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Thyroid eye disease in New Zealand:  
interaction between ethnicity and smoking status

Lize Angelo, Rachael Niederer, Richard Hart
Subjects with thyroid eye disease (TED) in Auckland, New Zealand’s data was collected, 
included in these subjects are Māori and Pacific People, not before studied regarding TED. 
Our data confirmed known global risk factors as well as solidifying the impact of smoking on 
TED in New Zealand. A strong association was demonstrated with female gender and smoking 
status and rate of TED. Māori also have increased rates of TED; however, this difference 
was explained by smoking (our data showed that Māori were twice as likely to be smokers 
compared to other ethnicities). Eliminating smoking would result in at least a 28.1% reduction 
in TED incidence in New Zealand. 

New Zealand hospital stroke service provision
Stephanie Thompson, P Alan Barber, John Fink, John Gommans,  

Alan Davis, Matire Harwood, Jeroen Douwes, Dominique A Cadilhac,  
Harry McNaughton, Jackie Girvan, Ginny Abernethy, Valery Feigin,  

Andrew Wilson, Hayley Denison, Marine Corbin,  
William Levack, Annemarei Ranta

This paper describes the results from an online survey looking at stroke services currently 
offered in New Zealand hospitals and compares provision in urban and non-urban settings. 
Key differences between urban and non-urban centres were identified, as well as challenges 
irrespective of hospital location. Ongoing work is required to optimise consistent access to 
best practice stroke care.

Patient characteristics, treatment outcomes and  
rehabilitation practices for patients admitted with  

hip fractures using multiple data set analysis
Samantha Warhurst, Soledad Labbe-hubbard, Ma Yi, Jane Vella-Brincat,  

Tonya Sammon, Jane Webb, Caroline McCulloch, Gary J Hooper, Nigel L Gilchrist
This paper looks at the outcomes of individuals after they have had a hip fracture. Some 
people need a period of rehabilitation after surgical treatment for hip fracture. Most people 
have their operation within 48 hours, and this wait time is reducing. We’ve found that people 
who are in residential care improved with inpatient rehabilitation. However, patients who 
live at home appeared to do better when they have targeted orthopaedic rehabilitation and 
are more likely to return home. Treatment of underlying osteoporosis and other comorbid-
ities has been significantly improved with targeted rehabilitation. Fracture Liaison Service 
has an important role in improving osteoporosis treatment in this group.

Left ventricular thrombus after ST segment elevation 
myocardial infarction: a single-centre observational study

Chathura BB Ratnayake, Benjamin Liu, Jocelyne Benatar,  
Ralph AH Stewart, Jithendra B Somaratne

This is a study of patients with a clot in the heart following a heart attack. In New Zealand, the 
main treatment between 2014–2015 was Warfarin, a blood thinning medication. Though the 
clot in the heart it is a rare complication, approximately one in eight patients can die from this 
after one year even when on blood thinning therapy.
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An evaluation of the contents of advance care plans and their 
use in patients admitted to a public hospital

Henricus Berend Speelberg, Brett Shand, Jane Goodwin,  
Rachel Wiseman, Laura Belluscio, Kate Grundy

An advanced care plan provides a person with the opportunity to document their wishes for 
end-of-life care. This study in 150 people investigated whether increasing age or severity of 
illness or disease influenced the wishes in the plan and whether these wishes were followed 
during hospital admissions. The study showed that increasing age influenced the content of the 
plan whereas the severity of illness or disease had less influence. The care received by people 
in the study during hospital admissions adhered to the instructions in the advance care plan.

Accuracy of SNOMED-CT Chief Presenting  
Complaint Codes: an audit of 1,000 cases

Peter G Jones, Annette Dance, Nikhar Shah
SNOMED coding has the potential to improve data quality to better inform the acute demand 
debate and potentially improve disease surveillance for emerging diseases and novel 
toxidromes. However, it is not known how accurate the NZ reference set for Chief Presenting 
Complaints is compared to clinician recorded presenting complaints. Our study found that 
accuracy was up to 85.9% when triage presenting complaints were compared to clinician 
notes. Accuracy was poor when non-specific SNOMED terms were used, so these should not 
be used when more specific terms are available.

The carcinogenicity of pesticides used in New Zealand
Andrea Martine 't Mannetje

The use of pesticides has been associated with increased risks of leukaemias and lymphomas. 
This review aimed to estimate the proportion of pesticides currently used in New Zealand 
agriculture, that are classified as human carcinogens. While none of the active ingredients 
are classified as known human carcinogens, 56 are suspected to be carcinogenic to humans, 
representing up to half of the total volume used. This suggests that we may continue to see an 
increased risk of cancer for people who frequently use pesticides as part of their work. Efforts 
to increase awareness and reduce exposure are needed.

Increased unemployment from the COVID-19 pandemic,  
what might be the adverse impacts on cardiovascular disease  
in Aotearoa/New Zealand and how might this be prevented?

Nhung Nghiem, Anja Mizdrak, Nick Wilson
Despite success with eliminating the COVID-19 pandemic in Aotearoa New Zealand so far, 
the response to the pandemic threat has resulted in a range of negative social and economic 
impacts, including job losses. We reviewed the literature about the impact of unemployment 
on cardiovascular disease (CVD). The totality of the evidence suggested that increased  
unemployment arising from economic shocks is associated with increased CVD, particularly 
for middle-aged men. Continued monitoring and active policy responses are required to 
prevent increases in CVD (and other harmful health outcomes) as a result of the COVID-19 
pandemic response. 
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Adequacy of publicly 
funded colonoscopy 

services in New Zealand
Philip Bagshaw, Brian Cox

Colonoscopy for the investigation of pa-
tients with colorectal disease has had a 
chequered history in New Zealand. In 

the 1980s, as endoscopic technology became 
more advanced and equipment more widely 
available, it was increasingly accepted as 
the investigation of choice for symptomatic 
patients, often through open access clinics. 
Colonoscopy rates and quality of clinical 
practice varied widely around the country.1 
These issues were subsequently improved 
by the introduction of training and creden-
tialing standards.2 However, the issue of 
adequacy of resourcing to meet the need 
for satisfactory colonoscopy training and 
service has never been comprehensively 
addressed by the Ministry of Health and has 
been left to individual DHBs.

In order to improve clinical referral for 
the relatively scarce and costly resource of 
colonoscopy, national clinical guidelines for 
its use in the diagnosis of symptomatic cases 
and for those at increased risk of colorectal 
cancer (CRC) were introduced in 2011.3 The 
guidelines were listed as clinical practice 
recommendations for patients presenting 
with symptoms of CRC and were specified 
to only apply to patients referred by GPs 
and non-gastrointestinal specialists.3 A 
fundamental feature of clinical guidelines is 
that they should be evidence-based indi-
cators of medical practice to assist clinical 
decision-making. They are not intended 
to be management protocols that defini-
tively restrict medical practice.4 Because 
of the specific knowledge about an indi-
vidual patient, the clinical judgement of 
the treating clinician must be considered 
capable of expanding the criteria for active 
investigation. 

The need for colonoscopy continued 
to grow; reasons for this included: 
an increasing and ageing population; 

increasing frequency of some serious 
colorectal diseases; advances in endo-
scopic techniques for prevention, diagnosis, 
treatment and follow-up of colorectal 
pathologies, particularly CRC; establishment 
of a familial CRC register; and raised public 
concerns and expectations.5,6 Colonoscopy 
is a common investigation for the diag-
nosis and management of patients with 
symptoms suggestive of a range of colorectal 
diseases; it is not solely for the detection 
of CRC. Other colorectal pathology can be 
fatal if untreated. Unfortunately, many basic 
necessary resources, such as the upgrading 
of colonoscopy facilities, a suitably trained 
workforce and necessary support services 
did not keep pace with increasing need. 

In response to the deficiency, and to avoid 
costly outsourcing to the private sector, most 
DHBs started using the national clinical 
guidelines as necessary requirements, or 
access protocols, (with and without local 
modifications) for colonoscopy from all 
sources, including those from physicians 
and surgeons with specialist gastrointestinal 
training and interests.7 This development 
raises three concerns: (i) the clinical guide-
lines were largely based on overseas data 
about the positive predictive value for the 
detection of CRC; they did not take account 
of the likelihood of the presence of other 
serious colorectal diseases: (ii) in spite of 
their widespread use, their effectiveness 
has only been quantified in terms of DHB 
compliance rates with clinical categories 
of urgency of need; they have not been 
formally assessed in relation to clinical or 
economic outcomes: (iii) local modification 
can produce inequitable regional variability 
in access to colonoscopy and the impact on 
CRC mortality from restricted access has 
not been sufficiently evaluated. Therefore, 
the use of the clinical guidelines to restrict 
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access to colonoscopy was applied inappro-
priately and not adequately monitored for 
efficacy or harm.

Given the very high incidence, morbidity 
and mortality from CRC in New Zealand, 
the introduction of a national screening 
programme was essential and should have 
been pursued much sooner.8 Since the 
first reports on the feasibility of a popula-
tion-based screening programme in 1998, 
concerns were raised repeatedly about 
the adequacy of available resources and 
the need to increase endoscopy training in 
anticipation of the added clinical workload 
required for an effective programme.9–12 
The pilot study of the screening programme 
started in 2012, with plenty of time to train 
sufficient staff for the national programme 
that was bound to eventuate in a country 
with such a high incidence of CRC. This 
did not happen. Significantly, the pilot 
programme had to undergo considerable 
modification before transforming into a slow 
regional roll out of a national programme 
among the country’s DHBs from 2017 
onwards. Calculated compromises included 
reducing the sensitivity of the screening 
test and narrowing the age range for whom 
the test would be made available13,14 and an 
incapacity to include proposals for screening 
Māori and Pasifika 50–59 years of age.15 
Furthermore, the screening programme is 
provided with a separate funding stream, 
which should ensure that its introduction 
does not interfere with the provision of 
other services, including surgery for the 
added load of cancers needing operations. 
Unfortunately, this is not being achieved and 
the considerable temptation to use screening 
resources to subsidise usual clinical care has 
become too evident. 

Emerging evidence increasingly indicates 
that the predicted conflicts16 have occurred 
in some regions between access to colo-
noscopy for symptomatic cases versus access 
for screening purposes, as happened for 
example at the Southern DHB.7,17 Underlying 
causes for this conflict might include failure 
of the DHB ‘readiness assessment’, adjudged 
by the Ministry of Health,18 to adequately 
predict the requirements of the complex 
additional burden of screening, insufficient 
funding for screening to prevent inter-
ference with other clinical care, or failure 

of the Ministry of Health to implement the 
guidelines of the Health Quality and Safety 
Commission.16

Efforts have been applied by the New 
Zealand Society of Gastroenterology, among 
others, to attract the additional resources 
needed to expand workforce numbers, 
and in advocating for more financial and 
infra-structural support from government. 
Detailed workforce assessments using 
recognised international standards have 
shown there is longstanding under-re-
sourcing of gastroenterology services 
nationally, with inadequate numbers of 
gastroenterologists, inequitably spread 
across the country.19,20 The result has been 
that some DHBs have traded-off colonoscopy 
availability for the investigation of symp-
tomatic cases with the colonoscopy needs 
of population screening. This is harmful 
as both are essential, and they should not 
be required to compete in this way. To this 
situation has been added the effects of the 
Covid-19 pandemic, which has resulted in 
further rationing of endoscopy services. 
Recent management guidance from the 
Cancer Control Agency of the Ministry 
of Health has recommended that access 
to colonoscopy for the assessment of 
screen-positive patients should take prece-
dence over access for many symptomatic 
patients except those graded in the urgent 
category.21 The recommendation was argued 
on the basis that colonoscopies for screening 
would detect more CRCs than in most 
patients with symptoms.

Prioritising colonoscopy for screen-pos-
itive patients rests on the assumption, which 
could only apply to those 60–74 years of 
age, that other patients with gastrointes-
tinal diseases will receive greater access to 
colonoscopy than is warranted. However, 
screening should only be provided if suffi-
cient resources are available to ensure 
it does not impinge on the assessment of 
symptomatic patients. It is unethical to do 
otherwise. The prevalence of CRC in symp-
tomatic patients investigated by colonoscopy 
can be expected to be: at least 4%,22 higher 
in men than women,23 higher in those 
undergoing surveillance,24 and to vary 
considerably by region and age. 

The incidence of cancer in women 60–64 
years of age in New Zealand is about 127 per 
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100,000. The prevalence of CRC found by FIT 
screening is about twice the incidence rate. 
For a screening programme with a high FIT 
cut-off and 0.5% of participants positive on 
screening, the proportion of women 60–64 
years of age referred for colonoscopy for 
whom CRC is found can be expected to be 
about (2x127)/(0.05x100,000)=0.051, or 5.1%. 
This is slightly higher than in Newcastle, 
Australia,25 and similar to the prevalence 
of CRC in symptomatic patients. In New 
Zealand, the risk of CRC for a man 75–79 
years of age is about four times higher than 
that of a 60–64-year-old woman. Paradox-
ically, in a screening programme aiming 
to reduce CRC mortality, prioritisation of 
screen-positive women 60–64 years of age 
for colonoscopy over 75–79-year-old men 
with symptoms may result in sufficient delay 
in diagnosis to increase CRC mortality in the 
older age group. To avoid competition of 
resources with usual clinical care, the appro-
priate management is to limit the invitations 
to screening, thus controlling the demand 
for colonoscopy from screening, and to 
ensure adequate resources for the equitable 
availability of colonoscopy.

In summary, the workforce and other 
resources for colonoscopy have not kept 

up with need and many DHBs are inappro-
priately using clinical guidelines to restrict 
colonoscopy referrals from all sources. 
Resolution requires a rapid increase in the 
number of physicians, surgeons and nurses 
with an interest in gastroenterology, training 
in the practice of colonoscopy, as well as 
an increase in available endoscopy facil-
ities and follow-up resources. The national 
bowel cancer screening programme has 
been insufficiently planned or resourced 
to meet the expected demand. As a result, 
competition for colonoscopy access 
between symptomatic and screening cases 
is occurring in some DHBs. Virtually all the 
problems with colonoscopy access are ulti-
mately due to inadequate planning, training 
and resourcing. Despite more than 10 
years knowing the considerable increase in 
gastroenterology workforce and resources 
required for screening, work to increase 
the staff resources has been too little, too 
late, and largely left to DHBs. The medical 
profession must call for sufficient funding 
to be put in place to effectively support 
both the symptomatic investigation and 
population CRC screening functions of colo-
noscopy services. 
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Thyroid eye disease in 
New Zealand: interaction 

between ethnicity and 
smoking status

Lize Angelo, Rachael Niederer, Richard Hart

Thyroid eye disease (TED), also known 
as thyroid-associated orbitopathy or 
Graves’ orbitopathy, is an inflamma-

tory condition resulting in cicatricial effects 
within the orbit. It is the most common 
orbital disorder in adults1 and occurs most 
often in association with autoimmune 
thyroid disease (most frequently, Graves’ 
hyperthyroidism). However, the condition 
is also seen in euthyroid individuals, or 
occasionally in subjects with hypothyroid-
ism or Hashimoto’s thyroiditis. Most cases 
are mild, but in 3–5% of subjects severe 
orbitopathy may lead to loss of vision and/or 
major cosmetic disfigurement with associ-
ated psychological sequelae.2 Spontaneous 
improvement is seen in a large proportion of 
subjects over time; however, with regression 
of inflammation, fibrosis develops, and the 
orbital tissues seldom return to the pre-
morbid state. General management princi-
ples include restoring the euthyroid state, 

especially in subjects who have become 
hypothyroid following radio-iodine treat-
ment to reduce the risk of progression of 
orbitopathy, smoking cessation, supportive 
therapies and selenium supplementation for 
subjects with mild disease, targeted immu-
nosuppressive treatments and occasionally 
urgent surgery for subjects with active and/
or severe disease. Surgical rehabilitation is 
suggested for subjects with stable, inactive 
disease. Early disease intervention with 
immunosuppressive therapy such as cortico-
steroids and radiotherapy diminish disease 
progression and peak severity.3 Specific and 
targeted disease-modifying agents are still 
lacking although progress with the IGF-1 in-
hibitory antibody, teprotumumab has shown 
promising results.4

New Zealand has a unique population 
including the indigenous Māori, European 
descendants as well as Pacific People. This 
diversity is ever-widening and includes 

ABSTRACT 
AIM: This study was conducted to describe the epidemiology of thyroid eye disease (TED) in New Zealand. 

METHODS: One hundred and sixty-one subjects with TED seen over a 14-year period in Auckland, from a 
combined ophthalmology-endocrinology clinic, had data extracted from clinical notes. 

RESULTS: Median age at onset was 47.0±15.1 years and 77.6% were female. Crude yearly incidence of TED 
(per 1,000,000) was 12.6 in non-smokers and 67.3 in smokers (p<0.001).  On univariate analysis, female 
gender, Māori ethnicity and smoking were associated with incidence of TED. On multivariate analysis, female 
gender and smoking status were associated with risk of TED, and the difference in ethnicity was explained 
by smoking status. Māori subjects with TED were more likely to be current smokers (72.7%) compared to 
European (39.2%), Pacific Peoples (33.3%), Asian (8.3%) and Other (12.5%). Māori ethnicity and current 
smokers were associated with a higher clinical activity score at presentation (p=0.049 and p=0.027).

CONCLUSION: A strong association was demonstrated with female gender and smoking status and rate 
of TED. Māori have increased rates of TED; however, this difference was explained by smoking. Eliminating 
smoking would result in at least a 28.1% reduction in TED incidence in New Zealand. 
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arrivals over recent years from other parts 
of the world, notably Asian countries. There 
have been many studies on risk factors for 
TED in European populations but none with 
the New Zealand population. Response to 
treatments among subjects with TED in 
different populations may vary according to 
the presence of different risk elements. The 
aim for this study was to assess the epide-
miology of TED in New Zealand, compare 
global risk factor rates to our own and to 
assess whether our population is indeed 
reflective of previous studies, focusing on 
Māori ethnicity. 

Methods
Subjects with TED seen over a 14-year 

period (2004–2018) in a combined ophthal-
mology-endocrinology clinic in Auckland 
were selected. All subjects were de-identified 
once data was collected and placed into our 
database. This is a retrospective study which 
adheres to the guidelines of the Declaration 
of Helsinki and ethics approval was granted. 

TED was defined as diagnosis from the 
ophthalmologist in TED clinic. Subjects 
who were not diagnosed with thyroid eye 
disease but were seen in clinic as outliers or 
emergency oculoplastic appointments were 
excluded from this study. Subjects who were 
only seen in the inactive phase with late 
sequelae were excluded.

We looked at age, gender, smoking status 
and ethnicity. We grouped ages into cate-
gories of five-year periods paralleling New 
Zealand census data. Smoking status was 
grouped into current, ex and non-smokers. 
This information was collected through 
ophthalmic clinical notes and using Concerto 
(New Zealand national health index 
database) to look back at smoking status 
noted during previous hospital stays or 
clinic letters. Gender was self-reported by 
subjects. We had no transgender subjects in 
our population. Current smokers are defined 
as having had one or more cigarettes in the 
last 28 days with an established history of 
smoking. Ex-smokers are defined as subjects 
that have an established history of smoking 
but have not touched a cigarette for a period 
of greater than 28 days with the intent to quit 
smoking. Non-smokers are defined as never 
having smoked a cigarette or total exposure 
of <10 cigarettes in their life, with nil use in 
the last year.

We collected specific ethnic data and then 
collated it in to the six ethnic categories 
as per the 2013 New Zealand census data: 
European, Māori, Pacific, Asian, MELAA 
(Middle Eastern Latin American and 
African) and Other. Ethnicity was obtained 
through clinical notes with subjects 
self-identifying or through Concerto (which 
is also self-identified). As per Ministry of 
Health guidelines, subjects who identify 
with several ethnicities were categorised 
according to hierarchical classification.5

Population data on smoking rates per 
ethnicity, health insurance rates and ethnic 
population was taken from the 2013 New 
Zealand Census6 and applied or compared 
to our database. Data was entered into an 
Excel spreadsheet and analysed in STATA 
version 15. Normally distributed variables 
are reported as mean ± standard deviation 
if normally distributed and median (inter-
quartile range [IQR]) if skewed distribution. 
Categorical variables are reported as n 
(%). Continuous variables are compared 
between groups with t-test or Mann-U 
Whitney as appropriate, and categorical 
variables with chi-square. Crude rates of 
thyroid eye disease were calculated in 
reference to the Auckland and Waitematā 
District Health Board population and 
adjusted rates were calculated by adjusting 
for health insurance coverage by ethnicity 
and age distribution of the Auckland popu-
lation. Rates were compared with Poisson 
regression analysis and incident rate ratio 
(IRR) calculated. All tests were two tailed 
and a p value of <0.05 was considered 
statistically significant. 

Results
One hundred and sixty-one subjects 

were included in the study. Clinical char-
acteristics are reported in Table 1. Age at 
onset was 47.0±15.1 years and 125 subjects 
(77.6%) were female. The median clinical 
activity score (CAS) was 1 (IQR 0–3). Figure 
1 shows the number of current smokers per 
ethnicity.

Rates of disease by ethnicity are reported 
in Table 2. Ethnicity values were adjusted 
for age, private health insurance cover and 
current smoking status. These adjustment 
values were based on the most recent 2013 
Census data to ensure more accurate repre-
sentation of the population.
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On univariate analysis, female gender, 
Māori ethnicity and smoking were asso-
ciated with incidence of TED (Table 3). 
There was no significant difference in CAS 
(p=0.692) and no difference in age of onset 
(p=0.2445) between genders. Māori ethnicity 
and current smokers were associated with a 
higher clinical activity score at presentation 
(p=0.049 and p=0.027 respectively).

On multivariate analysis, female gender 
and smoking status were associated with 
risk of TED, and the difference in ethnicity 
was explained by smoking status. Māori 
subjects with TED were significantly 
more likely to be current smokers (72.7%) 
compared to European (39.2%), Pacific 
Peoples (33.3%), Asian (8.3%) and Other 
(12.5%). 

Figure 1: Current smokers per ethnicity in our data population.

Table 1: Clinical characteristics of subjects with thyroid eye disease.

N=161

Age at onset 47.0±15.1 years

Female 125 (77.6%)

Ethnicity
European
Māori
Pacific People
Asian
Other

80 (50.6%)
22 (13.9%)
12 (7.6%)
36 (22.8%)
8 (5.1%)

Smoking
Non smoker
Ex-smoker
Current smoker

72 (45.3%)
32 (20.1%)
55 (34.6%)

Table 1 shows clinical characteristics of subjects in this study, where N is the total number of subjects. 
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Discussion
One hundred and sixty-one subjects in 

Auckland, New Zealand’s data was collected 
and analysed. Included in these subjects are 
native Māori and Pacific People, not before 
studied regarding thyroid eye disease. Our 
data confirmed known global risk factors 
as well as solidifying the impact of smoking 
on TED in New Zealand. Our data specif-
ically showed that Māori have twice the 
rates of TED compared to other ethnicities. 
However, when gender and smoking status 
was taken into consideration, this increased 
rate was due to smoking status. Māori were 
twice as likely to be smokers compared to 
other ethnicities.

Age and gender
According to known TED data, the average 

age of onset is middle age and females are 
3–4 times more likely to develop TED than 
males.6,7 The pathophysiology of increased 
occurrence in females is not well under-
stood. It may be linked to the unexplained 
increased rates of autoimmune disease in 
females.8 The median age at onset of our 
population was 47.0±15.1 years and females 
were three times more likely to get TED 

than males. Our data showed no signif-
icant difference between male and female 
severity, as measured via CAS and no signif-
icant difference in the age of onset between 
males and females in our study. These 
results agree with the current literature, 
although there are some studies that show 
that at older age or higher severity, the ratio 
can reverse.9 

Ethnicity
There have been very few studies 

specifically looking at ethnic differences 
within TED and none that consider Māori. 
Edmunds et al10 looked at 343 subjects in 
the wider Birmingham area and found a 
statistically significant difference between 
socioeconomic status but no significant 
difference between ethnicities within the 
UK. There have been no studies defining 
the risk of TED in Māori subjects. We found 
that on multivariate analysis, Māori have 
significantly higher rates of TED. When we 
adjusted this data for smoking rates, there 
was no significant difference. This suggests 
that the difference in rates of TED is due to 
higher rates of smoking within the Māori 
population and that there is no genetic 
component.

Table 3: Population risk factors for developing thyroid eye disease.

Clinical characteristic Univariate Multivariate

IRR P value IRR P value

Female 3.181 <0.001 3.472 <0.001

Māori 2.161 <0.001 1.412 0.090

Smoking 4.455 <0.001 4.714 <0.001

Table 3 shows the population risk factors for developing thyroid eye disease. Rates calculated from ADHB population 
and smoking status from Census 2013. Rates are compared with poisson regression analysis. IRR = incidence rate ratio.

Table 2: Rate of thyroid eye disease by ethnicity.

Ethnicity Crude incidence Adjusteda Adjustedb

European 9.7 14.3 15.2

Māori 21.1 36.9 21.8

Pacific Peoples 9.5 15.8 15.3

Asian 12.5 21.6 20.8

Other 19.0 52.5 64.8

Table 2 shows the rate of thyroid eye disease by ethnicity. Rates given per 1,000,000 population/year. 
a rate adjusted for age and health insurance cover. 
b rate adjusted for age, health insurance cover and current smoking status.
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Smoking status
Smoking is a well-known risk factor of 

TED. Smokers are 4–8 times more likely to 
develop TED than non-smokers.11 In our 
study, current smoking was associated with 
a 4.7-times increased risk of TED on multi-
variate analysis. Ethnicities varied in rates 
of smoking, with Māori having significantly 
increased rates of smoking compared to all 
other ethnicities. The present study found 
increased in rates of TED in Māori was 
attributable to smoking. 

Recently, indigenous peoples who smoke 
have been focused on in greater detail 
targeting the unique experiences of indig-
enous smoking behaviour. There have been 
ongoing health disparities along with other 
inequalities that colonisation brings such 
as reduced access to healthcare, reduced 
health literacy and effects on socioeco-
nomic status.12

Higher rates of smoking in Māori worsen 
the discrepancy in health outcomes between 
Māori and non-Māori. Conversely, this 
study reveals that smoking cessation would 
disproportionately benefit Māori indi-
viduals, and eliminating smoking would 
likely result in a decline in TED rates in 
Māori subjects compared to non-Māori. 
Public health policies to decrease smoking 
has the opportunity to reduce inequality in 
health outcomes in Māori and non-Māori.13 

Severity between smokers and 
non-smokers has previously been studied 
with varied response. We found no signif-
icant difference in CAS between smokers 
and non-smokers in our population. 
Prummel et al14 found no association with 
number of cigarettes smoked or the duration 
of smoking with severity, but that smokers 
did have a significant increased risk of 
severity compared to non-smokers. 

Limitations
This study has some limitations given the 

size of the population and the restrictions 
that apply with a retrospective study. This is 
a small-to-moderate sized population which 
has provided statistically significant results; 
however, is a sample of the New Zealand 
population. We included only Auckland 
subjects belonging to Auckland and Wait-
ematā District Health Boards and excluded 
Manukau District Health Board, which may 
have provided more data on Māori and 
Pacific subjects. 

Retrospective studies are limited with 
data able to be collected. Non-standard 
and variable clinic notes can be difficult to 
interpret. Data such as ethnicity or smoking 
status are not always clearly stated in notes 
and have required searching for on subject 
databases (Concerto). 

Accurately representing the Auckland 
population could potentially have been 
limited by public healthcare access only. We 
adjusted our data with healthcare insurance 
rates to try and accommodate those subjects 
in private healthcare and create a more 
representative sample.

Future insights
This study has highlighted the huge 

impact smoking has on the Māori popu-
lation with respect to TED and may guide 
future management. We have developed 
strong arguments for the impact of smoking, 
and this may help in advocating cessation 
among subjects on a clinical level but also 
on a political level. This research can be 
distributed among medical centres and aid 
in the campaign against smoking. 
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New Zealand hospital stroke 
service provision

Stephanie Thompson, P Alan Barber, John Fink,  
John Gommans, Alan Davis, Matire Harwood, Jeroen Douwes,  

Dominique A Cadilhac, Harry McNaughton, Jackie Girvan,  
Ginny Abernethy, Valery Feigin, Andrew Wilson, Hayley Denison,  

Marine Corbin, William Levack, Annemarei Ranta 

In New Zealand, stroke is the third most 
common cause of death, and the leading 
cause of adult disability. The importance 

of organised stroke care, both in the acute 
and rehabilitation settings has been well 
documented, with patients more likely to 
survive, regain independence and return 
home when managed in an organised unit.1 
A 2009 acute stroke service audit in New 
Zealand found significant regional differ-
ences in the implementation of best practice 
care and highlighted the need for organised 
inpatient care to be addressed as a priority.2 
A 2013 stroke rehabilitation survey in New 
Zealand highlighted two main concerns: the 
intensity of rehabilitation provided in the 
inpatient setting, and the delays in provision 
of community rehabilitation on discharge 
from hospital.3 It is important to review 
whether appropriate changes have been 
made since the publication of these studies. 
Another important consideration is the de-
livery of culturally appropriate stroke care. 

Māori and Pacific Peoples experience stroke 
at a younger age and have had a slower rate 
of decline in stroke incidence and one-year 
mortality after stroke, compared with New 
Zealand Europeans.4 

REGIONS Care is a Health Research 
Council funded (HRC 17/037), prospective, 
observational study assessing the effect of 
ethnicity and geography on service access 
and patient outcomes following stroke. It 
involves a nationwide stroke audit with 
a sub-set of patients recruited to undergo 
extended follow up assessments at six and 
12 months, and data linkage with health 
administrative data. As part of the REGIONS 
Care project we undertook an organisa-
tional survey of all New Zealand hospitals 
managing acute stroke patients with the aim 
to provide a current description of stroke 
services offered and to assess the avail-
ability of resources for managing stroke. In 
particular, we aimed to report differences 
by urban and non-urban locations.

ABSTRACT
AIM: To describe stroke services currently offered in New Zealand hospitals and compare service provision 
in urban and non-urban settings.

METHOD: An online questionnaire was sent to stroke lead clinicians at all New Zealand District Health 
Boards (DHBs). Questions covered number and location of stroke inpatients, stroke service configuration, 
use of guidelines/protocols, staffing mix, access to staff education, and culture appropriate care. 

RESULTS: There were responses from all 20 DHBs. Differences between urban and non-urban hospitals 
included: access to acute stroke units (55.6% non-urban vs 100% urban; p=0.013), stroke clinical nurse 
specialists (50% vs 90%; p=0.034), stroke clot retrieval (38.9% vs 80%; p=0.037) and Pacific support services 
(55.6% vs 100%; p=0.030). There were also differences in carer training (66.7% non-urban vs 100% urban; 
p=0.039) and goal-specific rehabilitation plans in the community (61.1% vs 100%; p=0.023). Access to TIA 
services, stroke rehabilitation units, early supported discharge, psychologists, continuing staff education, 
and culturally responsive stroke care were suboptimal irrespective of hospital location.

CONCLUSION: Hospital location is associated with differences in stroke services provision across New Zealand 
and ongoing work is required to optimise consistent access to best practice care. These results, in conjunction 
with an ongoing (REGIONS Care) study, will be used to determine whether this affects patient outcomes.
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Methods
The organisational survey was developed 

based on the Australian National Stroke 
Audit survey. A section on community 
rehabilitation services and New Zealand 
culturally specific questions were added. 
Data collection was undertaken in REDCap, 
an open-source online database, and was 
accessible to stroke lead clinicians from each 
district health board (DHB) over a six-week 
period from mid-April 2018. DHBs have 
responsibility for funding health services 
in their area, with hospitals providing these 
services. Six DHBs have one or more smaller, 
rural hospitals providing stroke care in 
addition to the main centre resulting in a 
total of 28 hospitals admitting people with 
acute stroke in New Zealand. We requested 
that each individual hospital complete a 
separate survey. Respondents were iden-
tified via the National Stroke Register 
Database, representing the lead stroke 
doctors and, where available, also the lead 
stroke nurse at each hospital. The respon-
dents were invited to consult with their local 
allied health and hospital management staff 
as required. We sent reminders to respon-
dents in two weekly intervals and the survey 
closed on 31 May 2018. 

Questions covered inpatient and 
community stroke service configuration 
(n=57 questions), use of guidelines or 
protocols to address common stroke-related 
problems (n=8 questions), staffing mix (n=8 
questions) and access to ongoing education 
for staff (n=5 questions). In addition, six 
questions were specifically relevant to New 
Zealand, including whether Māori and 
Pacific support services were available and 
if stroke information was offered in Te Reo 
Māori and Samoan, among others. We also 

included questions about the number of 
patients with a stroke diagnosis that were in 
the hospital on 1 May 2018.

Data were cleaned and exported into 
Stata 16.0 for analysis. Hospitals were 
grouped into urban and non-urban centres. 
A hospital was defined as 'urban' if located 
within 25km of an urban centre of more 
than 100,000 people regardless of DHB 
population.. 

Pearson’s chi-squared test was used to 
compare dichotomous variables between 
hospital locations. Wilcoxon rank-sum 
test was used to compare non-normally 
distributed continuous variables between 
hospital locations.

The study received ethics approval by the 
Central Region Health and Disability Ethics 
Committee (17CEN164).

Results
Responses were received from stroke lead 

physicians and nurses in all of the 28 New 
Zealand hospitals contacted within the 20 
DHBs: 10 urban and 18 small or medium 
sized non-urban hospitals. This comprises 
all hospitals providing acute stroke care in 
New Zealand. 

On 1 May 2018, there were 331 patients 
reported to be in hospital: 159 in an acute 
and 172 in a rehabilitation ward. Of the 159 
acute stroke patients, 139 (87.4%) were in 
a hospital with an acute stroke unit (ASU), 
of whom 104/139 (74.8%) were in an actual 
ASU on that day. Table 1 shows proportion 
of hospitals with ASUs grouped by urban 
versus non-urban. 

Dichotomous acute stroke service features 
comparing availability between urban versus 
non-urban hospitals are depicted in Table 1. 

Table 1: Availability of acute service interventions/resources comparing urban versus non-urban hospitals. 

Total
(N=28)

Non-urban
(N=18)

Urban 
(N=10)

p

Hyper-acute services - N (%)

EMS pre-notification† 26 (100) 16 (100) 10 (100) -

AST pre-notification 16 (57.1) 8 (44.4) 8 (80) 0.07

In-hospital ‘code stroke’ alert † 19 (70.4) 9 (52.9) 10 (100) 0.01

Thrombolysis 28 (100) 18 (100) 10 (100) -

Telestroke used 12 (42.9) 10 (55.6) 2 (20) 0.07
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Access to stroke clot retrieval 15 (55.5) 7 (41.2) 8 (80) 0.04

CT scan <1 hour 28 (100) 18 (100) 10 (100) -

Acute stroke services - N (%)

Rapid access to specialist TIA care (<1 day) 17 (60.7) 10 (55.6) 7 (70) 0.45

Acute stroke unit 20 (71.4) 10 (55.6) 10 (100) 0.01

Able to manage patients post-thrombolysis/stroke clot retrieval in stroke unit 17 (60.7) 9 (50) 8 (80) 0.12

Protocol for transferring patients to other hospitals 19 (67.9) 11 (61.1) 8 (80) 0.31

IDT review within 24 hours 23 (82.1) 14 (77.8) 9 (90) 0.42

Named stroke lead physician 23 (82.1) 13 (72.2) 10 (100) 0.07

Named stroke lead nurse 22 (78.6) 13 (72.2) 9 (90) 0.27

Members of acute stroke inter-disciplinary team - N (%)

Neurologist 19 (67.9) 9 (50) 10 (100) 0.007

Geriatrician 23 (82.1) 13 (72.2) 10 (100) 0.07

General physician 27 (96.4) 17 (94.4) 10 (100) 0.45

Rehabilitation physician† 12 (44.4) 4 (23.5) 8 (80) 0.004

Stroke CNS 18 (64.3) 9 (50) 9 (90) 0.03

Stroke research nurse 7 (25.0) 1 (5.6) 6 (60) 0.001

Stroke nurse educator 11 (39.3) 4 (22.2) 7 (70) 0.01

Psychologist† 10 (37.0) 6 (33.3) 4 (44.4) 0.57

Senior medical registrar† 8 (29.6) 1 (5.9) 7 (70) <0.0001

Junior medical registrar 22 (78.8) 12 (66.7) 10 (100) 0.04

Physiotherapist 28 (100) 18 (100) 10 (100) -

Occupational therapist 28 (100) 18 (100) 10 (100) -

Speech language therapist 28 (100) 18 (100) 10 (100) -

Dietician 28 (100) 18 (100) 10 (100) -

Social worker 28 (100) 18 (100) 10 (100) -

Involvement of patient/carer - N (%)

Clinical management 27 (96.4) 17 (94.4) 10 (100) 0.45

Goal setting 22 (78.6) 13 (72.2) 9 (90) 0.27

Discharge planning† 23 (85.2) 14 (77.8) 9 (100) 0.13

Information provision - N (%)

Stroke care and recovery 20 (71.4) 13 (72.2) 7 (70) 0.90

Secondary prevention 20 (71.4) 13 (72.2) 7 (70) 0.90

Local community care arrangements 18 (64.3) 11 (61.1) 7 (70) 0.64

Community stroke support groups 19 (67.9) 13 (72.2) 6 (60) 0.51

Personal recovery plan 14 (50) 8 (44.4) 6 (60) 0.43

Hospital contact for post-discharge queries† 14 (51.9) 6 (35.3) 8 (80) 0.03

EMS = emergency medical services; AST = acute stroke team; CT = computed tomography; TIA = transient ischaemic attack; CNS = clinical nurse specialist; 
IDT= inter-disciplinary team; p=p-value for Chi-squared test. †Missing values: EMS pre-notification (n=2); in-hospital code stroke (n=1); access to stroke clot 
retrieval (n=1); psychologist (n=1); advanced registrar (n=1); rehabilitation physician (n=1); discharge planning (n=1); hospital contact for post discharge 
queries (n=1).

Table 1: Availability of acute service interventions/resources comparing urban versus non-urban hospitals (continued). 
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Urban and non-urban hospitals differed 
significantly (p=0.05) in terms of the team 
providing acute stroke leadership. Nineteen 
of 28 (67.8%) acute stroke services are led 
by a general medical team: 16/18 (88.9%) at 
non-urban hospitals and 3/10 (30%) at urban 
hospitals. Of the remaining seven urban 
hospitals, medical care is provided by a 
neurology team in 3/10 (30%) hospitals, and 
in one hospital (10%) each by either a shared 
neurology/general medicine, shared general/
geriatric medicine, geriatric medicine or 
another team (not further defined). The 
median frequency of acute stroke inter-dis-
ciplinary meetings at urban hospitals is six 
(interquartile range (IQR) 4–24) per month 
and at non-urban hospitals four (IQR 4–8) per 
month. The most frequently discussed topics 
are discharge planning (92.9% of hospitals), 

social needs (89.3%), activities of daily living 
(ADL) (89.3%) and swallow dysfunction 
(89.3%), with no significant difference 
between urban and non-urban hospitals. 

With regards to transitioning out of 
the acute care setting, 15 of 27 (55.6%) 
responding hospitals have a standardised 
process for assessing suitability for further 
rehabilitation and the responsibility for this 
lies most frequently with the acute IDT (at 
75% of hospitals). The predominant mode of 
medical follow up after discharge from acute 
hospital services is by general practitioner 
(GP) only (35.7% of hospitals), followed by 
specialist clinic (28.6% of hospitals).

Inpatient and community rehabilitation 
variables are shown in Table 2 for urban 
and non-urban hospitals. Medical follow-up 
after inpatient rehabilitation discharge 

Table 2: Rehabilitation services.

Total
(N=28) 

Non-urban
(N=18)

Urban 
(N=10)

p

Access to rehabilitation services - N (%)

Standardised rehabilitation assessment process† 15 (55.6) 9 (52.9) 6 (60) 0.72

Inpatient rehabilitation 28 (100) 18 (100) 10 (100) NA

Outpatient rehabilitation 24 (85.7) 14 (77.8) 10 (100) 0.11

Day hospital 3 (10.7) 3 (16.7) 0 (0) 0.17

Community-based rehabilitation provided in the home 21 (75.0) 14 (77.8) 7 (70) 0.65

Stroke specialist ESD 3 (10.7) 1 (5.6) 2 (20) 0.24

Key aspects of inpatient rehabilitation care - N (%)

Stroke rehabilitation unit† 8 (29.6) 3 (17.7) 5 (50) 0.08

Stroke rehabilitation lead physician 20 (71.4) 10 (55.6) 10 (100) 0.01

Stroke rehabilitation lead nurse 10 (35.7) 8 (44.4) 2 (20) 0.19

Lead allied health clinician 11 (39.3) 9 (50) 2 (20) 0.12

Regular IDT meetings 26 (92.9) 16 (88.9) 10 (100) 0.27

Formal goal setting process 23 (82.1) 14 (77.8) 9 (90) 0.42

Rehabilitation environment# 21 (75) 14 (77.8) 7 (70) 0.65

Therapy in a group setting† 22 (81.5) 14 (77.8) 8 (88.9) 0.48

1 hour of physical therapy*/day 25 (89.3) 17 (94.4) 8 (80) 0.24

3 hours of physical therapy*/day 2 (7.1) 1 (5.9) 1 (12.5) 0.57

Routine provision of carer training to carers requiring it 22 (78.6) 12 (66.7) 10 (100) 0.04

Hospital contact on transfer to the community 19 (67.9) 10 (55.6) 9 (90) 0.06

Routine review by hospital staff member after discharge 13 (46.4) 8 (44.4) 5 (50) 0.78
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Inpatient rehabilitation IDT members - N (%)

Rehabilitation physician 12 (42.9) 5 (27.8) 7 (70) 0.03

Neurologist† 15 (55.6) 6 (33.3) 9 (100) 0.001

Geriatrician† 24 (88.9) 14 (82.4) 10 (100) 0.16

Medical registrar 20 (71.4) 10 (55.6) 10 (100) 0.01

Stroke CNS 16 (57.1) 9 (50) 7 (70) 0.31

Physiotherapist 28 (100) 18 (100) 10 (100) NA

Occupational therapist 28 (100) 18 (100) 10 (100) NA

Speech language therapist 28 (100) 18 (100) 10 (100) NA

Dietician 28 (100) 18 (100) 10 (100) NA

Social worker 28 (100) 18 (100) 10 (100) NA

Psychologist† 13 (48.2) 7 (38.9) 6 (66.7) 0.17

Information provision - N (%)

Stroke care and recovery 19 (67.9) 13 (72.2) 6 (60) 0.51

Secondary prevention 17 (60.7) 12 (66.7) 5 (50) 0.39

Local community care arrangements 16 (57.1) 12 (66.7) 4 (40) 0.17

Community stroke support groups 13 (46.4) 11 (61.1) 2 (20) 0.04

All information available in aphasia-friendly format 3 (10.7) 1 (5.6) 2 (20) 0.24

Some information available in aphasia-friendly format 5 (17.9) 2 (11.1) 3 (30) 0.21

Community rehabilitation IDT members - N (%)

Nurse 18 (64.3) 9 (50) 9 (90) 0.03

Nurse practitioner† 7 (28) 3 (17.7) 4 (50) 0.09

Doctor† 20 (74.1) 11 (64.7) 9 (90) 0.15

Physiotherapist 28 (100) 18 (100) 10 (100) NA

Occupational therapist 28 (100) 18 (100) 10 (100) NA

Speech language therapist† 26 (100) 17 (100) 9 (100) NA

Social worker† 26 (100) 17 (100) 9 (100) NA

Dietician† 24 (96) 17 (100) 7 (87.5) 0.14

Psychologist† 12 (48) 6 (35.3) 6 (75) 0.06

Key aspects of community rehabilitation care - N (%)

Special prioritisation of stroke referrals†§ 3 (12.5) 2 (11.8) 1 (14.3) 0.87

Standard maximum duration of therapy† 12 (44.4) 6 (35.3) 6 (60) 0.35

Provision of homework to increase activity levels 27 (96.4) 17 (94.4) 10 (100) 0.45

Goal specific rehabilitation plan 21 (75) 11 (61.1) 10 (100) 0.02

Regular goal review†§ 18 (90) 8 (80) 10 (100) 0.14

Attend inpatient IDT meetings 18 (64.3) 11 (61.1) 7 (70) 0.63

*Physiotherapy or occupational therapy; #An environment and culture supporting activity over the 24-hour period which facilitates and reinforces therapy 
goals. ESD = early supported discharge; IDT= inter-disciplinary team; CNS = clinical nurse specialist; p=p-value for Chi-squared test; † Missing values: 
standardised rehabilitation assessment process (n=1); stroke rehabilitation unit (n=1); therapy in a group setting (n=1); neurologist (n=1); geriatrician (n=1); 
psychologist – inpatient rehabilitation (n=1); nurse practitioner (n=3); doctor (n=1); speech language therapist (n=1); social worker (n=1); dietician (n=3); 
psychologist – community rehabilitation (n=3); special prioritisation of stroke referrals (n=1); regular goal review (n=1); § smaller overall total, as question 
was based on an answer from a previous question: special prioritisation of stroke referrals (N=25); regular goal review (N=21).

Table 2: Rehabilitation services (continued).
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is most commonly provided by a GP only 
(35.7% of hospitals), followed by specialist/
registrar clinic (32.1% of hospitals), with no 
significant differences between urban and 
non-urban hospitals. Eighty-two percent 
of hospitals (77.8% non-urban; 90% urban; 
p=0.418) routinely refer patients to the 
Stroke Foundation of New Zealand for infor-
mation and post-discharge support. 

Links between inpatient and community 
services were described as “strong—
generally effective, a few gaps” by 12 (42.9%) 
of hospitals, and “average—could be better” 
by a further 12 (42.9%) hospitals. Among 
community teams, a standard maximum 
duration of community rehabilitation is 
in place at 12 (44.4%) hospitals, while 13 
(48.2%) provide care until all goals are met. 
Of the 12 hospitals that have a standard 
maximum duration, seven (58.3%) provide 
therapy for up to six weeks, three (25%) for 
up to three months, and one (8.3%) each for 
up to six months and up to one year. There 
was no statistically significant difference 
between urban and non-urban hospitals 
in duration of community rehabilitation 
(p=0.33). 

Table 3 presents results on the reported, 
estimated duration of rehabilitation therapy 
sessions in minutes and number of face-
to-face community rehabilitation contacts 
per week. 

High-quality services include relevant 
clinical guidelines, provision of continuing 
stroke education opportunities to ensure 
staff remain competent in stroke care, and 
regular quality assurance activities such 
as clinical audit, data review via the use of 

registries, or research.5,6 Table 4 compares 
these measures between urban and 
non-urban centres. 

REGIONS Care has a specific focus on 
ethnic inequities in stroke service access and 
outcomes and Table 5 shows differences by 
hospital type in their provision of culturally 
appropriate guidelines, patient materials 
and support services. 

Discussion
This survey provides the most compre-

hensive description of stroke services in 
New Zealand public hospitals to date. Key 
differences in the acute setting included 
fewer acute stroke units (ASUs), less access 
to stroke clot retrieval (SCR), less availability 
of a stroke nurse and physician specialist, 
poorer availability of Pacific support 
services and less organised hyperacute 
stroke alert systems in non-urban centres. 
In the rehabilitation setting, key differ-
ences included less availability of a stroke 
rehabilitation lead physician, lower routine 
provision of carer training, poorer provision 
of a hospital contact on discharge to the 
community and less consistent use of a 
goal-specific community rehabilitation plan 
in non-urban centres. Challenges affecting 
both urban and non-urban hospitals include 
acute stroke team notification, rapid access 
to TIA services, standardised rehabilitation 
assessment, availability of a stroke rehabili-
tation unit (SRU), availability of psychology 
services, intensity of community rehabil-
itation, universal provision of secondary 
prevention information, availability of 
early supported discharge (ESD) services, 

Table 3: Inpatient rehabilitation therapy duration (minutes) per treatment session and community 
rehabilitation contacts per week.

Non-urban (N=18)
Median (interquartile 
range)

Urban (N=10) 
Median (interquartile 
range)

P*

Inpatient physiotherapy 38.8 (30–45) 42.5 (30–45) 0.74

Inpatient occupational therapy 33.8 (30–45) 42.5 (30–45) 0.47

Inpatient speech language therapy 30 (30–45) 30 (30–40) 0.84

Community team contacts/week 1.5 (1–2) 2.5 (1–5) 0.21

*p=p-value for Wilcoxon rank-sum test.
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continuing education for staff and the 
provision of culturally responsive infor-
mation and support to Māori and Pacific 
patients. 

Organised ASU care with an interdis-
ciplinary team specialising in stroke 
management reduces death, dependency 
and institutionalisation of stroke patients.1 

Low patient numbers in some of the 
smaller hospitals may make having an ASU 
unfeasible. While some allowances have 
been made in New Zealand for care in 
non-ASU settings in small rural hospitals, 
the Australian Stroke Guidelines, adapted 
for use in New Zealand, recommend that 
patients should be urgently transferred to 

Table 4: Availability of guidelines, continuing education, and other quality assurance initiatives.

Total 
(N=28)

Non-urban
(N=18)

Urban 
(N=10) 

p

Acute stroke care protocols/guidelines - N (%)

TIA pathway/guideline 24 (85.7) 16 (88.9) 8 (80) 0.52

Thrombolysis protocol 28 (100) 18 (100) 10 (100) -

Stroke clot retrieval protocol 12 (42.9) 3 (16.7) 9 (90) <0.0001

Managing shoulder pain 14 (50.0) 11 (61.1) 3 (30) 0.12

Falls prevention 27 (96.4) 18 (100) 9 (90) 0.17

Pressure injury management 27 (96.4) 18 (100) 9 (90) 0.17

Managing urinary incontinence† 20 (74.1) 15 (88.2) 5 (50) 0.03

Rehabilitation protocols/guidelines - N (%)

Mood† 16 (59.3) 12 (66.7) 4 (44.4) 0.27

Visual impairment† 16 (59.3) 13 (72.2) 3 (33.3) 0.05

Communication† 20 (80) 14 (82.4) 6 (75) 0.67

Motor impairment† 19 (70.4) 15 (83.3) 4 (44.4) 0.04

Sensory impairment† 18 (66.7) 15 (83.3) 3 (33.3) 0.009

Clinician access to continuing stroke education - N (%)

Acute setting any stroke education 20 (71.4) 10 (55.6) 10 (100) 0.01

Acute setting ≥8 hours per annum† 19 (73.1) 11 (61.1) 8 (100) 0.04

Inpatient rehabilitation any stroke education 16 (59.3) 9 (50) 7 (77.8) 0.17

Inpatient rehabilitation ≥8 hours per annum† 16 (61.5) 10 (55.6) 6 (75) 0.35

Community ≥8 hours per annum† 12 (50) 6 (37.5) 6 (75) 0.08

Quality assurance (eg audit) in prior two years - N (%)

Acute stroke services 24 (85.7) 14 (77.8) 10 (100) 0.11

Thrombolysis register participation 28 (100) 18 (100) 10 (100) -

Inpatient rehabilitation services 20 (71.4) 11 (61.1) 9 (90) 0.11

Rehabilitation AROC participation 26 (92.9) 16 (88.9) 10 (100) 0.27

Community team† 11 (42.3) 3 (18.8) 8 (80) 0.002

TIA = transient ischaemic attack; AROC = Australasian Rehabilitation Outcomes Centre p=p-value for Chi-squared test; †Missing values: managing 
urinary incontinence (n=1); mood (n=1); visual impairment (n=1); communication (n=3); motor impairment (n=1); sensory impairment (n=1); inpatient 
rehabilitation ≥8 hours per annum (n=2); community ≥8 hours per annum (n=4); community team (n=2).
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a hospital with an ASU if none is available 
locally.7 Our survey found that the majority 
of hospitals without an ASU have a patient 
transfer protocol, although how regu-
larly patients are transferred is unclear. 
It is concerning that only 75% of stroke 
inpatients at ASU hospitals were being 
managed in the ASU on the day the survey 
was completed. This falls short of the 80% 
national Ministry of Health (MoH) indicator 
for ASU care and is only slightly higher than 
the 64% reported in a previous New Zealand 
acute stroke audit in 2009.2 

There is no reason why a code stroke could 
not be implemented in all hospitals and this 
is something that services should explore. 
We know from other work that stroke 
thrombolysis treatment rates have steadily 
improved since 2009 8 and it is pleasing that 
all 28 stroke hospitals offer this service. 
However, it is concerning that stroke clot 
retrieval remains challenging to access for 
patients presenting to non-urban hospitals. 
With the right infrastructure and organi-
sation, stroke clot retrieval via a drip and 
ship model is possible for all centres,9 but 

Table 5: Provision of culturally appropriate patient support.

Total 
(N=28) 

Non-urban
(N=18)

Urban 
(N=10)

p

Acute stroke care - N (%)

Guideline on culturally appropriate care 14 (50) 10 (55.6) 4 (40) 0.43

Interpreter available 27 (96.4) 17 (94.4) 10 (100) 0.45

Māori support service available 28 (100) 18 (100) 10 (100) -

Pacific support service available 20 (71.4) 10 (55.6) 10 (100) 0.01

Māori appropriate info routinely provided to Māori patients 19 (67.9) 12 (66.7) 7 (70) 0.86

Pacific appropriate info routinely provided to Pacific patients 11 (39.3) 5 (27.8) 6 (60) 0.09

Stroke info available in Te Reo Māori 16 (57.1) 12 (66.7) 4 (40) 0.17

Stroke info available in Samoan 10 (35.7) 6 (33.3) 4 (40) 0.72

Stroke info available in Tongan 8 (28.6) 5 (27.8) 3 (30) 0.90

Stroke info available in Mandarin 5 (17.9) 2 (11.1) 3 (30) 0.21

Stroke info available in Hindi 2 (7.1) 0 (0) 2 (20) 0.05

Inpatient rehabilitation - N (%)

Māori support service available† 25 (92.6) 16 (88.9) 9 (100) 0.30

Pacific support service available† 20 (74.1) 11 (61.1) 9 (100) 0.03

Māori appropriate info routinely provided to Māori patients 20 (71.4) 12 (66.7) 8 (80) 0.45

Pacific appropriate info routinely provided to Pacific patients 10 (35.7) 5 (27.8) 5 (50) 0.24

Stroke info available in Te Reo Māori 9 (32.1) 7 (38.9) 2 (20) 0.31

Stroke info available in Samoan 6 (21.4) 5 (27.8) 1 (10) 0.27

Stroke info available in Tongan 4 (14.3) 4 (22.2) 0 (0) 0.11

Stroke info available in Mandarin 2 (7.1) 2 (11.1) 0 (0) 0.27

Stroke info available in Hindi 0 (0) 0 (0) 0 (0) -

p=p-value for Chi-squared test; †Missing values: inpatient rehabilitation—Māori support service available (n=1); Pacific support services available (n=1).
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requires a national approach. A MoH effort 
had been underway to support this, but this 
has stalled over the past 18 months. In terms 
of specialist nursing staff in the acute setting, 
there is less availability of stroke CNS, 
stroke nurse educators and stroke research 
nurses in non-urban centres, although of 
the number of these positions has increased 
since 2009.2 There was no significant 
difference in reported stroke nurse lead-
ership. Overall numbers of stroke specialist 
doctor has also improved with an increase 
from 43% to 82% in the current survey.2 

Other challenges in the delivery of best 
practice care appear to affect both urban and 
non-urban centres. Acute stroke team pre-no-
tification should be in place universally and 
should be easy to implement. While 86% of 
hospitals have a TIA pathway or guideline, 
an increase from 67% in the 2009 audit,2 TIA 
care still appears inadequate. Rapid access 
specialist TIA care has a strong evidence 
base in reducing the stroke burden10 and the 
uncovered limited access requires urgent 
further exploration and remediation. 

All patients should have their rehabili-
tation needs assessed using a standardised 
assessment process. Only half of the hospitals 
have this in place, raising the concern that 
patients may have unmet rehabilitation 
needs. Rehabilitation should be provided in 
a SRU or comprehensive stroke unit as this 
improves patient outcomes.1 There appears 
to be no change in SRU availability since 
the previous New Zealand rehabilitation 
audit,3 but there is currently a focus on opti-
mising best practice stroke rehabilitation 
care as part of the National Stroke Network 
Work Plan and work is ongoing. Access to 
psychology services is limited across all areas 
of stroke care in both urban and non-urban 
centres, acute and rehabilitation. This 
needs to be addressed as psychologists add 
significant value for patients with common 
post-stroke impairments of mood, cognition, 
perception and attention.

An important part of stroke rehabili-
tation is that therapy should be structured 
to provide the highest intensity (frequency 
and duration) possible.7 In the previous 
New Zealand rehabilitation audit, intensity 
of inpatient rehabilitation was identified as 
an area of concern, with less than half of 
the primary rehabilitation units providing 
one hour of physical therapy per day for 

at least five days per week.3 This appears 
to have improved with nearly 90% of 
hospitals now reporting this. The chal-
lenge to provide intensive therapy in the 
community remains, regardless of hospital 
location. There is strong evidence that early 
supported discharge (ESD) services can 
provide a similar level of intensity as inpa-
tient rehabilitation in selected patients, and 
reduce length of stay and improve patient 
outcomes.11 There are strong recommenda-
tions in clinical guidelines to provide this 
service.1 Our survey shows that very few 
hospitals in New Zealand provide an ESD 
service, with the number having reduced 
since 2013.3 Reasons for this are unclear but 
should be addressed. 

Of concern nationally are the gaps in 
cultural responsiveness of services across 
the continuum of stroke care. Ethnic ineq-
uities in health and health outcomes exist 
in New Zealand, are particularly evident 
between Māori and New Zealand Europeans, 
and Māori report higher levels of racial 
discrimination in the healthcare setting.12 
It is therefore worrying that only half of 
New Zealand stroke services report having 
a guideline on culturally appropriate care 
and that just over two thirds of hospitals 
in the acute setting and approximately 
70% of rehabilitation services routinely 
provide culturally responsive information 
and support to Māori patients. Equally 
concerning is the availability of information 
on stroke care and recovery in Te Reo Māori 
in both acute and rehabilitation settings. 
A higher (non-significant) proportion of 
non-urban hospitals have information 
available in Te Reo Māori. A further concern 
is the limited availability of Pacific support 
services, particularly in non-urban hospitals, 
and the provision of culturally responsive 
information and support delivered to this 
group of patients. While this may be because 
nearly 80% of Pacific peoples live in the 
Auckland and Wellington regions,13 it still 
represents a gap affecting the 20% living 
in provincial New Zealand. Despite the 
difference in support service availability, 
it is interesting that in the inpatient reha-
bilitation setting a (non-significant) higher 
percentage of non-urban hospitals had 
stroke information available in Samoan and 
Tongan. It is imperative that hospital stroke 
services identify and address the cultural 
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needs of Māori and Pacific patients and their 
families to reduce inequities in healthcare 
and health outcomes. A place to start would 
be ensuring that guidelines on delivering 
culturally appropriate care are in place and 
in use by all stroke teams.

Continuing education for staff is important 
to maintain competence, and a minimum 
of eight hours of formal stroke education 
each year has been identified as a minimum 
requirement in New Zealand for all core 
staff working with stroke patients.14 While 
access to continuing stroke education for 
inpatient rehabilitation staff remains below 
60% in our survey, this is an improvement 
since 2013 which showed that only 32% 
of rehabilitation sites provided staff 
education.3 We found differences by hospital 
location in the availability of ongoing staff 
education. In some smaller hospitals, it may 
be difficult to achieve the required number 
of hours of stroke-specific education as these 
health professionals often need to be gener-
alists, providing services to a diverse range 
of patients. However, the concern with a 
lack of formal stroke specific continuing 
education is whether staff have and can 
maintain the most up-to-date knowledge to 
deliver best-practice stroke care. 

The strengths of this survey are that 
all hospitals that are routinely involved 
in stroke care in New Zealand took part, 
providing excellent coverage across the 
country. Secondly, the survey included ques-
tions across the continuum of care, including 
community rehabilitation, whereas previous 
New Zealand surveys have focused on 
inpatient stroke services. In addition, we 
included New Zealand culturally specific 
questions, an important component of care. 
A limitation of the survey is that the answers 
rely on reporting accuracy of respondents 
and were provided primarily by inpatient 
staff, which may explain a higher frequency 
of missing data for the community care 
sections of the survey.

In summary, differences by hospital 
location continue to exist in the provision 
of best practice stroke care in New Zealand, 
as do challenges irrespective of hospital 
location, and there is clearly more work 
needed. What remains unclear is whether 
these differences and departures from 
best practice care are impacting patient 
outcomes. Data from this survey will be used 
in conjunction with data from the broader 
REGIONS Care project to address this 
question and inform stroke care practice in 
New Zealand moving forward.
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Organisational Survey - Hospital Stroke Services

Hospital Details

Your hospital name
 
__________________________________

How many total inpatient beds are there in your hospital? 
 
__________________________________
(Include all inpatient beds including mental health and paediatrics, maternity, day-stay, ICU/PACU, ED, Clinical Trial
Unit etc and even currently unresourced/unstaffed beds.)

How many acute medical and surgical beds are there in your hospital?
 
__________________________________
(Excluding ICU/PACU, ED, paediatrics, mental health, maternity, day-stay, rehabilitation, but including MAPU and any
beds currently not resourced.)

How many of the acute medical/surgical beds are currently fully resourced/staffed?
 
__________________________________
(i.e. exclude any beds that are routinely kept vacant)

How many inpatient rehabilitation beds are there in your hospital (include >65 and < 65 beds)?
 
__________________________________

How many of the inpatient rehabilitation beds are currently resourced/staffed (i.e. available for use)?
 
__________________________________

ACUTE STROKE SERVICE

Does your hospital have an acute stroke unit?

Yes No

If yes, is your 'acute stroke unit'  dedicated to stroke (ie. not a shared space)?

Yes No

Do you have a mobile inpatient stroke team?

Yes No

Does your stroke unit team routinely provide clinical care or advice for patients not on the stroke unit?

Yes No

How many beds are in the acute stroke unit?
 
__________________________________

How many patients with acute stroke were admitted to your hospital in the last year (approx)?
 
__________________________________

Appendix
Appendix Figure 1: Page one of the organisational survey. View the entire survey at https://uploads-ssl.
webflow.com/5e332a62c703f6340a2faf44/5fc56fb8b9bf507fc9cb7959_Annemarei%20Ranta%20-%20or-
ganisational%20survey%20hospital%20stroke%20services.pdf.
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Patient characteristics, 
treatment outcomes and 

rehabilitation practices for 
patients admitted with hip 

fractures using multiple 
data set analysis

Samantha Warhurst, Soledad Labbe-hubbard, Ma Yi,  
Jane Vella-Brincat, Tonya Sammon, Jane Webb, Caroline McCulloch,  

Gary J Hooper, Nigel L Gilchrist

ABSTRACT
AIMS: For older patients with hip fracture, we explored patient characteristics, outcomes and osteoporosis 
treatments for those admitted to rehabilitation compared to those discharged directly from hospital, using 
data set analysis. 

METHODS: Retrospective cohort study including all consecutive patients (65 years and over) admitted 
to Christchurch Hospital over one year. Outcomes were compared for patients in four groups: 1) aged 
residential care (ARC) residents and 2) not ARC residents discharge from acute orthopaedics, and those 
discharged from 3) orthogeriatric or 4) general geriatric rehabilitation. Clinical data was extracted from 
hospital data warehouse using signals from noise.

RESULTS: Over 12 months, 415 patients were admitted with hip fracture. Over half (n=282) were transferred 
for inpatient rehabilitation. Thirty-day mortality was 10%. Mortality at 180 days was 7% in orthogeriatric 
rehabilitation group and 8% in general rehabilitation group. Length of stay was shorter in orthogeriatric 
compared with general rehabilitation (median 12.9 vs 20.4 days). Osteoporosis treatment was addressed 
in 88% of patients in the orthogeriatric group compared with 62% in general rehabilitation group. More 
patients in orthogeriatric group discharged home compared with general rehabilitation group (70% vs 
43%), but functional improvements were similar. For ARC residents discharged following acute admission, 
length of stay was short (median 6.5 day), but overall 180-day mortality was 7%. The not-ARC resident group 
discharged directly from hospital was less comorbid than the other groups with lower 180-day mortality 
(4%). Osteoporosis treatment rates were lower in patients discharged from acute admission (15–42%). 

CONCLUSION: Mortality was highest in ARC residents discharged from acute orthopaedics. Patients 
admitted for orthogeriatric rehabilitation had shorter length of stay, lower 30-day mortality, were more 
likely to return home and most likely to be offered osteoporosis treatment (88%), noting less underlying 
comorbidity and better baseline functional status in this group. This paper supports further study (eg, 
randomised trials) to examine the effects of targeted post-surgical rehabilitation for patients with hip 
fracture and explore measures to increase uptake of osteoporosis treatment.
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Hip fractures in the older adult (those 
aged over 65 years) are common, 
affecting up to 18% women and 6% 

men in their lifetime.1 They are associated 
with significant mortality and burden of 
disease,2 even with prompt evidence-based 
treatment including surgery, orthogeriatric 
care and rehabilitation.2,3 In addition, ap-
proximately 10% of patients will experience 
a second hip fracture, which has further 
negative impacts on their mortality and 
quality of life.4

The older population in New Zealand is 
growing rapidly, particularly in Canterbury 
New Zealand, where people over 65 years 
make up 16.1% of the total population, up 
9,500 people in the last five years. In New 
Zealand, it is estimated that about 72 out of 
100 people with hip fracture are admitted 
from home but following the fracture 
only 55 out of those 72 people will return 
home.5 Given the impact of hip fracture 
on morbidity, mortality and quality of life, 
prevention programmes focus on treat-
ments in two areas, falls prevention using 
physiotherapy intervention and secondary 
prevention of fractures (ie, treatment of 
osteoporosis) using medications. Phar-
macological treatments for osteoporosis 
include bisphosphonates (eg, zoledronic 
acid, alendronate, risedronate), parathyroid 
hormone analogues (eg, teriparatide), the 
RANKL antibody denosumab6 and more 
recently discovered agents such as the scle-
rostin inhibitor romosozumab.7 Despite the 
range of treatments available, many patients 
remain under- or un-treated for osteo-
porosis and physicians encounter major 
challenges when implementing appropriate 
treatments.8 

Following hip fracture, older patients 
may be cared for in a range of settings 
ideally with input from both geriatric  
and orthopaedic specialists.9 At Christ-
church Hospital, patients over 65 years 
with fractures are routinely seen by a 
Health Care of the Elderly Physician as  
a shared care model that helps manage  
the patient’s comorbidities and also 
establish whether inpatient rehabilitation 
is required before safe discharge home.10,11 
Patients may undergo inpatient rehabili-
tation in older person’s health wards (OPH), 
for general rehabilitation under care of 
a geriatrician, the orthopaedic rehabili-

tation unit (ORU), a specialist orthogeriatric 
rehabilitation ward, also under care of a 
geriatrician. Generally, patients selected  
for orthogeriatric rehabilitation are done 
so on the basis that they have fewer co-ex-
isting active medical problems and their 
orthopaedic problem is their primary reha-
bilitation issue. Alternatively, patients  
may be discharged directly to their own 
home, ideally with nurse-led fracture 
liaison follow-up with the Fracture Liaison 
Service (FLS) to ensure they receive 
adequate secondary fracture prevention.12,13 
The FLS nurse currently uses the Australia 
New Zealand Hip Fracture Registry5 to 
identify patients undertreated for  
osteoporosis, the nurse and organises 
bone density testing and/or general prac-
titioner-led osteoporosis treatment, eg, 
bisphosphonates.14 Choice of rehabilitation 
location depends on a range of factors 
including the patient’s pre-morbid function, 
their medical comorbidities, cognitive 
function and social factors. There is an 
established benefit of both orthogeriatric 
and general geriatric rehabilitation for 
patients with hip fractures and other  
acute conditions.15 Patients who attended 
both general geriatric and orthopaedic 
rehabilitation had lower mortality rates, 
greater function and were less likely to 
be admitted to nursing homes.15 This 
effect was seen both at discharge and at 
follow-up.

The main aim of the current study was 
to retrospectively audit patient charac-
teristics, surgical management practices, 
rehabilitation practices and outcomes, 
osteoporosis treatment prescription and 
mortality for patients with hip fractures 
admitted to Christchurch Hospital. In 
particular, we aimed to compare outcomes 
for four groups: 1) publicly funded aged 
residential care (ARC) residents discharged 
directly from acute orthopaedics, 2) 
non-ARC residents discharged directly from 
acute orthopaedics, 3) patients discharged 
after orthogeriatric rehabilitation and 4) 
patients discharged after general geri-
atric rehabilitation. As a secondary aim 
we also looked at the differences between 
orthogeriatric and general geriatric reha-
bilitation groups in respect to length of 
stay, comorbidities, functional status and 
treatment for osteoporosis. 
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Method
Data acquisition

This was a retrospective cohort study 
including all consecutive patients aged 65 
and over who presented to Christchurch 
Hospital between 1 May 2017 and 30 April 
2018 with hip fracture. Patient data was 
extracted from multiple data sets such as 
the Administrative Hospital data, Marriage, 
Birth and Death Data (Department of 
Internal Affairs New Zealand), Client Claim 
Payment System (CCPS) (Ministry of Health) 
and Australian Rehabilitation Outcome 
Centre (AROC) data. Multiple querying tools 
were used to validate and identify the cohort 
from the hospital patient management 
system, coding and data warehouse, partic-
ularly signalsfromnoise® (sfn). This is 
proprietary software from Lightfoot Solu-
tions which uses the principles of Statistical 
Process Control. Canterbury District Health 
Board customised the sfn tool with tables 
that enable people to explore data through a 
process flow perspective.

Initially, the data extracted from sfn 
identified patients admitted to Christchurch 
Hospital with hip fracture based on Inter-
national Classification of Diseases, Tenth 
Revision (ICD-10) codes. Then the software 
was used to determine the discharge 
location for these same patients. The 
discharge location determined the cohort 
selection. Cohort 1 (ARC residents) and 2 
(not ARC residents) were discharged directly 
from hospital, cohort 3 were discharged to 
orthopaedic rehabilitation (ORU) and cohort 
4 to general geriatric rehabilitation. 

The following ICD-10 codes were used to 
identify the cohort with hip fracture, based 
on the primary diagnosis (ie, their primary 
reason for hospital admission): S72.00 
Fracture of neck of femur, part unspecified 
S72.01 Fracture of intracapsular section of 
femur, S72.03 Fracture of subcapital section 
of femur, S72.04 Fracture of mid-cervical 
section of femur, S72.05 Fracture of base 
of neck of femur, S72.08 Fracture of other 
parts of neck of femur, S72.10 Fracture of 
trochanteric section of femur, unspecified; 
S72.11 Fracture of intertrochanteric section 
of femur, S72.2 Subtrochanteric fracture. 
These patients had an ICD-10 primary 
procedure code: 47519-00 Internal fixation 
of fracture of trochanteric or subcapital 

femur, 47522-00 Hemiarthroplasty of 
femur, 49315-00 Partial arthroplasty of 
hip, 49318-00 Total arthroplasty of hip, 
unilateral) or other treatment code (to 
include patients managed conservatively). 
These were then grouped into two groups: 
neck of femur and trochanteric fractures. 
Patients with periprosthetic and patho-
logical fractures were excluded. 

Variables
Data on a range of dependent vari-

ables were identified and recorded for the 
included patients; including age, National 
Hospital Identifier (NHI), sex, ICD-10 code, 
primary surgical procedure, total LOS, 
comorbidities, mortality, location of domicile 
on admission (ARC funding data and Austral-
asian Rehabilitation Outcomes Centre 
[AROC]), location of domicile on discharge 
(ARC funding data and AROC) and change 
in Functional Independence Measure (FIM) 
score during rehabilitation (AROC data). 
To quantify patient comorbidity, we used 
a modified Charlson Comorbidity index 
(CCI), excluding age. Although designed for 
patients under age 65, the CCI can predict 
short- and long-term mortality in acutely 
ill hospitalised older adults16 and was 
chosen for this study so data could be easily 
collected from available sources. Comor-
bidity data was collected based on all coded 
diagnoses, rather than just new diagnosis 
codes. Prescribed medications were not 
available in any coded data-sets and so this 
data was manually extracted from patient 
medication and reconciliation history linked 
with each patient’s National Health Iden-
tifier by the first, third, fourth and fifth 
authors. Referral information from the 
Fracture Liaison Service was obtained. 

Statistical analysis
Statistical analysis was performed using 

SAS 9.4. Chi square test was used for 
comparison of categorical variables except 
when cell sizes were small, then Fisher’s 
exact test was used. Normality assumptions 
were found to be violated for continuous 
variables. Hence non-parametric Mann-
Whitney test was used for comparison 
between two independent groups and Krus-
kal-Wallis test for more than two groups. 
For both categorical and continuous vari-
ables, if p-value for overall comparison was 
significant, post-hoc multiple testing with 
Bonferroni correction was performed to 
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ascertain which pairwise differences were 
significant. To analyse the possible factors 
associated with mortality, a Cox propor-
tional hazard model was developed. A 
stepwise selection method was used with an 
entry level significance of 0.2 and signifi-
cance level of 0.1 for variables to stay in the 
model.

Results
Demographic characteristics

Over the one-year study period, 415 
patients over age 65 were admitted to the 
acute orthopaedic service with hip fracture, 
with over 421 episodes of care (ie, some 
patients presented twice). Of these patients, 
67% (n=278) were referred for inpatient 
rehabilitation. The remaining patients 
were discharged directly from the acute 
orthopaedic ward. A higher proportion of 
patients who went to geriatric rehabilitation 
(OPH) were admitted from residential care, 
compared to those who went to orthogeri-
atric rehabilitation (ORU, see Table 1). In 
all groups, the majority of patients were 
women, and most were of European 

ethnicity. Demographic characteristics for 
each of the patient groups are detailed in 
Table 1. Median age for non-ARC-residents 
discharged from acute orthopaedics was 
significantly younger than patients in the 
other groups and approximately 20% of 
the patients in this group lived outside the 
Canterbury region. 

Fracture type, wait for theatre and 
surgical management and length  
of stay

For each cohort, patients were more likely 
to present with a neck of femur than a 
trochanteric fracture (see Table 2). As seen 
in Table 2, total arthroplasty was more likely 
to be performed in the non-ARC residents 
discharged from orthopaedics and the ORU 
patients. The ‘Other’ category included 
non-operative management, eg, allied health 
intervention, and other surgical procedures 
(potentially related to additional presenting 
problems). 

Of patients who proceeded for surgery 
(n=395), over half of patients were operated 
on within 24 hours (n=210, 53%) and most 
patients (n=324, 82%) were operated on 

Table 1: Demographic characteristics for patients in each group (n=415), including age, gender, eth-
nicity, domicile, aged residential care status, discharge status and mortality. Variables with significant 
between group differences are highlighted in bold.

Discharged from acute 
orthopaedics

Inpatient rehabilitation p-value

ARC 
residents 
(n=45)

Not ARC 
residents 
(n=92)

ORU 
(n=185)

OPH (n=93)

Age Median 
(IQR)

86 (80–89) 78 (72–84) 85 (79–89) 85 (78–89) <0.0001

Gender Female 31 (69%) 61 (66%) 142 (77%) 62 (67%) 0.1778

Male 14 (31%) 31 (34%) 43 (23%) 31 (33%)

Ethnicity European 44 (98%) 88 (96%) 179 (97%) 89 (96%) 0.7568

MāWori 0 (0%) 1 (1%) 2 (1%) 0 (0%)

MELAA 0 (0%) 0 (0%) 1 (0.5%) 0 (0%)

Asian 0 (0%) 2 (2%) 1 (0.5%) 0 (0%)

Other 1 (2%) 1 (1%) 2 (1%) 4 (4%)

Domicile Other 
districts

0 (0%) 18 (20%) 0 (0%) 1 (1%) <0.0001

Canterbury 45 (100%) 74 (80%) 185 (100%) 92 (99%)

ARC Resi-
dent

N 0 (0%) 92 (100%) 153 (83%) 57 (61%) <0.0001

Y 45 (100%) 0 (0%) 32 (17%) 36 (39%)
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Table 2: Fracture types and primary procedures for the four patient groups admitted with hip fracture.

Discharged from acute ortho-
paedics

Inpatient rehabilitation

ARC residents 
(n=46)

Not ARC resi-
dents (n=95)

ORU (n=186) OPH (n=94)

Neck of femur fractures 28 (61%) 73 (77%) 95 (51%) 60 (64%)

Intertrochanteric/subtro-
chanteric fracture

18 (39%) 22 (23% 91 (49%) 34 (36%)

Internal fixation of frac-
ture of trochanter

20 (44%) 17 (18%) 49 (26%) 43 (46%)

Hemiarthroplasty of 
femur

20 (44%) 43 (46%) 107 (58%) 41 (44%)

Total arthroplasty of hip, 
unilateral

5 (11%) 16 (17%) 18 (10%) 6 (6%)

Other 0 (0%) 17 (18%) 11 (6%) 4 (4%)

Note: n=421 episodes of care with some patients presenting for more than one episode of care, hence differing 
n-values for each patient groups when compared to total patient numbers (eg, in Table 1). For primary procedures 
there are missing data for four patients, so group totals are n=45, n=93, n=185 and n=94 respectively.

Table 3: Total length of stay (including both acute and rehabilitation admissions, if applicable) for the 
four groups in days (n=421 episodes of care) with wait for operation times, prior and subsequent frac-
tures and re-admission.

 Discharged from acute 
orthopaedics

 Inpatient rehabilitation p value

ARC 
residents 
(n=46)

Not ARC 
residents 
(n=95)

ORU 
(n=186)

OPH (n=94)

LOS (days) Median 
(IQR)

6.7 (5.0–9.0) 6.0 (4.0–7.7) 12.9 
(8.0–18.0)

20.4 
(14.8–23.9)

<0.0001

Wait for 1st 
operation*

0–24 hours 25 (62%) 52 (65%) 83 (49%) 47 (53%) 0.3094

1–2 days 12 (30%) 16 (20%) 60 (36%) 26 (30%)

2–3 days 2 (5%) 9 (11%) 19 (11%) 11 (13%)

3+ days 1 (3%) 3 (4%) 6 (4%) 4 (4%)

Fracture 
previous

N 31 (67%) 80 (84%) 134 (72%) 71 (76%) 0.0854

Y 15 (33%) 15 (16%) 52 (28%) 23 (24%)

Fracture 
after

N 46 (100%) 93 (98%) 174 (94%) 87 (93%) 0.0981

Y 0 (0%) 2 (2%) 12 (6%) 7 (7%)

Note: n=421 episodes of care with some patients presenting for more than one episode of care, hence differing 
n-values for each patient groups when compared to total patient numbers (eg, in Table 1). 
*Wait for operation calculated on total participant numbers of n=40, n=80, n=168 and n=88 for each group 
respectively, given some patients did not proceed for theatre. Percentages computed on valid n only.
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Table 4: Mortality data at 30 days and 180 days for each of the four groups (n=415 patients).

Discharged from acute 
orthopaedics

Inpatient rehabilitation Total 
(N=415)

ARC 
residents 
(n=45)

Not ARC 
residents 
(n=92)

ORU 
(n=185)

OPH (n=93)

Overall mortality 180 
days*

30 (7%) 18 (4%) 29 (7%) 34 (8%) 111 (27%)

Mortality at 30 days* 11 (3%) 14 (3%) 3 (1%) 13 (3%) 41 (10%)

Died in hospital 6 11 0 5 22 (5%)

Died elsewhere 5 3 3 8 19 (5%)

*Percentages shown reflect proportion of total patient population.

Table 5: Mortality and LOS in relation to operative procedure used.

Hemiarthro-
plasty (n=211)

Internal fixa-
tion (n=129)

Total arthro-
plasty (n=45)

P-value

 Overall mortality (n=) 42 55 0 0.0006

 30-day mortality (n=) 20 17 0 0.0097

LOS (days) Mean (SD) 15 (10.3) 14 (9.4) 9 (5.1) 0.0099

Median 
(IQR)

13 (7–21) 11 (7–19) 7 (6–12)

Range 2–55 1–69 4–24

within 48 hours of presenting. There were 
no statistically significant differences 
between groups in wait times for theatre 
(p=0.39) (see Table 3). Patients discharged 
from general geriatric rehabilitation had 
a longer length of stay than other patients 
(p<0.0001, see Table 3). No clear disparity in 
LOS was found between groups discharged 
directly from acute orthopaedics.

Previous and subsequent fractures
Rates of fracture prior to hip fracture and 

in the 180 days following hip fracture were 
also analysed. There were no between-
group differences in these rates (see Table 
3). Approximately 25% of patients (n=105) 
had a hospital presentation for a fracture 
prior to their hip fracture admission and 5% 
of patients (n=21) presented for treatment 
of a fracture after their hip fracture (noting 
variable follow-up times). A number of 
patients (n=181, 43%) had also had at least 
one hospital admission within the 365 days 
prior to their hip fracture. 

Mortality and survival analysis
Patients admitted to orthogeriatric reha-

bilitation were less likely to die within 30 
days than other patients (p<0.0001, see Table 
4). No clear mortality difference was found 
between the other three groups. ARC resi-
dents discharged from acute orthopaedics 
were more likely to die at six months 
post-presentation than patients in the other 
three groups. Patients transferred to general 
OPH had a higher mortality at six months 
compared with the ORU (p<0.0001). No clear 
mortality difference was found between the 
other groups. Figure 1 show the survival 
probability in the four groups over 20 
months. The overall mortality in all groups 
at 180 days was 27% and 10% at 30 days. 
In-hospital mortality (ie, patients who died 
while admitted for their hip fracture) was 
5% across all groups. 

No difference was found in mortality 
and LOS for patients with fracture neck 
of femur compared with trochanteric 
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fracture. Patients with total arthroplasty 
have a significantly shorter length of stay 
and reduced mortality compared to the two 
other groups (see Table 5). No difference 
in LOS or mortality was found between 
patients having hemiarthroplasty or internal 
fixation.

To further assess factors associated with 
mortality, a cox proportional hazard model 
was developed (see Table 6 and Figure 1). 
Based on this model, risk factors for overall 
mortality were: ARC residents, a higher 
Charlson index and older age. The length of 
stay and time to wait for operation were not 
correlated with overall mortality.

Comorbidities and Modified 
Charlson Index

The Charlson Comorbidity Index (CCI) for 
each group is shown in Table 7. The index 
was calculated with excluding patient age, 
given all patients were over age 65. Non-ARC 
residents discharged directly from acute 
orthopaedics had a significantly lower 
Charlson index than other patients. No clear 
disparity was found between the other three 
cohorts. In terms of specific comorbidities, 
the ARC residents discharged directly from 
acute orthopaedics and the general geriatric 
rehabilitation group had significantly higher 
rates of dementia than the other two groups. 

Figure 1: 20-month predicted survival plot for the four groups.

Table 6: Cox proportional hazard model.

Parameters Hazard ratio 95% confidence 
interval 

P-value

Age 1.058 1.026–1.090 0.0003

Charlson Index 1.089 1.012–1.172 0.0229

ARC resident Y vs N 3.024 1.980– .619 <0.0001
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There were significantly more patients 
with congestive heart failure in the ORU 
group (32%) compared to the non-ARC resi-
dents discharged from acute orthopaedics 
(15%). The non-ARC residents discharged 
from acute orthopaedics were less likely to 
have dementia and diabetes complications 
compared to other groups. Patients admitted 
to general geriatric rehabilitation were 
more likely to have renal disease dementia, 
diabetic complications and congestive heart 
failure than non-ARC residents discharged 
from acute orthopaedics. There were 
otherwise no differences found between 
groups. 

Osteoporosis treatment and follow-
up via Fracture Liaison Service for 
secondary fracture prevention

Data on osteoporosis treatment for each 
group at time of discharge are presented in 
Table 8. Due to the diversity of medication 
regimes prescribed, these were categorised 
by the first author (SW) into five cate-
gories (see Table 8). Appropriate treatment 
included bisphosphonates (alendronate, 
zoledronic acid, risedronate), teriparatide or 
denosumab, all with colecalciferol 1.25mg 
monthly (50,000 IU of Vitamin D). Colecal-
ciferol alone or no treatment was considered 

Table 7: Modified Charlson Comorbidity Index (CCI) for each group and comorbidities. Variables with 
significant between group differences are highlighted in bold.

Discharged from acute 
orthopaedics

Inpatient rehabilitation p value

ARC 
residents 
(n=45)

Not ARC 
residents 
(n=92)

ORU 
(n=185)

OPH (n=93)

Modified 
CCI

Median 
(IQR)

2 (1–4) 1 (0–2) 2 (1–4) 3 (1–4) <0.0001

Acute myocardial infarc-
tion

3 (7%) 11 (12%) 33 (18%) 13 (14%) 0.2214

Congestive heart failure 13 (29%) 13 (14%) 59 (32%) 25 (27%) 0.0175

Peripheral vascular 
disease

1 (2%) 0 (0%) 5 (3%) 1 (1%) 0.3973

Cerebral vascular acci-
dent

8 (18%) 16 (17%) 51 (28%) 22 (24%) 0.2172

Dementia 26 (58%) 5 (5%) 35 (19%) 39 (42%) <0.0001

Pulmonary disease 7 (16%) 10 (11%) 30 (16%) 20 (22%) 0.2750

Peptic ulcer 4 (9%) 4 (4%) 4 (2%) 2 (2%) 0.1341

Diabetes 7 (16%) 7 (8%) 30 (16%) 15 (16%) 0.2361

Diabetes Complications 6 (13%) 3 (3%) 36 (19%) 19 (20%) 0.0021

Liver disease 0 (0%) 0 (0%) 2 (1%) 2 (2%) 0.7228

Renal disease 6 (13%) 8 (9%) 27 (15%) 26 (28%) 0.0030

Cancer 7 (16%) 10 (11%) 25 (14%) 8 (9%) 0.5600

Metastatic cancer 3 (7%) 3 (3%) 6 (3%) 3 (3%) 0.6987
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suboptimal. ARC residents discharged from 
acute orthopaedics were more likely to 
have suboptimal treatment with no docu-
mentation than any other group. Patients 
discharged from orthogeriatric rehabili-
tation were most likely to have appropriate 
treatment with osteoporosis medications, 
further investigation/referral to FLS or 
treatment actively with-held due to comor-
bidity (88% patients, p<000.1). Rates of 
consideration or treatment for osteoporosis 
were 62% in general geriatric rehabili-
tation group and 46% in non-ARC residents 
discharged from acute orthopaedics.

Fracture Liaison Service (FLS) attendance 
was analysed for Canterbury residents 
only, as residents from other areas of New 
Zealand or overseas are not usually seen by 
the FLS in Canterbury. As protocols existed 
for inpatient treatment for osteoporosis, 
FLS referral was not activated for many 
patients undergoing inpatient rehabilitation. 
The FLS also does not currently follow-up 
patients already on appropriate bisphos-
phonate or other osteoporosis treatment. 
Rates of FLS referral were low in ARC 
residents discharged from acute ortho-
paedics (11%). Referral rates were higher 
in the non-ARC residents discharged from 
acute orthopaedics (p<0.0001), of whom 

41% (31 patients) were seen by the FLS. It 
is important to note that 5% of patients in 
this group also died in hospital so were not 
appropriate for referral. 

Level of care and functional 
independence measure scores

For patients discharged directly from 
acute orthopaedics, data was only available 
for their ARC funding but not level of care 
within this funding. For the non-ARC resi-
dents discharged directly from Christchurch, 
19 patients were transferred to other 
hospitals in New Zealand and 11 patients 
died during their hospital admission. Of 
those who were discharged directly “home”, 
two went to ARC, the remainder apparently 
went to private residence.

However, for patients admitted to rehabil-
itation, AROC data is collected on admission 
and discharge which provided more detailed 
information on admission and discharge 
location of residence (see Table 9). Most 
patients (83%) from the orthogeriatric group 
were in their own private residence before 
admission. On discharge, 70% of patients 
in the orthogeriatric group remained in 
their own private residence, but 6% went to 
rest home-level care and 7% went to hospi-
tal-level care. Approximately 10% of the 
population were admitted from rest home-

Table 8: Osteoporosis treatment for each patient group.

Discharged from acute ortho-
paedics

Inpatient rehabilitation

ARC residents 
(n=45)

Not ARC resi-
dents (n=92)

ORU (n=185) OPH (n=93)

Appropriate treatment* 1 (2%) 12 (13%) 121 (65%) 40 (43%)

Sub-optimal treatment 
due to comorbidities + 
Vitamin D

5 (11%) 9 (10%) 31 (17%) 14 (15%)

Referral to FLS + Vitamin 
D

1 (2%) 21 (23%) 12 (6%) 4 (4%)

Sub-optimal treatment** 33 (73%) 38 (41%) 20 (11%) 30 (32%)

Death in hospital 5 (11%) 12 (13%) 1 (1%) 5 (5%)

*Appropriate treatment was with bisphosphonate, denosumab or teriparatide and vitamin D, or with vitamin D alone 
if patient was proven not to have osteoporosis on DEXA scan.  
**Suboptimal treatment due to comorbidities were patients not considered for osteoporosis treatment beyond 
vitamin D due to renal failure, drug intolerances, previous atypical femoral fracture etc.  
***Suboptimal treatment was considered to be no vitamin D or vitamin D alone without evidence of further 
investigation for underlying osteoporosis.
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level care but ended up in hospital-level 
care on discharge. In contrast, only 59% of 
the patients in the general geriatric rehabil-
itation group were admitted from private 
residence. On discharge, 43% of the patients 
in this group remained in their own resi-
dence, and 17% of patients had moved into 
rest home and hospital-level care (Table 9). 

Functional independence measures are 
also collected for patients on admission 
and discharge from rehabilitation (see 
Figure 2) and were available via AROC. 
Both FIM cognitive and motor scores 
were significantly higher in the orthogeri-
atric rehabilitation group on admission 
and discharge. There were no significant 
differences between the two groups in the 
improvement of scores on discharge. This 
data correlates well with the ANZHFR data 
set.5

Discussion
This study presents data on hip fracture 

management and rehabilitation in older 
adults at a single centre in metropolitan 
New Zealand. It followed on from previous 
work at Christchurch Hospital which 
utilised sfn® in implementing and evalu-
ating the Fast Track Hip Fracture pathway 
that remains in use.3 Christchurch Ortho-
paedic Department admits approximately 
5,500 patients per year in the busiest 
trauma centre in New Zealand and of 
those over 400 are hip fractures. Despite 
the availability of the ANZHFR,5 which 
collects data on hip fracture for patients 
around Australia and New Zealand, we 
chose to analyse data using sfn due to more 

flexibility and efficiency in comparing 
multiple variables, including some that 
are not collected by the ANZHFR (eg, 
comorbidities, previous hospital admis-
sions, factors contributing to mortality). 
Direct comparison with the ANZHFR was 
not within our research aims and was not 
explored. The administrative data allowed 
us to explore all the characteristics of the 
heterogenous patient groups admitted 
following hip fracture, to identify possible 
contributors to the clinical outcomes for 
these patients and to aid future targeted 
service delivery. 

Fracture type and surgical 
intervention

The fracture types and surgical proce-
dures have not altered from our previous 
work.3 Time to surgery has decreased  
with no negative impact on mortality.  
There was no difference in mortality or  
LOS between fracture types, but mortality 
and LOS was less in THA reflecting 
appropriate operative procedure. This 
observation is consistent with guidelines  
for the operative management of hip 
fractures.5

Patients discharged directly home 
or to a care facility

Based on anecdotal experience, we  
anticipated the need to separate the  
patients discharged directly from their 
acute orthopaedic admission based on  
their pre-morbid level of care (ie, from 
private residence versus residential care) 
due to significant within-group hetero-
geneity. Our study provided detailed 

Table 9: Pre- and post-discharge location of residence for Cohort 3 and 4, based on AROC data.

ORU patients (n=185) OPH patients (n=93)

Pre-admission Loca-
tion of Residence

Hospital-level care 1 (1%) 3 (3%)

Private residence 153 (83%) 54 (59%)

Rest home-level care 29 (16%) 29 (31%)

Other 0 (0%) 4 (4%)

Post-discharge Loca-
tion of Residence

Hospital-level care 33 (18%) 28 (30%)

Private residence 128 (69%) 36 (39%)

Rest home-level care 22 (12%) 15 (16%)

Other 0 (0%) 4 (4%)
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information on patients discharged  
directly from the acute orthopaedic ward 
in two groups: pre-morbid ARC residents 
and non-ARC residents. Non-ARC residents 
discharged from acute orthopaedics were 
more likely to be younger, less comorbid, 
and a significant proportion (20%) were 
from outside Canterbury. However, their 
younger age and less comorbidity were not 
reflected in a mortality benefit for these 
patients. The non-ARC residents discharged 
directly from hospital are the key group 
targeted by the Fracture Liaison service,  
and referral rates were suboptimal at 
around 40%.

On the other hand, patients who were ARC 
residents and were discharged from acute 
orthopaedics were more comorbid and 
had higher rates of mortality at six months 
compared to the other groups. They had 
similar rates of dementia when compared 
to patients transferred to general geriatric 
rehabilitation. Patients in this ARC resident 
group were also more likely to have subop-
timal osteoporosis treatment with no clinical 
documentation regarding clinical contrain-
dication and very low rates of referral to the 
Fracture Liaison service. 

Patients discharged following 
inpatient rehabilitation

Outcomes of this study are consistent 
with other literature on orthogeriatric or 
general geriatric rehabilitation for patients 
with hip fracture.15 The patients in our 
rehabilitation groups were not randomised, 
so a patient’s journey following hip fracture 
will be largely influenced by selection 
bias. However, patients in our study who 
had orthogeriatric or geriatric rehabil-
itation had a longer length of stay but 
higher rates of treatment with osteoporosis 
medications. Mortality in the orthogeri-
atric rehabilitation group was significantly 
lower than the other groups at 30 days, 
and both the rehabilitation groups had 
lower mortality than the ARC residents 
discharged from acute orthopaedics at the 
180-day follow-up. 

Osteoporosis treatment
High treatment rates in older patients 

with hip fracture may lead to a 40% 
reduction in major bone re-fractures.17 
In this study, treatment for osteoporosis 
was variable for the four groups. FLS was 
generally not involved in the orthogeri-
atric rehabilitation group or the general 

Figure 2: Change in functional independence measures of patients in the two rehabilitation groups.
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rehabilitation group because protocols 
for osteoporosis treatment exist as part 
of the rehabilitation process. Treatment 
or consideration for treatment was 84% 
in the orthogeriatric group and 64% in 
the general group. However, in those 
discharged back to ARC facility or to 
another hospital or home were low at 15% 
and 46% respectively. These treatment 
rates compare favourably with other 
published data.18 These results are helpful 
because they identify where FLS should 
be involved. Also, accurate recording of 
inpatient treatment modality was iden-
tified as an issue; in-patient treatment was 
not captured on a database and needed 
manual extraction, which has been previ-
ously described.19 This may explain some 
of the low percentage figures from the 
ANZHFR and previous work.20 Similarly, to 
previous research,21 this work shows that 
inpatient treatment for osteoporosis seems 
to be the most effective way of ensuring 
initiation of treatment. These results 
suggest the need for more proactive FLS 
involvement for patients who do not have 
inpatient rehabilitation, and has led the 
hospital to introduce a mandatory field 
in the discharge template on osteoporosis 
treatment. 

Mortality
This study also sought to determine  

local mortality rates and examine some  
of the factors possibly contributing to  
or predicting mortality. Thirty-day  
mortality rates reported in this study  
were higher than the most recent (2018) 
Annual Report of the ANZHFR5 for Christ-
church, possibly due to differences in  
data source. Mortality rates vary signifi-
cantly between studies, but 30-day rates  
in our study were largely comparable to 
the existing literature;22 however, mortality 
rates at 180 days were similar to rates at 
one year reported in some studies.23 The 
cox proportional hazard model showed  
that pre-morbid ARC residency was the  
strongest risk factor for mortality at 180 
days, with patients of older age and with 
more comorbidities (based on Charlson 
Comorbidity Index) also at increased risk  
for death. Interestingly, total arthro-
plasty was also associated with improved 
mortality and this probably reflects 

selection of a healthier patient group  
for this procedure. 

Limitations
This study primarily utilised data coded 

from medical records and explored vari-
ables through sfn and multiple dataset 
analysis. This means that the quality of 
the data is dependent on the way data was 
documented in patient records and then 
coded by independent clinical coders. Other 
data, eg, from the Department of Internal 
Affairs around death is likely to be accurate 
but released with some time lag, hence 
why only 180-day mortality was included 
in the current study. AROC collection is 
also limited, as it only collects two points of 
outcome at admission and discharge, being 
cofounding by length of stay, with potential 
internal bias on analysis of rehabilitation 
improvement.

Also, regarding osteoporosis treatment 
data, we had access to hospital discharge 
summaries and electronic prescribing 
software which allowed us to see if 
treatment was prescribed in hospital, but we 
did not have access to longer-term data to 
determine if patients continued to use these 
medications in the community. 

Finally, this was not a randomised 
treatment trial and as such, confounding 
factors in analysing outcomes could be 
significant. However, the data provides 
useful information around clinical 
management of this group of patients that 
may still alter management, eg, promote 
further consideration of osteoporosis 
treatment in certain groups of patients  
and greater uptake of inpatient 
rehabilitation.

Implications
This study shows that tools such as sfn, 

that easily explore multiple variables  
and cohorts across various data have  
utility in evaluating acute hospital 
pathways,3 but also in evaluating a patient’s 
whole hospital journey, including the full 
acute hospital stay and subsequent rehabil-
itation. Although this paper gives similar 
results to previous work,3,10 it is different 
as hip fracture patients are analysed 
according to their discharge destination. 
This enabled comparisons of various 
outcome across these four groups. It is 
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pleasing to see the wait for operation  
has decreased from previous work3 to  
over 80% of patients having their  
operation within 48 hours.

Since the introduction of fast-track  
hip fracture management,3 the length  
of stay in orthogeriatric rehabilitation 
has decreased to 14 days and to 21 days in 
general rehabilitation. Baseline functional 
status and discharge destinations were 
different between the two rehabilitation 
groups, with the orthopaedic rehabilitation 
group having higher baseline and post- 
rehabilitation functional status and a 
higher percentage of patients returning 
to private residence. Functional status 
on discharge for patients undergoing hip 
fracture rehabilitation (measured with 
the FIM score) is higher than the national 
average standard.5

Conclusions
We have demonstrated the outcomes in 

four groups of patients with neck of femur 
fractures. The time to operation and length 
of stay continues to decrease compared 
with our previous work. New data on the 
four post-operative groups show better 
outcomes (ie, return to domicile, treatment 
for osteoporosis and mortality) in the dedi-
cated orthopaedic rehabilitation group. It is 
difficult to interpret the significance of these 
improved outcomes given these patients 
were less comorbid, specifically with less 
renal disease and dementia than the general 
rehabilitation group. This is likely to affect 
their functional outcomes and prescription 
of osteoporosis treatment. Enhancing 
involvement by FLS and increased 
prescription of osteoporosis treatment is 
needed for the patients discharged directly 
from acute orthopaedics. 
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Left ventricular thrombus 
after ST segment 

elevation myocardial 
infarction: a single-centre 

observational study
Chathura BB Ratnayake, Benjamin Liu, Jocelyne Benatar,  

Ralph AH Stewart, Jithendra B Somaratne

Left ventricular (LV) thrombus follow-
ing ST segment elevation myocardial 
infarction (STEMI) remains an import-

ant complication associated with significant 
morbidity and mortality.1,2 The reported inci-
dence of LV thrombus ranges from 5–7% and 
usually occurs within two weeks following 
a STEMI.1,2 Regional wall motion abnormal-
ities and sub-endocardial tissue insult with 
subsequent local inflammatory changes are 
common consequences of STEMI3–5 and have 
been proposed as potential precipitants of 
LV thrombus in this context. 

Oral anticoagulation for three to six 
months is the mainstay of treatment. The 
widespread adoption of this regimen stems 

from consistently documented reductions 
in the embolic sequelae following initi-
ation of warfarin.6,7 The use of non-vitamin 
K antagonist oral anticoagulants (NOACs) 
have been documented in recent case 
reports, though there are no randomised 
studies assessing their efficacy.8,9Following 
the diagnosis of STEMI, patients are usually 
started on dual antiplatelet therapy (DAPT) 
to prevent further ischaemic events.10 Those 
with LV thrombus require the addition of 
an oral anticoagulant to DAPT, so-called 
“triple therapy”. This combination is asso-
ciated with a significantly increased risk of 
bleeding10 which, in turn, is associated with 
poor long-term outcomes.11 Patients with LV 
thrombus have prolonged hospitalisations 

ABSTRACT
AIMS: The incidence of left ventricular (LV) thrombus following ST segment elevation myocardial infarction 
(STEMI) has reduced with modern reperfusion therapies. There is scant local data on the incidence and 
outcomes of LV thrombus in the contemporary era of rapid reperfusion. 

METHODS: Patients with STEMI admitted to Auckland City Hospital between January 2014 and December 
2015 were identified using the All New Zealand Acute Coronary Syndrome Quality Improvement (ANZACS-QI) 
registry and their clinical notes were retrospectively reviewed.

RESULTS: Among the 997 patients admitted with STEMI, 53 patients (5%) had LV thrombus. Most patients 
with LV thrombus had an anterior STEMI (87%). The median time from admission to echocardiography was 
48 hours (range 6–552 hours); the median LV ejection fraction was 38% (range 15–53%). Oral anticoagulation 
was initiated in 44 (83%) patients. LV thrombus resolved in 81% by six months in 42 patients given warfarin. 
Total mortality at 12 months was 13%. Bleeding occurred in 11% and was the most common treatment-
related morbidity. 

CONCLUSIONS: The incidence of LV thrombus following STEMI was low and it was associated with a low 
rate of stroke and systemic embolism but high mortality. Randomised studies are needed to evaluate the 
efficacy of NOAC’s in this context. 
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due to greater overall morbidity and the 
need for bridging with either intravenous 
heparin or subcutaneous low molecular 
weight heparin (LMWH) until their interna-
tional normalised ratio (INR) is within the 
therapeutic range of 2.0 to 3.0.

The aim of this retrospective single-centre 
observational cohort study is to describe 
the incidence, characteristics, management 
and outcomes in patients with LV thrombus 
post-STEMI.

Methods
The All New Zealand Acute Coronary 

Syndrome Quality Improvement 
(ANZACS-QI) is a prospective national 
registry that includes patients with acute 
coronary syndromes admitted to coronary 
care units throughout the country.12 Data 
linkage with the national health index 
number, a unique health identifier for the 
New Zealand populace, allows integration 
of national datasets with routine acute 
coronary syndrome information in this 
national cohort. 

All patients admitted to Auckland City 
Hospital with a STEMI from January 2014 
to December 2015 were retrospectively 
reviewed. These patients were identified 
using the ANZACS-QI registry. All those with 
a new diagnosis of LV thrombus following a 
STEMI were included in this study. 

Patient demographic data including age, 
gender, body mass index (BMI), ethnicity, 
presence of diabetes and dyslipidemia were 
obtained from individual patient medical 
records. Echocardiography data including; 
the interval from admission to time of scan, 
left ventricular function, regional wall 
motion abnormalities and thrombus size 
were recorded. Treatment and outcome data 
including anticoagulation, stroke, cardiac 
tamponade/pericardial effusions, heart 
failure, repeated hospitalisation, stroke and 
systemic embolism were collected from 
medical record review.

Echocardiographic assessment of LV 
thrombus and LV function was conducted 
by consultant cardiologists with subspe-
cialty training in echocardiography. Formal 
clinical echocardiography reports were 
retrospectively reviewed. In the event that 
these were inconclusive images were re-re-
viewed. All patients admitted with STEMI 

were mandated to have an assessment of 
LV function by either left ventriculography 
or transthoracic echocardiography during 
index admission. Thrombus protrusion was 
defined as protuberant (extending into the 
lumen) or laminated (layered adjacent to the 
intima). The resolution of LV thrombus was 
defined as the ability to confidently exclude 
LV thrombus on follow-up echocardiography. 
The follow-up interval for all morbidity and 
mortality outcomes was 12 months. The 
requirement for and timing of the follow-up 
echocardiography was determined by the 
lead clinician and reflected their judgement 
on the need to document progression or 
resolution of LV thrombus for the patient. As 
such, the final echocardiographic follow-up 
time varied between patients and was deter-
mined by the lead clinician. The reporting 
echocardiographer subjectively categorised 
the LV thrombus as small, moderate or 
large. If a range was provided, the largest 
estimate was reported. If significant diffi-
culty was encountered to make meaningful 
estimates or conclusions of LV thrombus 
size was not possible, this was characterised 
as unavailable. The Bleeding Academic 
Research Consortium (BARC)13 classification 
was used to report bleeding events following 
echocardiographic diagnosis. 

Diabetes was defined as a glycated haemo-
globin (HbA1C) value >50mmol/mol14 and 
dyslipidaemia by a pre-treatment total choles-
terol value ≥5mmol/L, low-density lipoprotein 
value (LDL) ≥3.4mmol/L and a cholesterol/
high-density lipoprotein ratio of ≥4.5.15 

Statistical analysis 
Statistical analysis was performed in 

R studio (R Foundation for Statistical 
Computing, Austria 2014). Categorical vari-
ables are reported as frequency (percentage) 
and numerical variables are expressed as 
median (range) values. 

Ethics approval
The ANZACS-QI registry is approved as a 

part of the Vascular Informatics using Epide-
miology and Web (VIEW) program by the 
Northern Region Ethics Committee Y in 2003 
(AKY/03/12/314) and updated to ANZACS-QI 
registries with annual approvals by the 
National Multi-Region Ethics Committee 
since 2007 (MEC07/19/EXP). In addition, 
specific approval for this low-risk study was 
obtained from the Auckland District Health 
Board (ADHB) Research Review Committee.



47 NZMJ 4 December 2020, Vol 133 No 1526
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

ARTICLE

Results
Nine-hundred and ninety-seven patients 

were admitted to Auckland City Hospital 
with STEMI. Fifty-three patients (5.3%) 
had a newly diagnosed LV thrombus on 
routine transthoracic echocardiography 
and comprise the study cohort. Patient 
recruitment into the study and subsequent 
management are summarised in Figure 1. 

Baseline characteristics
A summary of the baseline character-

istics is provided in Table 1. Patients were 
most likely to be European (55%) and male 
(70%). The median age was 55 years (range 
32–87 years). Dyslipidaemia was common 
(60%) and diabetes infrequent (17%). The 
median HbA1C was 40mmol/mmol (range 
30–101mmol/mmol). The median door-to-
balloon time was three hours (1–72 hours) 
and the left anterior descending artery was 
the most common culprit vessel (87%). One 
patient had PCI one week prior to the index 
admission and represented with STEMI due 
to stent thrombosis. 

Management
Following the diagnosis of LV thrombus, 

patients were initially administered either 
intravenous heparin or subcutaneous 
LMWH in the form of enoxaparin. Those 
treated with intravenous heparin received a 
bolus dose followed by a continuous infusion 
based on standardised hospital protocol. 
Subcutaneous enoxaparin dosing was based 
on patient weight and renal function.

Two patients declined anticoagulation and 
were continued on dual antiplatelet therapy 
alone. Three patients had contraindica-
tions to anticoagulation including a severe 
bleeding tendency (n=2) and an LV wall 
rupture (n=1). Three patients died before 
oral anticoagulation therapy was initiated 
and the reason for failure to commence 
oral anticoagulation was unknown for 
one patient. Warfarin was the preferred 
first-line oral anticoagulant. It was used in 
42 (79%) patients. In these patients, subcu-
taneous enoxaparin bridging was used until 
the target INR was achieved. Two patients 
were prescribed a NOAC in the form of 

Figure 1: Flow chart of patients admitted with left ventricular (LV) thrombus following ST elevation 
myocardial infarction (STEMI) and their subsequent clinical management. 
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dabigatran. In these patients it was started 
on cessation of enoxaparin with no bridging. 
One patient was transitioned onto warfarin 
after treatment with dabigatran for four 
weeks was deemed to have failed.

Following STEMI, most patients were 
started on lifelong aspirin therapy (n=45, 
85%) in addition to one other antiplatelet 
agent: clopidogrel (n=22, 42%), ticagrelor 
(n=14, 26%) and prasugrel (n=1, 2%). A 
second antiplatelet agent was not used in 
16 patients due to risk of bleeding on the 
combination of DAPT and an oral anti-
coagulant bleeding risk (n=9/16), patient 
declined therapy (n=3/16) or death prior 
to commencement (n=3/16). Beta-blockers 
and angiotensin-converting enzyme (ACE) 

inhibitors were prescribed in 49 (92%) and 
48 (91%) patients respectively.

Echocardiography findings
Echocardiographic findings are 

summarised in Table 2. Routine transtho-
racic echocardiography was conducted 
within a median of 48 hours (range 6–552 
hours) from the time to hospital admission 
(Figure 2A). Thrombi were generally small 
in size (n=23, 43%). The nature of thrombus 
protrusion was commonly difficult to 
interpret (n=23, 43%). Of those that were 
characterised, 19 (36%) were protu-
berant. Left ventricular systolic function 
was frequently impaired with a median 
ejection fraction of 38% (range 15–53%). A 
LV aneurysm was observed in 16 patients 

Table 1: Baseline characteristics of all patients with LV thrombus post STEMI (n=53).

Patient characteristics

Age (years) 55 (32–87)

Male (n) 37 (70%)

BMI (kg/m2) 28.1 (19.5–47.0)

Diabetes (n) 9 (17%)

Dyslipidaemia (n) 32 (60%)

Ethnicity (n)

European 29 (55%)

Māori 12 (23%)

Asian 9 (17%)

Pacific peoples 3 (6%)

eGFR¥ >30 mL/mins/1.73m2 52 (98%)

Previous MI (n) 1 (2%)

Pro thrombotic disorder (n) 1 (2%)€

Time from STEMI onset to PCI (hours) 3 (1–72)

Culprit coronary vessel (n)

LAD 46 (87%)

RCA 2 (4%)

Medical management 5 (9%)

BMI Body mass index, MI Myocardial infarct, STEMI ST segment elevation myocardial infarct, LAD Left anterior 
descending artery, RCA Right coronary artery and PCI Percutaneous coronary intervention, €Antiphospholipid 
syndrome, ¥estimated glomerular filtration rate. Outcomes expressed as n (percentage) or median (range). 
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(30%). Regional wall motion abnormal-
ities were identified in all patients. Cardiac 
magnetic resonance imaging (cMRI) was 
utilised to confirm the diagnosis in three 
patients (6%) (Figure 2B). 

Follow-up imaging occurred at four to six 
weeks and three months following discharge 
from the hospital at the discretion of the 
lead clinician. If there was no resolution of 
the LV thrombus, echocardiography was 
repeated at three- to six-monthly intervals 
until thrombus was no longer observed on 
echocardiography. At this stage oral antico-
agulation was discontinued if there was no 
additional indication for ongoing anticoagu-
lation. If this occurred within 12 months of 

the index STEMI, a second antiplatelet agent 
was recommenced when the oral anticoag-
ulant was stopped. The DAPT was continued 
for a total of 12 months following the index 
STEMI. If thrombus resolution occurred 
12 months or more after the index STEMI, 
patients were treated on aspirin alone. 

Outcomes
The median interval for final follow-up 

echocardiography was 30 days (range 
2–730 days). At three months, 39 (74%) 
patients had follow-up echocardiography. 
Among them, there was resolution of the LV 
thrombus was observed in 23 (59%). By six 
months, among those alive and with echo-
cardiography (n=47), 33 (70%) had no LV 

Table 2: Transthoracic echocardiography findings and treatment for LV thrombus post STEMI (n=53).

Characteristics

Onset to echocardiogram (hours) 48 (6–552)

Thrombus size (n)

Small 23 (43%)

Moderate 13 (25%)

Large 6 (11%)

Not available 11 (21%)

Thrombus protrusion (n)

Laminated 11 (21%)

Protuberant 19 (36%)

Not available 23 (43%)

LV ejection fraction (%) 38 (15–53)

LV aneurysm (n) 16 (30%)

Thrombus treatment (n)

Warfarin 42 (79%)

NOAC 2 (4%)

Death prior to beginning long-term therapy 4 (8%)

Contraindicated 2 (4%)

Declined 1 (2%)

Unknown 2 (4%)

STEMI-ST segment elevation myocardial infarct, LV Left ventricle and NOAC non-vitamin K antagonist oral 
anticoagulant. Outcomes expressed as n (percentage) or median (range).
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thrombus detected. At 12 months, 38 (84%) 
of the 45 patients who were alive and had 
echocardiography had thrombus resolution. 
Among those treated with warfarin for at 
least six months, there was persistent LV 
thrombus in eight (19%) and of these, six 
had a subtherapeutic INR (<2.0) at the time 
of follow-up imaging. 

In 12 months, bleeding was documented 
in six (11%) patients post-discharge; three 

were classified as BARC 3/4 requiring addi-
tional hospitalisations. An ischaemic stroke 
occurred in one patient due to a cardio-em-
bolic event secondary to LV thrombus within 
six months of their index hospitalisation. 
Other systemic emboli were not observed. 
A pericardial effusion without tamponade 
complicated LV thrombus in one patient 
and it was treated conservatively (Table 3). 
Overall mortality at 12 months was seven 

Figure 2: Echocardiographic image (A) and cardiac magnetic resonance imaging (B) showing a left ventricular thrombus following a ST 
segment elevation myocardial infarction. These images are not from the same patient.

Table 3: Outcomes following treatment for LV thrombus post STEMI (n=53).

Outcome

Ischaemic stroke (n) 1 (2%)

Systemic embolism (n) 0 (0%)

Pericardial effusion (n) 1 (25%)

Bleeding (n)* 6 (11%)

 Type 0 39 (74%)

 Type 1/2 3 (6%)

 Type 3/4 3 (6%)

 Type 5 0 (0%)

Death (n) 7 (13%)

The final follow-up echocardiogram. Outcomes expressed as n (percentage) or median (range), *The Bleeding 
Academic Research Consortium (BARC)13 classification for bleeding severity.  
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(13%); three died during the index STEMI 
admission and four within the follow-up 
period. The most common cause of death 
was cardiogenic shock four (8%) and hepatic 
failure one (2%). The cause of death was 
unknown in two cases. 

Discussion
In this contemporary New Zealand 

single-centre retrospective cohort study 
in the era of primary PCI, the incidence of 
LV thrombus following STEMI is low (5%). 
At six months, oral anticoagulation with 
warfarin was associated with LV thrombus 
resolution in four out of five patients. 
Among those with LV thrombus in this study, 
there was a low rate of stroke and systemic 
embolism, but mortality remained high 
at 12 months. Treatment-related bleeding 
was not an uncommon cause for repeat 
hospitalisation. 

Corroboration of the findings of this 
study is challenging due to the paucity of 
published data relating to LV thrombus 
post-STEMI.16 In overseas cohorts, the inci-
dences of LV thrombus following STEMI 
were reported to range between 5–7% of 
patients5,17 which is consistent with this 
study. Māori were also overrepresented 
in this cohort (23%) compared to all those 
with STEMI in a previous publication from 
the ANZACS-QI database (10.3%).18 Prior 
to the widespread use of primary PCI,19 
the reported incidence of LV thrombus 
following a STEMI was much higher at 
17–54%.20,21 Previously identified risk factors 
that remain relevant in the modern era 
include anterior STEMI, low LV ejection 
fraction, regional wall motion abnormalities, 
the presence of LV aneurysm and greater 
infarct size.22–24 It is therefore unsurprising 
that nearly 90% of patients in this cohort 
had LAD lesions and regional wall motion 
abnormalities were universally observed. 
The male preponderance is consistent with 
trends observed in other cohort studies.25 
Females have lower reported rates of LV 
thrombus; however, this should be inter-
preted with caution as studies are small. 
Some authors postulate that females have a 
protective factor.26 

The incidence of LV thrombus post-STEMI 
may have been underestimated in this study 
for a number of reasons. The first is that LV 
thrombus was primarily diagnosed by echo-

cardiography, which is widely considered 
the first-line diagnostic test.27 One of the 
limitations of echocardiography in this 
context is that it has a low sensitivity, partic-
ularly when enhancing agents are not used 
(35–60%),16,28 compared to cMRI (sensitivity 
of 90%, specificity 99%).16,28 Previous reports 
suggest a third of patients may be missed by 
echocardiography alone. 16 In New Zealand, 
there is limited use of cMRI for detection of 
LV thrombus due to cost and availability. For 
instance, only three patients (6%) had cMRI 
evaluation in New Zealand’s quaternary 
cardiac service. The second reason is the 
timing of investigations. Echocardiography 
was done early post-STEMI (average within 
two days). As a result, LV thrombus that 
developed after the echocardiogram would 
not have been detected. LV thrombus is 
thought to form usually within the first 
two weeks following STEMI, but delayed 
thrombus formation at four to six months 
post-STEMI has also been reported.24 One 
study found 33% of new LV thrombus cases 
at six months with cMRI during a follow-up 
interval of one year.24 While cMRI is ideal, 
an alternate cheaper and more readily 
available imaging modality with possible 
utility in this setting is cardiac computerised 
tomography (CT). 

LV thrombus is associated with a five- to 
six-fold increased incidence of embolic 
phenomena, and studies report a four-fold 
increase in those not treated with anticoag-
ulation.29 Oral anticoagulation mitigates this 
risk6 and is mainstay in management.30,31 
In this study of patients with LV thrombus 
the majority were anticoagulated. In this 
context, the rate of stroke and systemic 
embolism at 12 months was low. However, 
the mortality among these patients (13%) at 
12 months was considerably higher than the 
previously reported 12-month mortality for 
STEMI patients who survived to discharge 
published around the same time (3.1%).32 
The major risk of anticoagulation is bleeding 
and this risk is compounded by the need 
for additional antiplatelet therapy to 
minimise stent thrombosis.33 The reported 
rates of serious bleeding on triple therapy, 
combining DAPT and oral anticoagulation, in 
this study are similar to other international 
registries.34 Current guidelines recommend 
minimising the duration of triple therapy in 
an effort to reduce bleeding.33 
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Another potential approach to reduce 
bleeding is with the use of NOACs like 
dabigatran, rivaroxaban and apixaban. 
These drugs are generally associated with 
lower bleeding rates and similar efficacy 
for stroke prevention in non-valvular atrial 
fibrillation and treatment of venous throm-
bosis.8,9A major advantage of these drugs 
is that they achieve therapeutic anticoagu-
lation immediately. This eliminates the need 
for bridging anticoagulation and prolonged 
hospitalisation. Another benefit of NOACs 
is that there is no need to monitor antico-
agulation levels, which eases the burden 
on patients and general practitioners. 
Finally, the availability of idarucizumab, 
an immediately acting agent for dabig-
atran is particularly useful in the context 
of emergent surgery or life-threatening 
bleeding.35This practice-based study that 
reflects current practice in New Zealand 
has some limitations. It was a retrospective 
single-centre study with a limited sample of 

53 patients collected over a two-year time 
period. As no single cardiologist reviewed 
all the echocardiograms, there may be 
inter-observer variability in the echocar-
diographic assessment of LV thrombus. As 
mentioned, the early timing of echocardiog-
raphy and low use of cMRI may have led to 
the underestimation of the true incidence 
of LV thrombus. Given the low rate of NOAC 
use (n=2), it is not possible to comment on 
the relative efficacy or safety of NOAC for 
this indication.

Conclusion
LV thrombus is an uncommon but 

important complication of STEMI. It is asso-
ciated with a low rate of stroke and systemic 
embolism but an ongoing high mortality risk. 
Warfarin continues to be the most commonly 
used oral anticoagulant. Data from 
randomised controlled trials evaluating the 
relative efficacy of NOACs for the treatment 
of LV thrombus would be valuable.
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An evaluation of the 
contents of advance care 

plans and their use in 
patients admitted to a  

public hospital
Henricus Berend Speelberg, Brett Shand, Jane Goodwin,  

Rachel Wiseman, Laura Belluscio, Kate Grundy

Advance care planning (ACP) is de-
fined in New Zealand as the process 
of thinking about, talking about and 

planning for future healthcare and end-of-
life care and identifying what is important 
within this care.1 The ACP process provides 
a person with the opportunity to docu-
ment their wishes in an advance care plan 
(ACPlan), which may include an advance 
directive (AD) component to accept or refuse 
specific treatments that may be offered 
in the future. This enables the wishes of 
hospitalised patients to be recognised during 
end-of-life care if and when they lose com-
petence. In New Zealand, clinicians are re-
sponsible for assessing whether a treatment 
is medically indicated. This decision takes 

into account the patient’s condition, project-
ed outcome after treatment and consulta-
tion with family members.1 If treatment is 
medically indicated, the ACP is used to help 
decide whether or not to proceed. 

One objective of the review described in 
this paper was to examine the influence 
of age and comorbidities on the content of 
ACPlans and ADs. The content of an ACPlan 
or AD and the expectations of care to be 
provided may reflect a complex multitude 
of factors such as the health status and 
prognosis of a person, expected quality 
of life, involvement of family members 
and a diversity of religious, spiritual and 
cultural beliefs.2–4 A person’s understanding 
of their clinical situation and perceptions 

ABSTRACT
AIM: This retrospective review examined the influence of age and severity of comorbidities on goals-of-care 
in advance care plans (ACPlans) and concordance between these wishes and care received during hospital 
admission. 

METHODS: The medical records of 149 people with an ACPlan admitted to a public hospital were reviewed 
to evaluate concordance with treatment. The associations between age and comorbidities and goals-of-
care were determined using contingency tables and logistic regression analyses.

RESULTS: The majority of the review cohort were Caucasian and elderly, with people from minority ethnic 
groups under-represented compared to census data. Increasing age had a measurable influence on the 
choice of goal-of-care, whereas comorbidity severity had less influence on this decision. In 60 of the 411 
hospital admissions the patient was classified as incompetent, with the goal-of-care adhered to in 59 of 
these cases and treatment preferences adhered to in six of seven cases. Fifty-five people had died since 
writing their ACPlan, with 63% dying at their preferred place or with no preference stated. 

CONCLUSIONS: Age and to a lesser extent the severity of comorbidities influence the choice of goal-of-care 
in an ACPlan. Our review also showed that end-of-life care appeared to adhere to the instructions in the 
plan.
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regarding the balance between purported 
benefit of treatment and potential harm 
may also influence content.5 For patients 
who are seriously ill, ACP is often conducted 
under compromised or time constrained 
conditions.6 On occasions, the ACPlan may 
represent a compromise between a person’s 
expectations and the clinical resources 
available and can be influenced by the time 
the plan was prepared and the person’s 
relationship with the health professional 
assisting with preparation of the ACPlan.7 

The second objective of the review was 
to evaluate the concordance between the 
wishes and directives in the plans and the 
care received when admitted to a public 
hospital. When a person writes an ACPlan 
they do so with the belief that their wishes 
and instructions will be complied with 
during care. Studies that have investi-
gated the influence of ACP on end-of-life 
care have shown that it can reduce hospi-
talisation rates and increase hospice and 
palliative care,8 although the care received 
is not always consistent with a person’s 
preferences.9–12 This may occur in difficult 
clinical situations where other factors 
such as prognosis, perceived quality of life 
and the wishes of family or friends may 
influence compliance with the ACPlan or 
AD. For example, a survey of the attitudes of 
Australian and New Zealand anaesthetists 
towards resuscitation orders in the perioper-
ative setting showed that while the majority 
recognised the importance of an AD, only 
45% followed the directives in clinical 
practice.13

Methods
A project to promote ACP was intro-

duced in Canterbury in December 2013 
supported by the Canterbury Initiative, 
Canterbury District Health Board (DHB) 
(https://www.cdhb.health.nz/about-us/
key-projects-and-initiatives/canterbury-ini-
tiative/). There has been a steady increase in 
the number of ACPlans created and shared 
electronically across primary and secondary 
healthcare that are now available immedi-
ately to medical staff in public hospitals on 
admission. 

The current review was carried out as a 
student project under the conditions of an 
out-of-scope ethical approval granted by 

the Ministry of Health and Disability Ethics 
Committee to undertake routine evaluation 
of services such as ACP that are included 
on Community HealthPathways (http://
edu.cdhb.health.nz/Hospitals-Services/
Health-Professionals/Pages/Health-
Pathways.aspx), a clinical guidance website 
for health professionals, and HealthInfo 
(https://www.healthinfo.org.nz/), an 
open-access website that provides health 
information for the general population. 

The study involved a retrospective 
review of case notes of individuals who 
had published an ACPlan and subsequently 
received care in a publicly funded hospital. 
A published ACPlan was defined as those 
that had passed a two-step review process to 
ensure clinical interpretability and had then 
been loaded onto the person’s electronic 
health record. A total of 1,939 ACPs were 
published in Canterbury in the three-year 
period between 10 September 2014 to 31 
September 2017. These ACPs were matched 
to hospital admissions recorded on the 
Canterbury DHB clinical database to identify 
people who had received care in a publicly 
funded hospital up to the end of September 
2017 (n=667). One hundred and fifty people 
were selected randomly from this group for 
inclusion in the review, with this number 
taking into account the relatively short 
duration of the student project. A review of 
their electronic and written clinical records 
was carried out by the student (HBS), with 
all admissions involving an incompetent 
patient and a random subset of about 10% 
of other admissions reviewed independently 
by senior clinicians (RW and KG) to check 
concordance between reviewers. The 
following data were recorded.

1. Demographic variables: gender, age, 
ethnicity, residential location and 
deprivation index (NZDep13)14 of the 
suburb in which the individual lived, 
using the classifications of the 2013 
New Zealand census.15 

2. Clinical variables: medical diag-
noses made before and six months 
after publication of the ACPlan, and 
medical condition assessed by the 
Quan age-adjusted modification of 
the Charlson Comorbidity Index 
(CCI).16 This algorithm is based on 
22 conditions and predicts 10-year 
mortality and was chosen because 
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of proven validity in a wide range of 
populations.17 

3. Content of the ACPlan: all patients 
prepared their ACPlan using the 
same template18 that contained the 
following information and instruc-
tions. Date published, goal-of-care 
and specific treatment preferences in 
the event of future deterioration in 
health (see Table 1), instructions for 
cardiopulmonary resuscitation (CPR), 
preferred place of death, choices 
for organ donation and changes 
in content of the ACPlan due to 
progression of illness and/or change 
in insight of the implications of the 
disease. 

4. Assessment of competence: compe-
tence at the time of each admission 
was categorised as either competent, 
incompetent or fluctuating compe-
tence. Competence was defined as the 
ability of the patient to understand the 
need to make a decision, process the 
information presented and commu-
nicate their decisions regarding 
treatment. This assessment was based 
on entries in the clinical notes of 

the patient that documented level of 
alertness and orientation and/or the 
level of consciousness (Glasgow Coma 
Scale),19 with signs of incompetence 
including confusion, delirium and 
progressive dementia. 

5. Implementation of the ACPlan: the 
treatment received during each 
hospital admission for the review 
cohort was reviewed to determine 
concordance with the goal-of-care. 
This involved, when available, 
recording the investigations and 
treatment received and clinical 
outcomes of all the admissions from 
electronic clinical, radiological and 
laboratory records and written case 
notes. Concordance between clinical 
management of incompetent patients 
and the contents of the ACPlan, AD 
and CPR preference was reviewed 
separately, with final evaluation of the 
findings carried out by RW and KG. 

6. Place of death: where possible, 
the place of death was recorded 
for comparison with the person’s 
preferred option. 

Table 1: Content of the ACP including selection of goal-of-care, treatment preferences, preferred place of death and organ donation.

Goal-of-care

Option 1 “I wish all my treatment to be aimed at preserving and prolonging my life. I would accept all available treatments and 
hospital admission.”

Option 2 “I wish to receive tests and treatments aimed at improving my comfort and providing a quality of life that I would find 
acceptable. I understand that these treatments may also prolong my life although this is not the main priority for my 
care. Since the focus of care is quality of life, I understand that cardio-pulmonary resuscitation will not be attempted.”

Option 3 “I would like to receive only those treatments which look after my comfort and dignity. I do not wish to receive any 
treatment aimed at prolonging my life. I understand this means that cardio-pulmonary resuscitation will not be at-
tempted. Provided my comfort and dignity can be adequately looked after I would like to remain in my preferred place 
of care.”

Option 4 “I wish the health professionals caring for me to make decisions on my behalf taking into account of what matters to 
me and, where possible, in close consultation with the individuals I have listed above.”

Option 5 “None of these options accurately represents my wishes." (See specific treatment and care preferences listed below).
• CPR preference: Prefers CPR to be carried out/not carried out.
• Specific treatment preference: Yes/no.
• Preferred place of death: Home/ARC-hospice-hospice/no preference.
• Organ and/or tissue donation: Wishes for this to happen/does not want this to happen/wishes family to decide. 

No wishes stated.
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Data analysis 
The frequencies of categorical variables 

in the cohort were expressed as number 
and percentage. Age was expressed as 
median and interquartile range because of 
the predominance of elderly people in the 
cohort. The chi-squared goodness-of-fit test 
was used to examine whether the observed 
frequency of demographic variables of the 
study cohort differed from those in the 2013 
census of the New Zealand population24 and 
Canterbury DHB-Primary Health Organi-
sation population. 

To examine the influence of age or 
severity of comorbidities on the choice of 
goal-of-care and CPR preference stated in 
the ACP or AD the data were analysed using 
the chi square test or Fisher’s exact test. A 
logistical regression model was constructed 
to examine the relationship between 
changes in the choice of goal-of-care as the 
outcome variable and increasing age or 
severity of comorbidities as the explanatory 
variable, and between the preference to not 
receive CPR (outcome) and age (predictor). 
The level of statistical significance for all the 
analyses was set at p≤0.05.

Results
Demographic data 

The demographic and clinical charac-
teristics of the study cohort are shown in 
Table 2. One person was excluded because 
of a lack of adequate information in their 
medical records, leaving 149 people in the 
analysis set. The cohort was comprised 
of mainly elderly people (median age, 78 
years), with 15% living in an aged resi-
dential care (ARC) facility. There were 
significantly more females than males in 
the cohort (57% vs 43%, p<0.01). Caucasians 
were over-represented (94%) compared 
with that in census data (81%), with a 
significantly reduced proportion of all other 
ethnicities (p=0.02). There was also a marked 
under-representation of the most socioeco-
nomically deprived people and a marginally 
lower proportion of the least deprived indi-
viduals compared to census data (p<0.01). 
As shown in Figure 1, 14% of the study 
cohort had no comorbidities and 57% had 
a relatively low risk of 10-year mortality, 
ie, CCI ≤2. The incidence of medical condi-
tions included in the CCI in the study cohort 
were cancer 40%, respiratory disorders 34%, 

Figure 1: Graph showing the distribution of the Charlson Comorbidity Index in the review cohort.
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Table 2: Demographic and clinical characteristics of the study cohort.

Study cohort  
n=149  
n (percentage)

Comparative data p value*

Males 64 (43%)

Females 85 (57%)

Age, yr (median-IQR) 78 (68–86)

Ethnicity NZ 2013 Census 
European 140 (94%) 81% 0.02

Māori 4 (2.7%) 7%

Pacific peoples 1 (0.7%) 3%

Asian 2 (1.3%) 6%

Other 2 (1.3%) 3%

Residential location
Private residence 127 (85%)

Aged residential care 22 (15%)

Deprivation index decile CDHB-PHO§

1–2 29 (19%) 33% <0.001

3–4 34 (23%) 21%

5–6 38 (25%) 19%

7–8 41 (28%) 16%

9–10 7 (5%) 9%

Unknown - 2%

Comorbidity index

0 20 (13%)

1–2 59 (40%)

3–4 27 (18%)

5–6 24 (16%)

7–8 10 (7%)

No data 9 (6%)

Incidence of medical conditions
Cancer 60 (40%)

Respiratory disorder 51 (34%)

Cardiovascular disease 28 (19%)

Renal disease 28 (19%)

Rheumatologic disease 27 (18%)

Dementia 9 (6%)

Diabetes mellitus 6 (4%)

Hemi- or paraplegia 5 (3%)

Liver disease 3 (2%)
*p value for comparison of study cohort and reference populations.  
§Canterbury DHB-Primary Health Organisation. 
Index (0–8) predicts mortality, with scores between 1–2 and ≥5 associated with a 5-fold and 20-fold increase in the 
risk of dying in the next 10 years, respectively.
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cardiovascular disease 19%, renal disease 
19%, rheumatologic disease 18%, dementia 
6%, diabetes mellitus 4%, hemi- or para-
plegia 3%, and liver disease 2%.

Contents of the ACP
Table 3 summarises the selection of goal-

of-care and other directives and preferences 
in the study cohort. Nearly one-half of the 
cohort selected Option 3 for their goal-of- 
care that stipulated care should be focused 
on symptoms only without any life-pro-
longing treatment. The majority (80%) did 
not want CPR to be carried out, 15% wanted 
resuscitation to be attempted if medically 
indicated, while 5% expressed no pref-
erence. Approximately two-thirds of the 
cohort had directives excluding a specific 
treatment. The most preferred place of 
death was ‘at the residential property’ (40%) 
compared to palliative care within an ARC 
or associated hospice (27%), or hospital (6%), 
while 27% of people had no preference. 

Only three people in the cohort had 
updated their ACPlan, with one no longer 

wanting to receive CPR, one making changes 
following discussions with their partner, 
and one because of a diagnosis of cancer. 

Relationship between ACP content 
and age and level of morbidity 
Age 

A significant association was observed 
between increased age and choice of goal-
of-care. (Figure 2A). Logistic regression 
analysis showed that age influenced the 
choice of goal-of-care 2 (odds ratio [OR] 1.77; 
p=0.009), 3 (OR 1.93; p=0.001) and 5 (OR 2.49; 
p=0.04) over goal-of-care 1, but not the choice 
of goal-of-care 4 (OR 1.49; p=0.13) (Figure 
2B). Increasing age also influenced CPR 
preference, such that a person was 1.7 times 
more likely to not want CPR than a person 10 
years younger (p=0.04) (Figure 2C).

Comorbidity index 
As shown in Figure 3, individuals with 

a higher CCI and risk of mortality tended 
to choose goal-of-care 4, in which they 
wanted health professionals to lead 

Table 3: Preferences stated in the ACP by the study cohort.

Study cohort n=149
Goal-of-care
Option 1 21 (14%)

Option 2 42 (28%)

Option 3 64 (43%)

Option 4 16 (11%)

Option 5 6 (4%)

CPR preference
Prefers CPR to be carried out 23 (15%)

Prefers CPR not to be carried out 119 (80%)

No preference stated 7 (5%) 

Specific treatment preference
Yes 96 (64%)

No 53 (36%)

Preferred place of death
Residential property 60 (40%)

ARC-hospice 40 (27%)

Hospital 9 (6%)

‘No preference’ option selected 40 (27%) 

Organ and/or tissue donation
Wishes for this to happen 54 (36%)

Does not wish this to happen 68 (46%)

Wishes family to decide 24 (16%)

No wishes stated 3 (2%) 
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Figure 2: Graphs showing (a) The relationship between increasing age and the choice of goal-of-care 
and preference regarding CPR, (b) Logistic regression model showing the influence of a step-wise 10-
year increase in age on the choice of goal-of-care, and (c) binomial logistic regression model showing 
the predicted probability for preference not to receive CPR. The small circles represent individual 
patients, the blue line shows the increasing probability of older people not wanting to be resuscitated 
(shaded area—95 % confidence intervals).

Figure 2B:

Figure 2A:
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Figure 2C:

Figure 3: Graph showing the relationship between increasing severity of comorbidities and the choice 
of goal-of-care and preference regarding CPR.
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decision making in conjunction with family 
members or friends. The distribution and 
median value of CCI were similar for the 
other four goals-of-care. No association was 
observed between the CCI and preference 
regarding CPR.

Concordance between the ACPlan 
and AD content and treatment 
during hospital admissions 

A total of 411 admissions to a public 
hospital since publication of the ACPlan 
were identified in the study cohort. Twelve 
percent of these admissions were to the 
emergency department (ED), with 88% 
requiring an inpatient stay. Median CCI was 
similar for the ED and inpatient admissions 
(3.3 vs. 3.2, respectively). 

The majority of people (63%) were deemed 
competent during admission, 14% partially 
competent and 11% non-competent. Compe-
tence could not be assessed retrospectively 
in the remaining 12% of individuals. The 
goal-of-care was adhered to in 59 of the 
60 admissions involving non-competent 
people. Treatment preferences stated in the 
AD were relevant in seven cases and were 
adhered to in six cases. The one case of 
non-concordance involved a patient with an 
infective exacerbation of COPD who experi-
enced a myocardial infarction. Despite the 
ACPlan stating life-prolonging care or CPR 
for a life-threatening chest infection should 
not be provided, the patient was treated 
with intravenous fluids and antibiotics. All 
patients who stated they did not want CPR 
in the event of a cardiac arrest had their AD 
visible within the ACP on their electronic 
medical records. No patient in the study 
cohort received CPR.

Preferred place of death 
Fifty-five people died, with the place of 

death identified in 44; 21 (48%) dying in 
their preferred place, 16 (36%) in a non-pre-
ferred place, and seven (16%) with no 
preference stated. 

Discussion
The decision to prepare an ACPlan may be 

influenced by a person’s physical condition 
and prognosis combined with social factors 
such as gender, age, cultural and ethnic 
background, religion and education.2–4 The 
first aim of this review was to examine the 

effect of comorbidities as a clinical factor 
and age as a social factor on the choice of 
goal-of-care and decision regarding CPR. Our 
data indicated that age had a measurable 
influence on a person’s choice of goal-
of-care, with older people tending to want 
to receive only treatments that maintained 
their comfort and dignity. With increasing 
age there was a steady decrease in the 
selection of goal-of-care option that accepted 
all available life-prolonging treatments, 
including CPR. In comparison, the severity 
of comorbidities appeared to have less 
influence on these decisions, with people 
with more severe disease tending to want 
healthcare professionals to make decisions 
regarding end-of-life care in consultation 
with family members or friends. This 
finding is consistent with other studies 
that reported older adults with multiple 
conditions were more likely to prefer 
active decision making with healthcare 
professionals.20 However, our finding of a 
lack of association between comorbidities 
and CPR preference is different from the 
general finding in the published literature 
that the severity of disease burden is a 
major trigger for the decision not to receive 
resuscitation.21 

The second aim of the review was to 
examine compliance between ACPlans 
and end-of-life care. This showed that the 
treatment received during admission to a 
public hospital was generally consistent 
with the goals-of-care, while in six of the 
seven cases involving an incompetent 
patient, the specific treatment preferences 
in the AD were adhered to. It is necessary to 
consider the above findings from the point 
of view that documentation of care in case 
notes should not be conflated with the actual 
care received and that evaluation of concor-
dance may not represent the patient’s actual 
wishes in the ‘real time’ context of a hospital 
admission. Reflecting these methodological 
difficulties, the findings of published studies 
similar to the current review are charac-
terised by their inconsistency. For example, 
two recent studies in Australia reported 
opposite findings, with one showing about 
one-third of cases received treatment that 
contradicted preferences listed in the 
ACPlan,22 while the other found the majority 
of patients received hospital care fully 
concordant with their stated preferences.23 
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Variations in methodology and the make-up 
of the patients investigated may also 
contribute to differences between studies.24 

Of the people in the cohort who died, 
approximately 50% died at their preferred 
place, a finding consistent with local audit 
data that showed 82% of people with an 
ACPlan died in a setting such as their 
home or aged residential care and that 
the proportion of people in Canterbury 
over 75 years who die in hospital is 30% 
compared with the national average of 
34%. These findings are in accordance with 
international evidence that ACP is strongly 
associated with lower rates of hospital 
deaths.25

Our review showed ethnicity, and to a 
lesser extent, socioeconomic status, influ-
enced the make-up of the cohort of people. 
The over representation of Caucasians 
and under-representation of minority 
ethnic groups in the cohort is consistent 
with previous reports in New Zealand26 
and other multicultural countries.27,28 This 
under-representation may reflect differ-
ences in family-centred decision making 
and attitudes towards life-prolonging treat-
ments and influence of religious beliefs 
and doctor-patient relationships.29 Our 
observation of a lower number of ACPlans 
prepared by people in lower socioeconomic 
groups is consistent with the findings of a 
large survey carried out in the US.30

The review had several limitations. The 
number of people investigated was rela-
tively small and as a consequence we were 
able to evaluate the concordance between 
care received and the ACPlan in only seven 

cases of incompetent patients who had 
expressed specific treatment preferences. In 
addition, in approximately 20% of admis-
sions there was insufficient information 
to determine competence, although in the 
majority of these cases the admission was 
for short-term, pre-arranged treatment in a 
medical day unit. Determining concordance 
of treatment with the ACP was problematic 
in some cases as the goal-of-care could 
be interpreted differently, with the true 
intention of care provided difficult to assess 
retrospectively using only clinical records. 
The demographics of the review cohort 
were also markedly different than reference 
populations in census data and local health 
authority databases, making the general-
isability of our findings to the population 
questionable. Therefore, our results need 
to be considered after taking these limita-
tions into account, but may provide useful 
information for future similar studies to 
identify populations that require further 
investigation. 

We conclude that our review shows 
that age and to a lesser extent the level of 
comorbidities may influence the choice 
of goal-of-care in an ACPlan. In our small 
cohort of people, admission to a publicly 
funded hospital for both routine and 
end-of-life care appeared to adhere to the 
wishes and preferences stated in the ACP. 
Our findings support the usefulness of 
ACPs in that they provide the opportunity 
for patient choice and self-determination 
and encourage the wishes of hospitalised 
patients to be recognised and used to guide 
care. 
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Accuracy of SNOMED-CT 
Chief Presenting Complaint 

Codes: an audit of 1,000 
cases

Peter G Jones, Annette Dance, Nikhar Shah

The Systematised Nomenclature of Med-
icine—Clinical Terms (SNOMED-CT) 
coding system has been adopted by the 

Ministry of Health in Aotearoa New Zealand 
to replace other medical coding systems.1 
The MOH has mandated that Emergency De-
partments (ED) in New Zealand must report 
all visits using SNOMED-CT codes for Chief 
Presenting Complaint (CPC), Procedures and 
Diagnoses to the National Non-admitted 
Patient Collection (NNPAC) by July 2021.2 It 
is hoped that this will correct a large gap in 
the data about acute presentations which is 
not captured currently.3 This is especially 
important as there are implications for dis-
ease surveillance, new trends in recreational 
drug toxicity and especially relevant in the 
current context of SARS COV-2: early iden-

tification of possible pandemics.4 Auckland 
City Hospital (ACH) emergency department 
(ED) introduced coding CPC with SNOMED-
CT in March 2019 as an ‘early adopter’ 
pilot site for the MOH national rollout and 
are currently in the process of introducing 
procedure and diagnosis codes. In the MOH 
reference set for emergency care there were 
initially 144 possible presenting complaints, 
although this has now been expanded to 152 
after feedback from stakeholders.2 We cur-
rently do not know how accurate coding of 
CPC using SNOMED-CT is in a New Zealand 
ED context. The aim of the current study is 
to determine how accurate coding CPC with 
SNOMED-CT was by triage staff compared to 
clinician’s notes. 

ABSTRACT
AIM: The Systematised Nomenclature of Medicine – Clinical Terms (SNOMED-CT) coding system has 
been introduced to emergency departments in New Zealand, starting with the patient’s chief presenting 
complaint (CPC). However, it is not known how accurate CPC coding at triage is, or whether coding accuracy 
varies by patient characteristics. The aim of this study was to determine the accuracy of CPC coding.

METHOD: We compared the real-time triage recorded CPC with the presenting complaints recorded in 
medical notes by the treating clinician. Agreement was determined by exact CPC matches and the kappa 
statistic. 

RESULTS: From 1,000 consecutive presentations 852 were eligible (89 CPCs). Real-time CPC agreed with 
clinical notes in 514/852 (60.3%) cases. When real-time free text comments were included, agreement was 
732/852 (85.9%). There were no differences by age, sex or ethnicity. Agreement for the common CPCs: 
‘trauma’ (21%); ‘abdominal pain’ (11%), ‘chest pain’ 87 (10%) and ‘shortness of breath’ (8%) was substantial, 
k=0.66 (95% CI: 0.61, 0.70). Use of non-specific CPC such as ‘referral for investigation’ (5%) and ‘general 
weakness/fatigue/unwell’ (2%) was uncommon but associated with poor agreement. 

CONCLUSION: The accuracy of real-time coding for CPC using SNOMED-CT was reasonable, except for 
non-specific CPCs, which should be avoided where possible. 
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Method
This was a retrospective chart review. 

Setting
ACH is an urban tertiary academic centre 

that has an annual census of approximately 
76,000 patients 15 years or older.

Case selection
One thousand consecutive presentations 

to ED were selected, between the dates 19 
July 2019 and 23 July 2019. The start date 
was arbitrarily chosen to give staff suffi-
cient time (four months) to get used to using 
SNOMED-CT. 

Recording of presenting complaints
Triage CPC

CPC was recorded in real-time as soon 
as possible on patient arrival at ED. This 
is done by trained triage nurses for all ED 
presentations, except those ambulance 
patients requiring immediate resuscitation, 
or primary care referrals to inpatient teams. 
Clerical staff record the CPC for patients 
referred by their primary care provider or 
patients requiring immediate resuscitation 
(while clinical staff provide immediate care). 
A single CPC is recorded from the MOH 
reference set into the electronic patient 
management system (Triage CPC). There is 
provision within the system to add free text 
comments about the CPC or mention other 
presenting complaints if there are multiple 
(Triage Comments). 

Auditor CPC
Treating clinicians typically begin 

their clinical notes stating the presenting 
complaint and history of presenting 
complaints. These notes were audited, and 
the auditor recorded what the clinician 
stated as the presenting complaints (Auditor 
CPC). The first presenting complaint 
mentioned in the clinical notes was recorded 
as the first Auditor CPC. Up to five Auditor 
CPC were recorded if there were multiple 
presenting complaints. The auditors were 
a senior emergency nurse and a trained 
final year medical student. The lead author 
reviewed the first few cases with the 
auditors, until satisfied that data collection 
was reliable. No formal check of data 
accuracy was performed. Where there was 
uncertainty about the CPC in a particular 
case the auditors discussed with the lead 
author and resolved by consensus. Only the 

date/time of presentation, visit number and 
NHI were provided to the auditors. Patient 
records were then accessed by the auditors 
using the clinical records systems Concerto 
(Orion Health, Auckland, New Zealand) and 
3M™ ChartView™ (3M Company, Salt Lake 
City, Utah, US) using a password-protected 
computer based within the ED. Electronic 
clinical notes for all patients were reviewed 
independently by an auditor blinded to 
the real-time CPC. The auditor recorded 
CPC based on the first treating clinician’s 
clinical notes onto a purpose-built electronic 
data collection form in Microsoft Excel® 
(Microsoft Corporation, Redmond, Wash-
ington, US). The first treating clinician was 
either an independent nurse practitioner 
or doctor. When there was more than one 
presenting complaint recorded by the first 
treating clinician the auditor could record 
up to five presenting complaints. 

Outcomes
The primary outcome was the agreement 

between triage CPC and the first recorded 
auditor CPC. Secondary analyses were 
differences between patient groups, and 
overall agreement between triage CPC plus 
triage comments and all recorded auditor 
CPCs.

Data collection
The following data was retrieved from 

the hospital data warehouse: event number, 
NHI, date/time of presentation; age, sex, 
ethnicity, CPC and free text triage comments 
fields. This was received by one author in 
the form of a .csv file and stored in a pass-
word-protected computer in a locked office 
in the ED.

Data handling
Once all data was collected the two data 

sources were merged into one file for 
analysis by one author.

Data analysis
Auditor’s CPC was compared directly to 

the triage CPC and triage comments. The 
proportion exact matches between triage 
CPC or triage comments and auditor CPC 
was recorded as n, % 95% CI. The 95% CI 
was calculated using Graphpad QuickCalcs 
(http://www.graphpad.com/quickcalcs/
confInterval1/), San Diego, CA, US. Tests for 
differences between groups were done using 
Chi2, using Open Epi.5 A two-tailed p<0.05 
was considered statistically significant. 
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Ethics and institutional approval
As an audit of the data quality undertaken 

by staff in the department where this data 
was collected and no identifying data would 
be reported, this study did not meet the 
threshold to require ethical approval. Insti-
tutional approval was obtained from the 
ADHB research office (A+8678).

Results
The case selection process is shown in 

Figure 1. Of 1,000 consecutive presenta-
tions, 852 were seen in ED and had notes 
available for the analysis (85%). The demo-

graphic details for the cases are shown in 
Table 1. There were 89 different presenting 
complaints recorded in real-time of 144 
possible (62%) from the original MOH 
reference set. The most common CPC were 
related to trauma, with all ‘injury’ related 
CPC 175/852 (20.5%), ‘abdominal pain’ 94 
(11.0%), ‘chest pain’ 87 (10.2%), ‘shortness of 
breath’ 66 (7.7%), ‘referral for investigation’ 
43 (5.0)%, and ‘fever symptoms’ 30 (3.5%). 

Figure 2 shows the auditor’s first CPC 
agreement with the triage CPC, which 
was 514/852, 60.3% (95% CI 57–64%). 
When triage free text comments were 
also considered, the agreement between 

Figure 1: Case selection.

Table 1: Demographics of sample population.

Variable n, % 
(n=852)

95% CI

Age Mean (SD) 46.6 (21.8)

Sex Female 433, 50.8% 47–54%

Male 419, 49.2% 46–53%

Ethnicity Asian 191, 22.4% 20–25%

European 407, 47.8% 44–51%

Māori 100, 11.7% 10–14%

Pacific 120, 14.1% 12–17%

Other 34, 4.0% 3–6%

SD = standard deviation, CI = confidence interval.
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Figure 2: Agreement between auditor and real-time SNOMED-CT CPC 

SNOMED-CT= Systematised Nomenclature of Medicine – Clinical Terms, CPC = chief presenting complaint.
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Figure 3: Agreement between auditor and real-Time SNOMED-CT CPC + triage comments

SNOMED-CT= Systematised Nomenclature of Medicine – Clinical Terms, CPC = chief presenting complaint.
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the auditor’s CPCs derived from the first 
clinician’s notes and the triage presenting 
complaints was 732/852, 85.9% (95% CI 
83–88%) of cases (Figure 3). 

There was disagreement between either 
real-time CPC and triage comment and any 
auditor selected for 186 patients across 51 
CPC. 

For the common clinical complaints 
related to trauma, ‘abdominal pain’, ‘chest 
pain’ and ‘shortness of breath’, there was 
substantial agreement between the audi-
tor’s primary CPC and the real-time CPC, 
661/852=77.5%, k=0.66 (0.61, 0.70), as shown 
in Table 2. 

The worst agreement was for CPC that 
were non-specific. Agreement for ‘referral 
for investigation’ was (6/43, 14%). For this 
CPC, the auditors recorded an alternative 
more specific CPC in 37/43 (86%) cases 
(Figure 4). When triage comments were 
included in the comparisons, the level of 
agreement increased to 24/43 (56%). 

Similarly, for ‘fever symptoms’ there 
was only 17/29, 57% agreement on CPC 
which improved to 24/29 (80%) with triage 
comments included. For ‘general weakness/
fatigue/unwell’ there was no agreement on 
CPC, 0/16 (0%). This improved to 8/16 (50%) 
when triage comments were included. 

There were occasional disagreements 
for many CPC: For example, eight patients 
with injuries who were coded as having 
‘pain in body part (no recent injury)’ and 
three patients with ‘fall(s) no significant 
injury’ when injuries were present. Simi-
larly, 11 patients had injury-related CPC 

who were coded as pain without injury by 
the auditors. Also, many CPC overlap, such 
as ‘collapse/syncope’ and ‘fall(s) no signif-
icant injury’ (four cases coded either way 
in real-time or by auditor); for acute toxico-
logical presentations CPC may also overlap, 
for example ‘alcohol intoxication’, ‘drug 
intoxication’, ‘overdose of drug’ or ‘ingestion 
of harmful substance’ (seven cases with 
variable coding either in real-time or by 
auditors). 

 Table 3 shows the agreement based on 
demographic characteristics. There was 
no difference in the rate of agreement on 
CPC by age category or sex. There was a 
difference for different ethnicities which 
bordered statistical significance. The most 
agreement was for Pacific peoples, 66% (95% 
CI 57–74) and least for Māori, 51% (95%CI 
41-61). This difference was not evident when 
triage comments were also considered int 
the agreement calculation (Table 3). 

Discussion
This is the first audit of the accuracy of 

CPC coding using SNOMED-CT compared 
to first treating clinician documentation 
of presenting complaints in the New 
Zealand ED setting. The overall accuracy 
was reasonable in our view, with good 
agreement for the majority of CPC, espe-
cially when triage comments were also 
considered. Differences observed between 
different age groups, sex or ethnicity were 
trivial. 

Accuracy for the CPC ‘general weakness/
fatigue/unwell’ and ‘referral for investi-
gation’ CPCs were poor, with three quarters 

Table 2: Agreement for common CPC.

Auditor CPC

Abdominal 
pain

Chest pain Shortness 
of breath

Trauma Other

Real-time 
CPC

Abdominal 
pain

63 1 0 0 30

Chest pain 8 55 3 1 20

Shortness 
of breath

1 2 40 1 22

Trauma 1 1 1 136 36

Other 14 5 11 33 367

CPC = chief presenting complaint.
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Figure 4: Clinician CPC compared to triage CPC ‘referral for investigation’. 

Green indicates agreement between auditor and real-time CPC, red indicates auditor CPC when real-time CPC was 
‘referral for investigation’. CPC = chief presenting complaint.

Table 3: Agreement on CPC by demographic variable.

Variable CPC agreement 
n, % (n=852)

p CPC + comments 
agreement 
n, % (n=852)

p

Age 15–29 147/241, 61.0% 0.348 217/241, 90.0% 0.154

30–44 122/196, 62.2% 167/196, 85.2%

45–59 97/156, 62.2% 129/156, 82.7%

60–74 82/132, 62.1% 115/132, 87.1%

75+ 66/127, 52.0% 104/127, 81.9%

Sex Female 265/433, 61.2% 0.597 379/433, 87.5% 0.169

Male 249/419, 59.4% 353/419, 84.2%

Ethnicity Asian 105/191, 55.0% 0.053 161/191, 84.3% 0.964

European 259/407, 63.6% 352/407, 86.5%

Māori 51/100, 51.0% 86/101, 86.0%

Pacific 79/120, 65.8% 104/120. 85.3%

Other 20/34, 58.8% 104/123, 86.7%
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or more of these having more specific 
CPC recorded by the treating clinician. As 
a result of this audit we have fed back to 
triage staff to avoid using more general CPCs 
where possible. The ‘referral for investi-
gation’ CPC was used for many primary care 
referrals and for those patients brought 
by ambulance direct to the resuscitation 
room—for these patients it was expedient 
for clerks who entered the patients into the 
hospital information system to use this code. 
The other feedback provided was to avoid 
trying to label patients with a diagnosis 
using the CPC presumptive diagnoses can be 
placed in the free text comments if required. 

Given that patients often present to ED 
with more than one presenting complaint, 
histories evolve over time and that the 
emphasis given by patients or clinicians 
to a particular presenting complaint 
when more than one symptom is present 
may differ, the accuracy observed in this 
study was considered reasonable, and 
compares well to that previously reported 
in Australia by research staff determining 
CPC from free text. In the study by Wagho-
likar and colleagues, agreement between 
two research assistants extrapolating CPC 
from free text is reported for the five most 
common CPC (abdominal pain, chest pain, 
shortness of breath, trauma and other, 
n=364). Using the raw data provided, it was 
possible to estimate the overall interob-
server agreement in their study: k=0.56 
(0.50, 0.617), n=364,6 which is moderate 
agreement. In our audit using the same 
five categories there was substantial 
agreement.7

It is clear that when using the CPC for 
audit of particular conditions to determine 
the denominator of interest, or for disease 
surveillance more than one CPC needs to 
be flagged to maximise the sensitivity of 
searches. This was evident for the trau-

ma-related CPC where patients may be 
coded by the location of their injury or the 
symptoms caused; education is required 
such that trauma presentations should not 
be coded as ‘pain in body part (no injury)’. 
In the case of SARS-Cov-2 (or future viral 
respiratory pandemics) the relevant CPC 
may be ‘fever symptoms’; ‘shortness of 
breath’; ‘cough’; ‘sore throat’ or ‘exposure to 
communicable disease’. Simply screening 
for one of these will miss relevant cases.

Having a short but comprehensive list 
of searchable presenting complaints is a 
vast improvement for our department. 
Our previous system of free text data 
entry for presenting complaints made any 
form of clinical audit based on presenting 
complaints very difficult, due to the myriad 
of variations of spellings, misspelling, 
acronym use and other abbreviations that 
were possible for each and every presenting 
complaint. Ongoing audit and education will 
be important to improve/maintain real-time 
coding accuracy for CPC. 

The next steps for our department are to 
introduce the reference sets for ED proce-
dures and diagnosis. Once this is embedded 
at a national level, we will for the first time 
have a real picture of the demand for and 
the opportunity to determine the value 
added by ED care in New Zealand.8 

Conclusion
The accuracy of SNOMED-CT CPC was 

reasonable in our department, although 
several areas for improvement were iden-
tified, most importantly the need to avoid 
using more general CPC when a specific 
CPC is available. Use of CPC for research 
or disease surveillance will require careful 
consideration of local coding practice and 
use of multiple CPC in searches to maximise 
sensitivity.



75 NZMJ 4 December 2020, Vol 133 No 1526
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

ARTICLE

Competing interests:
Prof Jones is the clinical lead at the Ministry of Health for the  

Shorter Stays in Emergency Departments health target and on the sector  
advisory group for implementation of SNOMED-CT. 

Acknowledgements:
The authors would like to thank Dr Mark Gardener for his  

assistance with data collection for this study.
Author information:

Peter G Jones, Associate Professor, Department of Surgery, School of Medicine, University 
of Auckland, Auckland; Emergency Physician, Adult Emergency Department, Auckland City 
Hospital, Auckland; Annette Dance, Charge Nurse, Adult Emergency Department, Auckland 

City Hospital, Auckland; Nikhar Shah, House Officer, Auckland City Hospital, Auckland.
Corresponding author: 

Prof Peter Jones, Adult Emergency Department, Auckland City Hospital, ADHB, Private Bag 
92024 Victoria St West, Auckland 1142.

peterj@adhb.govt.nz
URL:

www.nzma.org.nz/journal-articles/accuracy-of-snomed-ct-chief-presenting-complaint-codes-
an-audit-of-1-000-cases

REFERENCES:
1. MOH: SNOMED-CT 

[20/4/20]. Available from: 
http://www.health.govt.nz/
nz-health-statistics/classi-
fication-and-terminology/
new-zealand-snomed-ct-na-
tional-release-centre/
snomed-ct

2. MOH: HISO 10048 Emer-
gency Care Data Standard 
[20/4/20]. Available 
from: http://www.health.
govt.nz/publication/
hiso-10048-emergency-
care-data-standard

3. Jones P, Hughes T, Morton 
T. Information technology 
coding systems in the 
emergency department: It 
is not the tools, it is how 
we use them. Emergency 
Medicine Australasia 
2019; 31(5):700–01. doi: 
10.1111/1742-6723.13378

4. Elkin PL, Brown SH, Balas 
A, et al. Biosurveillance 
evaluation of SNOMED 
CT's terminology (BEST 
Trial): coverage of chief 
complaints. Studies in 
Health Technology & Infor-
matics 2008; 136:797–802.

5. Dean AG, Sullivan KM, 
Soe MM. OpenEpi: Open 
Source Epidemiologic 

Statistics for Public Health, 
Version. www.OpenEpi.
com, updated 2013/04/06, 
accessed 2020/04/28. 

6. Wagholikar AS, Lawley MJ, 
Hansen DP, et al. Identify-
ing symptom groups from 
Emergency Department 
presenting complaint 
free text using SNOMED 
CT. AMIA Annu Symp 
Proc 2011; 2011:1446–53 
[published Online 
First: 2011/10/22].

7. Landis JR, Koch GG. The 
measurement of observer 
agreement for categorical 
data. Biometrics 1977; 
33(1):159–74 [published 
Online First: 1977/03/01].

8. Hughes T, Higginson 
I, Mann C. Tariffs in 
emergency care. Brit-
ish journal of hospital 
medicine (London, 
England : 2005) 2014; 
75(11):631–6. doi: 10.12968/
hmed.2014.75.11.631 
[published Online 
First: 2014/11/11].



76 NZMJ 4 December 2020, Vol 133 No 1526
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

ARTICLE

The carcinogenicity of 
pesticides used in  

New Zealand
Andrea Martine 't Mannetje

According to the most recently avail-
able data, approximately 3,400 
tonnes of pesticide active ingredients 

are used in New Zealand agriculture annu-
ally.1 While designed to be toxic to pests, 
they may also affect non-target organisms 
including humans. Although acute pesticide 
poisoning has long been a primary health 
concern, also in New Zealand,2,3 long-term 
chronic health effects of pesticide exposure 
have also been demonstrated, including 
cancer. In the past four decades pesticides 
have been associated with increased risks 
of Non-Hodgkin’s lymphoma (NHL), leu-
kaemia, soft tissue sarcoma, cancers of the 
prostate, pancreas, lung, brain, and ovaries,4 
multiple myeloma5,6 and melanoma,7 even 
at levels that do not induce acute toxicity. 
The most consistent evidence is for leu-
kaemia and NHL, and also in New Zealand 
studies of NHL and leukaemia conducted 

since the 1980s have shown increased risks 
in farmers, particularly crop farmers and 
horticultural workers.8–13 Pesticide exposure 
is the most plausible explanation, although 
the identification of a causal role for specific 
pesticides has been difficult. Cancer risks 
were not limited to one class of pesticides 
(herbicides, insecticides, fungicides), or to 
one chemical group (phenoxy herbicides, 
organochlorine, organophosphate and 
carbamate pesticides),4–17 with some studies 
reporting that the risk of NHL increases with 
the number of different pesticides used, 
particularly for those pesticides suspected 
to be carcinogens.14 Recent findings also in-
dicate that in addition to direct genotoxicity, 
pesticides may cause cancer through other 
mechanisms, including immunotoxicity, 
tumor promotion, peroxisome proliferation, 
hormonal action and metabolic disruption.15 

ABSTRACT
AIM: To estimate the number and weight of pesticides used in New Zealand agriculture that are classified as 
known or suspected human carcinogens.

METHODS: The yearly usage of active ingredients was extracted from the most recent (2005) report on 
pesticide use. For each active ingredient, the carcinogenicity classification of three regulatory agencies 
(New Zealand Environmental Protection Authority [EPA NZ], US Environmental Protection Agency, European 
Chemicals Agency) was extracted. The International Agency for Research on Cancer (IARC) Monograph 
Programme’s classifications were also considered. Total tonnes of active ingredients were calculated 
according to each classification.

RESULTS: None of the pesticides are classified as known human carcinogens. In total, 56 active ingredients 
are listed as suspected carcinogens by at least one of the four agencies, including 16 high-use ingredients, 
representing up to 51% of the total yearly quantity. Agency-specific estimates ranged between 4–26% 
(148–872 tonnes) with the EPA NZ classification yielding the lowest estimate. The suspected carcinogen 
weight was highest for fungicides (estimates based on the three regulatory agencies ranged between 
72–540 tonnes), followed by herbicides (60–200 tonnes) and insecticides (16 tonnes). 

CONCLUSIONS: New Zealand’s use of pesticides that are suspected carcinogens is high. Efforts to increase 
awareness and reduce exposure need to be considered. 
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Before specific pesticides are allowed onto 
the market, regulatory agencies provide 
a hazard classification of the potential 
human health effects, including carcino-
genicity. Historically, carcinogen hazard 
classifications have been based mainly 
on genotoxicity testing and rat or mouse 
studies. While this has likely restricted the 
use of many genotoxic chemicals and animal 
carcinogens, it is now recognised that this is 
insufficient, and that new data from toxi-
cology and cancer biology need to be used 
in conjunction with epidemiology to more 
validly identify human carcinogens.15 

With scientific evidence of pesticide 
carcinogenicity continuously evolving, 
cancer hazard classifications for specific 
pesticides also change over time, as do 
pesticide use profiles as a result of agri-
chemical developments, legislation and pest 
resistance. For example, several pesticides 
currently known or suspected to cause 
cancer in humans are no longer used in New 
Zealand since the 1970s and 1980s (Table 
1). Pesticide use profiles are also country 
specific, and estimates of the total use of 
carcinogenic pesticides can therefore not be 
projected from one country to another. 

The aim of this review is to provide an 
overview of the number and total quantity 
(in tonnes of active ingredient) of currently 
used pesticides in New Zealand that are 
considered known or suspected human 
carcinogens by the EPA NZ and other 
national regulators, and the International 
Agency for Research on Cancer (IARC). 
This will aid the discussion about pesticide 
use and cancer risk in New Zealand and 
guide efforts to develop effective policies to 
reduce pesticide exposure and associated 
cancer risks in agricultural workers and the 
community.

Methods
Identification of pesticide use in 
New Zealand

National pesticide use data are not 
consistently recorded in New Zealand, but 
periodic ad hoc surveys to quantify its use 
are available. The most recent assessment 
of pesticide active ingredients used in New 
Zealand was published in 2005,1 providing 
estimates of tonnes of active ingredients 
used per year in New Zealand agriculture 

for the 38 most used active ingredients 
(excluding mineral oil), and also listing 
minor use active ingredients.1 These esti-
mates were based on data from a survey 
conducted by The New Zealand Association 
for Animal Health and Crop Protection 
(Agcarm), that collected voluntary annual 
data on sales of pesticides by kilograms of 
active ingredient (a.i.), supplemented by 
Statistics New Zealand data collected for 
New Zealand Customs Service records, on 
quantities of pesticide product imported. 

Carcinogenicity classifications of 
pesticides

For each of the pesticide active ingre-
dients used in New Zealand, the most recent 
carcinogenicity classifications of three regu-
latory agencies were extracted: The New 
Zealand Environmental Protection Authority 
[EPA NZ]; the US Environmental Protection 
Agency [EPA US]; and the European Chem-
icals Agency [EU]). The classifications of the 
International Agency for Research on Cancer 
(IARC) Monograph Programme were also 
identified. Background information on the 
classification schemes used by each agency 
to classify carcinogenicity is summarised 
below. 

New Zealand (EPA NZ)
The New Zealand hazard classifications 

for pesticides are reported in the Chemical 
Classification and Information Database 
(CCID) of the New Zealand Environment 
Protection Authority (EPA NZ).16 If a 
substance has any hazardous properties (eg, 
explosive, flammable, oxidizing, corrosive, 
toxic or ecotoxic) it is considered a 
hazardous substance and requires approval 
under the Hazardous Substances and New 
Organisms (HSNO) Act 1996. 
Figure 1: Hazard classification used for human 
carcinogenicity in New Zealand.

6.7A Known or presumed human carcinogen 

6.7B Suspected human carcinogen

For each hazardous substance the EPA NZ 
assigns a hazard classification according 
to its physical, health and environmental 
hazards. The cancer classifications used 
in New Zealand are coded as 6.7A (known 
or presumed human carcinogen) or 6.7B 
(suspected human carcinogen) (see Figure 
1), a classification framework similar to the 
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Table 1: Historic pesticides: pesticides with an IARC evaluation of 2B, 2A or 1, which are no longer used in New Zealand.

Active ingredient CAS pesticide group IARC classification

Herbicides
2,4,5-T 
contaminated with TCDD (2,3,7,8-tetrachlo-
rodibenzo-para-dioxin) 

93-76-5
phenoxy hormones
1746-01-6 (TCDD)

TCDD: 
1-carcinogenic to humans
Sup 7, 69, 100F, 2012 
chlorophenoxy herbicides: 
2B-possibly 
Sup 7, 1987 

Sulfallate 95-06-7
thiocarbamate

2B-possibly
30, Sup 7, 1987 

Nitrofen 1836-75-5
diphenyl ether

2B-possibly
30, Sup 7, 1987

Fungicides
Pentachlorophenol (PCP) 87-86-5

organochlorine
1-carcinogenic to humans
53, 71, Vol 117, 2019

Captafol 2425-06-1
organochlorine

2A-propably
Vol 53, 1991

Hexachlorobenzene 118-74-1
organochlorine

2B-possibly
Vol 79, 2001

Insecticides
Lindane 58-89-9

organochlorine
1-carcinogenic to humans
Vol 113, 2018

DDT 50-29-3
organochlorine

2A-probably
Vol 113, 2018

Dieldrin, aldrin metabolized to dieldrin 60-57-1
organochlorine

2A-probably
Vol 117, 2019

Hexachlorocyclohexanes (HCH, mixed 
isomers)

608-73-1organochlorine 2B-possibly
Vol 20, Sup 7, 1987

Heptachlor 76-44-8
organochlorine

2B-possibly
Vol 79, 2001

Mirex 2385-85-5
organochlorine

2B-possibly
Sup 7, 1987

Chlordane 57-74-9
organochlorine

2B-possibly
Vol 79, 2001

Parathion 56-38-2
organophosphate

2B-possibly
30, Sup 7, 112, 2017

Toxaphene1 8001-35-2
polychlorinated camphenes

2B-possibly
Sup 7, 79, 2001

Other
Arsenic and inorganic arsenic compounds 1-carcinogenic to humans

Sup 7, 1987; Vol 100C, 2012

Ethylene dibromide 106-93-4
soil fumigant

2A-probably
Sup 7, 1987

1,2-dibromo-3-chloropropane (DBCP) 1) 96-12-8
soil fumigant

2B-possibly
Sup 7, 1987

1 Never registered in New Zealand.



79 NZMJ 4 December 2020, Vol 133 No 1526
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

ARTICLE

Globally Harmonized System of Classifi-
cation and Labelling of Chemicals. 

USA (EPA US)
US carcinogenicity classifications for 

pesticides are published by the Environ-
mental Protection Agency’s (EPA) Office of 
Pesticide Programs,17 and classifications are 
summarised in the Chemicals Evaluated 
for Carcinogenic Potential Annual Cancer 
Report.18 

When assessing possible cancer risk, the 
EPA considers the carcinogenic potency and 
the potential for human exposure. The pesti-
cides are evaluated not only to determine 
if they cause cancer in laboratory animals, 
but also as to their potential to cause cancer 
in humans. The factors considered include 
short-term studies, long-term cancer studies, 
mutagenicity studies and structure activity 
concerns. Over time, cancer classification 
frameworks used by the US EPA have 
changed as listed in Figure 2, and there is no 
direct correspondence between the clas-
sifications, ie, which classification is used 
depends on the date of the evaluation.

European Union (EU)
The hazard classifications of pesticides 

used as plant protection products and 

evaluated by the European Union are 
available in the EU Pesticides Database.19 
The European Commission evaluates 
every active substance for safety before 
it reaches the market. Since 2007, the 
REACH regulation (Registration, Evaluation, 
Authorisation and Restriction of Chemicals) 
regulates the registration, evaluation and 
authorisation of dangerous substances and 
the restrictions applicable to them. The 
European Chemicals Agency (ECHA), estab-
lished under this regulation is responsible 
for managing the technical, scientific and 
administrative aspects of REACH, and for 
ensuring consistency in its application

The EU uses three codes/categories to 
classify human carcinogenicity (see Figure 
3). The EU Carcinogen 1 classification (A and 
B combined) is similar to the New Zealand 
6.7A classification and the EU Carcinogen 
2 classification to the New Zealand 6.7B 
classification.

International Agency for Research on 
Cancer (IARC)

The International Agency for Research 
on Cancer (IARC) is the specialised cancer 
agency of the World Health Organization 
(WHO). IARC’s Monographs programme on 

Figure 2: Cancer classifications used for pesticides in the US.

2005 Carcinogenic to humans
Likely to be carcinogenic to humans.
Suggestive evidence of carcinogenic potential.
Inadequate information to assess carcinogenic potential.
Not likely to be carcinogenic to humans.
Multiple descriptors

1999 Carcinogenic to humans.
Likely to be carcinogenic to humans.
Suggestive evidence of carcinogenicity, but not sufficient to assess human carcinogenic poten-
tial.
Data are inadequate for an assessment of human carcinogenic potential.
Not likely to be carcinogenic to humans.

1996 Known/likely.
Cannot be determined.
Not likely.

1986 Group A - Human carcinogen.
Group B - Probable human carcinogen.
Group C - Possible human carcinogen.
Group D - Not classifiable as to human carcinogenicity.
Group E - Evidence of non-carcinogenicity for humans.
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the identification of carcinogenic hazards 
to humans, critically reviews and evaluates 
the published scientific evidence on carcino-
genic hazards to which humans are exposed, 
to provide a hazard classification. A list of 
classifications is available on their website.20 
To date, more than 1,000 agents have been 
reviewed, including several pesticides. Each 
evaluation is carried out by a working group 
of independent international experts. The 
scientific evidence reviewed includes: (1) 
carcinogenicity in humans (epidemiological 
studies on cancer in humans exposed to 
the agent); (2) carcinogenicity in animals 
(experimental studies on cancer in labo-

ratory animals treated with the agent); and 
(3) cancer mechanisms (studies of how 
cancer develops in response to the agent). 
The scientific evidence is summarised by the 
working group and the agent classified in 
one of four categories (see Figure 4). 

The classification indicates the weight 
of the evidence as to whether an agent is 
capable of causing cancer (technically called 
“hazard”), and does not measure the like-
lihood that cancer will occur (technically 
called “risk”).21

IARC is not a regulator nor does the IARC 
Monographs programme recommend 

Figure 3: Classifications used for human carcinogenicity in the EU.

Carc. 
1A

Substances known to have carcinogenic potential for humans.
The classification in this category is largely based on human evidence, human studies that 
establish a causal relationship between human exposure to a substance and the development 
of cancer.

Carc. 
1B

Substances presumed to have carcinogenic potential for humans.
The classification in this category is largely based on animal evidence, animal experiments for 
which there is sufficient evidence to demonstrate animal carcinogenicity.

Carc. 
2

Suspected human carcinogens.
The placing of a substance in category 2 is done on the basis of evidence obtained from human 
and/or animal studies, but which is not sufficiently convincing to place the substance in cate-
gory 1A or 1B.

Figure 4: Hazard classifications used for human carcinogenicity by the IARC Monograph programme.

Group 
1

Carcinogenic to humans
This category is used when there is sufficient evidence of carcinogenicity in humans. In other words, there is convincing evi-
dence that the agent causes cancer. The evaluation is usually based on epidemiological studies showing development of cancer 
in exposed humans. Agents can also be classified in Group 1 based on sufficient evidence of carcinogenicity in experimental ani-
mals supported by strong evidence in exposed humans that the agent has effects that are important for cancer development.

Group 
2A

Probably carcinogenic to humans
This category is used when there is limited evidence of carcinogenicity in humans and sufficient evidence of carcinogenicity in 
experimental animals. Limited evidence means that a positive association has been observed between exposure to the agent 
and cancer but that other explanations for the observations (technically termed chance, bias or confounding) could not be 
ruled out.

Group 
2B 

Possibly carcinogenic to humans
This category is used when there is limited evidence of carcinogenicity in humans and less than sufficient evidence of car-
cinogenicity in experimental animals. It may also be used when the evidence of carcinogenicity in humans does not permit a 
conclusion to be drawn (referred to as “inadequate” evidence) but there is sufficient evidence of carcinogenicity in experimen-
tal animals.

Group 
3

Not classifiable as to its carcinogenicity to humans
This category is used most commonly when the evidence of carcinogenicity is inadequate in humans and inadequate or limited 
in experimental animals. Limited evidence in experimental animals means that the available information suggests a carcino-
genic effect but is not conclusive.
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Table 2: Active ingredients with current high use in New Zealand1 and human carcinogenicity classifications by the EPA NZ, EPA US, EU 
and IARC.

Active ingredient CAS
pesticide group

tonnes a.i/yr EPA NZ2 EPA US EU3 IARC

Herbicides 2000    

MCPA 94-74-6
phenoxy hormones

447 - Not likely. 2003 - No individual evaluation. 
Group:2B

Glyphosate 1071-83-6
phosphonyls

344 - Not likely. 2017 - 2A-Probably 
Vol 112, 2017 

2,4-D 94-75-7
phenoxy hormones

282 - Group D-not classifiable. 
1997

- 2B-Possibly, 
Vol 113, 2018

Terbuthylazine 5915-41-3
triazines

224 - Group D-not classifiable. 
1994

- No evaluation

Mecoprop 93-65-2
phenoxy hormones

178 - No evaluation - No individual evaluation. 
Group:2B

MCPB 94-81-5
phenoxy hormones

174 - Not likely. 2008 - No individual evaluation. 
Group:2B

Isoproturon 34123-59-6
urea derivates

73 - No evaluation Carc. 2
suspected

No evaluation

Acetochlor 34256-82-1
amides

63 - Suggestive evidence. 2007 Carc. 2
suspected

No evaluation

Hexazinone 51235-04-2
triazines

53 - Group D-not classifi-
able.1994

- No evaluation

Atrazine 1912-24-9
triazines

49 - Not likely. 2000 - 3-Not classifiable, 
Vol 53, 73, 1999

Triclopyr 55335-06-3
other hormones

44 - Group D-not classifi-
able.1996

No classification No evaluation

Alachlor 15972-60-8
amides

40 6.7B suspected Likely at high doses. 1997 Carc. 2
suspected

No evaluation

Propachlor 1918-16-7
amides

27 6.7B suspected Likely. 1997 No evaluation

Trifluralin 1582-09-8
dinitroanilines

19 - Group C-possible. 1986 Carc. 2
suspected

3-Not classifiable, 
Vol 53,1991

Linuron 330-55-2
urea derivates

14 - Group C-possible. 2001 Carc. 2
suspected

No evaluation

Glufosinate-ammonium 77182-82-2
phosphonyls

12 - Not likely. 1999 - No evaluation

Picloram 1918-02-1
other hormones

11 - Group E-evidence of 
non-carcinogenicity. 1994

No classification 3-Not classifiable, 
Vol 53, 1991

Fungicides  900   

Mancozeb 8018-01-7
dithiocarbamate

442 - Group B-probable. 1999 - No evaluation

Sulphur 7704-34-9
inorganics

99 - No evaluation - No evaluation

Captan 133-06-2
other fungicides

47 6.7B suspected Likely at prolonged, 
high-level exposures. 2004

Carc. 2
suspected

3-Not classifiable, 
Vol 30, Sup 7, 1987

Chlorothalonil 1897-45-6
organochlorine

25 6.7B suspected Likely. 1997 Carc. 2
suspected

2B-Possibly, 
Sup 7, 73, 1999

Metalaxyl 57837-19-1
other fungicides

15 - Group E-evidence of 
non-carcinogenicity. 1994

- No evaluation

Metiram 9006-42-2
dithiocarbamate

15 1 Group B-probable. 1999 No classification No evaluation

Tolylfluanid 731-27-1
other fungicides

14 - Likely. 2002 - No evaluation

Thiram 137-26-8
dithiocarbamate

11 - Not likely. 2003 - 3-Not classifiable, 
Sup 7, 53, 1991

Phosphorous acid 13598-36-2
inorganics

7 - No evaluation No classification No evaluation

Ziram 137-30-4
dithiocarbamate

6 - Suggestive evidence. 2003 - 3-Not classifiable, 
Sup 7, 53, 1991

Insecticides  200   

Diazinon 333-41-5
organophosphate

93 - Not likely. 1997 - 2A-Probably, 
Vol 112, 2017

Methamidophos 10265-92-6
organophosphate

19 - Not likely. 1998 - No evaluation

Chlorpyrifos 2921-88-2
organophosphate

17 - Group E-evidence of 
non-carcinogenicity. 1993

- No evaluation

Carbaryl 63-25-2
carbamate

16 6.7B suspected Likely. 2002 Carc. 2
suspected

3-Not classifiable, 
12, Sup 7, 1987

Fenamiphos 22224-92-6
organophosphate

11 1 Group E-evidence of 
non-carcinogenicity. 1993

- No evaluation

Pirimiphos-methyl 29232-93-7
organophosphate

8 - Cannot be determined. 
1998

- No evaluation

Plant growth regulators  300  

Hydrogen cyanamide 420-04-2 216 - Group C-possible. 1993 - No evaluation
Ammonium thiosulphate 7783-18-8 45 - No evaluation No classification No evaluation
Chlormequat-chloride 999-81-5 19 - Not likely. 2007 - No evaluation
Mepiquat-chloride 24307-26-4 15 1 Not likely. 2003 No classification No evaluation

1 Approval status: May be used as a component in a product covered by a group standard but it is not approved for use as a chemical in its own right. 
2 If the substance is not classified as 6.7A or 6.7B, this is marked as (-). 
3 If the substance is not classified as Carc. 1 or 2, this is marked as (-).
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regulations, legislation or public health 
interventions, which remain the responsi-
bility of individual governments and other 
international organisations. 

Estimation of use of pesticides 
classified as suspected human 
carcinogens 

Because the carcinogenicity categories 
used are somewhat different for each 
agency, an overarching classification of 
suspected carcinogenicity to humans was 
created for the purpose of this review, 
including: the EPA NZ and EU suspected 
group; the EPA US probable/likely/possible 
groups; and the IARC probable/possible 
groups. The active ingredients classified as 
suspected human carcinogens by each of 
the three regulators and IARC were linked 
to pesticide use data, to estimate the total 
yearly quantity of suspected carcinogens 
used in New Zealand agriculture. Minor use 
active ingredients classified as suspected 
carcinogens are also listed in this review, 
but were not included in the estimations, 
because data on the total weight of active 
ingredient used per year was not available 
for these.

Results
In New Zealand, more than 1,000 agri-

chemical products are currently licensed for 
use,22 with about 38 active ingredients repre-

senting >95% of the total weight of active 
ingredients applied. The pesticide active 
ingredients most commonly used in New 
Zealand agriculture are listed in Table 2, 
along with the carcinogenicity classifications 
of three regulatory agencies (EPA NZ, EPA 
US, EU) and IARC, with shaded cells repre-
senting a classification of “suspected human 
carcinogen” as defined in the methods 
section. The EPA NZ classifies five, the EU 
classifies eight, and the EPA US classifies 11 
pesticides as suspected human carcinogens. 
IARC classified four as suspected human 
carcinogens, but most of the high-use 
pesticides in New Zealand have not been 
evaluated by IARC.

Figure 5 provides an overview of the 
percentage (on a weight basis) of active 
ingredients used in New Zealand clas-
sified as suspected carcinogens, using the 
agency-specific classifications. Using the 
EPA NZ classification, 3% of total weight 
of herbicides, 8% of fungicides and 8% of 
insecticides are suspected carcinogens, 
representing 148 tonnes of pesticides (4% 
of total). Using the EU classification, 10% of 
total weight of herbicides, 8% of fungicides 
and 8% of insecticides are suspected carcin-
ogens, representing 288 tonnes of pesticides 
(8% of total). Using the EPA US classifi-
cation, 5% of total weight of herbicides, 60% 
of fungicides, 8% of insecticides and 72% 
of plant growth regulators are suspected 

Figure 5: Pie charts of pesticide active ingredients (tonnes/year) used in New Zealand agriculture, 
with the outer slices representing the percentage classified as suspected carcinogens according to each 
respective agency’s human carcinogenicity classification.

Weight of pesticide active ingredients used yearly in New Zealand 1:
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Figure 5: Pie charts of pesticide active ingredients (tonnes/year) used in New Zealand agriculture, 
with the outer slices representing the percentage classified as suspected carcinogens according to each 
respective agency’s human carcinogenicity classification (continued).

Percentage of weight of active ingredients that are classified as suspected carcinogens, according to 
different classifications:

carcinogens, representing 872 tonnes of 
pesticides (26% of total). The percentage 
and weight of active ingredients classified 
as suspected carcinogens by the three 
regulatory agencies was highest for the 
fungicides (8–60%; 72–540 tonnes), followed 
by herbicides (3–10%; 60–200 tonnes), and 
insecticides (8%, 16 tonnes). 

These data indicate that annually New 
Zealand uses 148–616 tonnes of active 
pesticide ingredients (4–26% of total) that 
are classified as suspected human carcin-
ogens, depending on which of the three 
regulatory agencies the estimate is based. 
A more sensitive classification is achieved 
by combining the three regulatory agencies’ 
classifications and also including the 
pesticides classified by IARC as possible or 
probable human carcinogens. This results 

in a doubling of the upper estimate to 1,730 
tonnes, representing 51% of the total weight 
of pesticide active ingredients used in New 
Zealand agriculture.

Table 3 lists the active ingredients of 
minor use pesticides in New Zealand (ie, 
<1% of total), including only those that 
at least one of the agencies classified as a 
suspected human carcinogen. This indi-
cates that an additional 11 herbicides, 15 
fungicides and 14 insecticides are listed as a 
suspected carcinogen by at least one agency.

Discussion
This review of available data on pesticide 

use in New Zealand and their carcinoge-
nicity classification shows that, although no 
known human carcinogens are currently 
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Table 3: Active ingredients used in New Zealand representing <1% of total active ingredients, that are evaluated as suspected carcinogen 
by at least one agency. 

Active ingredient CAS
pesticide group

EPA NZ EPA US EU IARC

Herbicides   

Asulam 3337-71-1
carbamate

6.7B suspected Group C-possible. 2001 No classification No evaluation

Bromoxynil 1689-84-5
other herbicides

- Group C-possible. 1997 - No evaluation

Dichlobenil 1194-65-6
other herbicides 

6.7B suspected Group C-possible. 1995 - No evaluation

Dimethenamid 87674-68-8
other herbicides

1 Group C-possible. 1995 No classification No evaluation

Diuron 330-54-1
urea derivate

6.7B suspected Known/Likely. 1997 Carc. 2 suspected No evaluation

Haloxyfop 69806-34-4 
FOPs and DIMs

6.7B suspected 69806-40-2 haloxyfop-methyl 
Group B-probable. 1989

No classification No evaluation

Metolachlor 51218-45-2
amides

- Group C-possible. 1994 No classification No evaluation

Norflurazon 27314-13-2
other herbicides

- Group C-possible.1990 No classification No evaluation

Oxyfluorfen 42874-03-3
other herbicides

- Likely. 2010 No classification No evaluation

Pendimethalin 40487-42-1 dinitroanilines - Group C-possible. 1992 - No evaluation

Tribenuron- 
methyl 

101200-48-0 sulfonylureas 1 Group C-possible. 1989 - No evaluation

Fungicides
Benomyl 17804-35-2 benzimidazoles revoked Group C-possible. 2000 - No evaluation

Carbendazim 10605-21-7 benzimidazoles - Group C-possible. 1989 - No evaluation

Epoxiconazole 133855-98-8 triazole/diazole 6.7B suspected Likely. 2001 Carc. 2 suspected No evaluation

Folpet 133-07-3
other fungicides

6.7B suspected Not likely. 2010 Carc. 2 suspected No evaluation

Imazalil 35554-44-0 triazole/diazole - Likely. 1999 Carc. 2 suspected No evaluation

Iprodione 36734-19-7 dicarboximide - Likely. 1998 Carc. 2 suspected No evaluation

Kresoxim-
methyl 

143390-89-0 
strobilurin

1 Likely. 1999 Carc. 2 suspected No evaluation

Prochloraz 67747-09-5 
triazoles and diazoles

- Group C-possible. 1988 - No evaluation

Procymidone 32809-16-8 dicarboximide - Group B-probable. 1991 No classification No evaluation

Propiconazole 60207-90-1 
triazoles and diazoles

- Group C-possible. 1992 - No evaluation

Tebuconazole 107534-96-3 
triazoles and diazoles

- Group C-possible. 1993 - No evaluation

Thiabendazole 148-79-8 benzimidazoles - Likely at high doses. 2002 - No evaluation

Thiophanate-
methyl 

23564-05-8 benzimidazole - Likely. 1999 - No evaluation

Triadimefon 43121-43-3 
triazoles and diazoles

- Group C-possible. 1996 - No evaluation

Triadimenol 55219-65-3 
triazoles and diazoles

- Group C-possible. 1988 - No evaluation

Insecticides    

Acephate 30560-19-1 organophosphate - Group C-possible. 1985 - No evaluation

Bifenthrin 82657-04-3 
pyrethroids

- Group C-possible. 2003 Carc. 2 suspected No evaluation

Clofentezine 74115-24-5 
acaricides

1 Group C-possible. 1990 No classification No evaluation

Cypermethrin 52315-07-8 
pyrethroids

- Group C-possible. 1988 - No evaluation

Dichlorvos 62-73-7 organophosphate 6.7B suspected Suggestive evidence. 2000 - 2B-Possibly, Sup 7, 53, 1991

Dicofol 115-32-2 
acaricides

- Group C-possible. 1992 - 3-Not classifiable, 30, Sup 7, 
1987

Dimethoate 60-51-5 organophosphates - Group C-possible. 2002 - No evaluation

Fipronil 120068-37-3 
other insecticides

1 Group C-possible. 1995 - No evaluation

Maldison/
malathion 

121-75-5 organophosphate - Suggestive Evidence. 2000 - 2A-Probably, Sup7, 112 2017

Permethrin 52645-53-1 
pyrethroid

- Likely. 2002 - 3-Not classifiable, 53, 1991

Pirimicarb 23103-98-2 
carbamate 

1 Likely. 2005 Carc. 2 suspected No evaluation

Propargite 2312-35-8 
acaricide

6.7B suspected Group B-probable. 1992 Carc. 2 suspected No evaluation

Pymetrozine 123312-89-0
other insecticides

1 Likely.1999 Carc. 2 suspected No evaluation

Thiacloprid 111988-49-9
other insecticides

6.7B suspected Likely. 2012 Carc. 2 suspected No evaluation

1 Approval status: May be used as a component in a product covered by a group standard but it is not approved for use as a chemical in its own right. 
2 If the substance is not classified as 6.7A or 6.7B, this is marked as (-). 
3 If the substance is not classified as Carc. 1 or 2, this is marked as (-).
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used as pesticides in New Zealand, a consid-
erable number of suspected carcinogens are, 
representing 4–51% of the total weight of 
pesticide active ingredients applied. 

The lowest estimate (4%) is obtained when 
using the EPA NZ classification, suggesting 
that New Zealand’s carcinogenicity clas-
sifications of pesticides are less stringent 
compared to other jurisdictions such as 
the US and the EU. Generally, resources 
available for chemical re-assessments in 
small countries such as New Zealand are 
limited, which may result in out of date 
classifications that do not incorporate the 
most recent evidence. Making use of the 
classifications and evaluations published 
by the EPA US and the EU, which are more 
regularly updated, could reduce costs and 
potentially risk. IARC’s hazard classifica-
tions should also be considered, as these 
are based on the broadest range of peer 
reviewed scientific data (epidemiology, 
animal studies and mechanistic data), and 
as such, more appropriately account for the 
multiple mechanisms through which pesti-
cides may cause cancer; they also include 
epidemiological studies, where available, 
thus representing realistic human exposure 
situations. However, IARC evaluations 
are only available for a small number of 
pesticides and therefore do not provide a 
complete picture of the carcinogenicity of all 
registered pesticides, as regulatory agencies 
aim to do. 

Pesticides recently classified by IARC as 
either 2A or 2B include glyphosate and 2,4-D, 
both widely used herbicides, and diazinon, 
an insecticide commonly used on pasture 
(to combat grass grub and porina), fruit 
and vegetables. Taking into account the 
IARC classifications for pesticides therefore 
greatly impacted on the here presented esti-
mates. While only glyphosate has received 
considerable media attention,23 it is worth 
noting that glyphosate is only one in a list of 
16 pesticides with high use in New Zealand 
that have been classified as a suspected 
carcinogen by at least one of the four here 
considered agencies.

Many of the pesticides with high use in 
New Zealand that are classified as suspected 
carcinogens are no longer approved for 
use in the EU, including: the herbicides 
isoproturon, acetochlor, alachlor, trifluralin, 
linuron; the fungicide tolyfluanid; the insec-

ticides diazinon and carbaryl; and the plant 
growth regulator hydrogen cyanamide. This 
may reflect a more precautionary approach 
of the EU towards pesticides. Pesticide 
reduction programmes have resulted in 
substantially reduced overall pesticide use 
in several European countries, and this also 
contributes to the reduced use of suspected 
carcinogens. For example, in Denmark the 
overall pesticide use has been reported to 
have reduced from 4,000 to 3,000 tonnes 
between 1998 and 2000, while suspected 
carcinogenic pesticide use reduced even 
more, from approximately 500 tonnes (13% 
of total) to approximately 30 tonnes (1% of 
total).24 While Denmark is the only country 
for which such estimates could be identified 
from the literature, it does suggest that it is 
feasible, even within a relatively short time 
frame, to significantly reduce the use of 
suspected carcinogens in agriculture.

The percentage as well as weight of active 
ingredients classified as suspected carcin-
ogens by the three regulatory agencies 
was highest for fungicides (8–60% of total 
fungicides weight; 72–540 tonnes), followed 
by herbicides (3–10%; 60-200 tonnes) and 
insecticides (8%, 16 tonnes). This suggests 
that efforts to reduce exposure to suspected 
carcinogens in New Zealand’s agriculture 
may need to focus on fungicides. Fungicides 
are mainly used in the horticultural sectors,1 
which incidentally are also the sectors for 
which elevated NHL and leukemia risks 
have been reported in New Zealand. Despite 
many sustainability initiatives, the horti-
cultural sectors continue to be the most 
intensive users of pesticides on a land 
area basis (13.2kg a.i./ha), followed by the 
arable (2.4kg a.i./ha), forestry (0.3kg a.i./ha), 
and pastoral sectors (0.2kg a.i./ha).1 New 
Zealand has seen an overall steady increase 
in pesticide use since the 1960s, with a 
small decline in the mid and late 1990s, 
likely resulting from various sustainability 
initiatives within the fruit sector (eg, Kiwi-
Green, Integrated Fruit Production).1 This 
was followed by a 17% increase in tonnes 
of total pesticide imports over the period 
1999–2003,1 with herbicides increasing by 
42%, fungicides by 10%, while insecticides 
decreased by 41%.1

A limitation of the here presented esti-
mates is that they were based on pesticide 
use data published in 2005: the last date for 
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which comprehensive data were available. 
Pesticide use profiles have likely changed 
since then, although New Zealand legislative 
changes for the here listed pesticides have 
been minor: only the fungicide benomyl, 
which had relatively low use in 2005, has 
been revoked since then, and all 16 high-use 
pesticides suspected to be human carcin-
ogens have continued to be commonly used 
in New Zealand. The here presented esti-
mates are therefore likely to sufficiently 
reflect the current use of pesticides in New 
Zealand. To enable assessing time-trends 
in the use of pesticides in New Zealand’s 
agriculture, including the use of suspected 
carcinogens, an investment will have to be 
made in regularly updating detailed data on 
pesticide use. When assessing time trends 
using tonnage it should be noted that newer 
pesticides may be active at lower doses (g 
per ha, rather than kg per ha for many of the 
older pesticides), so that a reduction in gross 
weight may not necessarily equate to reduc-
tions in risks to health.

In summary, this review indicates that 
a large volume of pesticides used in New 
Zealand are suspected carcinogens. As a 
result, we will likely continue to see an 
increased risk of cancer, in particular 

leukaemias and lymphomas, for people 
who frequently use pesticides as part of 
their work. A pesticide risk reduction 
programme, as has successfully been 
implemented in several other countries 
(eg, Denmark), will likely reduce this risk, 
while also reducing the risk of several other 
health effects associated with pesticides 
(eg, impaired neurobehavioral function, 
neurodegenerative diseases, impaired 
fertility). In the absence of this, pesticide 
risk reduction will continue to depend 
largely on voluntary action by its users, 
which is unlikely to be sufficiently effective. 
Efforts to reduce the health risks of pesti-
cides require government leadership, 
through for example the Ministry of Health’s 
National Cancer Action Plan, WorkSafe’s 
Strategic Plan for Work-Related Health, and 
NZ EPA’s regulation of pesticides. Medical 
professionals may also play a role by: (1) 
considering patients’ occupations and 
associated hazardous exposures; (2) commu-
nicating potential risks associated with 
pesticides to patients and the general public; 
and (3) promoting and supporting patients’ 
efforts to reduce pesticide exposure to them-
selves and their families.
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Increased  
unemployment from  

the COVID-19 pandemic, 
what might be the adverse 
impacts on cardiovascular 

disease in Aotearoa/ 
New Zealand and how  

might this be prevented?
Nhung Nghiem, Anja Mizdrak, Nick Wilson

ABSTRACT
Despite success with eliminating the COVID-19 pandemic in Aotearoa New Zealand (at least to early August 
2020), the response to the pandemic threat has resulted in a range of negative social and economic impacts, 
including job losses. Understanding the health consequences of these impacts will be increasingly important 
in the ‘recovery’ phase. This article contributes to this understanding by exploring the relationship between 
unemployment and cardiovascular disease (CVD)—a major contributor to health loss in Aotearoa New 
Zealand. We reviewed the literature about the impact of unemployment on CVD. The totality of the evidence 
suggested that increased unemployment arising from economic shocks is associated with increased 
CVD incidence, particularly for middle-aged men. Continued monitoring and active policy responses are 
required to prevent increases in CVD (and other health outcomes) as a result of the COVID-19 pandemic 
response. For example, quantifying the CVD-related health loss from pandemic-associated unemployment, 
along with the health costs and impact on health inequalities, could help with government decision-
making to reduce CVD burdens. This could be via intensifying tobacco control, regulating the food supply 
(eg, to reduce salt/sodium levels), and improving uptake of CVD preventive medications such as statins and 
anti-hypertensives. 

Background 
and methods

Until at least early August 2020, New 
Zealand had successfully eliminated 
community transmission of COVID-19 

from the country,1 but then an outbreak was 
detected on 11 August (at the time of writ-
ing). Nevertheless, the associated response 
to the initial epidemic, including lockdowns 
and declines in global trade, has resulted 
in a range of negative social and economic 

impacts including job losses. The social and 
economic impacts of the COVID-19 response 
will have health consequences—some pos-
itive (eg, reduced road injury) and others 
negative (eg, increased elective surgery 
waiting times). Understanding the wider 
impacts of the COVID-19 response will be 
critical as we move further into the ‘recov-
ery’ phase of the response. In this article, we 
contribute to this understanding by exam-
ining the relationship between unemploy-
ment (a known economic consequence of 
the pandemic response) and cardiovascular 
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disease, CVD—a leading cause of health loss 
and health inequalities in Aotearoa New 
Zealand.

In April 2020, we conducted a liter-
ature search to identify studies, systematic 
reviews or meta-analyses that analysed 
the association between unemployment 
or economic crises and CVD. We only 
searched for studies that were published in 
the English language and from 1 January 
2000 onwards. We included studies on 
high-income countries which had unem-
ployment, job losses, or relevant proxies (eg, 
job insecurity) as the exposure, and CVD 
or stroke or heart disease as the outcome. 
Keywords were: (systematic or review or 
meta) AND (cardiovascular or stroke or 
coronary or heart) AND (unemployment 
or GDP or recession or “economic crisis”). 
A wide range of research databases were 
utilised, including Scopus, PubMed, Econlit, 
ESBCOhost, Web of Science and Google 
Scholar. A total of 951 articles (with dupli-
cates) were identified in these databases 
and one author scanned all the titles to 
identify 35 articles for further investi-
gation. Reviewing the abstracts of these 
articles identified eight relevant articles that 
investigated the association between unem-
ployment and CVD. Additional searches 
using “cited by articles” in Google Scholar 
helped identify further 22 articles, but only 
one of which was relevant after reviewing 
abstracts. Furthermore, one author also 
independently searched the literature for 
the association between economic crises and 
CVD.

Findings from 
the literature on 
unemployment 

and CVD
Of 15 relevant articles identified (Table 

1), five were review articles and the 
remainder were original research articles. 
We identified nine articles through using 
unemployment as a proxy,2–10 one further 
article using job insecurity as a proxy,11 
and five further articles through additional 
searches.12–16

Seven out of nine studies identified 
through using unemployment as a proxy 
reported a positive association between 

unemployment and CVD,2–8 of which three 
employed individual-level data,3–5 one used 
population-level data6 and three were 
review studies (Table 1).2,7,8 These studies 
tended to employ data for middle-age or 
working adults. Among these seven studies, 
four reported hazard ratios (HRs) ranging 
from 1.19 to 1.84.2–5 The remaining two 
studies identified through using unem-
ployment as a proxy reported a negative 
or no association between unemployment 
and CVD, but they both employed popu-
lation-level data, implemented simple 
regression/correlation analyses, used 
outdated data and did not control for 
confounding factors.9,10 

When considering job insecurity as a risk 
factor, we found one meta-analysis11 which 
reported that increased job insecurity was 
associated with increased coronary heart 
disease (CHD) incidence (Table 1). This meta-
analysis included 174,438 participants with 
a mean follow-up of 9.7 years and 1,892 
incident cases of coronary heart disease 
from 13 cohort studies. 

Our additional search also found five 
studies that examined the association 
between economic crises and popu-
lation level CVD (Table 1).12–16 Most of the 
studies found used macroeconomic and 
population-level data12,14,15 as opposed 
to individual-level data.13,16 Stuckler et 
al 2009 reported that as unemployment 
increases there was no change in overall 
CVD mortality but an increase in inten-
tional violence (suicides and homicides), 
and a decrease in road traffic crash fatal-
ities.12 However, this study found a strong 
association between unemployment and 
CVD mortality for middle-aged men, up to 
a 0.85% relative increase for a 1% relative 
increase in unemployment rate. In contrast, 
other studies have suggested a decline in 
CVD mortality with an increase in unem-
ployment with many plausible mechanisms 
around reduced air pollution, reduced 
occupation stress, impact on smoking afford-
ability and also a decline in circulating 
infections (eg, from reduced commuting in 
mass transit).13,14 However, these studies 
by Tapia Granados et al (2017, 2018) were 
limited, in particular with arguably inap-
propriate regression equations, considering 
data for a young population who had a 
low background level of CVD risk, and 
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Table 1: Summary of the relevant studies that examined the association between unemployment and CVD events in high-income 
countries for study publication dates from January 2000 onwards.

Study published 
in the peer- 
reviewed 
literature

Effect size for unemploy-
ment on CVD morbidity/
mortality mean (CIs)

Study 
countries

Study data Study analysis Our comments

Studies reporting an association
Birgisdóttir et al 
202016* 

An increase in CVD events in 
association with the Global 
Financial Crisis (GFC)

Iceland Data period 
2000–2014, N ~ 
360,000; aged 
21–70 years 
(working age)

Ischaemic heart disease 
(IHD) and acute myo-
cardial infarction (AMI) 
events, both fatal and 
non-fatal; regression

Employed individual-level data and rigorous 
analysis methods; adjusted for age, sex, time 
trend, seasonality, variations in treatment and 
diagnoses, lifestyle factors. The study also 
explained that cycle economic downturn might 
be good for heart health while economic crisis 
or recessions are harmful.

Brenner 20166* A positive correlation but 
effect size was not readily 
interpretable

28 Europe-
an countries

Data period 
2000–2011

Unemployment and 
coronary heart disease 
(CHD)/stroke mortality

Population-level data; controlled for socio-eco-
nomic factors and included time lags.

Dupre et al 20125 HR=1.35 (1.10–1.66) US N=13,451; data 
period 1992–
2010 (biannual 
interview; aged 
51–61 years with 
replacement of 
older adults)

AMI incidence only, re-
gression; control group 
employed people 

Individual level data, aged 51–61 years, free of 
AMI at the baseline.
Adjusted for various AMI risks such as educa-
tion, age, sex, ethnicity, marital status, smoking 
status, health insurance cover, physical exercise, 
BMI, etc.

Falagas et al 
20097

A positive correlation but 
no effect size was reported

World-wide A review: economic cri-
sis and CVD mortality

Data were mainly for high-income countries.

Karanikolos et al 
20162*

During the GFC (2008–09):
RRIcelandCVD= 1.26 (1.07–1.49) 
RRGreeceAMI= 1.40 (1.29–1.51)
UK: CVD events increased 
with a 3% rise in unemploy-
ment rate.

Iceland, 
Greece and 
UK

Publication 
time frame 
2009–2015. 
Three separate 
studies for three 
countries.

A review, CVD events, 
AMI events and inci-
dence

This was a narrative review of the effect of 
the GFC on health for high-income countries. 
The actual data period was around the GFC 
2008–2009.

Koziel et al 20103 “Occupational status is as-
sociated significantly with 
increased risk of CVD”

Poland N=1150, aged 
40–50 years, in 
2006

CVD incidence and 
mortality; regression; 
control group employed 
(professionals and 
skilled workers)

Individual level data, but data just collected in 
2006; controlled for various CVD risk factors as 
per Framingham equation such as BMI; no preva-
lence of CVD at the baseline; but the association 
between unemployment and CVD was stronger 
for males and with a large confidence interval.

Meneton et al 
20154

HR=1.84 (1.15–2.83) France N=5,852 vol-
unteers; aged 
45–64; data 
period 12 years 
from 1994–95.

CVD incidence and 
mortality; Cox regres-
sion; control group 
employed; 

Individual level data; control for various CVD 
risk factors; suggested that this association 
was not mediated by conventional risk factors; 
no prevalence of CVD at the baseline; but indi-
vidual subjects volunteered and were of high 
socio-economic position.

Roelfs 20118 A positive association be-
tween unemployment and 
CVD but no quantitative 
analysis was performed.

A systematic review and 
meta-analysis but the 
main outcome was all-
cause mortality.

Stuckler et al 
200912

No overall change in CVD 
mortality, but for mid-
dle-aged men, up to 0.85% 
for 1% increase in unem-
ployment rate.

European 
countries

Data period 
1970–2007 for 
26 European 
countries; all 
ages

IHD mortality; Regres-
sion; Excess death

Macro-economic and population-level data; 
controlled for trends in diseases, country 
specific conditions. Did not control for time-lags 
between economic downturns and disease mor-
talities. Suggested for potential use in future 
New Zealand modelling analysis. The reason 
is that this study covers a large number of 
European countries (which typically have some 
social safety nets). Results by Dupre et al from 
places like the US are also less generalisable to 
New Zealand as the social safety net provisions 
are weak. 
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Table 1: Summary of the relevant studies that examined the association between unemployment and CVD events in high-income 
countries for study publication dates from January 2000 onwards (continued).

Study published 
in the peer- 
reviewed 
literature

Effect size for unemploy-
ment on CVD morbidity/
mortality mean (CIs)

Study 
countries

Study data Study analysis Our comments

Virtanen et al 
201311

RR=1.19 (1.00–1.42) Eight 
high-in-
come 
countries: 
Denmark, 
Finland, US, 
etc

N=174,438 
with a mean 
follow-up of 9.7 
years and 1,892 
CHD cases; 
middle ages at 
entry

CHD incidence; regres-
sion; control group high 
versus low self-reported 
job insecurity

Meta-analysis from 13 individual-level data 
studies. Adjusted for age, socio-economic and 
other risk factors. No prevalence of CHD at the 
baseline. Job insecurity (a partial proxy for 
unemployment). 

Studies reporting a negative or no association
Ballester et al 
201915*

The largest declines in all-
cause mortality trend were 
observed in the countries 
and regions with the largest 
economic slowdown

15 Europe-
an countries

Data period 
2000–2010, 400 
million people, 
all ages 

Only calculated 
year-to-year average 
differences in real GDP 
growth and changes in 
mortality rate, and used 
correlation analysis to 
analyse the association 
between real GDP and 
all-cause mortality; 
stratified by below or 
above 64 years.

Age-standardised mortality; but this study 
didn’t take into account other factors that may 
contribute to the reduction in mortality rates.

Sposato and 
Saposnik 20129

No correlation between 
unemployment and CVD 30-
day case fatality rate/risk of 
stroke/age at stroke onset.

World-wide 23 articles com-
prising 30 pop-
ulation-based 
studies; with 
recruitment pe-
riod 2000–2010.

A meta-analysis of 
health outcomes and 
merged this data with 
GDP, unemployment 
data for each country, 
and then performed 
correlation analysis.

Macro- and population-level data. Simple 
correlation analysis. Did not control for many 
confounding factors.

Svensson and 
Krüger 201010

A negative association be-
tween economic downturns 
and CVD

Sweden Data period 
1911–1996

CVD mortality The study used relatively old data, macro- and 
population-level data and did not control for 
confounding factors. It is possible that the 
relatively strong social safety net in Sweden, 
reduces the generalisability of such results to 
other high-income countries.

Tapia Granados 
and Ionides 
201714*

A decline in CVD mortality 
with an increase in unem-
ployment during the GFC

European 
countries

Data period 
1995–2013; all 
ages 

CVD/IHD mortality; 
regression; 

Suggested many plausible mechanisms around 
reduced air pollution, reduced occupation 
stress, impact on smoking and also circulating 
infections. Macro- and population-level data. 
But we suggest that the most appropriate re-
gression equations were not used (ln(mortality 
rate)=absolute change in unemployment rate 
thus this did not capture any underlying differ-
ence between health condition and socio-eco-
nomic situation in each country); the regression 
equation also did not adjust for age.

Tapia Granados 
et al 201813*

CVD risks tended to 
improve during economic 
recessions.

US Data period 
1985–2011; 
young adults 
(mean age 37.5 
years)

CVD risk factors; regres-
sion; 

Individual-level data; but employing data for 
young population who had a low risk of CVD 
events, and a suboptimal definition of unem-
ployment (ie, including voluntary unemploy-
ment).

*Carried out during the Global Financial Crisis (2008–09).
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problematic definitions of unemployment 
(ie, including voluntary unemployment). 
Another example was the study by Ball-
ester et al 201915 that reported that the 
largest declines in all-cause mortality were 
observed in the countries and regions with 
the largest economic slowdown during 
the Global Financial Crisis of 2008–09. 
However, this study only calculated year-
to-year average differences in real GDP 
growth and changes in mortality rate, and 
used correlation analysis to analyse the 
association between real GDP and all-cause 
mortality. The study also did not take into 
account other factors that may contribute 
to the reduction in mortality rates. Finally, 
a study in Iceland showed an increased 
CVD association with a recession.16 This 
study employed individual-level data, 
working-aged adults and included various 
confounding factors.

In conclusion, the majority of the studies 
(10 out of 15) suggested a positive associ-
ation between unemployment and CVD 
incidence and mortality, especially for 
middle-aged men. Those studies that 
suggested a negative association appeared 
to include data for younger populations 
who had lower underlying risk of CVD. 
Also of note is the systematic review level 
evidence for an association between 
chronic psychosocial stress and hyper-
tension.17 In addition, it is clear that 
involuntary unemployment causes stress 
and forces most people to lower their 
standard of living; and there is abundant 
evidence that being in a less financially 
secure position and/or living in a deprived 
area, are risk factors for CVD.18–20 

New Zealand 
literature 

No New Zealand studies were identified 
that had explicitly examined the associ-
ation between unemployment and CVD. One 
New Zealand study that considered a form 
of extreme stress (an earthquake damaged 
house), did report increased rates of CVD 
and myocardial infarction in the first year 
after the Christchurch earthquake.21 This 
cohort-linkage study was able to adjust for 
small area deprivation.

Existing New Zealand studies do show 
inequalities in CVD risk and in risk of unem-

ployment. For example, living in a more 
deprived area (of which unemployment is 
one measurement variable22) is associated 
with increased CVD risk (eg, HR=1.11 and 
1.08, respectively, for females and males 
by deprivation quintile)23 and other studies 
have reported such associations with 
deprivation.18,19,24–26 However, none of these 
studies explicitly analysed the association 
between unemployment and CVD. 

Possible impacts 
on CVD from 

pandemic-induced 
unemployment in 

New Zealand
The unemployment rate in New Zealand 

due to the COVID-19 pandemic is likely to 
increase and be persistent over several 
years. Even though the unemployment 
figure in June 2020 (4.0%) suggested little 
change from the pre-pandemic response 
rate (4.2% in the first quarter of 2020), this 
is unlikely to reflect the true situation.27 
For example, this figure did not account for 
under-employment arising from reduced 
hours of work. In addition, people who did 
not satisfy the definition of unemployment 
which involves actively looking for job 
(including during the COVID-19 pandemic 
related lockdown period), were clas-
sified as not in the potential labour force. 
Furthermore, as the Government wage 
subsidy was still in effect at the time of this 
survey (at this time it was scheduled to end 
on 1 September 2020), the more accurate 
situation with unemployment arising from 
the pandemic might not be revealed until 
the end of 2020. Finally, global economic 
shocks due to the pandemic might take time 
to have their full impact on the New Zealand 
economy.28 

New Zealand has a diverse population 
with CVD-driven health inequalities.29 
In particular, ethnic inequalities in CVD 
are well documented with this burden 
disproportionally impacting Māori, Pacific 
and South Asian peoples.30 For example, 
CVD-related complications are about twice 
as common in Māori than in non-Māori. 
These existing inequalities could be further 
exacerbated by the COVID-19 pandemic 
(if the elimination of community trans-
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mission of the pandemic failed in New 
Zealand) due to people with long-term 
conditions being at higher risk of COVID 
morbidity and mortality, with a 10.5% 
higher COVID-19 case fatality ratio with 
the presence of CVD.31 Māori and Pacific 
peoples are also over-represented in the 
groups who are on low incomes and occu-
pations vulnerable to economic shocks that 
trigger unemployment.32 It is important that 
these existing inequities in CVD risk are 
considered in the COVID-19 response.

Possible next steps 
for studying the 

unemployment to 
CVD association 
in New Zealand 

While the evidence for unemployment 
being associated with CVD appears mixed, 
it seems likely that increased unem-
ployment is generally associated with 
increased CVD incidence, particularly in 
middle-aged men. The nature and extent 
of the likely impact of COVID-19 induced 
unemployment on CVD is unclear and will 
require monitoring as part of research to 
understand the wider health impacts of 
the COVID-19 response in New Zealand. 
Given socio-demographic differences in 
COVID-19 related unemployment compared 
to previous economic recessions, and 
differences in policy responses thus far, 
it is difficult to predict the impact of the 
COVID-19 response on CVD. 

The New Zealand Government response 
to the COVID-19 pandemic has already 
included a wide range of economic actions 
including a NZ$50 billion budget in May 
2020.33 This is likely to reduce unem-
ployment associated with the pandemic—by 
keeping some businesses more viable. The 
Government has also dedicated some of 
the budget for job retraining and there 
have been other measures to assist the 
most disadvantaged New Zealanders 
(including restrictions on rent increases 
and evictions). This differs to the more 
moderate responses to curb unemployment 
in previous recessions. Evaluation of the 
impact of these initiatives on CVD and other 
health outcomes could shape general policy 
responses to unemployment in the future, 

and avoid the negative impacts observed in 
many of the studies included in this brief 
review.

To better inform New Zealand poli-
cymakers on the problem of increased 
unemployment associated with the 
COVID-19 pandemic and impact on CVD, 
it seems desirable for this to be modelled 
and quantified. This could be in terms of 
quality-adjusted life years (QALYs) lost 
from CVD attributable to the rise in unem-
ployment and the additional health system 
costs associated with additional treatment 
of CVD. The impact on any worsening of the 
already large health inequalities associated 
with CVD (eg, for Māori and low-income 
New Zealanders) could also be estimated. 
Such work may be achievable in coming 
months as Treasury has estimates for unem-
ployment arising from the pandemic34 and 
epidemiological/health economic models for 
CVD in New Zealand exist.35 Indeed, we plan 
to do such work in coming months and will 
probably use the effect size from Stuckler 
et al 200912 for middle-aged men, as this 
appears to be the most appropriate interna-
tional study findings to generalise to New 
Zealand (Table 1). The reason is that this 
study covers a large number of European 
countries which typically have reasonable 
social safety nets, as in New Zealand. In 
contrast, results from Dupre et al 2012 from 
places like the US are less generalisable to 
New Zealand as the social safety net provi-
sions in the US are relatively weak.

Potential policy 
responses to monitor 
and mitigate possible 

negative health 
impacts from the 
response to the 

COVID-19 pandemic
In terms of intervening in the “unem-

ployment to increased CVD risk” pathway, 
the New Zealand Government could wait 
until more specific quantified benefits and 
costs are available (eg, as we have proposed 
above). Nevertheless, there are multiple 
CVD-related interventions for New Zealand 
that are cost-saving or highly cost-effective, 
and which could be intensified now:
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• Intensifying tobacco control given that 
tobacco is a major contributor to CVD 
and to health inequalities arising from 
CVD, and the country has a Smokefree 
2025 Goal. Many New Zealand studies 
show that tobacco control is cost-
saving to the health sector36–39 and 
also is likely to reduce health inequal-
ities between Māori and non-Māori. 
There is potential for these tobacco 
control interventions to be more 
intensively targeted at low-income 
New Zealanders who are most at risk 
of unemployment, eg, via the thematic 
content of mass media campaigns to 
call the Quitline (another cost-saving 
intervention36).

• Reducing CVD risk by reducing the 
permitted level of sodium in processed 
foods in New Zealand—with nearly 
all these sodium reduction interven-
tions also being cost-saving and likely 
to reduce health inequalities between 
Māori and non-Māori.40–42

• Enhancing use of statins and anti-hy-
pertensives for those at increased 
CVD risk. Again, there is New Zealand 
evidence on how this is particularly 
cost-effective in some age/sex/ethnic 
groups.35,43 

Conclusions
The totality of the evidence we reviewed 

suggested that increased unemployment 
arising from economic shocks is associated 
with increased CVD incidence, particu-
larly for men aged 35–64 years. Continued 
monitoring and active policy responses 
are required to prevent increases in CVD 
(and other health outcomes) as a result 
of the COVID-19 pandemic response in 
New Zealand. For example, quantifying 
the CVD-related health loss from pandem-
ic-associated unemployment, along with 
the health costs and impact on health 
inequalities, could help with government 
decision-making to reduce CVD burdens. 
This could be via intensifying tobacco 
control, regulating the food supply (eg, to 
reduce salt/sodium levels), and improving 
uptake of CVD preventive medications such 
as statins and anti-hypertensives.
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Early neurological 
deterioration after 

ischaemic stroke due to 
cardiac arrhythmia and 

intracranial stenosis
Karim M Mahawish, Almond Leung, Emilie Butterfield

An 83-year-old lady presented with 
right hemiparesis and aphasia with 
unknown time of onset. Admission 

National Institutes of Health Stroke Scale 
(NIHSS) was 7. Her electrocardiogram 
showed first-degree heart block and left 
bundle branch block. Carotid Doppler and 
computed tomography (CT) brain were 
unremarkable. She was diagnosed with a 
left partial anterior circulation stroke and 
started on aspirin and atorvastatin. 

She had an episode of acute worsening 
of aphasia and hemiparesis the next day 
with NIHSS rising to 11, lasting less than an 
hour. Repeat CT brain was normal and she 
was recommenced on telemetry. A similar 
episode recurred the following day during 
which telemetry demonstrated Mobitz II 
block (Figure 1A) followed by six seconds of 
ventricular standstill (Figure 1B). Metoprolol 
was discontinued. Magnetic resonance angi-
ography of the brain demonstrated areas of 
restricted diffusion within the left middle 
cerebral artery territory (Figure 2) and 
critical stenosis/occlusion of the left intra-
cranial carotid artery (Figure 3). Permanent 

pacemaker was inserted and she made an 
uneventful recovery. 

Early neurological deterioration after 
an ischaemic stroke may be due to 
non-haemodynamic (eg, sepsis, metabolic 
disorders, haemorrhagic transformation, 
etc) and haemodynamic factors (eg, cardiac 
arrythmias, arterial re-occlusion, etc). 
Though extracranial carotid stenosis is 
a more common cause of stroke in our 
population, intracranial stenosis should 
be considered if carotid Doppler imaging 
is unremarkable and no alternative cause 
of stroke is discovered, particularly in 
patients with recurrent events or neuro-
logical symptoms in association with 
haemodynamic stressors. In patients 
with a symptomatic intracranial stenosis 
of 70–99%, treatment includes intensive 
vascular risk factor modification and dual 
antiplatelet therapy for 90 days. In this case, 
the patient’s neurological deterioration was 
likely due to transient cerebral hypoper-
fusion during the arrhythmia, aggravated by 
intracranial carotid stenosis. 
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Figure 1: Telemetry strip (A) during an episode of acute neurological deterioration showing Mobitz type 
II. (B) Followed by six-seconds of ventricular standstill that resolved spontaneously.

Figure 2: Magnetic resonance imaging (MRI) showing high signal on B1000 (left image) and low ADC 
signal (right image) representing restricted diffusion typical of an acute infarct in the left thalamic and 
internal capsule area.
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Figure 3: Magnetic resonance angiography (MRA) demonstrating critical stenosis of the 
left intracranial carotid artery.



102 NZMJ 4 December 2020, Vol 133 No 1526
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

CLINICAL CORRESPONDENCE

Blood brothers: tattoo  
sepsis in two Samoan men

Prashant Lakshman, Christine Zhang, Michelle Balm,  
Yesim Morice, Cindy Towns 

Traditional Samoan tattooing (tatau) is 
a cultural process that dates to 1500 
BC.1 Customary tools consist of a boar 

tusk comb with sharp teeth and wooden 
mallet.1,2 To reduce the risk of infection,  
the equipment should be sterilised prior 
to application, between applications and 
between different sites.

We present the cases of two Samoan 
brothers admitted to Wellington Hospital 
in March 2020 with infective complications 
following traditional Samoan tattooing 
performed by a visiting Tufuga. 

Case reports
Patient 1

A 45-year-old Samoan man presented to 
Wellington Hospital Emergency Department 
with a rash, wheeze and light-headedness 
approximately 12 hours after completing 
five days of traditional tattooing using 
titanium steel needles. At completion, 
coconut oil and turmeric were rubbed over 
the tattoos. By the following morning, he 
developed tongue swelling, wheeze and a 
pruritic, urticarial rash over his arms. He 
was otherwise well with no comorbidities.

He was initially treated for an allergic 
reaction. However, he subsequently became 
febrile (39.10C), hypotensive (104/61mmHg) 
and tachycardic (HR 120bpm). His legs were 
noted to be swollen, erythematous and 
tender with yellow serous fluid oozing from 
tattoo sites on the left thigh. He responded 
well to fluid resuscitation and was started 
on IV flucloxacillin for widespread cellu-
litis. The specific aetiology for the allergic 
reaction in case one could not be identified 
as more than one agent had been used prior 
to the symptoms developing.

Laboratory tests showed an acute kidney 
injury (AKI) with a creatinine of 117umol/L. 

C-reactive protein (CRP) was 78mg/L with a 
normal white cell count. Creatinine kinase 
was 1,126U/L but without evidence of deep 
tissue infection. Two sets of blood cultures 
taken at admission grew flucloxacillin-sus-
ceptible Staphylococcus aureus. 

The patient voiced distress, reporting 
that damage to the tattoo would be a ‘bad 
omen’ for the family. A cream containing 
dexpenthaneol and benzalkonium chloride 
was applied and 60mg of oral prednisone 
daily was started to decrease inflammation. 
The patient was discharged on day four to 
complete a 14-day course of 1g oral fluclox-
acillin QID and 500mg probenecid QID. The 
prednisone was weaned over seven days.

Patient 2
A 43-year-old Samoan male, the brother 

to Case 1, presented to Wellington Hospital 
ED with two days of subjective fevers and 
leg swelling following ta tatau. He was 
febrile on admission (38.60C), had bilateral 
lower limb swelling and erythematous 
areas bilaterally over his arms. He had 
extensive tattooing over the back and lower 
legs as per his brother (above) with wide-
spread erythema and tenderness over these 
regions. He was medically stable on arrival 
but was started on IV flucloxacillin and oral 
clindamycin for extensive cellulitis. Blood 
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cultures and swabs yielded no growth. 
Initial bloods revealed CRP of 122 but 
normal renal function. 

IV flucloxacillin was continued for one 
and a half days and then switched to oral 
Flucloxacillin to complete a seven-day 
course. Clindamycin was stopped on Day 2.

The Medical Officer of Health was 
informed of both cases.

Discussion
New Zealand has the largest Pacific 

community outside of the Pacific islands, 
making up 7.4% of the population.3 Tatau 
remains an important part of the Samoan 
culture in New Zealand and the tufuga ta 
tatau operating here may be local or from 
Samoa.1 

Ta tatau historically took weeks or years 
to complete, however the modern approach 
compresses the process to days and subse-
quently decreases the time for healing.1,2,4 
Although there is no formal prevalence data 
on infective complications, the international 
literature indicates that the practice can 
result in severe sepsis including death.5 In 
New Zealand, a cluster in 2011 in the lower 
North Island demonstrated 10 cases for a 
population of 420,000, seven of whom were 
confirmed to be from the same Tufuga and 
two of whom had life-threatening sepsis 
requiring surgical debridement.5 One of 

these patients had necrotising fasciitis. 
However, routine data on infective compli-
cations is not collected.

A previous public health investigation 
found that tufuga had poor infection control 
knowledge and inadequate procedures for 
sterilisation of equipment.1,5,6 Patients may 
also present late due to cultural expectations 
for community management.5 Although the 
brothers presented here avoided signif-
icant morbidity, their infections required 
in-patient treatment and indicated septic 
complications in consecutive patients for the 
same tufuga. 

Concerns around infection control in 
traditional tattooing have resulted in some 
councils developing their own guidelines or 
bylaws.7–11 Wellington City Council currently 
has no regulations in place nor any proce-
dures for monitoring this practice, but they 
are considering a bylaw.12 From a national 
perspective, although the Crimes Act and the 
Health and Safety Employment Act provides 
some legislative regulation, there is no 
specific law to cover traditional tattooing.5,11 
The Ministry of Health has a guideline 
written in conjunction with tufuga, Samoan 
elders and infectious disease experts, but 
there is no mechanism to enforce the recom-
mendations or monitor compliance.

These cases highlight the serious infective 
complications that can arise from tradi-
tional tattooing and the current lack of 
regulation around the practice. Our Samoan 
community is projected to rise and the 
practice of ta tatau is likely to rise with it.3 
Although challenging to implement (given 
that ta tatau may take place in private 
homes), we recommend a consistent 
nationwide approach to regulation with 
consideration given to a registry for tufuga 
with provisions for infection control training 
as well as health and safety assessment and 
monitoring of practice.
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The Beginning of 
End of Life Choice  

Miles Williams  

The coming into force of the End of Life 
Choice Act (EOLC) has been a uniquely 
New Zealand experience. Politicians 

have toured the country to hear and read 
submissions from thousands of their fellow 
countrymen and women. The EOLC bill was 
vigorously debated in Parliament and voting 
was by conscience vote rather than along 
party lines. As a result, Members of Par-
liament voted that the bill become an Act. 
However it was an Act with a difference; it 
could only come into force if the majority 
of New Zealanders voted for it in a binding 
referendum, an additional step stipulated by 
one of the government coalition members, a 
party incidentally that has now gone west. 

Many would say that a referendum is the 
worst possible manner in which to decide 
the fate of any bill, particularly one of this 
nature, because it allows the uninformed 
or the grossly misinformed to determine 
the outcome: in this case whether New 
Zealanders should gain the right to make 
an intensely personal decision at the end of 
their lives.

Nonetheless despite a well-funded 
anti-euthanasia campaign that included 
the publication of misleading and distorted 
versions of the EOLC Act, and statements 
that were downright false, the referendum 
passed overwhelmingly, and work can now 
focus on establishing how the benefits of 
this legislation can be made available to all 
New Zealanders: both to the small number 
who will actually require assisted dying, and 
to all other New Zealanders who will benefit 
from the type of engagement that can occur 
under this legislation. This includes the 
subtly different types of conversations that 
will now be possible between patients, their 
families, and their doctors. 

Senior members of the medical profession 
have let the New Zealand public down 

by putting their heads in the sand and 
remaining tight lipped on this issue. This 
is despite the obvious fact that the End of 
Life Choice movement has been a global 
one initiated by ordinary people facing 
personal tragedy for many years, and it has 
been clear for years that the people of New 
Zealand have wanted to join this movement. 

Why is it that the medical profession did 
not support their patients on this issue, 
particularly when doctors were in a position 
to reassure the public by referring to the 
abundant literature describing successful 
overseas experience?

The answer is complex, reflecting issues 
such as the conservative nature of the 
profession, deeply ingrained outdated 
medical traditions, uncertainty, lack of 
knowledge, and personal convictions. Many 
were frightened to explore the topic with 
their patients lest they themselves become 
labeled or stigmatised, or engendered fear. 

The New Zealand Medical Association 
(NZMA) has not helped in this regard. The 
NZMA Board members have shown them-
selves prepared to use disingenuity and 
dishonesty to maintain the status quo rather 
than explore new approaches. Members of 
the organization have behaved as if the title 
of ‘doctor’ entitles them to pass judgment 
without consultation, without research, 
without attending international confer-
ences and without listening to those with 
different perspectives: all things that regis-
tered medical practitioners must do if they 
wish to fulfill their ongoing medical, educa-
tional, and professional requirements for 
the purpose of making sound and informed 
decisions on issues that will affect their 
patients.

The hospice/palliative care specialty must 
review its position. Assisted dying has been 
successfully integrated with palliative care 
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in many countries including Australia, 
and there is no reason why this cannot 
be achieved in New Zealand. We live in a 
secular society and the hospice/palliative 
care specialty is not some form of commune 
where everyone must conform strictly to the 
leaders’ beliefs. It is unreasonable and unac-
ceptable for any organisation to impose its 
doctrinal beliefs on all of its members. There 
are those who work in hospice/palliative 
care who support the Act but are unable 
to participate; they should be permitted to 
voice their opinion. 

This legislation will be truly liberating 
for the majority of New Zealanders even 
though only a small number will actually 
need its benefits. The conversations that can 
occur when patients as well as their doctors 

can be truly honest with one another and 
discuss their deepest fears, will be impor-
tantly different than from before. Difficult 
conversations such as “should I have a heart 
transplant?” “should I consider potentially 
disabling or personality changing brain 
surgery?”, or “should I have palliative 
chemotherapy?” will be more complete and 
offer a clearer perspective when they can 
also include “should I consider euthanasia 
or assisted dying?”

You only ask such questions when your 
back is truly against the wall, and you 
know it. I am relieved and proud that New 
Zealand has joined this movement, and I 
know that the legislation will bed down 
safely and securely in this country. 
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The impact of COVID-19 on 
RMO medical education and 

training at CDHB
Karyn Dunn, John Thwaites

The COVID-19 virus has caused unprec-
edented disruption to health services 
across the world. As a result, the 

education and training of Resident Medi-
cal Officers (RMOs) has also been greatly 
affected. In many countries, RMOs have 
been required to work at the forefront of the 
pandemic whilst continuing their specialty 
training. In New Zealand, many opportuni-
ties for education and training have been 
cancelled, postponed, and altered, creating a 
multitude of challenges. The effect on RMOs 
has been considerable and has required 
educators to rethink how training is being 
delivered in these challenging times. 

A survey of RMOs at Canterbury District 
Health Board (CDHB) was undertaken to 
determine the domains in which RMOs 
had experienced the most disruption 
and whom was most affected. An email 
invitation was sent to all house officers, 
registrars not currently in a vocational 
training programme, and training registrars 
asking them to participate in a brief online 
survey, using SurveyMonkey®. A total of 
141 responses were obtained from the 559 
RMOs invited. Nearly 60% (82/141) of the 
respondents were registrars in a vocational 
training programme, with the remainder 
being house officers and non-training 
registrars. 

In addition to demographic information, 
the survey asked on a 5-point Likert scale 
(from strong negative impact to strong 
positive impact) what impact COVID-19 
has had on ten educational, professional, 
and personal domains. There was also the 
opportunity for free-text comments. The 
majority responded that they have experi-
enced a strong or slight negative impact on 
their ability to attend training and courses 
(118/141), their clinical learning (114/141), 
their clinical experience (102/141), and them 

personally (98/141). Data also indicated that 
the impact on the ability to attend training 
and courses became more negative the 
further through vocational training they 
are, with 68% (56/82) of training regis-
trars reporting a strong negative impact 
as compared with 12% (2/17) of first year 
house officers. A strong negative impact 
was reported by a greater proportion of 
training registrars than house officers and 
non-training registrars with regard to the 
timing of examinations (36/82 vs. 6/59), the 
advancement of training (23/82 vs. 2/59), and 
career progression (12/82 vs. 1/59). 

The responses made in the free-text 
comments further reinforced the quan-
titative findings. Of the comments made, 
31% (14/45) related to delays and cancel-
lations of examinations and assessments, 
a further 22% (10/45) related to the lack of 
training opportunities, exam preparation, 
and clinical time, and 18% (8/45) related to 
the uncertainty created. On a positive note, 
13% (6/45) saw multiple advantages in the 
introduction and wider implementation 
of Zoom© and online education to enhance 
educational and teaching opportunities. 

The findings in this study in many ways 
mirror the impact COVID-19 is having on 
the education and training of RMOs globally. 
During the SARS epidemic many educa-
tional opportunities were cancelled1 and 
a similar outcome has now occurred as a 
result of the COVID-19 pandemic. In this 
study, clinical learning and experience 
were found to have been greatly impacted, 
which supports the findings of Aziz et al.2 
and Rambaldini et al.1 who found residents 
had a significant reduction in their clinical 
experience due to reduced clinic and theatre 
time and disruption within some core 
rotations. Aziz et al.2 found nearly half the 
respondents felt they would not meet case 
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requirements for graduation, and similarly 
the advancement of training was reported 
as being negatively impacted in this study. 
Garcia et al.3 reported that COVID-19 has 
had a negative impact on the ‘academic 
productivity’ of more than half those 
surveyed, and Carvero et al.4 found respon-
dents were concerned about the effect on 
their ‘future preparedness for independent 
practice’. Both these findings are echoed in 
the current study. 

The positive outcome found in relation 
to the uptake of technology has also 
been found in other studies.1, 5 Continued 
long-term benefits would be expected 
should the increased use of technology 
remain, post-pandemic. Learners are able 
to access more educational opportunities 
with online technology, both nationally and 
internationally, at any time of the day and 
from anywhere. 

The long term effect of COVID-19 on the 
pipeline for trainees locally has yet to be 
determined. District Health Boards will need 
to monitor whether issues will develop with 
the delayed timing of completion of voca-
tional training programmes for training 
registrars as a result of the disruption in 
education and training caused by COVID-19. 

We acknowledge the relatively low 
response rate (25%) and the fact that our 
data is from one DHB only. Both these 
factors limit the generalisability of these 
findings. However given the findings are 
consistent with other international studies, 
it would appear to add to the growing 
evidence-base that COVID-19 has caused, 
and continues to cause, disruption to RMOs 
with regard to their education, training, 
career progression, and their personal lives.
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100 YEARS AGO

Territorial Military Training 
and Physical Efficiency

December 1920

In the early days of the Great War about 
50,000 men of the flower of this coun-
try volunteered to offer themselves as 

targets for Hun bullets, and left these shores 
not knowing what fate was in store for 
them. After that the Military Service Act, 
with its compulsory provisions for overseas 
service, came into force. Under that Act, 
between November, 1916, and November, 
1918, a total of 135,282 men were medically 
examined. Of that number, no fewer than 
77,900 had to be rejected, although the 
medical examination was not very strict, 
and only 57,382 were accepted. Making all 
allowances for the fact that the return only 
commenced as from November, 1916, when 
so many fit men had already gone, the result 
was that 40 or 50 per cent., or nearly half, of 
the young men of this country were unable 
to shoulder a rifle. Taking the age period of 
between 20 and 25, we find that only 16,251 
were accepted, and 15,191 were rejected. 
In other words, of men between 20 and 25 
years of age, we rejected 15 for every 16 
passed for service. 

Of those unfit, it was unfortunately true 
that many of them were refused for causes 
that could have been prevented had they 
been taken in time. Of all the knowledge we 
possessed before the war, we had no exact 
knowledge of the physical condition of the 
manhood of this country. Now that we have 
such knowledge of New Zealand’s manhood 
of from 20 to 45 years of age, what sort of 
nation may we expect to have in 40 years’ 
time, with overcrowding and the various 
causes of physical degeneration? 

The report upon the medical inspection of 
the school children showed that fully half 
of them were in need of dental or medical 
attention. Of 11,221 male Civil servants, 
2,838 had 49,779 days’ sick leave during 
twelve months—an average of four days 
per annum over the whole staff; of 2,079 
females, 947 had had sick leave for 17,000 
days during the year. These figures give 
some indication of the economic loss that 
is caused by physical inefficiency. Let us 
examine the figures for the Cl camp. Did 
the Cl camp succeed, or was it a failure? 
It was a most pronounced success. Out of 
the total number of physically unfit men 
sent in, no less than 55 per cent. emerged 
Fit A, while 43 per cent. remained unfit, 
and 2 per cent. were unclassified. The fact 
was that half of the unfits were made fit by 
training on progressive lines. It is obvious 
that if anything really valuable is to be 
done, we should follow up what is being 
done in the primary schools through the 
age of adolescence, which involves special 
dangers—notably the contracting of tuber-
culosis. It is unquestionable that a great 
improvement can be effected in the physical 
condition of youths if the work is taken 
in hand in time. It is a question of social 
service. They can be improved physically, 
mentally, and morally. We can get better 
results under military training than by any 
other system. The men can be kept under 
disciplinary control, which means that their 
attention will not be allowed to wander. One 
of the failings of the Territorial system had 
been that nothing was done with the unfit. 
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They were simply discarded. Those men 
ought to have something done for them, be 
given a chance, be given physical training, 
which would make them fit, and in most 
cases would raise men to the Fit A standard, 
enabling them to do their military training, 
and be more useful citizens than they 
otherwise would be. 

The scheme of periodical medical exam-
ination advocated by Dr. Collins in another 

part of this Journal has much to commend it. 
The main objection that is likely to be raised 
against its acceptance is the familiar one of 
expense. An instalment of the larger scheme 
will be acceptable, and medical examination 
of the Junior Cadets, Senior Cadets, and 
Territorials may readily furnish such an 
instalment as is speedily practicable.
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