undertaken 
by Stats NZ using IBM QualityStage version 
8.5.8 The proportion of unique individuals 
within the MoH dataset who were linked to 
the spine (ie, the link rate) was 85%, with a 
false-positive rate of 0.8%.

We abstracted details of people with 
primary cancers (ICD-10 C00–96, excluding 
basal cell epithelioma and squamous cell 
carcinoma of the skin (see below)) recorded 
on the New Zealand Cancer Registry (NZCR) 

from 1 January 1995 up to 30 June 2013. This 
latter date was the closest date to the most 
recent available New Zealand Population 
Census (5 March 2013) for which the IDI 
estimated resident population (IDI-ERP; see 
below) was available. We used the census as 
the source of most of the demographic data 
(see below). Thus we estimated 18.5 year 
prevalence, as well as one-, fi ve- and 10-year 
prevalence. The 18.5 year limited duration 
prevalence is an estimate of the percentage 
of the population diagnosed with cancer 
at some point in the 18.5 years prior to 30 
June 2013 and who were still alive at 30 June 
2013. 

The NZCR was established in 1948, and the 
Cancer Registry Act came into effect in 1994, 
making cancer registration mandatory.9,10 
Information was not available for cancers 
diagnosed outside New Zealand, eg, for 
recent migrants. The NZCR does not record 
basal cell epithelioma and squamous cell 
carcinoma of the skin except when of the 
skin of genital organs. 

We estimated person prevalence, and 
hence considered only the fi rst (according to 
diagnosis date) primary cancer diagnosed in 
each person, therefore only including each 
person once in our analysis results for all 
cancers. The exception to this was when we 
estimated the prevalence by specifi c cancer 
types. We identifi ed the fi rst case of one or 
more different cause-specifi c cancers where 
a person may have had more than one 
primary tumour. We included people diag-
nosed in New Zealand, at all ages, in the New 
Zealand resident population. We used the 
IDI-ERP dataset for 30 June 2013 produced 
by Stats NZ (at the time of data collation the 
IDI-ERP was only estimated annually for 
30 June (ie, it was not available for March 
2013)).11 The methodology is based on that 
used by Stats NZ, and selects people into 
the population if they have had activity in a 
variety of administrative datasets in the IDI 
in the 12 months before the reference date 
(eg, 30 June 2013). It then removes people 
who died or moved overseas  (defi ned as 
being out of New Zealand for ≥6 months). 
Sex was based on census data but if that was 
missing data from MoH datasets was used, 
and if that was also missing then data from 
Stats NZ IDI was used. Age was calculated 
at 30 June 2013 based on the Stats NZ date 
of birth information or from the NZCR data 
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if the Stats NZ data was missing.  All other 
demographic variables were derived from 
the census (approximately 25% of records 
in the IDI-ERP dataset were not linked to the 
census and therefore were ‘missing’ demo-
graphic variables (see Appendix Figure 1)).

Statistical analysis
Analysis involved categorising prevalent 

cancers by cancer site, time since diagnosis 
(0–≤1, >1–≤5, >5–≤10, >10–≤18.5 and 0–18.5 
years) and the following demographic 
variables: sex, age group (≤14, 15–24, 25–34, 
35–44, 45–54, 55–64, 65–74, 75–84, 85+ years), 
partnership status (partnered, non-part-
nered), standardised highest qualifi cation 
(no qualifi cation, school, post-school), urban 
or rural area of usual residence, smoking 
status (never smoked regularly, ex-smoker, 
regular smoker), equivalised household 
income (tertiles based on national income 
pattern), New Zealand Deprivation Index 
2013 (NZDep2013) (small area index of 
SES;12 quintiles), prioritised ethnicity (Māori, 
Pacifi c, Asian, European/Other [non-Māori, 
non-Pacifi c, non-Asian]),13 DHB of residence 
and Cancer Network of residence.

For each of these demographic variables, 
we present the age-standardised (to the 
WHO World Standard Population; https://
seer.cancer.gov/stdpopulations/world.who.
html) prevalence proportions up to 18.5 
years since diagnosis. Age-standardised 
prevalence rate ratios were calculated 
comparing demographic variable cate-
gories in Excel using methods described by 
Rothman et al (2008).14 Analysis was done 
using Stata version 14.0 MP (Stata Corp LLC, 
College Station, Texas, US).

To comply with the confi dentiality 
requirements associated with using IDI 
data the count results have been random 
rounded to base 3. Count data produced 
from cancer registrations in the IDI and 
proportions based on those data were 
suppressed if the underlying unrounded 
count was less than six.

Results
There were approximately 4,438,900 

people in the residential population at 30 
June 2013 with age and sex recorded in the 
dataset. Among the 4,438,900 people there 
were 140,600 diagnosed with cancer in 
New Zealand between 1 January 1995 and 

30 June 2013, giving a crude prevalence 
of 3.17% (140,600/4,438,900*100) and an 
age-standardised prevalence of 2.15% for 
men and 2.10% for women (Table 1). The 
mean age of the New Zealand population (in 
the IDI-ERP) was 39 years (standard devi-
ation (SD) 24 years) in 2013, while the mean 
age of people living with a cancer diagnosis 
was 66 (SD 12 years).

Age-standardised prevalence was greatest 
in the oldest age groups, European/Other 
and Māori women, those who were the most 
qualifi ed, had the highest income, lived in 
the least deprived areas, ex-smokers, and 
those in the Canterbury, Bay of Plenty and 
Nelson/Marlborough DHB regions (Table 1). 
The lowest prevalences were in Asian and 
Pacifi c people, and in the Counties Manukau, 
Capital & Coast and Hutt Valley DHBs. 
Prostate cancer did not appear to explain 
the differences by DHB (Appendix Table 
1 and Appendix Figure 2). Ethnicity and 
socioeconomic differences in prevalence 
were generally more extreme in men than 
in women. Māori men had 0.83 (0.80–0.86) 
times the cancer prevalence of European/
Other men, whereas women were similar at 
1.00 (0.97–1.02) times the cancer prevalence. 
The most deprived quintile of men had 0.82 
(0.80–0.84) times the cancer prevalence of 
the least deprived, while for women this 
fi gure was 0.95 (0.93–0.98) times. 

Table 2 compares age-standardised cancer 
prevalence diagnosed in adults ≥15 years 
old in the last 18.5 years with shorter-term 
limited duration prevalence, eg, cancers 
that were diagnosed in the last year, or the 
last two to fi ve years. The age-standardised 
prevalence of cancer diagnosed in any of 
the 18.5 years was 2.88% of men and 2.82% 
of women. For diagnoses in the last year 
these fi gures were 0.37% in men and 0.34% 
of women; and for diagnoses in the last 
fi ve years prevalence was 1.42% of men 
and 1.29% of women (adding one-year and 
two-to-fi ve-year prevalences together).

The most prevalent recorded cancers 
(diagnosed in the past 18.5 years and 
age-standardised) in men ≥15 years, were 
prostate cancer (1.14%), melanoma (0.51%) 
and colorectal cancer (0.40%). In women the 
most prevalent cancers were breast cancer 
(1.15%), melanoma (0.51%) and colorectal 
cancer (0.33%).
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Table 1: The total population and the 18.5 year prevalence of ICD-10 C code (C00–96) cancer diagnoses made in New Zealand as at 30 June 
2013, by demographic group.

  Total population
n (%)

Cancer cases
n (%)

Age-standardised 
prevalence %

Age-standardised rate ratio (95% CI)

Male Female Male Female

All (crude prevalence = 3.17%) 4,438,914 (100) 140,616 (100) 2.15 2.10 - -

≥15 years 3,546,288 (100) 139,791 (100) 2.88 2.82 - -

≥25 years 2,915,025 (100) 138,540 (100) 3.66 3.58 - -

5-year age groups at 30/6/2013

0–14 892,626 (20.11) 825 (0.59) 0.10 0.09 - -

15–24 631,263 (14.22) 1,251 (0.89) 0.20 0.19 - -

25–34 559,713 (12.61) 2,367 (1.68) 0.39 0.46 - -

35–44 590,163 (13.30) 6,702 (4.77) 0.84 1.42 - -

45–54 624,945 (14.08) 17,013 (12.10) 1.85 3.55 - -

55–64 503,949 (11.35) 29,469 (20.96) 5.28 6.39 - -

65–74 363,762 (8.19) 40,182 (28.58) 12.62 9.59 - -

75–84 196,809 (4.43) 30,276 (21.53) 19.87 11.74 - -

85+ 75,684 (1.71) 12,531 (8.91) 23.09 13.04 - -

Ethnicity 

Māori 553,494 (12.47) 9,666 (6.87) 2.02 2.33 0.83 (0.80–0.86) 1.00 (0.97–1.02)

Pacific 270,966 (6.10) 3,003 (2.14) 1.37 1.75 0.56 (0.53–0.60) 0.75 (0.72–0.78)

Asian 430,056 (9.69) 3,975 (2.83) 0.92 1.19 0.38 (0.36–0.40) 0.51 (0.49–0.53)

European/Other (non-Māori, 
non-Pacific, non-Asian)

2,562,774 (57.73) 113,406 (80.65) 2.44 2.34 1.00 1.00

Missing 683,037 (15.39) 10,896 (7.75) - - - -

Partnership status, for those ≥25 years only

Partnered 1,700,343 (58.33) 84,453 (60.96) 3.95 3.77 1.00 1.00

Non-partnered 725,271 (24.88) 39,690 (28.65) 3.64 3.91 0.92 (0.91–0.93) 1.04 (1.03–1.05)

Missing 489,423 (16.79) 14,397 (10.39) - - - -

Standardised highest qualification, for those ≥25 years only

No qualification 497,523 (17.07) 35,262 (25.45) 3.77 3.75 1.00 1.00

School qualification 1,063,761 (36.49) 51,009 (36.82) 3.94 3.84 1.05 (1.03–1.06) 1.02 (1.01–1.04)

Post-school qualification 767,685 (26.34) 29,949 (21.62) 3.98 3.86 1.06 (1.04–1.07) 1.03 (1.02–1.04)

Missing 586,068 (20.10) 22,323 (16.11) - - - -

Urban/rural residency (usual residence)

Urban area 3,247,062 (73.15) 112,353 (79.90) 2.27 2.23 1.00 1.00

Rural area 514,419 (11.59) 18,252 (12.98) 2.29 2.27 1.01 (0.99–1.03) 1.02 (1.00–1.04)

Missing 677,448 (15.26) 10,017 (7.12) - - - -

Smoking status, for those ≥15 years only

Regular smoker 423,801 (11.95) 10,170 (7.27) 2.38 2.76 0.78 (0.76–0.80) 0.95 (0.93–0.97)

Ex-smoker 661,410 (18.65) 43,827 (31.35) 3.24 3.33 1.07 (1.05–1.08) 1.15 (1.13–1.17)

Never smoked regularly 1,771,212 (49.95) 69,657 (49.83) 3.04 2.89 1.00 1.00

Missing 689,880 (19.45) 16,143 (11.55) - - - -

Equivalised household income, tertile

Lowest income 1,041,402 (23.46) 34,860 (24.79) 2.19 2.22 0.91 (0.89–0.93) 0.98 (0.96–1.00)

Middle income 1,075,152 (24.22) 37,320 (26.54) 2.26 2.24 0.94 (0.92–0.96) 0.99 (0.97–1.01)

Highest income 1,073,895 (24.19) 38,934 (27.69) 2.41 2.27 1.00 1.00

Missing 1,248,477 (28.13) 29,511 (20.99) - - - -
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NZDep2013, quintile

1 (least deprived) 762,231 (17.17) 28,614 (20.35) 2.45 2.28 1.00 1.00

2 742,416 (16.73) 27,027 (19.22) 2.34 2.26 0.95 (0.93–0.98) 0.99 (0.97–1.02)

3 719,949 (16.22) 25,263 (17.97) 2.26 2.22 0.92 (0.90–0.94) 0.97 (0.95–1.00)

4 700,866 (15.79) 23,958 (17.04) 2.19 2.20 0.89 (0.87–0.92) 0.97 (0.94–0.99)

5 (most deprived) 674,118 (15.19) 18,567 (13.20) 2.00 2.17 0.82 (0.80–0.84) 0.95 (0.93–0.98)

Missing 839,349 (18.91) 17,193 (12.23) - - - -

District Health Board

Northland 121,200 (2.73) 5,208 (3.70) 2.32 2.27 1.00 (0.96–1.05) 1.01 (0.96–1.06)

Waitemata 452,913 (10.20) 15,003 (10.67) 2.32 2.25 1.00 1.00

Auckland 360,969 (8.13) 10,068 (7.16) 2.20 2.19 0.95 (0.92–0.98) 0.97 (0.94–1.01)

Counties Manukau 389,757 (8.78) 10,197 (7.25) 2.04 2.09 0.88 (0.85–0.91) 0.93 (0.90–0.97)

Waikato 304,683 (6.86) 10,728 (7.63) 2.30 2.22 0.99 (0.96–1.03) 0.99 (0.95–1.02)

Lakes 82,893 (1.87) 3,015 (2.14) 2.32 2.21 1.00 (0.95–1.06) 0.98 (0.93–1.04)

Bay of Plenty 173,085 (3.90) 7,452 (5.30) 2.41 2.39 1.04 (1.00–1.08) 1.06 (1.02–1.11)

Tairawhiti 35,550 (0.80) 1,224 (0.87) 2.28 2.19 0.98 (0.91–1.07) 0.98 (0.90–1.06)

Taranaki 96,486 (2.17) 3,735 (2.66) 2.26 2.29 0.97 (0.93–1.03) 1.02 (0.97–1.07)

Hawke’s Bay 129,531 (2.92) 5,064 (3.60) 2.23 2.24 0.96 (0.92–1.01) 1.00 (0.95–1.05)

Whanganui 50,517 (1.14) 2,229 (1.59) 2.33 2.29 1.01 (0.94–1.07) 1.02 (0.96–1.09)

Midcentral 141,189 (3.18) 5,265 (3.74) 2.21 2.21 0.95 (0.91–1.00) 0.99 (0.94–1.03)

Hutt Valley 121,440 (2.74) 3,888 (2.76) 2.23 2.05 0.96 (0.92–1.01) 0.91 (0.87–0.96)

Capital & Coast 244,845 (5.52) 7,134 (5.07) 2.13 2.12 0.92 (0.88–0.96) 0.95 (0.91–0.98)

Wairarapa 35,820 (0.81) 1,578 (1.12) 2.19 2.20 0.94 (0.88–1.01) 0.98 (0.91–1.06)

Nelson/Marlborough 118,425 (2.67) 5,088 (3.62) 2.36 2.26 1.02 (0.97–1.07) 1.01 (0.96–1.06)

West Coast 25,863 (0.58) 1,059 (0.75) 2.20 2.27 0.95 (0.87–1.04) 1.01 (0.92–1.11)

Canterbury 416,562 (9.38) 15,690 (11.16) 2.44 2.32 1.05 (1.02–1.09) 1.03 (1.00–1.07)

South Canterbury 49,317 (1.11) 2,223 (1.58) 2.21 2.18 0.95 (0.89–1.02) 0.97 (0.91–1.04)

Southern 258,579 (5.83) 9,126 (6.49) 2.10 2.18 0.91 (0.87–0.94) 0.97 (0.94–1.01)

Missing 829,299 (18.68) 15,648 (11.13) - - - -

Cancer Network

Northern 1,324,842 (29.85) 40,473 (28.78) 2.22 2.19 1.00 1.00

Midland 596,208 (13.43) 22,419 (15.94) 2.36 2.27 1.06 (1.04–1.09) 1.04 (1.01–1.06)

Central 819,828 (18.47) 28,896 (20.55) 2.24 2.21 1.01 (0.99–1.03) 1.01 (0.99–1.03)

Southern 868,746 (19.57) 33,186 (23.60) 2.32 2.27 1.04 (1.02–1.06) 1.04 (1.01–1.06)

Missing 829,299 (18.68) 15,648 (11.13) - - - -

Age-standardised to the WHO World population. Cancer cases are an individual’s first primary cancer only. All counts were random rounded to base 3, in 
accordance with Stats NZ confidentiality requirements. Note some of the comparisons are for di� erent age groups (eg, exclude children) and therefore the 
overall crude and age standardised prevalences are higher.

Table 1: The total population and the 18.5 year prevalence of ICD-10 C code (C00–96) cancer diagnoses made in New Zealand as at 30 June 
2013, by demographic group (continued).
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Table 2: ICD-10 C code cancer diagnoses, by cancer type and different prevalence times.

ICD codes Males Females

Cancer 
cases
n

Crude 
prevalence 
percentage

Age-standardised 
prevalence per 100 
(95% CI)

Cancer 
cases
n

Crude 
prevalence 
percentage

Age-standardised 
prevalence per 100 
(95% CI)

Adults (≥15 years)        

All cancers (total) C00-96    

0–≤1 year prev period   8,757 0.506 0.373 (0.365–0.381) 8,307 0.458 0.339 (0.331–0.346)

>1–≤5 years prev period   24,780 1.431 1.054 (1.041–1.067) 23,280 1.283 0.945 (0.933–0.958)

>5–≤10 years prev period   19,917 1.150 0.829 (0.818–0.841) 20,256 1.116 0.793 (0.782–0.805)

>10–≤18.5 years prev period   18,531 1.070 0.756 (0.745–0.767) 21,972 1.211 0.827 (0.815–0.838)

0–18.5 years prev period   68,508 3.957 2.878 (2.858–2.899) 71,364 3.932 2.819 (2.798–2.840)

Prostate C61      

0–≤1 year prev period   2,862 0.165 0.118 (0.114–0.123) N/A N/A N/A

>1–≤5 years prev period   10,362 0.598 0.422 (0.414–0.430) N/A N/A N/A

>5–≤10 years prev period   8,535 0.493 0.335 (0.328–0.342) N/A N/A N/A

>10–≤18.5 years prev period   7,290 0.421 0.270 (0.264–0.276) N/A N/A N/A

0–18.5 years prev period   29,049 1.678 1.145 (1.132–1.157) N/A N/A N/A

Colorectal C18-21      

0–≤1 year prev period   1,344 0.078 0.055 (0.052–0.058) 1,194 0.066 0.042 (0.040–0.045)

>1–≤5 years prev period   3,588 0.207 0.146 (0.141–0.150) 3,276 0.181 0.112 (0.108–0.116)

>5–≤10 years prev period   2,742 0.158 0.108 (0.103–0.112) 2,814 0.155 0.091 (0.088–0.095)

>10–≤18.5 years prev period   2,595 0.150 0.099 (0.095–0.103) 2,829 0.156 0.086 (0.082–0.089)

0–18.5 years prev period   10,194 0.589 0.404 (0.396–0.412) 10,059 0.554 0.330 (0.323-0.336)

Breast C50      

0–≤1 year prev period   24 0.001 0.001 (0.001–0.001) 2,832 0.156 0.121 (0.116–0.126)

>1–≤5 years prev period   90 0.005 0.004 (0.003–0.004) 9,282 0.511 0.385 (0.377–0.393)

>5–≤10 years prev period   48 0.003 0.002 (0.001–0.003) 8,307 0.458 0.327 (0.320–0.334)

>10–≤18.5 years prev period   39 0.002 0.002 (0.001–0.002) 8,568 0.472 0.315 (0.308–0.321)

0–18.5 years prev period   204 0.012 0.008 (0.007–0.009) 28,983 1.597 1.147 (1.134–1.160)

Melanoma C43      

0–≤1 year prev period   1,137 0.066 0.049 (0.046–0.052) 1,047 0.058 0.044 (0.041–0.046)

>1–≤5 years prev period   3,879 0.224 0.168 (0.163–0.173) 3,615 0.199 0.148 (0.143–0.153)

>5–≤10 years prev period   3,429 0.198 0.147 (0.142–0.152) 3,543 0.195 0.144 (0.139–0.149)

>10–≤18.5 years prev period   3,438 0.199 0.146 (0.141–0.151) 4,284 0.236 0.170 (0.165–0.175)

0–18.5 years prev period   11,874 0.686 0.510 (0.501–0.520) 12,483 0.688 0.505 (0.496–0.515)

Lung C33-34      

0–≤1 year prev period   582 0.034 0.024 (0.022–0.025) 555 0.031 0.021 (0.019–0.023)

>1–≤5 years prev period   516 0.030 0.021 (0.019–0.023) 666 0.037 0.025 (0.023–0.027)

>5–≤10 years prev period   219 0.013 0.009 (0.008–0.010) 255 0.014 0.009 (0.008–0.011)

>10–≤18.5 years prev period   183 0.011 0.007 (0.006–0.008) 183 0.010 0.006 (0.005–0.007)

0–18.5 years prev period   1,494 0.086 0.060 (0.057–0.063) 1,653 0.091 0.062 (0.058–0.065)

Non-Hodgkin’s Lymphoma C82-85, 
C96

     

0–≤1 year prev period   333 0.019 0.015 (0.013–0.016) 246 0.014 0.010 (0.009–0.011)

>1–≤5 years prev period   1,068 0.062 0.047 (0.044–0.050) 831 0.046 0.033 (0.031–0.035)

>5–≤10 years prev period   816 0.047 0.036 (0.034–0.039) 714 0.039 0.027 (0.025–0.030)

>10–≤18.5 years prev period   576 0.033 0.026 (0.023–0.028) 606 0.033 0.023 (0.021–0.025)

0–18.5 years prev period   2,790 0.161 0.123 (0.119–0.128) 2,394 0.132 0.093 (0.089–0.097)
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Figure 1 shows age-specifi c prevalences 
for all cancer and some of the most prev-
alent cancers. Cancer prevalence peaks in 
the 85–89 year old age group at 23.65% in 
men and 13.22% in women. Most cancers 

show this pattern; however, breast cancer 
prevalence is similar in women from 65–99 
years old at around 4%. Men have higher 
age-specifi c prevalences of colorectal, 
melanoma and lung cancer than women. 

Leukaemia C91-95      

0–≤1 year prev period   261 0.015 0.012 (0.010–0.013) 165 0.009 0.007 (0.006–0.008)

>1–≤5 years prev period   669 0.039 0.031 (0.028–0.033) 432 0.024 0.018 (0.016–0.020)

>5–≤10 years prev period   621 0.036 0.028 (0.026–0.030) 474 0.026 0.019 (0.018–0.021)

>10–≤18.5 years prev period   669 0.039 0.033 (0.030–0.035) 474 0.026 0.021 (0.019–0.023)

0–18.5 years prev period   2,220 0.128 0.102 (0.098–0.107) 1,545 0.085 0.064 (0.061–0.068)

Endometrial C54-55      

0–≤1 year prev period   N/A N/A N/A 468 0.026 0.020 (0.018–0.022)

>1–≤5 years prev period   N/A N/A N/A 1,344 0.074 0.055 (0.052–0.058)

>5–≤10 years prev period   N/A N/A N/A 1,098 0.061 0.041 (0.039–0.044)

>10–≤18.5 years prev period   N/A N/A N/A 1,101 0.061 0.038 (0.035–0.040)

0–18.5 years prev period   N/A N/A N/A 4,008 0.221 0.153 (0.149–0.158)

Renal C64-66, 
C68

     

0–≤1 year prev period   303 0.017 0.013 (0.012–0.015) 159 0.009 0.006 (0.005–0.007)

>1–≤5 years prev period   843 0.049 0.036 (0.034–0.039) 456 0.025 0.018 (0.016–0.020)

>5–≤10 years prev period   606 0.035 0.026 (0.023–0.028) 369 0.020 0.014 (0.012–0.015)

>10–≤18.5 years prev period   453 0.026 0.019 (0.017–0.020) 342 0.019 0.013 (0.012–0.014)

0–18.5 years prev period   2,205 0.127 0.093 (0.089–0.097) 1,323 0.073 0.051 (0.048–0.053)

Pancreas C25      

0–≤1 year prev period   99 0.006 0.004 (0.003–0.005) 108 0.006 0.004 (0.003–0.005)

>1–≤5 years prev period   57 0.003 0.003 (0.002–0.003) 66 0.004 0.003 (0.002–0.003)

>5–≤10 years prev period   18 0.001 0.001 (0.001–0.001) 27 0.001 0.001 (0.001–0.001)

>10–≤18.5 years prev period   24 0.001 0.001 (0.001–0.001) 27 0.001 0.001 (0.001–0.001)

0–18.5 years prev period   201 0.012 0.009 (0.007–0.010) 225 0.012 0.009 (0.008–0.010)

Childhood (ages 0–14 years) C00-96      

0–≤1 year prev period   69 0.015 0.015 (0.012–0.019) 54 0.012 0.012 (0.009–0.015)

>1–≤5 years prev period   207 0.045 0.046 (0.040–0.052) 147 0.034 0.034 (0.028–0.039)

>5–≤10 years prev period   114 0.025 0.025 (0.020–0.029) 123 0.028 0.029 (0.024–0.034)

>10–≤18.5 years prev period   57 0.012 0.012 (0.009–0.016) 57 0.013 0.013 (0.010–0.017)

0–18.5 years prev period   447 0.098 0.098 (0.089–0.107) 381 0.087 0.088 (0.079–0.096)

Age-standardised to the WHO World population. Includes multiple primary cancers for individuals (not just their first primary cancer). The smaller year 
breakdowns of cancer prevalence do not equal the 0–18.5 year breakdown because individuals can appear more than once in the smaller groups but 
only once in the bigger group. That is, a person may have been diagnosed with cancer 1 year ago and 5 years ago, but in the 0–18.5 year count they’ll only 
appear once (so the number of cancers is shown in the smaller breakdowns but the number of people in larger breakdown). The total population of adult 
males was 1,731,510 and the total population of male children was 456,972. The total population of adult females was 1,814,790 and the total population 
of female children was 435,654. All counts were random rounded to base 3, in accordance with Stats NZ confidentiality requirements. Prev period: 
prevalence period.

Table 2: ICD-10 C code cancer diagnoses, by cancer type and different prevalence times (continued).
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Figure 1: Cancer prevalence in adults by age and sex.

A: Total cancer prevalence; B: Breast cancer prevalence; C: Prostate cancer prevalence; D: Melanoma prevalence; E: Lung cancer prevalence; F: 
Colorectal cancer prevalence. Each figure includes adults (aged ≥15 years) of all ethnic groups (including missing) for 18.5-years prevalence. The 
figures include more than one primary cancer for each person if they were diagnosed with more than one cancer type.
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Discussion
We estimated that 3.2% of New Zealand 

residents (still alive at 30 June 2013) in 
2013 had been diagnosed with cancer in 
New Zealand since 1995, and that crude 
prevalence was 15.7% in ≥75 year olds 
(42,807/272,493*100). Cancer prevalence 
was greatest in European/Other people, 
those with higher SES, and ex-smokers. 
Prevalence differed slightly by DHB after 
adjustment for age. 

Our results were higher than those of 
Sharp et al15 who estimated 17-year limit-
ed-duration cancer prevalence in Ireland. 
After excluding non-melanoma skin cancer 
they estimated that there were 112,610 
people diagnosed with cancer in 1994–2011 
and still alive at 31 December 201115—a 
crude prevalence of 2.5% (using the Central 
Statistics Offi  ce population of Ireland in 
April 2011 of 4,588,25216), which is lower 
than our crude prevalence of 3.2%. 

Maxwell et al17 estimated complete (using 
a 29-year look-back period), as well as limit-
ed-duration (for up to 1, 1–5, and 5–10 years) 
cancer prevalence for Western Australia in 
2011. They estimated complete prevalence 
of 3.8% in males and 3.7% in females of all 
ages.17 Like Sharp et al,15 Maxwell et al17 
did not age-standardise their results, and 
their results do not include non-melanoma 
skin cancer.17 Our fi ndings (crude preva-
lence of 3.2%) are slightly less than those 
from Western Australia possibly due to our 
(shorter) 18.5 year look-back period. 

T he Globocan 20186,7 5-year prevalence 
estimates excluding non-melanoma skin 
cancer were slightly lower than our fi ndings, 
which could be a result of their different 
methods. The self-reported lifetime preva-
lence proportions (age-standardised to the 
WHO World Standard Population) reported 
in the 2002/03 Health Survey5 were consid-
erably higher than our fi ndings, which is 
probably due to the longer look-back period 
in the Health Survey (lifetime, rather than 
18.5 years) and the different method (self-
report compared with administrative data, 
eg, non-melanoma skin cancers may have 
been recalled). 

We found higher cancer prevalence 
proportions in those with higher SES 
(compared to lower SES), which is in 
agreement with our previous work that 

has shown that the highest SES groups 
have higher incidence of cancers with high 
survival rates, such as prostate, breast 
and melanoma, (possibly due to higher 
screening and healthcare access), but that 
the lowest SES groups are more likely to die 
from cancer (eg, lung, colorectal, breast, 
prostate and melanoma), and that socio-
economic inequalities in cancer mortality 
have increased over time.18 Furthermore, 
between 1981–2011 the largest increases 
in cancer incidence were among the high-
est-income people, widening the cancer 
incidence inequalities.18 It is likely that 
cancer is diagnosed more frequently in 
people with greater access to healthcare (if 
people do not visit a doctor cancer cannot 
be diagnosed even if it exists), meaning 
that cancer prevalence will be (incor-
rectly) lower in people with less access to 
healthcare (their extant cancer will only be 
diagnosed after death). To our knowledge 
there are no data available on how access 
to healthcare (eg, ethnicity and SES) affects 
death certifi cate-only cancer diagnoses in 
the NZCR and we are therefore unable to 
estimate the potential effect on our results. 
Cumulative relative cancer survival in New 
Zealand has also been shown to be higher in 
the least deprived two quintiles than in the 
most deprived quintile.19 Thus, more high-
income people are diagnosed with cancer 
compared to low-income people, and more 
of them survive the cancer, resulting in 
higher cancer prevalence. We found greater 
SES differences in men compared to women, 
which may be due to larger differences in 
the incidence of prostate cancer (greater 
than breast cancer) and melanoma by SES in 
men, and a bigger SES gap in mortality for 
colorectal cancer in men than women.18 

We found lower cancer prevalence 
proportions in Asian and Pacifi c people 
compared to European/Other people. Asian 
people in New Zealand have a lower inci-
dence rate of cancer and a lower mortality 
rate compared to European/Other people,20 
refl ected in our fi ndings. We were only able 
to include people diagnosed with cancer in 
New Zealand and will therefore have missed 
people who were diagnosed overseas. This 
is likely to have a relatively larger impact 
on Asian and Pacifi c people who are more 
likely to be recent migrants, and we have 
therefore likely underestimated true prev-
alence for these groups. DHBs with high 
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levels of inward migration are also likely to 
have an underestimated cancer prevalence, 
eg, Counties Manukau DHB. In contrast, 
we found higher prevalence proportions 
in Māori compared to European/Other 
people. Māori have higher cancer inci-
dence and mortality rates than European/
Other people,20 with the higher incidence 
refl ected in our results. The linkage rates of 
health data in the IDI for Pacifi c and Asian 
people and older Māori are lower than 
those for European/Other people (Stats NZ, 
personal communication). Cancer incidence 
(and therefore prevalence) could be under-
counted if there are more missed links in 
these groups. Further research into linkage 
error and missing data in this dataset is 
warranted to explore these differences.

T he strengths of our study include the 
use of the Stats NZ IDI, including high-
quality cancer registry data, providing a 
large national dataset to examine cancer 
prevalence and its association with demo-
graphic and socioeconomic variables from 
the 2013 census (although there were a large 
number (approximately 25%) of records 
that were not linked to the census). We have 
age-standardised our results, allowing for 
comparison with other studies.

The limitations of our study include that 
our data were limited in duration (starting 
in 1995) and we will therefore have missed 
some prevalent cases; that is, our prevalence 
estimate falls short of the true prevalence 
because it excludes long-term survivors 
(more than 18.5 years). The number of cases 
that we missed will be larger for the cancers 
that have an average longer survival time, 
such as childhood cancers. The authors of 
an Italian study estimated that their limited 
duration analysis (15 years) missed 64% 
of the prevalent cases (that is, 64% of the 
childhood cancer survivors were diagnosed 
before the start of the observation period).21 
Furthermore, since we calculated age at 
30 June 2013 people who were diagnosed 
with a cancer when they were a child will 
be recorded as being older in our analyses 

if the cancer diagnosis was not near in time 
to 30 June 2013 (a person diagnosed at age 
fi ve in 1995 will have been 23 in 2013). 
T here is evidence that cancer survivors are 
at high-risk for late effects months or years 
after treatment has ceased, and this may 
be particularly important for survivors of 
cancer diagnosed as a child or young adult 
since they (potentially) have many years of 
life left.22,23 

Finally, there is some evidence for differ-
ences in linkage rates by sex, age, ethnicity, 
and age-by-ethnicity.24,25 For this reason we 
may have underestimated cancer preva-
lence and the differences by sex, age and 
ethnicity, particularly in the oldest age 
groups. Some 8% (12,837) of cancers regis-
tered prior to 30 June 2013 (with no record 
of death before this date) were not linked 
to our study population, perhaps because 
people emigrated, they were only visiting 
New Zealand or their health data were 
mistakenly not linked to the spine. The 
latter would only slightly underestimate the 
prevalence reported here (the truer crude 
prevalence could not be more than 3.4%).

In summary, cancer prevalence is affected 
by cancer incidence and survival rates. 
Prevalence provides an outline for policy 
makers and health planners about the extent 
of the burden of cancer in different popula-
tions, whether historically or within the last 
one, fi ve or 10 years. A lthough the extent of 
need for healthcare will differ among cancer 
survivors depending on factors such as 
cancer type22,26 and comorbidities,27 never-
theless estimates of cancer prevalence can 
help decision-makers, planners and service 
providers to develop follow-up and after-care 
services to more effectively meet survivors’ 
needs as they change over time (a person 
diagnosed one year ago is likely to have quite 
different needs to someone diagnosed 10 
years ago), and to understand the differences 
that they might expect to fi nd in prevalence 
by age, sex, ethnicity, socioeconomic status 
and smoking status of cancer survivors.
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Appendix
Appendix Figure 1: Diagram of the linkage between the New Zealand 
Integrated Data Infrastructure datasets (IDI)

There were people that were in the Estimated Resident Population and not in the census 
because they were not linked when they should have been, they were born after the census, 
or they migrated in after the census.28or they migrated in after the census.

A ppendix Table 1: Prostate cancer prevalence by DHB & total cancer prevalence minus prostate cancer 
prevalence.

DHB Total 
population
n

Prostate 
cancer 
cases
n

Prostate cancer age-
standardised prevalence 
per 100,000 (95% CI)

Total 
cancer age-
standardised 
prevalence per 
100,000

Total cancer 
prevalence minus 
prostate cancer 
prevalence per 
100,000

Northland 58,035 1,248 976.10 (923.30–1,028.90) 2,319.03 1,342.93

Waitemata 217,665 3,012 898.00 (867.00–929.00) 2,316.97 1,418.97

Auckland 173,874 1,992 905.10 (866.90–943.40) 2,203.68 1,298.58

Counties Manukau 187,410 2,064 855.50 (819.90–891.10) 2,042.88 1,187.38

Waikato 146,415 2,265 901.20 (865.00–937.40) 2,299.50 1,398.30

Lakes 39,735 624 901.70 (832.70–970.60) 2,316.94 1,415.24

Bay of Plenty 82,599 1,533 879.60 (836.00–923.30) 2,408.60 1,529.00

Tairawhiti 17,028 255 932.60 (822.50–1,042.70) 2,279.42 1,346.82

Taranaki 46,848 675 772.40 (715.10–829.70) 2,257.70 1,485.30

Hawke’s Bay 61,422 1,071 877.70 (826.60–928.90) 2,233.62 1,355.92

Whanganui 24,114 495 990.70 (905.10–1,076.30) 2,331.07 1,340.37

Midcentral 67,146 1,146 887.10 (836.60–937.50) 2,209.25 1,322.15

Hutt 58,479 891 978.40 (916.20–1,040.60) 2,228.32 1,249.92

Capital & Coast 116,694 1,557 948.50 (902.90–994.10) 2,128.79 1,180.29

Wairarapa 17,217 375 976.40 (880.40–1,072.40) 2,185.69 1,209.29

Nelson Marlborough 57,093 1,143 933.50 (880.70–986.30) 2,360.54 1,427.04

West Coast 12,894 213 833.10 (724.60–941.60) 2,204.00 1,370.90

Canterbury 203,763 3,399 978.70 (946.90–1,010.60) 2,442.71 1,464.01

South Canterbury 24,003 438 786.20 (713.50–859.00) 2,208.97 1,422.77

Southern 125,355 1,770 757.50 (723.00–791.90) 2,100.62 1,343.12

Missing 450,687 2,880 555.20 (535.40–575.10)    

Only the fi rst prostate cancer diagnosis for an individual has been included. 18.5-year 
prevalence.
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Appendix Figure 2: Non-prostate cancer prevalence & prostate cancer prevalence by District Health 
Board.

Appendix Table 2: Prevalence of ICD-10 D code cancer diagnoses.

  Cancer cases
n (%)

Total population
n

Crude prevalence 
%

Age (years) in 2013, mean (SD) 69 (15.0)  

Sex

Male 756 (54.4) 2,188,482 0.03

Female 633 (45.6) 2,250,444 0.03

5-year age groups at 30/6/2013

0–14 9 (0.7) 892,626 0.00

15–24 6 (0.4) 631,263 0.00

25–34 21 (1.5) 559,713 0.00

35–44 57 (4.1) 590,166 0.01

45–54 138 (10.0) 624,945 0.02

55–64 237 (17.2) 503,949 0.05

65–74 351 (25.4) 363,765 0.10

75–84 387 (28.0) 196,806 0.20

85+ 174 (12.6) 75,687 0.23

Ethnicity 

Māori 129 (9.3) 553,494 0.02

Pacific 57 (4.1) 270,966 0.02

Asian 45 (3.2) 430,056 0.01

European/Other 1,041 (75.0) 2,562,774 0.04

Missing 117 (8.4) 683,037 0.02
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Early identi� cation of 
infants at risk of cerebral 

palsy: developing the 
use of general movement 

assessment in routine 
clinical practice in a 

tertiary neonatal unit in 
New Zealand 

Meghan Sandle, Alison Sheppard, Angelica Allermo Fletcher, Max Berry, 
Nathalie DeVries

Infants born preterm (<37/40 gestation) 
have an increased risk of a range of 
neurodevelopmental disorders including 

learning diffi  culties, language and motor 
impairments, and social and emotional 
problems.1 Advances in medical care have 
led to improved survival of preterm infants, 
especially around the cusp of viability, yet 
this group continues to face a signifi cant 
burden of long-term disability. 

In 2017, 7.5% of babies born in New 
Zealand were preterm.2 Developmental 
surveillance of at-risk infants is recom-
mended to identify challenges and provide 
early targeted support.3 Recognising 
emerging disability is vital as to allow 
early intervention during the window of 
brain plasticity in infancy with the aim to 
improve outcomes. However, many devel-
opmental screening tools commonly used in 

ABSTRACT
BACKGROUND: Preterm infants have a high risk of neurodevelopmental disability, including cerebral 
palsy (CP). O� en, CP is not diagnosed until a� er 12 months, leading to delay in targeted interventions. The 
General Movements assessment (GM) evaluates the spontaneous movements of high-risk infants from birth 
to 20 weeks corrected postnatal age (CPA), and accurately predicts the risk of CP. This allows for earlier 
diagnosis and intervention, potentially changing the trajectory of disability, yet routine use of GM is not 
well established in New Zealand.

AIM: To describe the process of setting up GM in a tertiary neonatal unit. 

METHODS: We reviewed the process and progress made to date setting up GM in our service. 

RESULTS: Challenges and potential solutions for the implementation of GM were identified. Key areas of 
development included sta�  training and support, IT services, resources, medical documentation, inter-
departmental communication and establishing clinical pathways. 

CONCLUSION: GM has become successfully integrated into the assessment of high-risk infants in our 
neonatal unit, with the aim to provide valuable information to health professionals and families to optimise 
intervention and improve outcomes. E� orts will continue to ensure there is robust and sustainable system 
for using GM in our service. 
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this population identify diffi  culties outside 
this critical window of plasticity. 

Prematurity is a signifi cant risk factor for 
cerebral palsy (CP). CP is often diagnosed 
after the age of 12 months, however there is 
good evidence that it can be identifi ed at an 
earlier age. The use of Prechtl’s Qualitative 
Assessment of General Movements (GM) is 
highly sensitive for identifying infants at 
risk of CP under fi ve months corrected age.4 

GM assess the spontaneous movement 
patterns of infants that can be observed 
from birth until up to 20 weeks corrected 
postnatal age (CPA). The GM is achieved by 
taking a video of the infant, which is scored 
by a qualifi ed practitioner. By recognising 
absent or abnormal general movements, the 
risk of CP can be determined in a time-sen-
sitive manner during early infancy. 

GM can be assessed at pre-term, term and 
post-term ages up to 20 weeks CPA. Ideally 
several assessments should be done within 
this time. The fi dgety period occurs between 
9 and 20 weeks CPA and is characterised by 
the presence of small amplitude, moderate 
speed rotational movements.5 The absence 
of these fi dgety movements is strongly 
associated with an increased risk of CP; 
assessment at this age has 97% sensitivity 
and 87% specifi city.6

There is also evidence that GM are asso-
ciated with cognitive outcome, with studies 
showing association between persistently 
abnormal general movements in infants 
born preterm and lower IQ at school 
age.7 Standard developmental surveil-
lance in New Zealand typically stops well 
before school age. Monitoring for learning 
problems in those born preterm requires 
long-term, resource heavy follow-up, and 
so there is a much needed role for tools that 
allow early identifi cation of children at risk 
for later cognitive diffi  culties. 

Although GM has strong predictive value, 
especially at fi dgety age, false positives can 
occur and so this tool should not be used in 
isolation but form part of the wider picture 
in conjunction with clinical history, exam-
ination fi ndings and neuroimaging.8

There are several advantages of using 
video assessments. GM is a non-invasive 
assessment that can be recorded remotely, 
does not need to be assessed in real time and 
can be reviewed multiple times for quality 
assurance and training.

GM can be used alongside existing 
assessments and integrated into clinical 
pathways to provide valuable information 
to help identify higher-risk infants, target 
resources, provide early intervention and 
improve outcomes. Clearly GM has a role in 
developmental follow-up, however its use is 
not well established in many services across 
New Zealand. 

Since 2017, we have been developing a 
clinical pathway for using GM for at risk 
infants in our district health board (DHB). 
Wellington Regional Hospital provides tertia-
ry-level neonatal care to around 1,100 infants 
per annum. Infants from 23 weeks gestation 
are offered access to neonatal intensive care, 
with an average of 80 extremely preterm 
infants admitted each year. 

In our service, post-discharge from 
hospital, at-risk infants are followed up in 
the community by the child development 
service. Current criteria for developmental 
surveillance include preterm (<30 weeks 
gestation), low birth weight (LBW <1,200 
grams) moderate-severe hypoxic ischaemic 
encephalopathy, central nervous system 
infection or other conditions associated with 
risk of developmental issues. Specialised 
neurodevelopmental therapists provide 
developmental input and assessment until at 
least two years CPA. 

A local review of follow up and outcomes 
for extreme preterm and/LBW infants in 
our region showed that 75% of infants do 
not have signifi cant neurodevelopmental 
disability after two years of follow up 
(Unpublished data: Sandle M, 2018). Given 
the resource intense nature of longitu-
dinal developmental care, it is hoped that 
using abnormal general movements as an 
early marker for disability will help our 
service target resources to those most at 
risk as well as providing the opportunity to 
intervene early to make a positive difference 
to the outcomes for preterm infants in our 
community. 

Methodology
This section describes the methods used to 

set up a clinical pathway to use GM as part 
of our routine practice. 

Sta�  training
To start using GM, staff attended basic 

training courses to develop skills in interpre-
tation of general movement patterns. This 
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training is provided by licensed instructors 
from the general movements trust, and 
training courses are regularly held around 
the world, including Australasia.9 A neuro-
developmental physiotherapist working in 
the neonatal unit was the fi rst staff member 
to be trained, followed by community 
paediatric advanced trainee/researcher 
and a neonatologist with a special interest 
in infant development. Three neurodevel-
opmental therapists are also enrolled for 
upcoming basic training. This will create 
a multi-disciplinary core group of trained 
assessors and provide an opportunity for 
partnership between neonatal and child 
development services. 

Although awareness of GM and how they 
are used in clinical practice is important for 
all staff working in this area, we feel having 
a smaller group of health professionals 
with range of expertise trained to interpret 
assessments is a good use of resources.

Scoring GM is based on the gestalt 
perception of the assessor and it is vital that 
scorers maintain this by regularly seeing 
and scoring videos and re-calibrating with 
“gold standard” videos of normal general 
movement patterns.10 Our group meets 
regularly, at least fortnightly to score videos 
together, discuss any diffi  culties with scoring 
and re-calibrating as needed. 

Support and networking
Intra- and inter-observable reliability 

of GM is very good,11 however assessment 
relies on individual interpretation and it is 
vital to ensure there is standardisation of 
scoring and quality assurance. Support from 
experienced assessors has provided this and 

helped to develop our learning, especially 
in more diffi  cult cases. Given the nature of 
video-recorded assessments, we have been 
able to gain remote advice from an expe-
rienced GM assessor and trainer from a 
different hospital. 

We have found this collaborative 
approach essential for both building compe-
tency in assessment and developing clinical 
pathways. A useful platform for infor-
mation sharing is via the general movement 
special interest group which has been set 
up to connect professionals working with 
GM from all around New Zealand. We have 
also used the opportunity to link in with a 
trained assessor from a neighbouring DHB 
to support our development using this tool. 

Identifying infants for GM
Although GM are highly predictive of 

cerebral palsy in preterm and moderately to 
severely asphyxiated infants,12,13 its sensi-
tivity in the general population of term 
infants has been shown to be lower.14 It is 
therefore important to use this assessment 
in a carefully selected group for whom GM 
will have the most clinical utility to use time 
and resources effectively. 

To identify which infants admitted to NICU 
should have GM, we established a set of 
criteria (Figure 1). This was based on infants 
that would be at increased risk of adverse 
neurodevelopmental outcome and eligible 
for follow-up from child development 
services. The general movement special 
interest group was also utilised to share 
information about criteria that was being 
used at different hospitals.

Figure 1: Criteria for GM in Wellington neonatal unit.
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Serial GM are more valuable than 
one-off assessments.15 The developmental 
trajectory of an infant’s general movements 
is important and the quality of an infant’s 
movements can change over time. One type 
of abnormal general movement, poor reper-
toire, is common in preterm infants before 
term CPA, and in isolation is not predictive 
of later motor function.16 On the other hand, 
infants with consistently abnormal GMs are 
more likely to have adverse neurodevelop-
mental outcomes and lack of normalisation 
of movements by four-month CPA is asso-
ciated with lower IQ at school age.17

In our pathway, infants will have assess-
ments at 35 weeks, term and 12–14 weeks 
CPA as a minimum. 

IT infrastructure 
The availability of secure IT systems to 

transfer and store video fi les is an integral 
part of developing the clinical use of GM. In 
our service, videos are recorded by parents 
or staff using smart phones. Files need to be 
transferred in a user friendly and safe way. 
Video fi les are generally too large to be sent 
as email attachments so we used Dropbox 
to share fi les. Dropbox is a fi le hosting 
service that allows sharing of fi les and cloud 
storage.18 Parents or health professionals 
upload videos to Dropbox and invite the staff 
to view them. Videos are then transferred to 
a folder on the hospital system which is only 
able accessible by the GM assessors. 

To access Dropbox on our DHB system, 
special permission from the hospital IT 
service was required.

There are however some limitations of 
this method. Parents are required to have 
Dropbox account and be able to use this 
system, and there have been some recent 
concerns about data ownership with cloud 
storage. In Victoria, Australia, a mobile 
phone application (Baby Moves) has been 
developed for parents to record videos of 
their infant’s movements at home; this was 
used successfully for GM assessment and 
found to be user friendly for most parents.19 

There would be scope to develop a similar 
mobile phone app in New Zealand. 

For services using GM, early involvement 
of hospital IT teams with clear commu-
nication about what is required is a key 
component for the successful use of this tool. 

Resources
We have developed several resources 

including a GM information leafl et for 
parents and standardised instructions 
for taking videos. In conjunction with the 
hospital privacy offi  cer, we designed a 
written consent form that can be given to 
parents prior to taking videos and stored 
within the infants notes. 

Interface between services
It is essential for all team members 

involved in the care of high-risk infants to 
understand the role of GM in order to use 
this tool effectively. We have organised 
teaching sessions about the use of GM for 
neonatal nurses, paediatricians and develop-
mental therapists. Identifying and involving 
stakeholders is key to the successful implan-
tation of a service and consultation with 
staff in both neonatal and community setting 
has been part of our process since the early 
stages. Input from families is important; 
informal feedback has been positive and 
formal audit will be undertaken once the use 
of GM is well established in our service. 

To document results, we created an 
electronic medical template with the stan-
dardised descriptions of GM as per Prechtl 
methodology and free space for notes for 
further interpretation and recommen-
dations as needed. The documents can 
be edited and new assessments added at 
different time points so the trajectory of 
GM can be recorded and visualised. The 
electronic template is available on the 
infant’s electronic medical record so is 
accessible by DHB staff both in hospital and 
community setting to allow easy and effi  -
cient communication. 

Clinical pathway: Summary
The clinical pathway we have developed is 

shown below (Figure 2).
This begins with identifying eligible 

infants, giving information to parents, 
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including written handouts and obtaining 
written consent for videos. Videos are taken 
at around 35–37 weeks and 40 weeks CPA 
by therapists or doctors in the neonatal unit 
and uploaded to the secure restricted access 
folder. They are assessed by at least two 
trained assessors, with additional support 
from experts as required. 

Videos at 12–15 weeks CPA are taken in the 
community either by parents who have been 
given written instructions on how to take 
and upload videos, or by neonatologists or 
community therapists who are following up 
the infant. Files are transferred via Dropbox 
and reviewed in the same way as the earlier 
assessments. Information is recorded as a 
trajectory for individuals which is saved as 
part of the infant’s electronic record. Results 
are also verbally discussed with profes-
sionals coordinating the infant’s ongoing 
follow up and communicated to parents. 

Discussion
GM form an important part of assessment 

process for high-risk infants and are now 
routinely used in Wellington neonatal unit. 
There has been signifi cant progress made in 
the implementation of GM over the last 18 
months, however there still remain potential 
challenges, and continued effort is required 
to ensure the sustainability of the ongoing 
use of this tool. 

Competition for limited resources is a 
reality in a publicly funded health system. 
Training costs, staff time and IT systems 
require funding which may not always 
be available, however it is important to 
advocate for the use of tools that identify 
risk early as a cost effective strategy. In New 
Zealand, the neurodevelopmental follow-up 
of preterm infants is inconsistent between 
services and inadequately funded.20 Using 
GM in combination with other clinical 
assessments and investigations is a practical 
way to help utilise resources effi  ciently and 
there is good evidence for this approach in 
preterm infants.

Moving forward, we will continue to work 
alongside our IT providers to establish more 
robust ways to transfer and store videos 
with the aim to eventually have videos 
stored on the infant’s electronic record. 
Competency in assessing GM needs to be 
maintained with regular opportunities to 
review videos and we will continue to work 
together with our wider networks to support 
our professional development with this tool. 

GM is a reliable, valid and easy to use 
tool with high clinical utility, however 
it is important to be aware of potential 
limitations. GM is not a screening tool for 
general use, nor a diagnostic test for CP. It 
is essential that we understand what high 
risk of CP means and communicate this 

Figure 2: Clinical pathway for the use if GM in our service.
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effectively to families, while understanding 
that this may create unnecessary anxiety.21 
Although GM has high specifi city, false posi-
tives can occur. Identifying infants as high 
risk of CP may be a negative experience for 
parents, and some of these infants will never 
go on to develop CP.

Using GM to identify infants at high 
risk of CP facilitates earlier diagnosis and 
intervention. Early referral for CP targeted 
intervention is considered best practice,22  
however the long-term benefi t of inter-
vention in infants who develop CP is 
unclear.23 

A systematic review of early motor inter-
vention in infants diagnosed with or at 
high risk of CP found a lack of high-quality 
evidence in this area, with much variation 
in both the intervention and standard care 
provided, diffi  culties in assessing whether 
infants had been diagnosed with CP correctly 
and a lack of reproducibility of interventions 
due to inadequate detail provided.24

A Cochrane review of early intervention 
in infants born preterm also found variation 
in intervention programmes and included 
only 12 randomised control studies. Meta-
analysis, however, did show a positive 
effect on cognitive outcome and a small 
effect on motor outcome in early childhood 
associated with early developmental 
intervention.25

It is clear that further research with 
quality larger multi-centred studies using 
valid and well-designed intervention 
programmes and long-term outcome 

measures is required to help guide the 
effective use of early intervention in 
high-risk groups.

GM also has a role in identifying high-risk 
infants who could then enter studies of early 
interventions and changes in GM over time 
has been used as an outcome measure for 
early intervention programmes for preterm 
infants used in the neonatal unit.26

Limited availability and resources is a 
potential barrier to the use of early inter-
vention programmes, especially in smaller 
centres. A New Zealand guideline for 
early identifi cation and specifi c targeted 
intervention for infants at high risk of 
neurodevelopmental disability is urgently 
needed to support the implementation 
of standardised, evidence based and 
adequately resourced programmes.

Using GM does not take away the  need 
to further understand the mechanism of 
preterm-related brain injury to be able to 
develop strategies to prevent this and to 
minimise neurological dysfunction. 

In conclusion, GM can be successfully used 
alongside existing tools to determine risk 
for developmental disability and optimise 
early monitoring and intervention. We 
have demonstrated that this tool can be 
implemented into routine clinical care and 
provided a framework for its use. Collab-
oration and communication between 
stakeholders has been essential in rolling 
out this assessment and for its use to be of 
value as a part of the holistic assessment of 
at-risk infants. 
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Is there systemic bias for 
Māori with eating 

disorders? A need for 
greater awareness in the 

healthcare system
Cameron Lacey, Mauterangimarie Clark, Jenni Manuel, Suzanne Pitama, 

Ruth Cunningham, Karen Keelan, Vivienne Rijnberg, Lana Cleland, 

Jennifer Jordan

Anorexia nervosa (AN), bulimia ner-
vosa (BN) and binge-eating disorder 
(BED) are serious conditions with 

signifi cant adverse medical, psychological, 
social and economic effects on individuals, 
impairing quality of life.1 Eating disorders 
(EDs) are at least as common in Māori as in 
non-Māori, according to the New Zealand 
Mental Health Survey Te Rau Hinengaro 
(NZMHS).2 However, to date there is very 
limited research focused on EDs and Māori. 
This paper considers the existing evidence 
and identifi es gaps in the literature, and 
briefl y discusses other aspects that may 
have an impact on the experience of eating 
disorders in Māori. 

Prevalence 
The NZMHS used standardised diagnostic 

measures and conducted face-to-face inter-
views during 2003 and 2004 with 12,992 
New Zealand adults over the age of 16 years. 

Of that number, 2,595 participants identifi ed 
as being of Māori descent.2 The rates of EDs 
for Māori were similar to the general popu-
lation and in some instances higher, with 
a prevalence of 0.7% for AN, 2.4% for BN 
and 3.1% for any eating disorder, compared 
to 0.6%, 1.3% and 1.3% respectively for 
the whole population.2 While the NZMHS 
fi ndings are now limited by the age of the 
data, these results suggest that AN rates for 
Māori may be similar to the general New 
Zealand population, and in the case of BN 
and any eating disorder greater than the 
non-Māori prevalence. 

Similar fi ndings have been established in 
other countries. In Australia, the prevalence 
of EDs features in indigenous Aboriginal 
and Torres Strait Islander peoples is equal to 
that of non-indigenous Australians.3 Simi-
larly, a study in New Mexico found eating 
disturbances among Hispanic and Native 

ABSTRACT
The New Zealand Mental Health Survey, Te Rau Hinengaro, indicated that eating disorders are at least as 
common in Māori as non-Māori, which is consistent with international findings that eating disorders exist 
in other indigenous and ethnic minority groups. Specific factors may be relevant to the development and 
treatment of eating disorders in the Māori population. We suggest this may include di� erential exposure 
to risk factors, the impact of acculturation, changing body image ideals and systemic bias reducing access 
to treatment and research participation. However, an absence of high-quality research regarding eating 
disorders in Māori makes it di� icult to be certain about this. We suspect that Māori do not receive treatment 
in specialist eating disorders services at a level commensurate with comparable prevalence data in New 
Zealand and that a significant contributory factor to the apparent unmet need for Māori with eating 
disorders is likely to be systemic bias. Urgent attention to this area of research is required.
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American youth were comparable to their 
European American counterparts.4 Further 
epidemiological data of EDs throughout Asia 
and the Pacifi c5 also suggests the prevalence 
of EDs within these regions have increased. 
These fi ndings support the fi ndings of the 
NZMHS that EDs exist in indigenous and 
non-westernised nations at a rate that is at 
least equal across population groups. 

Pathways to eating disorders
If BN and potentially other EDs are as 

common among Māori than non-Māori,2 we 
must ask why, and examine the potential 
differential impacts on the pathways to 
the development of EDs for Māori. Māori 
are known to experience disproportionate 
exposure to risk factors for a number of 
health conditions, including mental illness. 
Much of the research in this area has 
centred on the infl uence of the social deter-
minants of health and how as a consequence 
of colonisation, Māori experience higher 
levels of deprivation,6 reduced access to 
quality healthcare,7 and increased exposure 
to adversities such as racism.6,8 The applica-
bility of this to Māori who experience EDs is 
unknown. The pathways to EDs are multi-
faceted and while some of the risk factors 
are shared with other mental disorders, 
some are more specifi c to EDs. The key 
determinants include; biological (including 
familial genetic predisposition),9 socio-
logical (cultural/environmental infl uences)10 
and psychological infl uences (including 
disturbance in a perceived body/weight 
image).11 The majority of this research has 
been conducted on dominant ethnic groups 
within populations and therefore its rele-
vance to indigenous and ethnic minority 
groups is undetermined. 

In terms of genetic predisposition, there 
is a growing agreement within the scientifi c 
community that sub-analysis within genetic 
studies by ethnic groups is problematic due 
to confounding variables. This includes race 
and ethnicity being a social construct and 
not an adequate marker of genetic diversity, 
as well as, the prevalence of admixture 
across populations.12 Instead, the trend has 
moved to focusing on the impact of racism 
and the determinants of health in the inter-
pretation of ethnic differences.12 In the 
context of EDs, this is explored in the socio-
logical and psychological pathways to EDs 
for ethnic minority groups. 

Research on sociological pathways to EDs 
for other indigenous populations and ethnic 
minority groups has focused primarily on 
acculturation.13 Acculturation is the process 
of one culture adopting the values, norms 
and beliefs of another dominant culture.14 In 
the context of EDs this involves the adoption 
of Western-constructed beliefs regarding 
beauty, which includes body image ideals 
of ‘thinness’ for women, and a slim and 
muscular ideal for men.15 The research 
suggests that there is an association between 
EDs psychopathology and cultural change 
in some population groups, particularly in 
the context of Western culture adoption.13 
However, research in this area is compli-
cated by cross-cultural variation in both the 
conceptualisation and measurement of accul-
turation in that there is a lack of a uniformed 
defi nition of what acculturation actually is 
and therefore how it is measured.13 Conse-
quently, studies have shown mixed results 
dependent on the groups studied and 
methods used.13 To date, there has been no 
research that has specifi cally investigated the 
association between acculturation and EDs 
in Māori. Therefore, the relevance of cultural 
change in the development of EDs among 
Māori remains unclear. 

What is available is a small body of liter-
ature that focuses on body image ideals and 
dissatisfaction in Māori15 and other Poly-
nesian peoples16—a well-established risk 
factor for the development of EDs.17,18 Durie, 
a Māori scholar has suggested (1994, cited 
by Talwar15) that Māori believe ‘slender 
body forms’ are not always valued over 
‘well rounded’ body shapes and in Poly-
nesian society obesity is not necessarily 
viewed negatively given larger body types 
have been associated with high status, 
power, authority and wealth.15 However, 
more recent empirical research suggests 
that these beliefs may have changed.15,16,19,20 
Studies investigating body ideals in Pacifi c 
people indicate these groups may have 
a preference for smaller body types.16,20 
These fi ndings are refl ected in New Zealand 
studies that have established no difference 
in body dissatisfaction and body ideals 
between Māori and New Zealand European 
female participants, including both groups 
identifying a desire for smaller fi gures.15,19 
These studies are however limited by small 
sample sizes, differences in body mass 
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index between measured groups, and in one 
study, non-standardised means of collecting 
ethnicity data. Despite these limitations, 
what they do offer is an alternative view to 
the expressed belief by Durie (1994, cited 
by Talwar15) that Māori are protected from 
EDs by different body image standards. It 
is possible that that cultural change has 
impacted on Māori developing EDs through 
the adoption of Western constructions of 
beauty and thin idealisation. However, 
further research in this area is clearly 
required to substantiate this. 

Service utilisation 
The level of specialist eating disorder 

service use for Māori in New Zealand is 
also uncertain. EDs treatment services have 
reported concerns about a low referral 
rate for Māori.21 Potential reasons for this 
apparent under-representation of Māori in 
EDs services include over-diagnosis of EDs 
in NZMHS, under-diagnosis of EDs in health 
services and barriers to access to quality 
healthcare for Māori with EDs. While we 
acknowledge these factors may affect all 
people with EDs, it is likely that Māori are 
disproportionally affected. For example, 
the fi ndings of Metcalf22 demonstrate the 
widespread under-treatment for Māori 
across a range of conditions. BN and BED in 
particular are more likely to go undetected 
because routine screening is uncommon 
and the evidence that many do not seek help 
due to shame or secrecy related to the EDs.23 
This may equate to a greater discrepancy in 
detection rates for BN and BED in primary 
care samples compared to the NZMHS 
prevalence data and a lower rate of referral 
to specialist EDs services. There is also 
evidence that Māori have reduced rates of 
contact with primary care comparative to 
need,7 further contributing to the potential 
for disparity. Nonetheless, the paucity of 
available research that is specifi c to EDs in 
Māori makes it diffi  cult to gauge the level of 
specialist EDs service use and to be certain 
that Māori experience under-treatment of 
ED conditions.

Our lack of understanding of how Māori 
experience EDs is further compounded by a 
low rate of ethnicity data reporting in New 
Zealand based studies. This is observed in 
a number of studies that examine the level 
of engagement and effectiveness of eating 
disorder treatments for AN.24–26 A small rate 

of Māori participation (6–10%) is reported 
in BN and BED studies.27,28 Given the sample 
sizes, sub-analysis data concerning Māori 
participants may not have been statistically 
justifi able. Limited data in this area may 
also be a refl ection of the inherent diffi  -
culties of researching rare disorders in a 
sub-population of a country with a small 
population size; however, research efforts 
are still required to avoid further margin-
alising an already vulnerable group. This 
lack of available evidence limits our under-
standing of how Māori might experience 
and respond to current treatments for eating 
disorders that are available.

Treatment journeys 
The Meihana model describes a variety 

of factors that infl uence the Māori journey 
to hauora Māori (Māori wellbeing).29 A 
component of this model is Ngā Roma 
Moana (ocean currents), which describes 
four factors from Te Ao Māori (Māori world 
view) that may infl uence Māori patients and 
whānau in clinical settings. These factors 
include Ahua (personal indicators of the 
Māori world), whānau, whenua (land) and 
tikanga (customary practices). 

The sharing of food is an essential part of 
tikanga, which guides both interpersonal and 
environmental behaviour. Food acts to conse-
crate both formal and informal occasions, 
and serves as a marker of noa or ‘neutrality’ 
in spaces otherwise considered tapu or 
‘sacred’. Simply put, transitioning from tapu 
to noa happens most commonly through 
the consumption of food. The act of serving 
food to guests is also an important part of 
manaakitanga (hospitality) and contributes 
to the mana (prestige) of the hosts. The 
avoidance of food at these occasions has 
the potential to insult and be perceived as 
a breach of tikanga. How this affects Māori 
who have EDs, including how they navigate 
tikanga and whether current management 
approaches for Māori with EDs includes this 
challenge, warrants further exploration.

Conclusion
We suspect that Māori do not receive 

treatment in specialist ED services at a level 
commensurate with comparable prevalence 
data in New Zealand and that a signif-
icant contributory factor to the apparent 
unmet need for Māori with EDs is likely to 
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be systemic bias. More specifi cally, differ-
ential access to health services due to an 
under-recognition of EDs in Māori by health 
services, alongside a low rate of referral 
for treatment. This would be consistent 
with what is already known regarding the 
extensive under-treatment of Māori for 
a range of other conditions.30 However, 
service utilisation data is currently lacking 
to be certain about this, which is further 
compounded by a lack of ethnicity reporting 
in published studies. Furthermore, there is 
a paucity of literature that has considered 
Māori-specifi c factors related to the devel-
opment of EDs. Urgent attention to research 
in the area of EDs in Māori is required. This 
is especially important given the typical age 

of onset for EDs is in adolescence/young 
adulthood and the younger age of the Māori 
population. This suggests there may be 
increasing numbers of Māori youth devel-
oping EDs and therefore a corresponding 
need to ensure primary and secondary 
services are more accessible and responsive 
to this cohort. We call for research and 
quality improvement activities to examine 
and address the gaps in knowledge. This 
would involve primary and specialty care 
audits together with an investigation of 
national secondary mental health service 
data. An in-depth examination of Māori 
experiences of EDs to identify enablers and 
barriers to health care is also required. 
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Parvovirus-related 
anaemia and thrombotic 

microangiopathy in a renal 
transplant recipient

Prabhu Kanchi, Ankur Gupta, SE Dhanasegaran, Kaniyappan Nambiyar, 
Ashwani Kumar

A 35-year-old female renal allograft 
recipient presented with sudden onset 
of anaemia six months post-trans-

plant. Her native renal disease was CKDu 
(chronic kidney disease of unknown etiolo-
gy). Her native kidneys were never biopsied 
as she presented late with end-stage renal 
disease and shrunken kidneys. Prior to her 

transplant, she was on hemodialysis for three 
years and her dialysis period was uneventful 
with respect to haematology aspects. She 
was on intravenous darbepoetin on dialy-
sis. Post-transplant, her graft function was 
good with serum creatinine of 97µmol/L and 
haemoglobin of 110g/L on prednisolone 5mg/
day, tacrolimus 3mg/day and mycophenolate 

Figure 1: A: Bone marrow trephine biopsy reveals mildly hypocellular marrow for the age (hema-toxy-
lin and eosin, 50X), B: There is paucity of erythroid precursors with few giant proerythro-blasts (arrow 
heads) in the bone marrow. No intranuclear viral inclusion is noted. Occasional fo-cus of lymphoid ag-
gregate is also seen (arrow) (hematoxylin and eosin, 400X), C: Thickened glomerular capillary wall and 
focal interstitial fi brosis are noted (hematoxylin and eosin, 200X), D: Glomerulus shows closed glomeru-
lar capillary lumen and appear ‘bloodless’. Intraluminal thrombi are also present in the glomerulus. An 
arteriole shows luminal narrow due to endothelial swelling (arrow) (hematoxylin and eosin, 400X).
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mofetil (MMF) 1,500mg/day. The other med-
ications were ranitidine and sulfamethoxaz-
ole-trimethoprim prophylaxis.

Six months post-transplant, she presented 
in outpatient clinic with weakness and 
lethargy for a week. She denied any history 
of fever, cough, sputum, bleeding, vomiting, 
diarrhoea, any sick contacts or over-the-
counter medications. Examination showed 
marked pallor, temperature 36.8 C, respi-
ratory rate 16/min, pulse 90/min and blood 
pressure 110/68mmHg. There was no edema 
or rash. Cardiac auscultation revealed a 
grade 3 systolic murmur most prominent 
over left upper sternal border. Chest, 
abdominal and neurological examinations 
were normal. Investigations done a week 
prior to clinic visit showed haemoglobin 
of 50g/L, leucocyte count 9.2 x109/L with 
normal differentials, platelet count of 230 
x109/L, serum urea 8mmol/L, serum creat-
inine 124µmol/L, normal plasma glucose, 
electrolytes and liver function tests. Urine 
did not show protein or red cells. Tacro-
limus trough level was 6ng/mL. The work 
up for acute kidney injury with anaemia 
was initiated. Repeat laboratory parameters 
showed haemoglobin 40g/L, reticulocyte 
count 3x109/L (reference range: 22–92x109/L 
and normal leukocyte and platelet counts. 

Peripheral blood fi lm did not show any 
evidence of red blood cell fragmentation. 
Coagulation profi le, serum lactate dehydro-
genase, haptoglobin, CMV polymerase chain 
reaction (PCR) and antinuclear antibody 
were normal. Fecal occult blood was 
negative. She underwent a bone marrow 
examination and was transfused four units 
of leukodepleted packed red cells. 

Her bone marrow biopsy showed 
marked erythroid hypoplasia and occa-
sional giant proerythroblasts with relative 
myeloid predominance. (Figures 1A and 
B) Meanwhile, her qualitative blood PCR 
for parvovirus B19 came back as positive. 
Serum creatinine further worsened to 
194µmol/L and a renal graft biopsy was 
done which revealed thrombotic microan-
giopathy (TMA). (Figures 1C and D) There 
were no features of acute rejection or any 
chronicity. The renal biopsy was positive for 
Parvovirus B19 DNA by nested PCR. She was 
treated with fi ve-day course of intravenous 
immunoglobulin (IvIG) 400mg/kg/day 
with reduction of MMF to 500mg/day. Her 
haemoglobin improved to 100g/L and her 
serum creatinine decreased to 106µmol/L 
and remained stable at four months of 
follow-up.

Figure 2: Timeline depicting hemoglobin trend after intravenous immunoglobin therapy (Hb: 
hemoglobin, PRBC: packed red blood cells, IvIG: intravenous immunoglobulin).
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Discussion
Renal transplant patients can develop 

symptomatic Parvovirus B19 infections as a 
result of primary infection acquired via the 
usual respiratory route or via the trans-
planted organ, or because of reactivation 
of latent or persistent viral infection. The 
common manifestations include pure red 
cell aplasia and/or other cytopenias, though 
collapsing glomerulopathy and TMA have 
also been reported.1,2 

TMA can occur as a recurrence of the 
disease involving the native kidney or as 
de novo disease.3 The common precipi-
tating factors include immunosuppressives 
like calcineurin inhibitors or mTOR inhib-
itors, antibody mediated rejection, viruses 
like CMV, HCV, Parvovirus, etc and genetic 
abnormalities in the complement cascade. 
TMA manifestations are quite variable and 
can vary from a limited form confi ned to the 
kidney to a full-blown systemic variant. Our 
patient had a renal-limited form suggested 
by absence of hemolysis in the peripheral 
blood fi lm and normal platelet counts. 

The diagnosis of Parvovirus B19 requires 
confi rmation by PCR. The diagnosis may 
be missed, especially in immuno-sup-
pressed patients, when only antibody levels 

are measured.4 Parvovirus B19 produces 
lysis of proerythroblast through the P 
antigen, a receptor present in erythroid 
cells and glomerular endothelial cells. This 
results in endothelial cell dysfunction/
cell death, leading to capillary thrombosis 
and glomerular death. This is the plau-
sible mechanism of TMA5,6 supporting the 
hypothesis of B19 as a uniform common 
diagnosis involving bone marrow and 
kidney in our case.

IvIG is an important source of anti-Par-
vovirus 19 antibodies providing passive 
immunity.7,8 Our patient responded well to 
this treatment along with reduction of MMF. 
The long-term effect of Parvovirus on renal 
functions are still unknown. Moreover, the 
relatively low incidence of this infection 
make donor/recipient screening for this 
virus not worthwhile.

Our case highlights the importance of 
high index of suspicion for diagnosing B19 
infection. A timely diagnosis along with 
IvIG and reduction in immunosuppression 
helped in achieving base-line renal func-
tions and resolution of anaemia in our case. 
The treating physician should be vigilant 
enough to keep this possibility in an immu-
nocompromised patient presenting with 
anaemia and acute kidney injury.
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Takotsubo syndrome 
co-exıstıng with acute 

myocardial infarctıon: an 
overlooked phenomenon in 

clinical practice
Kenan Yalta, Tulin Yalta, Muhammet Gurdogan

Over the past years, takotsubo syn-
drome (TS) has drawn a particular 
attention as a transient form of acute 

cardiomyopathy that usually mimicks acute 
myocardial infarction (AMI) in clinical prac-
tice.1–4 Accordingly, defi nitive diagnosis of 
this phenomenon generally requires urgent 
coronary imaging to exclude an existing AMI 
mostly associated with a culprit coronary 
artery stenosis.1–4 In their recently published 
elegant report,1 Looi et al have compared 
general incidence along with demographic 
and clinical characteristics between TS and 
AMI patients admitted to fi ve major tertiary 
hospitals in New Zealand. In particular, we 
agree with the authors on potential underdi-
agnosis of TS in clinical practice.1 However, 
we would like to make a few comments on 
this issue:

Underdiagnosis of TS might not be exclu-
sively attributable to its misdiagnosis as AMI 
in the clinical setting. Accordingly, this might 
also be due to its potential co-existence with 
AMI in a portion of cases. Importantly, TS 
co-existing with AMI2,5,6 is usually masked 
by the rampant fi ndings of AMI, and hence 
is largely overlooked in the clinical setting.2 
In other terms, an existing culprit coronary 
stenosis on coronary imaging (suggestive of 
AMI and universally used as an exclusion 
criterion for TS3,4) might not fully exclude 
an existing TS in certain cases.2 Certain risk 
factors for such a co-existence might include 
spontaneous coronary artery dissection 
(SCAD) on coronary imaging, substantial 
physical stressors, severe systemic infl am-
mation, frailty, intractable chest pain 

(requiring further measures) and an existing 
extensive AMI.2 

Importantly, evolution of TS might precede 
or follow that of AMI in this co-existence,2,5,6 
and might present with atypical patterns 
(other than classical apical ballooning)3 
potentially arising as a further diagnostic 
challenge in this setting. Mechanistically, 
both conditions might stem from a common 
trigger (for instance; severe physical 
stressors or systemic infl ammation).2 
However, more commonly, one condition 
might trigger the other on follow-up (for 
instance; AMI due to SCAD might induce 
TS as a result of intractable angina6 or 
severe wall motion abnormalities in TS 
might potentially trigger AMI due to SCAD 
formation associated with severe coronary 
torsion, etc).5 Of note, TS co-existing with 
AMI might be confi rmed mostly through 
magnetic resonance imaging (MRI) that 
exhibits, in details, the tissue involvement 
patterns of specifi c pathologies including 
TS.2,7 Based on the huge number of AMI 
patients (n=11,900) in the study by Looi 
et al,1 it seems highly likely that a portion 
of these cases (particularly those with the 
aforementioned risk factors) might have 
also suffered a co-existing TS. Accordingly, 
we wonder if there were such probable or 
absolute TS cases confi rmed clinically or 
on imaging modalities including MRI, etc 
in the AMI population. Were these cases 
(if any) recruited as TS or AMI patients for 
comparison or excluded beforehand?

In summary; despite the strict categorical 
defi nition of TS in the recent guidelines 
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(suggesting the presence of culprit coronary 
lesion (and hence; AMI) as an exclusion 
criterion),3,4 a portion of TS cases might also 
emerge in the setting of AMI due to a variety 
of common triggers or more likely; due to 
the potential impact of each phenomenon 
on the evolution of other.2,5,6 However, 
diagnosis of TS in this co-existence might 
be easily overlooked, particularly leading 
to a TS underdiagnosis in AMI population. 

Importantly, such a co-existence might also 
serve as a potential confounding factor 
when making a clinical comparison between 
TS and AMI characteristics in clinical 
studies. Accordingly, this might suggest 
proper detection of cases with this co-ex-
istence in an effort to exclude these cases 
from the analysis beforehand or assign 
them as a distinct category (with potentially 
diverse features) in a given study. 
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Pulmonary embolism 
following total hip and knee 

arthroplasty
Richard Seigne

I found the paper by Millar et al1 of great 
interest as I have access to similar data 
from Burwood Hospital, Christchurch. 

Specifi cally the 90-day rate of pulmonary 
embolus (PE) after primary elective unilat-
eral total hip and total knee arthroplasty 
surgery (THA and TKA) from 2004 to the 
current day. The data from 2004–13 has 
been published.2

Although the data sets are not directly 
comparable it is reassuring to see that the 
rate of PE after THA and TKA (as defi ned 
above) has declined in Christchurch with a 
similar pattern to Waitemata although from 
historically higher rates (Figure 1).

The reason for this reduction is not 
obvious and likely to be the result of multiple 
changes in practice. Routine VTE prophylaxis 
has primarily been aspirin for six weeks 
post-operatively and early mobilisation. In 

2007, post-operative mechanical foot pumps 
were introduced, these are removed once 
the patient is deemed fully mobile. There has 
been a reduction in spinal anaesthesia (SA) 
(historically associated with lower VTE rates) 
from 70 to 30%; general anaesthesia (GA) has 
increased from 30 to 70%. 

As in Waitemata, an Enhanced Recovery 
after Surgery programme was introduced 
in Christchurch; this occurred in 2014. 
Integral to this programme is day of surgery 
mobilisation (rather than traditional day 
1 post-operative mobilisation). Local data 
demonstrates patients undergoing GA 
mobilise more rapidly than those under-
going SA.

One infl uence on the rate of recorded 
PEs could be the rate of CTPA requests/
procedure.2 The high sensitivity of CTPA 
correlates with higher ‘PE’ diagnosis after 

Figure 1: Christchurch PE rates after THA and TKA.
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THA or TKA. It would be instructive if 
the authors could comment on the rate of 
CTPA requests over time in relation to the 
described reduction in PE rates.

The authors do not describe how mortality 
data was collected in their series. They 
describe an all-cause mortality rate of 0.74% 

at three months. Should this read VTE-re-
lated mortality? The 30-day mortality after 
fractured hip surgery between 2011–16 was 
8% in New Zealand.3 Assuming no deaths 
in the THA and TKA groups, the expected 
overall 3-month mortality rate in the Wait-
emata 2013–16 series would be at least 2%.
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Diabetes and COVID-19—the 
meeting of two pandemics: 

what are the concerns?
Kirsten J Coppell, Rosemary M Hall, Michelle Downie, Sonya K Fraser, 

Michele Garrett, Craig A Je� eries, Timothy W Kenealy, Roberta EH Milne, 
Brandon J Orr-Walker, Ryan G Paul, Kate Smallman, Helen J Snell

The coronavirus disease 2019 
(COVID-19) pandemic has occurred on 
a background of the diabetes pandem-

ic.1 The former has had an immediate and 
obvious international impact, while the latter 
has been long recognised and continues to 
worsen. While of different aetiologies, both 
are signifi cant public health challenges re-
quiring commitment from governments, and 
partnership with public health practitioners, 
the healthcare workforce and communities.

COVID-19, caused by SARS-CoV-2 corona-
virus, has spread rapidly throughout the 
world affecting more than three million 
to date with thousands dying (http://who.
sprinklr.com/). In contrast, the prolonged 
diabetes pandemic1 affects an estimated 
9.3% (463 million) of adults globally, and 
is projected to increase to 10.2% by 2030 
and 10.9% by 2045.2 In New Zealand, 
diabetes affects 7% of those ≥15 years,3 and 
a considerable number of children aged 
<15 years.4 Notably, the rates of diabetes 
are higher among Māori, Pacifi c and South 
Asian compared with New Zealand Euro-
peans,3 particularly those living in deprived 
situations. These groups are especially 
vulnerable to the far reaching impacts of the 
COVID-19 crisis, as they are disproportion-
ately exposed to risk, which is potentially 
exacerbated through sudden loss of jobs and 
income, and reduced access to usual social 
support and healthcare.5

Diabetes is a risk factor for infection, more 
so in those with poor glycaemic control and 
those aged ≥60 years.6 Although there is no 
published evidence yet, those with diabetes 
are probably more likely to acquire COVID-19 
infection. The risk of upper respiratory tract 
infection, lower tract respiratory infection 
or pneumonia is greater in those with 

diabetes compared with the general popu-
lation.6 Furthermore, those with diabetes and 
infection have worse outcomes, including a 
higher risk of hospitalisation and death. 

Most published clinical and epidemio-
logical COVID-19 studies to date report on 
hospitalised patients. They consistently 
report that diabetes is a common co-mor-
bidity with prevalence rates of up to 34%, 
and those with diabetes have more severe 
disease than those without.7 Among 7,162 US 
cases with near-complete data, 784 (10.9%) 
had diabetes, of whom over half were 
hospitalised and 148 (18.9%) required ICU 
admission.8 The proportion requiring ICU 
admission was similar to those with cardio-
vascular disease (20.4%), but higher than 
those with chronic lung disease (14.3%), or 
an immunocompromised condition (15.5%). 
In China, of 1,099 hospitalised COVID-19 
cases, 81 (7.4%) had diabetes, of whom 
34.6% developed severe disease, compared 
with 41/165 (24.8%) with hypertension, 
10/27 (37.0%) with coronary artery disease, 
67/261 (25.7%) with any co-existing disorder, 
and 106/838 (12.6%) in those with no co-ex-
isting disorder.9 

Few reports include mortality data but 
they show a high proportion of COVID-19 
deaths are in those with diabetes. In a 
Chinese study of 191 hospitalised COVID-19 
cases, 19% had diabetes and 54 died, of 
whom 17 (31%) had diabetes.10 Similarly, 
in Italy 32% of 1,890 COVID-19 deaths had 
diabetes.11 Further, although there are 
methodological challenges with estimating 
the COVID-19 case fatality rate, such as 
accurately determining the most appro-
priate denominator, it is nevertheless higher 
among those with diabetes. In China, the 
case fatality rate among 44,672 confi rmed 
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cases was 2.8% overall, compared with 
7.3% for diabetes, 10.5% for cardiovascular 
disease, 6.3% for chronic respiratory disease, 
6.0% for hypertension and 5.6% for cancer.12 

The reasons for poor outcomes from 
COVID-19 among those with diabetes are not 
fully understood. Current understanding is 
that it is multifactorial. Proposed risk factors 
include: uncontrolled blood glucose levels 
prior to and when infected with corona-
virus; lack of, or reduced contact with usual 
diabetes healthcare professionals; and inap-
propriate discontinuation of a patient’s ACE 
(angiotensin converting enzyme) inhibitor 
or ARB (angiotensin receptor blocker). The 
latter has occurred due to the observation 
that the coronavirus binds to cells through 
ACE2. These medicines may increase ACE2 
levels with the theoretical potential that 
there is increased uptake of the corona-
virus. However, stopping these medications 
is more detrimental in most circumstances 
(www.nzssd.org.nz; www.easd.org; www.
diabetes.org/coronavirus-covid-19).

The current infectious disease pandemic 
highlights that substantially greater 

attention needs to be given to diabetes, if we 
are to avoid unnecessary and inequitable 
outcomes from COVID-19. All steps need 
to be taken and maintained to protect this 
high-risk group through the nation-wide 
public health measures to prevent trans-
mission, ensuring the infl uenza vaccination 
has been given, and undertaking workplace 
risk assessments. Furthermore, ensuring 
people with diabetes can continue to be 
regularly reviewed by their primary care or 
specialist diabetes health care providers is 
paramount, and patients need to be aware 
that there should be a very low threshold 
for the assessment of respiratory symptoms 
and coronavirus testing, particularly as 
the severity of COVID-19 infection may be 
obscured by a milder presentation.13 For 
those hospitalised, it is important to achieve 
good glycaemic control and strive for blood 
glucose readings of 4–10 mmol/L, and where 
possible involve diabetes specialist teams 
early, to prevent poor outcomes.13,14

Thus, in responding to the COVID-19 
crisis, decisions and policies need to include 
diabetes, if health inequities are not to be 
exaggerated.5
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Methemoglobinemia: a 
challenge while managing 

pneumocystis jirovecii 
pneumonia

Kamal Kant Sahu, Ajay Kumar Mishra, Amos Lal, Ahmad Daniyal Siddiqui, 
Susan V George 

We read with great interest the 
recent article by Saxena et al 
on methemoglobinemia.1 We 

appreciate the diligent workup by Saxena 
et al that led to the timely diagnosis of the 
methemoglobinemia.

Patient reported by Saxena et al had a 
hemoglobin value of 10.3gm/dl. The anemia 
in the index subject was probably multi-
factorial-nutritional defi ciency, anemia 
of chronic disease or secondary to bone 
marrow depression due to methotrexate 
use. Methemoglobinemia can also be asso-
ciated with intravascular hemolysis, which 
is another common cause of anemia. The 
same was ruled out in the index case by 
confi rming a negative hemolytic work up 
(normal values for unconjugated bilirubin, 
haptoglobin, lactic acid dehydrogenase 
and glucose-6-phosphate dehydrogenase). 
Using methylene blue (MB), the antidote 
for methemoglobinemia has two major 
hurdles; fi rst, it is not universally available; 
and second, caution while using in patients 
with known or suspected G6PD defi ciency. 
Knowing about the local disease burden 
of G6PD defi ciency is important as it is 
the most common human enzyme defect, 
affecting approximately 400 million popu-
lation globally. A recent meta-analysis (72 
studies, sample size of 38,565) on the Indian 
population showed the overall magnitude 
of approximately 8.5% (varied from 0–27% 
depending on regional and ethnic back-
ground).2 As G6PD is a X-linked disease, 
males usually show full-blown disease while 
the majority of females remain unaffected 

carriers. Other known contraindications to 
use MB are hypersensitivity to MB, cyanide 
poisoning-related methemoglobinemia and 
severe renal impairment.

Saturation gap of 8% in index case 
was well above the value of 5%, which is 
considered as a threshold of signifi cant 
gap.3 In small centres where Evelyn-Malloy 
method of methemoglobin is diffi  cult to 
detect, a more handy way to quantify methe-
moglobin is Rad-57 pulse oximeter, which 
uses eight-light wavelengths of light instead 
of the usual two.

Pneumocystis pneumonia (PCP) is a very 
challenging disease, especially in immu-
nocompromised individuals. We recently 
addressed the cost-benefi t analysis of using 
dapsone as PCP prophylaxis in transplant 
patients that also has a potential to cause 
methemoglobinemia.4 As mentioned by 
Saxena et al, MB is the only FDA-approved 
antidote of choice for methemoglo-
binemia. Ascorbic acid, cimetidine and 
ribofl avin are few other drugs that can be 
used as adjunctive therapy with variable 
outcomes.5 Hyperbaric oxygen therapy and 
red blood cell exchange can be considered 
in refractory cases or when conventional 
therapy is contraindicated.6,7

In conclusion, the index case illustrates 
the therapeutic and diagnostic challenge 
while approaching a suspected case of 
methemoglobinemia. Early recognition, 
timely removal of the inciting drug, and 
treatment can avert the fatality related to 
methemoglobinemia.

LETTER



89 NZMJ 8 May 2020, Vol 133 No 1514
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

Competing interests:
Nil.

Author information:
Kamal Kant Sahu, Medicine, Saint Vincent Hospital, Worcester, United States; 

Ajay Kumar Mishra, Medicine, Saint Vincent Hospital, Worcester, United States; 
Amos Lal, Medicine, Mayo Clinic, United States; Ahmad Daniyal Siddiqui, Medicine, Saint 

Vincent Hospital, United States; Susan V George, Medicine, Saint Vincent Hospital, 
United States.

Corresponding author: 
Dr Kamal Kant Sahu, MD Medicine, Saint Vincent Hospital, Worcester, United States.

kamalkant.sahu@stvincenthospital.com
URL:

www.nzma.org.nz/journal-articles/methemoglobinemia-a-challenge-while-managing-
pneumocystis-jirovecii-pneumonia

REFERENCES:
1. Saxena P, Muthu V, Dhooria 

S, Sehgal IS, Prasad KT, 
Agarwal R. Murphy’s law in 
force: sequential adverse 
events encountered 
during the treatment of 
Pneumocystis pneumonia 
(cotrimoxazole-induced 
acute peripheral neuropa-
thy and primaquine-induced 
methemoglobinemia). 
N Z Med J. 2020 Jan 17; 
133(1508):123–126. 

2. Kumar P, Yadav U, Rai V. 
Prevalence of glucose-6-
phosphate dehydrogenase 
defi ciency in India: an 
updated meta-analysis. 

Egypt J Med Hum Genet. 
2016; 17:295–302.

3. Akhtar J, Johnston BD, 
Krenzelok EP. Mind the 
gap. J Emerg Med. 2007 
Aug; 33(2):131–2.

4. Sahu KK, Lal A, Mishra 
AK, George SV. Methe-
moglobinemia in 
Transplant Recipient 
Patients: Future of Dapsone 
as Pneumocystis carinii 
Pneumonia Prophylaxis. 
Prog Transplant. 2020 Jan 
2:1526924819893316.

5. Sahu KK, Mishra AK. Role 
of ascorbic acid in dapsone 

induced methemoglobin-
emia. Clin Exp Emerg Med. 
2019 Mar; 6(1):91–92.

6. Sehgal IS, et al. Therapeutic 
whole blood exchange 
in the management of 
methaemoglobinemia: 
Case series and system-
atic review of literature. 
Transfus Med. 2020.
Al-Qahtani S, Abusham S, 
Alhelali I. Severe Methemo-
globinemia Secondary to 
Ferula asafoetida Ingestion 
in an Infant: A Case Report. 
Saudi J Med Med Sci. 2020 
Jan– Apr; 8(1):56–59.

LETTER



90 NZMJ 8 May 2020, Vol 133 No 1514
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

COVID-19 pandemic and rural 
generalism: the West Coast’s 

rural workforce solution
Brendan Marshall, Laura Aileone

COVID-19 is the type of disruptive event 
we don’t often see in health. New 
Zealanders recently learnt that the fi rst 

COVID-19 patient death occurred in Grey-
mouth Hospital. What has been most reveal-
ing for local clinicians is the effect on our 
workforce. Simultaneously 21 staff members 
have been put into self-isolation. 

While this is across professions, for senior 
medical offi  cers (SMOs), this combined 
with permanent staff changing their 
work patterns and an almost universal 
cessation of locums coming to the coast, on 
which there has traditionally been a high 
reliance, means a substantial decrease to 
our available medical workforce. Moreover, 
dependence on international medical grad-
uates (IMGs) to fi ll permanent positions has 
been exposed. Many have returned home 
and, with borders shut, the traditional 
avenues for recruitment have dried up. 

The coast has looked at innovative ways 
of tackling workforce issues for some time. 
From 2010 the focus has been on a collabo-
rative regional solution with Christchurch. 
This has been named the ‘Transalpine 
approach’. Linked to this has been capability 
advancement in telehealth.1

However, increasingly there has been a 
need for a robust local workforce solution. 
New Zealand has had positive outcomes 
from the introduction of a post-graduate 
medical training programme focused on the 
service needs in rural areas.2 The coast has 
been able to utilise rural hospital medicine 
specialists in roles that includes support 
for emergency, paediatric, and orthopaedic 
services.3 In addition, the West Coast District 
Health Board (WCDHB) is unique in that it 
owns most of the primary care practices 
on the West Coast, thus responsible for 
employing a substantive number of staff 
involved in delivering primary care services. 

Despite this, current service frameworks 
are very traditional with GP care delivered 
by those ‘employed as GPs’ and neglected 
relative to hospital-based services delivered 
by ‘specialists’. Running hand in hand with 
workforce issues is recognition this is not 
meeting the patient need in a rural setting 
like the West Coast. 

Therefore senior managers and clinicians 
agreed in November 2018  that the full 
spectrum of care delivered by rural gener-
alists, encompassed in the Cairns Consensus 
statement,4 is needed for the WCDHB to have 
a stable SMO workforce. 

Specifi cally, this means the ability to work 
across the spectrum of primary care, emer-
gency and hospital services (targeting areas 
like internal medicine, obstetrics and anaes-
thetics). It also encompasses a population 
health approach and the ability to do this as 
part of a multi-professional and multi-disci-
plinary team of colleagues within a system 
of care. 

The current COVID-19 pandemic only 
strengthens the need to move to a more 
fl exible workforce rurally, where clinicians 
can fl ex across services, maximising skill 
sets and ensuring the workforce is utilised 
effectively. This is something specialty work-
forces cannot do effectively, as they lack the 
training to deliver care in other areas. When 
the elective work is removed, as is happening 
within this COVID-19 environment, a 
‘specialist’ workforce is often unable to 
respond to  urgent service needs. These 
thoughts are mirrored by Australia’s Commis-
sioner for Rural Health, Professor Worley.5

While the anticipated change has been 
slow coming in Greymouth Hospital, rural 
generalists have immediately proved their 
worth as COVID-19 responses ramped up. 
They were able to fl ex into primary care as 
the need demanded and rapidly back into 
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hospital inpatient work as locums cancelled 
and staff were asked to self-isolate. Likewise, 
obstetrics which is a key component of such 
a model, was well prepared. WCDHB had 
already begun collaborating with Christ-
church on ways to ensure rural generalists 
had the ability to manage intra-partum care, 
perform caesarean sections and assisted 
deliveries, providing certainty in a key 
service.  Such an approach was advocated 
in a piece in the NZMJ as far back as 2006 by 
Don Simmers.6 

GPs across the country have switched 
their ways of working immediately. 
However, unlike many who are concerned 
about the viability of their practices,7 the 
WCDHB GPs are salaried employees. This 
provides certainty, which is crucial in rural 
settings and was a model explored in a 
recent editorial in this journal.8 

Finally, utilising an equally fl exible allied 
health, midwifery and nursing workforce, 
there has been reliability of service delivery 
by the WCDHB in its more remote clinics. 
The WCDHB approaches were recognised 
in the 2019 Health and Disability System 
Review Interim Report, which discussed 
enabling the health workforce to apply 
generalist skills and call on specialist skills 
as needed, while also using the health and 
disability workforce differently.9 

The opportunity a crisis has provided to 
do better for patients cannot be squandered. 
This would see the coast develop a more 
resilient SMO workforce, while delivering 
care at a responsible price. In the long term, 
this would see a combination of local and 
Christchurch-based specialists working 
collaboratively with a team of rural gener-
alists to provide the right care for patients 
into the future. 
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Dr Judith Treadwell
2 February 1936–18 January 2020

Dr Judith Treadwell, a well-known 
Wellington psychiatrist, sadly passed 
away in Wanaka on 18 January 2020, 

in the company of her family. 
Judith had recently retired, so she and 

her husband Dr Blair Treadwell took that 
opportunity to leave their home in Days Bay, 
Eastbourne to be near family in Wanaka. 
It was a successful move for them all, 
but Judith’s health problems increasingly 
impacted her over the last year.

In 2016 Judith received a formal 
retirement tribute from colleagues to 
acknowledge her long and considerable 
service to Wellington and New Zealand 
psychiatry. Her career was distinguished by 
many highlights, not least her advocacy for 
the mental and obstetric health of women 
and their families, and women’s profes-
sional standing in medicine. This orientation 
originated from her early years in England, 
where she was born and educated.

Her academic abilities and personal aspi-
rations led her into medicine, and from 1954 
she attended London’s Royal Free Medical 
School, the only London Hospital allowing 

women to study medicine. Her experiences 
there strongly infl uenced the course of her 
later career.

After qualifying in 1959, Judith continued 
at the Royal Free and was increasingly 
drawn to a career in obstetrics and gynae-
cology. In 1964 she met and then married 
Blair who was completing his rheuma-
tology post-graduate training in London. On 
return to Wellington, Judith realised it was 
not possible for her to complete obstetrics 
and gynaecology training in New Zealand 
while raising their four children, and so 
she undertook part-time medical work 
as a general practitioner. Between 1964 
and 1976 Judith worked at Wellington’s 
Victoria University Student Health Service. 
Her interest in obstetrics and gynaecology 
and families continued nevertheless, and 
informed all her general practice and later 
psychiatric work. 

1976 proved to be an important and 
defi ning year, in which she left general 
practice and entered psychiatry training. 
She was particularly infl uenced by the 
psychosocial aspects of her general practice 
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work, as well as the recent establishment 
of an academic Department of Psycho-
logical Medicine in Otago University’s 
Wellington Medical School. This was under 
the leadership of Professor John Roberts, an 
English psychiatrist with strong interests 
in social and community psychiatry and 
psychotherapy. Judith found John to be a 
stimulating and inspiring teacher and he 
proved to be a perfect mentor for her at this 
stage of her career.

Judith had a deep interest in under-
standing the experience of being human. 
Her distinctive personality, characterised by 
her intelligence, her sensitivity and a wish 
to support the underdog found a natural 
expression in psychiatry. Psychiatry also 
allowed expression of her natural incli-
nation to explore herself and her personal 
motivations. Accordingly she undertook 
personal analytic therapy, joined the local 
Jungian Interest Group and studied Eastern 
religions, especially Buddhism, all of which 
she integrated into her own psychotherapy 
and psychodynamic understanding.

In the late 1970s she trained in family 
therapy with Australian therapist Margaret 
Topham and a group of Wellington 
colleagues—this experience continued to 
strongly infl uence her holistic and systemic 
view of patients’ problems. 

After completing her RANZCP Membership 
in 1982, with local fellow trainees Dr Enid 
Slim and Dr T Fernando, she became a 
consultant in the psychiatric in-patient ward 
in Wellington Hospital. She also undertook 
some private practice, which included 
consultant sessions at Te Omanga Hospice in 
Lower Hutt.

In 1986 Judith decided to commit to 
full-time private practice, which she did 
successfully up to 2015 when she retired. 
She shared rooms with Blair in Glenmore 
Street, Wellington, and then in Eastbourne 
when they moved to Days Bay in 2002.

Her clinical work involved seeing 
patients for acute treatment and long-term 
therapy, as well as many ACC sexual trauma 
assessment and treatment cases. She 
engaged in a wide range of medico-legal 
work, especially Family Court assessments.

Judith’s dedication to her patients, and her 
willingness to provide acute support were 
widely praised aspects of her clinical care, as 
was her professionalism, clinical skills and 
wisdom and high ethical standards. 

Her professional standing led to her being 
asked to be the psychiatric member of the 
New Zealand Medical Council, where she 
served for 10 years. She provided a much 
valued psychiatric voice to General Council 
matters, while also providing specialist 
expertise to the Council Health committee 
concerning the assessment and treatment of 
doctors who presented with mental health 
and behavioural problems. 

Judith was an active member of the 
Royal Australian and New Zealand College 
of Psychiatrists and her local Peer review 
group. Her keen and penetrating intellect, 
plus her direct, clear clinical approach 
garnered considerable respect from her 
medical and psychiatric peers, and she was 
often sought for opinions. She was also a 
very good listener and demonstrated consid-
erable understanding, compassion and 
empathy for her patients and colleagues.

Judith’s health conditions limited aspects 
of her physical capacity in recent years but 
she continued to work, see patients and 
provide much valued professional super-
vision. She continued to have frequent 
contact with many friends in her local 
community, and in the profession.

Judith’s passing is the end point of a long, 
signifi cant and pioneering medical and 
psychiatric career. She is already much 
missed by her family and her colleagues and 
friends.
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Charles McKinnon (Mack) 
Holmes

11 June 1935–26 March 2020

Mack Holmes was born in Dunedin 
11 June 1935 and educated in part 
at Harrow in England when his 

father was an agricultural advisor for the 
British government. The family returned 
to Dunedin, where his father was Super-
intendent of Invermay Research Station. 
Mack completed his education at Otago Boys 
High School before entering Otago Medical 
School, graduating MB ChB in 1958. He spent 
the next two years in resident positions 
at Dunedin Hospital, before commencing 
anaesthetic registrar training in 1961 also 
at Dunedin Hopsital. He was awarded a 
prestigious Nuffi  eld Clinical Assistantship to 
continue postgraduate studies at the Nuffi  eld 
Department of Anaesthetics in Oxford. Mack 
was the second registrar from the Dunedin 
Anaesthesia Department to be awarded this 
position in Oxford, following Jim Clayton 
who preceded him in 1960.

Early in 1962 he travelled to Oxford 
with his wife Janet and new baby Geoff 
to take up the scholarship. In the Nuffi  eld 
Department Mack became involved in 
studies on post-operative pain under the 
guidance of its fi rst assistant, Dr James 
Parkhouse, resulting in a number of publi-
cations. However before leaving Dunedin, 
Mack had rediscovered the so-called Bier’s 

block. With availability of newer safer 
local analgesic agents while in Oxford he 
was able to further investigate the tech-
nique, and re-popularised it as a very 
simple method of providing anaesthesia for 
hand and arm procedures. The technique 
of intravenous regional analgesia imme-
diately caught on and led to a number of 
publications and speaking engagements, in 
particular a landmark paper in the Lancet 
which gained worldwide publicity of the 
technique, which soon became widely used 
by non-anaesthetists and made his name 
in anaesthetics internationally. While in 
Oxford, Mack completed the English anaes-
thesia fellowship in 1963 before returning 
to Dunedin in 1965 to a specialist position 
in Dunedin Hospital and Lecturer in Anaes-
thesia at Otago Medical School. In 1969 he 
was elected FFARACS and in 1970 promoted 
to Senior Lecturer.

It soon became apparent that Mack was 
not one to sit on his hands. In 1972 with 
the proposed introduction of the cardiac 
surgery unit for the South Island, he 
contributed along with Dr Trevor Dobinson 
and Professor Pat Molloy to setting up the 
cardiac theatre and post-operative cardiac 
care unit. His analytical mind and inno-
vative approach resulted in changes from 
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traditional techniques to the eventual 
avoidance of nitrous oxide, delivery of 
volatile anaesthesia supplements in very 
low fl ow systems for both economy and 
pollution reduction, then wholly intravenous 
anaesthesia techniques, on all of which 
he published widely. Simultaneously he 
championed the undesirability of operating 
theatre pollution and contributed to estab-
lishing a passive scavenging system in the 
Dunedin operating theatres early 1973–74. 

Mack’s regular attendance at New Zealand 
and overseas anaesthetic meetings revealed 
his popularity as a speaker and appre-
ciation of his innovative and discerning 
mind. Audiences could always guarantee 
to be educated, and entertained through 
a repertoire of humorous anecdotes. He 
was the author or co-author of more than 
30 papers, and wrote an excellent mono-
graph on Sir Robert Macintosh, “A Famous 
New Zealander”, the foundation Chair of 
Anaesthesia in the Nuffi  eld Department of 
Anaesthesia, Oxford University, the fi rst 
such chair in the UK. Interestingly Sir Robert 
was a second cousin once removed—Mack’s 
great-grandmother was a sister of Sir 
Robert’s grandfather.

Mack was elected to New Zealand regional 
committee of the Faculty of Anaesthetists 
in the 1970s, becoming its chairman in 
1978. In 1982 he was elected to the Board of 
Faculty and appointed its honorary librarian 
1982–90, Chairman of Education Committee 
1985, a primary examiner for 12 years until 
1987 and occasional fi nal examiner, before 
retiring from the Board of Faculty in 1990. 
In 2009 the New Zealand Society of Anaes-
thetists honoured him with life membership.

Mack had an encyclopaedic mind 
eminently suited to crosswords. While 
travelling to College activities from Dunedin 
he did the Daily Telegraph puzzle on the 
45-minute fl ight to Christchurch and The 
Times one in three hours to Melbourne! 
He had a love for languages, was fl uent 
in conversational French and had a good 
working knowledge and understanding of 
Russian, Italian, German and Mandarin. 

Outside of medicine his life was more 
than full with a growing family of four sons 
and their demands. However, that didn’t 
stop him from becoming a competent sailor 
and crewing a colleague’s Cavalier class 32 
yacht on which he was able to entertain 
department members from time to time. 
Likewise he held a private pilot licence, 
became a medical examiner for certifi cation 
of pilots and a life member of Otago Aero 
Club. As part of a syndicate owning a Piper 
Cherokee plane he frequently entertained 
and sometimes unnerved fellow anaesthe-
tists and friends who fl ew with him. Mack’s 
fi rst wife Janet died suddenly in 1978, and 
he married Lyn in 1981. As a keen tramper 
enjoying outdoor life he explored much of 
Otago’s scenery, and even at 80 tramped 
with family. As a qualifi ed scuba-diver he 
managed some diving at Port Douglas and 
Tahiti on his travels.

On retiring from his Dunedin Hospital 
position in 1992 he took up full-time private 
practice at the Mercy Hospital where previ-
ously he had been in part-time practice for 
some years. After fi nal retirement from 
anaesthetic practice in 2007 he continued 
working as a locum medical offi  cer in 
provincial hospitals Gore, Balclutha and 
Clyde. Once completely retired there was 
plenty to keep him occupied, for example 
volunteer and active member of Dunedin 
gasworks museum and the Taieri Gorge 
Railway. Mack and Lyn travelled exten-
sively throughout Europe and Asia, sailed 
with colleagues in the Mediterranean, Greek 
islands and several sailing visits to Tahiti.

Mack Holmes will be remembered by 
his colleagues as a talented dedicated 
anaesthetist who took a strong interest in 
teaching and mentoring registrars for their 
future roles. He died peacefully in Dunedin 
Hospital on 26 March 2020 after a brief 
illness, although he had by then been on 
peritoneal dialysis for some 18 months. He 
will be sadly missed by friends, colleagues 
and family alike. He is survived by his 
wife Lyn, four sons, a stepdaughter and six 
grandchildren. 
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Notes on a Case of Lethargic 
Encephalitis

By JAMES WHITTON, M.D., F.R.C.S.E.

On 14th July I saw a pupil of Waitaki 
High School. He was in bed. He lay 
with his eyes closed, and was appar-

ently asleep. When spoken to he opened 
his eyes and looked at you, answering your 
questions slowly. He complained of being 
tired, said he had headache and pains in his 
limbs, also that he saw double.

The previous history is as follows:—On 
Sunday, 6th July, he attended church parade, 
and a thanksgiving service in the Opera 
House in the afternoon. He complained 
of fatigue after this service. On 10th July 
he refused to join in a game of football, as 
he said he did not feel fi t. On the 12th his 
companions noticed that he was sleepy at 
meals. On the 13th his condition at church 
parade was so noticeable that he was 
ordered to bed.

Condition when fi rst seen—Temperature 
101.8, pulse 112. Goes to sleep while you 
speak to him; face fl ushed; tongue coated; 
superfi cial refl exes increased; patellar 
diminished; Kernig’s sign present; Babinsky 
sign absent; internal strabismus left eye; 
answers questions in a slow, drawling 
manner.

He was moved to the Isolation Cottage 
Hospital and a nurse obtained. He was 
given an ordinary mixture containing pot. 
cit. sp. aeth. nit. and liq. ammon. acet.; 
diet only liquids. On the 14th and 15th he 
had retention of urine, afterwards it was 
passed involuntarily for a time. For the next 
week his condition got worse, his lethargy 
deepened, he could not turn round in bed 
without assistance; when asked to put out 
his tongue, he only put it out a little way, 
indicating paresis of lingual muscles; his 
facial expression became vacant, indicating 
double facial paralysis.

On 16th July he was seen by Dr. Colquhoun, 
who carefully examined him and did a 
lumbar puncture; fl uid quite clear. Diag-
nosis of lethargic encephalitis agreed with.

On 19th July Dr. Pitts, of Waimate, saw him 
and carefully examined him; did a lumbar 
puncture, no fl uid obtainable. Opthalmo-
scopic examination showed optic neuritis 
commencing in left eye.

On 21st July more drowsy; will not put 
out tongue when asked; fi ngers plucking 
at bedclothes; Babinsky sign in left foot; 
nystagmus in left eye; strabismus still 
present; ptosis of both eyelids.

From that date he remained for about a 
week in a semi-comatose state, remaining 
on his back and unable to move; passed 
urine involuntarily; bowels very consti-
pated, requiring an enema every day. About 
this time he ceased speaking—when asked 
questions he would only groan. However, 
his intellectual centres remained intact, 
apparently, for he would smile when told a 
funny story; sometimes, indeed, he laughed 
audibly when told some of the doings of his 
classmates. His temperature at this time 
ranged from 100 degrees in the evening to 
98 in the morning.

On 23rd July he opened his eyes for about 
three hours and looked out of the window; 
was more alert; moved in bed; asked for 
urinal; strabismus not noticeable.

On 24th July ptosis of eyelids not so 
noticeable; his eyes are more open; can 
put his tongue further out; takes notice; 
perspiring freely.

On 25th July sudamina rash on chest and 
abdomen, morning temperature 97.

On 26th July I was hurriedly sent for, and 
on arrival found him in a state of collapse, 
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face pale, cold perspiration on face and 
forehead, pulse thready. He was given an 
injection of ½ c.c. of pituitrin, a teaspoonful 
of brandy every hour, and saline injections 
per rectum. He recovered in the evening. 
This collapse coincided with a fall in the 
temperature to 97 in the morning and 98 in 
the evening. The temperature remained like 
this for one month, after which it reached 
97.4 in the morning and 98 in the evening, 
but never reached the normal even when he 
left for his home on 16th September.

From 26th July to 2nd August he was in 
a critical state. On 1st August he again 
collapsed, but not to the same extent, 
requiring ½ c.c. of pituitrin. His pulse at this 
time came down, and after 8th August never 
reached 100.

On 27th July some twitching of the lips and 
facial muscles of left side; sweats continue; 
bed-sore threatening on sacrum.

On 5th August he can very slowly bring 
a cup to his lips; not nearly so somnolent; 
cannot speak—only groans when spoken to.

On 8th August condition resembles that 
of a patient recovering from a bad attack 
of enteric. All movements are very slow; 
still groans when spoken to, but is intel-
ligent; does not now shut his eyes except 
when asleep, of which he averages eight 
hours. Refl exes examined; still absent except 
plantar, which are fl exor. Commencing 
to eat solid food; bowels still constipated; 
massage of muscles commenced.

On 19th August fi brillary twitching of 
muscles of both eyeballs, giving his face 
a remarkable appearance. There is also 
twitching of muscles of both legs, especially 
long fl exor of right toe. This causes pain and 
makes him groan and weep. It also keeps 
him awake. He was given 1-6th of a grain of 
morphia and had seven hours’ sleep.

On 21st August patellar refl ex still 
absent; both great toes in state of painful 
extension; rigidity of muscles of left arm 
causing contraction of elbow; fi ngers of 
left hand extended, suggesting othetosis. 
The contraction soon extended to the 
muscles of the right arm, and for a time the 

position of both arms and hands was one of 
fl exion, similar to what is seen in a case of 
congenital spastic paralysis. There is also a 
painful contraction of the knees, coming on 
at intervals of about fi ve minutes, causing 
him to groan loudly and weep bitterly. 
Fortunately a remedy was found in hot 
baths, of which he had two daily. This bene-
fi ted the contractions and gave great relief. 
Splints also were put on the legs and arms, 
mitigating the severity of the contractions.

On 25th August Dr. Pitts saw him again, 
and noted that he had become a good 
deal thinner. His appearance did not now 
suggest a rapid recovery, nevertheless things 
slowly improved. He regained his appetite, 
his bowels began to act, and the muscular 
contractions ceased to disturb his sleep.

On 3rd September splints were discon-
tinued and he was able to walk after a 
fashion to his bath with the help of two 
nurses.

On 6th September speech returned in a 
very slow and halting fashion.

On 10th September up and dressed; can 
stand and take a few steps.

On 16th September taken home in a 
motor-car.

On 4th October his father writes: “T. doing 
splendidly; can dress and undress himself 
without help. He can walk about the house 
quite well and can even run a little. Weight, 
7st. 10lb.; before his illness he was 8st. His 
speaking has steadily improved, and his 
memory and intellect are as keen and as 
good as ever.”

Comments on the Case.—The boy was seri-
ously ill for some weeks, and from a clinical 
point of view there was infl ammation of the 
cerebral cortex, involving not only the nerve 
roots at the base, but also the convolutions. 
The remarkable point is that the destructive 
infl uence stopped short of destroying the 
nerve cells, as occurs in polio-encephalitis 
and polio-myelitis. On 25th August it seemed 
that one could only take a gloomy outlook 
on his future prospects, yet by September 
things had all cleared up and his cerebral 
mechanism was left intact.
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In conclusion I will quote the decision 
come to by the Medical Research Committee 
in conjunction with the British Local 
Government Board, an epitome of the 
results of which was given by Lieut.-
Colonel S. P. James, I.M.S., in a discussion 
which took place at the Royal Society of 
Medicine: “A decided opinion was formed 
that encephalitis lethargica is not a variety 
of acute polio-myelitis, either from a clinical 

or epidemiological point of view. It is not 
yet certain what its exact nature is; but it 
is thought probable that the pathogenous 
organisms, like those of cerebro-spinal fever 
and acute polio-myelitis, are frequently 
present in people who show no clinical signs 
of disease until their resistance is lowered or 
the organism becomes so virulent that they 
cannot withstand its invasion.” 
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