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Cardiac disease in pregnancy and the multidisciplinary team: 
the Wellington experience

Simon M Scheck, Sam Lepine, Olivia Nicholson, Peter Abels, Andrew Aitken
Heart disease in pregnant women is uncommon, however the stresses to the heart during 
normal pregnancy can pose life-threatening risks to these women. This includes women born 
with structural abnormalities in the heart, women who have had rheumatic fever, women 
with abnormal heart rhythms and a range of other conditions. These women with high-risk 
pregnancies should be seen by a team consisting of cardiologists (heart doctors), obstetri-
cians (pregnancy doctors), anaesthetists and midwives to ensure detailed plans are in place to 
reduce all risks. When these plans are in place, the risks to the mother can be greatly reduced, 
allowing these women to have similar outcomes to women without heart disease. Women 
with heart disease are more likely to have an instrumental (forceps or ventouse) delivery, to 
shorten the pushing phase of the labour and therefore reduce the strain on the heart. They 
are no more likely to have a caesarean section. Our study showed no increase in risks to the 
mother or baby in women with heart disease seen through the clinic compared with the back-
ground population.

What in� uences clinicians to choose wisely?
Aditya Raina, Michael Ardagh, Belinda Loring

Unnecessary testing in a hospital setting is a global issue and has an impact on patient care 
as well as health resources. Doctors interviewed at Christchurch Public Hospital believe that 
there is need to reduce unnecessary testing. In order to accomplish this, making or changing 
guidelines for testing is not suffi  cient. Several barriers preventing behavioural change like 
lack of communication between doctors and lack of knowledge among junior staff about 
testing must be addressed. Useful strategies for future campaigns could include evidence-
based educational presentations to doctors and conducting local audits of unnecessary testing 
in hospitals.

Factors in� uencing protective equipment use by mountain 
bikers: Implications for injury prevention

Christopher F Pratt, Hannah A Primrose, Mark Fulcher
Injuries appear to be common in mountain biking, and the interest in injury prevention 
strategies appears to be high in riders and race organisers. The potential benefi ts, costs and 
cues have the greatest infl uence on rider choice of protective equipment. This is important to 
consider when treating riders and planning injury prevention programmes.

Incidence of stroke and traumatic brain injury in New Zealand: 
contrasting the BIONIC and ARCOS-IV studies

Suzanne Barker-Collo, Rita Krishnamurthi, Alice Theadom, Kelly Jones, Nicola Starkey, 
Valery Feigin on behalf of the BIONIC and ARCOS-IV study groups

Traumatic brain injury (TBI) and stroke result in signifi cant disability within our communities 
and require signifi cant medical input. Understanding the differences in who is at greatest risk 
and how these risks differ can assist in how prevention programmes are targeted and help 
ensure funding decisions are evidence based.

SUMMARIES
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Poor outcomes in methamphetamine-associated 
cardiomyopathy—a growing health issue in New Zealand

Tom Kai Ming Wang, Shaw-Hua (Anthony) Kueh, Tim Sutton, Ruvin Gabriel, 
Mayanna Lund, Jen-li Looi

Methamphetamine use is a growing major health and societal problem. The adverse effects 
of methamphetamine on the heart are not well recognised or understood. Chronic use of 
methamphetamine can cause serious damage to the heart resulting in heart failure. Patients 
with heart failure due to chronic use of methamphetamine have poor prognosis compared 
to other patients with heart failure due to other causes. This group of patients with heart 
failure and chronic use of methamphetamine are of young age, male sex, predominantly of 
Māori ethnicity, and are of high socioeconomic deprivation. Understanding the reasons for 
the ethnic and demographic differences, as well as addressing the modifi able risk factors such 
as methamphetamine abstinence, adherence to medications and appointment attendance are 
critical to preventing and improving outcomes in this condition.

(RETRACTED) Are over-the-counter � sh oil supplements safe, 
effective and accurate with labelling? Analysis of 10 

New Zealand � sh oil supplements
Julia J Rucklidge, Shelby Hantz, Ian C Shaw

This study shows that the majority of the most popular fi sh oil supplements in New Zealand 
are not true to label either based on dose or potential health benefi ts, although no supplement 
claims to treat mental illness or other illnesses. Despite this, all of them contain doses of EPA 
that have been found to be effective for the treatment of symptoms associated with ADHD, a 
minority of them were at the lower end of the therapeutic range for depression and cardio-
vascular health, and only one of the 10 would likely be therapeutic for joints. Only one 
product was true to label and would likely confer a health benefi t across heart, joint and 
brain. However, the risk of mercury toxicity is negligible and therefore, while they may not 
confer a health benefi t, they do appear to be safe to consume. 

The strong case for government funding of a polypill for the 
secondary prevention of cardiovascular disease in New Zealand 
Vanessa Selak, Bruce Arroll, Chris Bullen, Rob Doughty, Corina Grey, Matire Harwood, 

Sue Crengle
Aspirin, statins and blood pressure-lowering medication are recommended for most people 
who have already had a cardiovascular event (such as a heart attack or stroke) as these medi-
cations substantially reduce their risk of having another one. Unfortunately a lot of people are 
missing out on these medications. One way to improve access to medications is by combining 
them into a single pill or capsule (a “polypill”). Despite considerable evidence supporting the 
safety and effectiveness of polypills for people who have already had a cardiovascular event 
they are not currently funded by PHARMAC.

SUMMARIES
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The 'H-Bug' epidemic: lessons from antibiotic-resistant 
staphylococcal outbreaks in New Zealand hospitals from 

1955-1963
Deborah Jowitt

New Zealand had its fi rst outbreaks of antibiotic-resistant staphylococcal infection in the 
mid-1950s. Called the ‘H’ or Hospital-bug epidemic, these outbreaks affected newborn babies 
and their mothers in particular. By the 1950s it was already known that over-use of antibiotics 
would encourage the development of resistant bugs, but doctors had quickly become reliant 
on these medicines to treat infection. Health offi  cials had little infl uence on how doctors 
prescribed, so instead focused on other measures, such as radically changing the way babies 
were cared for, to reduce infection rates. The lessons of the H-Bug epidemic are still relevant 
today as multi-drug resistance is a growing problem.

SUMMARIES
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New Zealand’s big 
psychotherapy programme 

requires evaluation
Tarun Bastiampillai, Stephen Allison, David Castle, 

Ben Beaglehole, Roger Mulder

New Zealand is following the UK and 
Australia by developing a nation-
al psychotherapy programme, at 

the very time that the value of these pro-
grammes is being questioned. The New 
Zealand national psychotherapy programme 
was a centrepiece of the government’s fi rst 
“wellbeing” budget1 delivered on 30 May 
2019. The budget attracted international at-
tention, and was viewed by Lord Layard “as 
a game changing event” for public policy, be-
cause it was focusing on the “wellbeing” of 
its citizens, beyond traditional bottom-lines 
such as productivity and economic growth.2 

A key policy initiative was to try to 
improve population mental health by 
funding new frontline workers in doctor’s 
surgeries, aiming to help 325,000 people 
per annum (approximately 6.5% population 
coverage) with mild to moderate anxiety 
and depression, by 2023/24.1 The initiative 
follows the precedent set by Australia’s 
Better Access programme and the UK’s 
Improving Access to Psychological Ther-
apies (IAPT) programme, which achieve 
population coverage rates of 4.7% and 
1.5% respectively.3 The scale and budget of 
the proposed New Zealand programme is 
therefore more ambitious than either the UK 
or Australian programme.

However, signifi cant questions have been 
raised regarding the effectiveness of both 
the IAPT and Better Access programmes 
in reducing the population prevalence of 
anxiety or depression.3 Hence, the New 
Zealand government should carefully 

analyse the relative strengths and weak-
nesses of IAPT and Better Access Programme, 
before implementing their own proposals. 

Australia’s Better Access programme has 
been criticised for not having conducted 
controlled trials before nationwide imple-
mentation.4 There are also concerns that 
Better Access has no clear ongoing eval-
uation or benchmarking framework, 
inequitable access, an unclear model of care 
and uncertain quality of treatment.

The IAPT programme has several 
appealing design features, including the 
use of structured telephone-based cognitive 
behaviour therapy (CBT) (Australia’s 
Better Access is face-to-face, and does not 
mandate a specifi c psychological model) 
and collection of routine outcome measures 
at each therapy session. The data collected 
(numbers of people seen, average number of 
sessions, treatment outcomes) is then sent to 
NHS digital for annual reporting and bench-
marking purposes.5

We would suggest that New Zealand 
preferentially adopt these key components 
of UK’s IAPT programme. Irrespective, it 
remains uncertain whether the New Zealand 
government’s $455 million investment will 
actually reduce the population prevalence 
of anxiety and depression, based on the 
Australian and UK experience.3,4 Hence, 
the New Zealand government should set 
aside specifi c resources to fund a robust, 
independent and ongoing research and 
evaluation framework (see Table 1) for both 
individual and population level outcomes.

EDITORIAL



9 NZMJ 20 September 2019, Vol 132 No 1502
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

Table 1: Suggested evaluation framework for New Zealand anxiety and depression treatment 
programme.

Individual level outcome measures

• Embed routine session-by-session outcome measures at individual level for anxiety and 
depression—for example, the PHQ-9 and GAD-75

• Ongoing measure of disability, including work and social adjustment scales 
• Disorder-specific scales (eg, panic disorder severity scale, social phobia inventory, obsessive 

compulsive inventory) 
• Patient satisfaction levels with service provided
• Quality of life measurement
• Data should be linked individually between the psychotherapy programme, primary care data-

sets, emergency department and hospital inpatient data-sets

Proposed clinical trial

• Stepped wedge cluster randomised controlled trial—short and long-term outcomes (one year 
post-intervention)

• Detailed cost-benefit analysis

Annual report of service performance

• Benchmarking various services in terms of accessibility, e� iciency and e� ectiveness

Population level outcome measures prior to and following implementation of the programme

• Population survey of wellbeing levels
• Population prevalence survey of psychological distress—using Kessler K-10
• Detailed national survey of diagnosed anxiety and depression related disorders
• Rates of antidepressant use
• Rates of benefit utilisation (supported living payment) for mental health conditions
• Rates of sick leave utilisation 
• Rates of emergency department presentations for anxiety, depression, drug and alcohol 
• Rates of hospital admissions for anxiety, depression, drug and alcohol 
• Rates of suicide
• Rates of economic productivity
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Cardiac disease in 
pregnancy and the 

multidisciplinary team: the 
Wellington experience

Simon M Scheck, Sam Lepine, Olivia Nicholson, Peter Abels, 
Andrew Aitken

ABSTRACT
AIM: To define the range and severity of cardiac disease in pregnant women in New Zealand, as well as the 
maternal and neonatal morbidity and mortality compared with the background obstetric population.

METHODS: We retrospectively audited pregnant women with cardiac comorbidity seen by a multidisciplinary 
team at a tertiary referral centre consisting of midwives, cardiologists, obstetricians and anaesthetists in 
2016–2017.

RESULTS: Seventy-two women were referred to the multidisciplinary team. The most common referral 
reasons were arrhythmia (n=20, 27.8%), congenital anomalies (n=19, 26.4%) and palpitations (n=10, 13.9%). 
Fi� y-two of these women were found to be at increased risk of morbidity or mortality. A specific delivery 
plan was devised for 37 of these women (69.8%). There was no serious maternal morbidity or mortality. 
Instrumental delivery rates were higher for women with cardiac comorbidity than the background obstetric 
population (19.2% vs 10.8%, p=0.049), however, neonatal admissions were not increased (11.5% compared 
with 16.5%).

CONCLUSION: Multidisciplinary review of obstetric patients with cardiac disease provides an important 
service to ensure risk modification prior to conception and throughout pregnancy and the puerperium.

Cardiac disease is becoming increas-
ingly recognised in pregnancy,1 and is 
the highest cause of maternal death in 

Australia contributing to 14.3% of maternal 
mortality.1,2 In New Zealand 8.5% of maternal 
deaths are the result of cardiac conditions.3 
This, coupled with the rising average age and 
body mass index of patients is culminating in 
an increased burden of cardiovascular risk 
within obstetric medicine.4 Overall, indirect 
maternal deaths are decreasing, yet cardiac 
disease remains unchanged and is the most 
common cause.5Recent guidelines published 
by the European Society of Cardiology rec-
ommend that pregnant women with cardi-
ac disease are seen in a specialised centre 
by a multidisciplinary “pregnancy heart 
team”.1Wellington Regional Hospital is a 
tertiary unit that provides a multidisciplinary 
service for the lower North Island of New 
Zealand, which consists of an obstetrician, 
cardiologists, anaesthetists and midwives. 

The multidisciplinary team convenes month-
ly to discuss referred patients, arrange outpa-
tient investigations and clinic appointments 
and formulate an overall care plan.

We set out to defi ne the range and severity 
of cardiac disease in pregnant women seen 
by the team over a two-year period, as well 
as the maternal and neonatal morbidity and 
mortality compared with the background 
obstetric population.

Methods
Clinical records were reviewed retro-

spectively for all patients reviewed by the 
multidisciplinary team from January 2016 
to December 2017. An electronic list of all 
women reviewed by the multidisciplinary 
team is maintained, and this was used 
to retrieve electronic records, including 
referral letters, obstetric, anaesthetic 
and cardiology clinic letters. Discharge 

ARTICLE
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summaries, neonatal intensive care unit 
(NICU) admissions and midwifery databases 
were utilised to identify maternal morbidity 
and mortality (including intensive care unit 
admission, cardiac events) and neonatal 
morbidity (NICU admission) or mortality.

The patients’ ages and ethnicities were 
recorded according to Ministry of Health 
guidelines for reporting ethnicity.6 Rates of 
instrumental delivery and caesarean section 
delivery were recorded and compared 
against the hospital average using binomial 
tests. We also recorded the indication for 
referral and the severity of cardiac disease, 
ranked by the modifi ed World Health 
Organization (mWHO) criteria as set out 
in the 2018 European Society of Cardiology 
Guidelines for Management of Cardiovas-
cular Disease in Pregnancy.1,7 Patients with 
mWHO score of I (ie, not at increased risk 

of mortality and no/mild increased risk of 
morbidity) were not included in the analysis.

Ethical approval was obtained locally 
from the hospital’s Audit and Research 
Committee prior to commencing. Confi -
dentiality and privacy of patient notes was 
ensured by the authors.

Results
Over the two-year period, 72 patients were 

reviewed by the multidisciplinary team, 
including 31 patients (43.1%) referred from 
other district health boards in New Zealand. 
The three most common referral reasons 
were arrythmia (n=20, 27.8%), congenital 
anomalies (n=19, 26.4%) and palpitations 
(n=10, 13.9%). The full list of cardiac condi-
tions that prompted referral are shown 
in Table 1. Fifty-three of these patients 

Table 1: Cardiac indications for multidisciplinary review among pregnancy women 2016–17. Modifi ed 
WHO score as per the Eurpoean Society of Cardiology 2018 Guidelines for Cardiovascular Disease in 
Pregnancy.1 

Condition Modified WHO Score n  % 

Arrhythmia  20  27.8% 

 SVT  II 10  13.9% 

 Wol�  Parkinson White  II 3  4.2% 

 Sinus tachycardia  I 2  2.8% 

 Long QT  II 2  2.8% 

 Other  Variable 3  4.2% 

Congenital anomaly  19  26.4% 

 Tetralogy of fallot  II 5  6.9% 

 Transposition of the great vessels  II–III 3  4.2% 

 Coarctation of the aorta  II–III 2  2.8% 

 Other  Variable 9  12.5% 

Palpitations  Variable 10  13.9% 

Rheumatic heart disease  Variable 6  8.3% 

Family history of cardiac disease  Variable 4  5.6% 

Cardiomyopathy  II-III 3  4.2% 

Pacemaker  II 2  2.8% 

Hypertension  I 2  2.8% 

Ischaemic heart disease  Variable 1  1.4% 

Non rheumatic valvular disease  Variable 1  1.4% 

Vasculitis  Variable 1  1.4% 

Chest pain  I 1  1.4% 

Cardiac murmur  I 1  1.4% 

History of myocarditis  I 1  1.4% 

ARTICLE
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(73.6%) were found to have increased risk 
of mortality and morbidity (ie, mWHO score 
II or higher) and were included for further 
analysis. Fifty-two of these patients (98.1%) 
delivered in Wellington Hospital. 

Severity of disease according to mWHO 
scores is shown in Figure 1. Modifi ed WHO 
scoring categorised 33% (n=24) of patients 
as at small increased risk (mWHO score 
II), 21% (n=15) as intermediate increased 
risk (mWHO score II-III) and 4% (n=3) of 
patients at signifi cantly increased risk 
(mWHO score III).1,7

Patients were most frequently seen in 
the second trimester (n=26, 49.1%); with 
two (3.8%) being seen preconceptually; 15 
(28.3%) in the fi rst trimester; and 10 (18.9%) 
in the third trimester. The most common 
investigations ordered by the team included 
echocardiography for 45 women (84.9%), 
Holter monitor for 15 (28.3%) women and 
magnetic resonance imaging for 11 (20.8%) 
women.

Documented preconceptual counselling 
by either a cardiologist or obstetrician could 

be found for 12 patients (22.6%). A specifi c 
plan around delivery was devised for 37 
patients (69.8%). 

Of the 52 patients delivering at Wellington 
hospital, no signifi cant maternal morbidity 
or mortality was found. Age at delivery 
ranged from 16 to 41 with median 31.5 
years. The ethnic distribution of these 
patients (according to Ministry of Health 
guidelines for reporting ethnicity6) was 
49.1% (n=26) New Zealand European, 
20.8% (n=11) New Zealand Māori, 11.3% 
(n=6) Pacifi c, 11.3% (n=6) Other Asian, 3.8% 
(n=2) Other European, 1.9% (n=1) Indian 
and 1.9% (n=1) other. The majority (52.8%, 
n=28) of these women were primiparous. 
The mode of delivery was caesarean section 
for 28.8% (n=15) (hospital average 32.4%, 
p=0.350), instrumental delivery for 19.2% 
(n=10) (hospital average 10.8%, p=0.049) and 
spontaneous vaginal birth for 51.9% (n=27) 
(hospital average 56.8%)8. Six neonates 
(11.5%) required NICU admission (hospital 
average 16.5%).

Figure 1: Modifi ed WHO classifi cation of maternal cardiovascular risk.11 

A score of I gives no detectable increased risk of maternal mortality and no/mild increased risk of morbidity; a 
score of II gives small increased risk of maternal mortality or moderate increase in morbidity; a score of II–III gives 
intermediate increased risk of maternal mortality or moderate to severe increase in morbidity and should be 
managed and delivered at a referral hospital; a score of IV gives significantly increased risk of maternal mortality or 
severe morbidity and should be managed and delivered at a referral hospital.
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Discussion
We have demonstrated that cardiac 

disease among pregnant women is an 
important aspect of obstetric care in the 
catchment region of Wellington Hospital, 
New Zealand, warranting multidisciplinary 
input. The team comprising obstetricians, 
cardiologists, anaesthetists and midwives 
advised specifi c delivery plans for the 
majority of these patients, and despite an 
increased instrumental delivery rate, we did 
not demonstrate any increased maternal or 
neonatal mortality or morbidity compared 
with the background obstetric population. 

A multidisciplinary approach is a core 
tenet of the management of complex 
medical conditions in general. This is partic-
ularly applicable to cardiovascular disease 
in pregnancy due to the increased physio-
logical demands throughout pregnancy and 
the puerperium. In our centre, multidisci-
plinary review plays an important role in 
identifying and managing women at risk of 
morbidity and mortality. Over a two-year 
period, a signifi cant number of women were 
identifi ed at increased risk using the mWHO 
scoring systems. The 2018 ESC Guidelines 
recommend that women with mWHO score 
II–III or higher are managed at a referral 
hospital, and that women with mWHO 
score II or lower are managed at their local 
hospital. Only 18 women (25% of referrals) 
met this criteria, however, these guidelines 
are not necessarily applicable to regional 
New Zealand, where cardiology, neonatal, 
anaesthesia and intensive care services are 
not necessarily available or appropriate to 
manage complex cardiology and obstetric 
complications. While some lower-risk 
patients were appropriately reviewed by 
the multidisciplinary team, 26% of referrals 
were found to have mWHO score of I (ie, 
no/minimal increased risk) and could likely 
have been managed in a general antenatal 
clinic.The prevalence and distribution of 
cardiac disease in pregnancy is geograph-
ically and temporally heterogeneous.9 For 
example, one previous study in South Africa 
reported that among pregnant women with 
cardiac disease, 84% had valvular or rheu-
matic disease (compared with only 9% of 
women referred to our service), while only 
9% had congenital heart disease (compared 
with 26% in our study10). This highlights 

the importance of local audit to identify 
the burden of cardiac disease among the 
relevant population, and allow for services 
targeted to this group.

Māori and Pacifi c women are overrep-
resented in this group (14.8% and 9.8% 
compared with the district health board 
catchment area 10% and 7% respectively8). 
District health boards need to ensure equity 
and accessibility to tertiary-level services, 
which cover large geographical areas 
and may require patients to travel long 
distances. This includes providing culturally 
acceptable services, support with travel, 
accommodation and assistance with costs 
for carers and whānau.

Pregnant women with cardiac disease 
were more likely to require instrumental 
delivery, however, caesarean section rates 
were not shown to be different to the 
background population. This is expected, 
as delivery plans for women with cardiac 
disease frequently involve a shortened 
second stage of labour to decrease the phys-
iological demands of delivery. We did not 
observe a difference in neonatal admissions 
as a result of this compared to the general 
population.

One issue raised by this study is the lack 
of documented preconceptual counselling, 
with over three quarters of higher-risk 
women not having any documented 
discussion. Our records did not include 
out of area consultations or consultations 
with non-hospital practitioners (ie, general 
practitioners and specialists in the private 
sector). Preconceptual counselling is a 
vital part of wholistic care for women of 
child-bearing age with complex medical 
comorbidities. A second issue is that there 
was no defi ned referral protocol for the 
service, and therefore there was a wide 
variation in referrals, ranging from severe 
disease to palpitations without evidence of 
arrhythmia. Specifi c referral criteria are 
being developed (to be made available via 
the Health Pathways system). The team 
will also aim to produce well-documented 
shared delivery plans between the patient, 
lead maternity carer and multidisciplinary 
team for all patients. It is also likely that 
some women with cardiac disease were 
managed through general obstetric ante-
natal clinics without involvement of the 
multidisciplinary team.
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There were no serious adverse outcomes 
in this cohort of high-risk patients. While 
our retrospective observational study 
cannot conclude that the multidisciplinary 
team is responsible for this, the observation 
is encouraging. The centralisation of care 
of these patients does improve the ability of 
our clinicians to provide high-quality care. 

Cardiovascular disease needs to be a 
key focus for maternity care delivery in 
well-resourced countries such as New 
Zealand. We have demonstrated that in our 

catchment area the number of pregnant 
women affected by cardiovascular disease 
warrants a centralised multidisciplinary 
team approach; we provide encouraging 
results that this approach can ensure these 
women have similar obstetric outcomes to 
the general obstetric population. We plan 
further, prospective study on this topic with 
a particular emphasis on communication 
with primary care, contraception access, 
preconception counselling and risk factor 
modifi cation. 
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What in� uences clinicians 
to choose wisely?

Aditya Raina, Michael Ardagh, Belinda Loring

Routine pre-operative testing before 
elective surgery is common.1 Howev-
er, the importance of this testing be-

fore most procedures is considered to be low 
because it rarely changes management and 
it may cause harm to patients.2-10 Choosing 
Wisely is an international, health profes-
sional-led campaign which aims to reduce 
unnecessary and low-value patient care by 
encouraging medical colleges and speciality 
societies to identify clinical practices which 
should be questioned or avoided.11

Since the Choosing Wisely campaign 
began in New Zealand in 2016, over 150 
evidence-based recommendations have 
been developed, including recommen-
dations from the Australian and New 
Zealand College of Anaesthetists (ANZCA) 
to avoid pre-operative blood investiga-
tions, chest x-rays (CXRs) and spirometry 
prior to surgery for asymptomatic patients 
undergoing low-risk surgery.12,13 The effec-
tiveness of Choosing Wisely depends on 
the dissemination and uptake of these 
recommendations.14

This study evaluates a brief Choosing 
Wisely campaign run in Christchurch Public 
Hospital (CPH) between August and October 
2018. This campaign was in response to an 
internal audit of routine pre-operative CXRs 
in the surgical departments, which iden-
tifi ed that two departments (general surgery 
followed by plastic surgery) ordered 91% of 
routine pre-operative CXRs. General surgery 
alone ordered 64% of all routine pre-oper-
ative CXRs.

The CPH campaign aimed to reduce the 
number of pre-operative CXRs by placing 
posters in the pre-operative admissions 
area, a piece in the chief executive offi  cer 
(CEO) newsletter sent weekly to all staff, and 
an addition to the district’s online health 
pathways for pre-operative admissions. All 
of these methods communicated that CXRs 
should not be routine and should only be 
ordered if patients met certain criteria, 
where: “acute cardio-pulmonary disease 
is suspected, the patient is over 70 years 
old and has a history of cardio-pulmonary 
disease and hasn’t had a CXR or chest CT 

ABSTRACT
AIM: To evaluate the e� ectiveness of awareness-raising by the Choosing Wisely campaign in a New Zealand 
public hospital to reduce routine pre-operative testing and to determine what can be done to bring about 
change in clinician behaviour.

METHODS: Short, semi-structured, one-on-one interviews were conducted with 15 doctors of varying 
seniority from general surgery who were exposed to the campaign between August and October 2018. 
The interviews covered four general topics including background information, asking about awareness 
and e� ectiveness of Choosing Wisely campaign, exploring barriers to changing clinician behaviour around 
pre-operative testing and exploring potential interventions which may be useful to change behaviour. Data 
were analysed using Braun and Clarke thematic analysis methodology.

RESULTS: Four themes and 17 sub-themes emerged from the interviews. The main themes included 
awareness of Choosing Wisely, thoughts around pre-operative testing, barriers for changing clinician 
behaviour and strategies for reducing unnecessary pre-operative testing.

CONCLUSION: The findings of this study suggest that a strategy that relies on revising guidelines and 
raising sta�  awareness alone is likely to be of limited e� ectiveness in reducing unnecessary pre-operative 
testing. In addition to increasing clinician awareness of evidence-based recommendations on unnecessary 
testing, other strategies may be needed to support behaviour change.
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within the last six months, or if the patient 
is over 70 and has an unreliable history 
and is undergoing high-risk surgery”. These 
criteria are consistent with the Choosing 
Wisely ANZCA recommendation,13 and are 
supported by international literature.4–10

 Despite the interventions to promote 
the Choosing Wisely recommendation, 
no apparent change in CXR ordering was 
observed. This qualitative study aimed to 
assess the effectiveness of the CPH campaign 
at spreading awareness of these guidelines, 
and to investigate what infl uences clinician 
behaviour in terms of pre-operative testing 
and how this behaviour could be changed. 
Although some literature exists interna-
tionally with regard to factors affecting 
clinician behaviour around pre-operative 
testing, to the authors’ knowledge a New 
Zealand study focusing on this issue has not 
been undertaken previously.15,16 Therefore 
this study aims to provide a New Zealand 
perspective, as well as support the interna-
tional understanding of effective strategies 
for infl uencing clinician behaviour to reduce 
pre-operative testing.

Methods
Participants

Based on information from the internal 
audit at CPH, doctors of varying seniority 
from the department of general surgery 
were selected for interview. Participants 
were recruited from a pool of 20 consul-
tants, 22 registrars and 17 house offi  cers 
who were identifi ed retrospectively from 
rosters as being involved in pre-operative 
clinics from August to October 2018.

Doctors in each category were allocated 
a number. An online random number 
generator was used to generate fi ve 
numbers for each category of seniority. 
Doctors corresponding to the numbers 
picked in each category were contacted 
by email to be recruited for interviews. 
When the doctors in a category declined to 
participate or failed to respond to repeat 
approaches, more numbers were randomly 
generated in order to pick further potential 
participants. Overall, seven house offi  cers 
were contacted of whom fi ve were inter-
viewed while two did not respond; seven 

Figure 1: The Choose Wisely poster used in the initial CPH campaign. 
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consultants were contacted of whom fi ve 
were interviewed, one declined partici-
pation and one did not respond. Sixteen 
registrars were contacted of whom fi ve 
were interviewed, four declined to be 
interviewed and seven did not respond. Of 
the 15 participants, seven were female and 
eight were male. Of the seven females, four 
were house offi  cers, two were registrars 
and one was a consultant. At the time of the 
interview, one of the participants was found 
to have switched from a general surgery run 
to plastics surgery run during the inter-
vention period. However, this participant 
would have been exposed to the campaign 
regardless and therefore was included in the 
study. All recruitment and interviews were 
conducted between 26 November and 12 
December 2018.

Interviews
Semi-structured one-on-one interviews 

were conducted in December 2018. Inter-
views covered four subject areas, 1) getting 
background information, 2) awareness 
and effectiveness of the Choosing Wisely 
campaign, 3) barriers to clinician behaviour 
change around pre-operative testing and 
4) potential future interventions to change 
clinician behaviour. Interviews were audio 
recorded and conducted by a single inter-
viewer using open-ended questions in order 
to reduce interviewer bias.

Analysis method
Data collected from the interviews were 

analysed using the Braun and Clarke 
thematic analysis methodology as a guide.17 
Data were coded and then refi ned into 
major themes and sub-themes

Results
Four themes and 17 sub-themes emerged 

from the interviews (Figure 2). The main 
themes included: awareness of Choosing 
Wisely; thoughts around pre-operative 
testing; barriers for changing clinician 
behaviour; and tools and strategies for 
reducing unnecessary pre-operative testing.

Awareness of Choosing Wisely
This theme can be broken down into two 

sub-themes: what clinicians knew about 
Choosing Wisely and how they acquired 
knowledge of Choosing Wisely. 

Ten out of 15 participants had heard of 
Choosing Wisely before the interview. In 
these participants, their understanding of 
Choosing Wisely centred around picking 
the evidence-based investigations for their 
patients. 

“It’s a practice of how to choose tests wisely 
and weighing up the risks and benefi ts in 
regards to studies and putting it through to 
our own everyday use.” –House offi  cer 4

Figure 2: A mind map of the major themes and sub-themes.
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In terms of the usefulness of the CPH 
campaign in spreading awareness, the poster 
was seen by eight out of 15 participants, 
however only four of these had consciously 
recalled its message. The newsletter was only 
seen by fi ve out of 15 participants of whom 
only two had read the full article, while only 
two out of 15 had seen the revised Health 
Pathways guidelines. 

Therefore, few participants had both 
seen the campaign media and understood 
its message. For those interviewed, the 
CPH campaign had not been effective in 
spreading awareness of Choosing Wisely.

Thoughts around pre-op testing
This theme included opinions on current 

pre-operative testing and factors which 
infl uence it. Opinions included the presence 
of too many unnecessary tests with a need to 
minimise them, a need for patients to have 
blood tests for baseline, and need for fl exi-
bility based on the clinical scenario.

“There probably is a degree of unnecessary 
tests done I would say. When you’re in pread-
missions, you're just obviously not really 
thinking too much about that side of things.” 
– House offi  cer 2

Clinicians described factors which infl u-
enced their decisions around pre-operative 
testing. These included: the age of patient, 
type of surgery, medical history of patient, if 
patient was operated under the breast unit 
protocol and if pre-operative tests would be 
preferred by other clinicians involved in the 
patient’s care.

“The things that would be relevant to me 
would be the age of the patient, whether their 
surgery was involving the chest or diaphragm 
and whether they had known diseases of the 
lungs or heart that I needed to know about 
before their surgery.” – Consultant 1

“I think its preset by a consultant, whatever 
the consultant wants.” – House Offi  cer 1 

Barriers for changing clinician 
behaviour

Several barriers for changing clinician 
behaviour were raised. These included: lack 
of knowledge around new evidence, staff 
being busy and not having enough time, 
mental automation around practices, guide-
line-related barriers, lack of communication 
between clinicians, traditional practice of 

ordering tests and worry around patient 
safety if not tested. 

“…every department is so busy, there’s 
this whole functioning in silos approach. So 
cross departmental or inter-departmental 
communication, interaction is actually very 
minimal.” – Consultant 2 

Ordering tests as they are a part of tradi-
tional practice and the “what if?” scenario 
were recurrent barriers. 

“In my opinion a lot of the times it’s what if 
something happens? What if we fi nd some-
thing?” – Registrar 1

“People have been doing things a certain 
way for a number of years. They get used 
to it. There is also just an intrinsic fear that 
you will miss that one person and umm it 
will become a media storm and also you will 
cause patient harm. So I think its constantly 
fi ghting against the human… what’s the word 
superstitions and a bit of humanity in us all of 
trying to do the right thing for our patients.” 
– House offi  cer 4

Guideline-related barriers raised included: 
the presence of too many guidelines, issues 
in accessing these guidelines and the reluc-
tance of some clinicians to read posters 
or consult electronic guidelines. It was 
suggested that house offi  cers do require 
more guidance in the clinics. 

“Communication, I think there needs to be 
clear guidelines for the house surgeons in 
pre-admissions clinic.” – Consultant 5 

Tools and strategies for reducing 
unnecessary pre-operative testing

Participants suggested several tools 
and strategies that could help in reducing 
unnecessary pre-operative testing. These 
included: auditing pre-operative testing 
decisions, providing adequate guidelines/
protocols, having an appointed Choosing 
Wisely promoter in departments to provide 
reinforcement, having evidence-based 
educational presentations for all clini-
cians, having team meetings when new 
staff members join the team to improve 
communication, improving house offi  cer 
orientation and/or removing house offi  cers 
from pre-operative clinics.

The strategy most commonly suggested 
was educational presentations in depart-
ments. These presentations should be aimed 
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at clinicians at all levels, be evidence-based 
and include up-to-date local statistics of 
unnecessary testing. Participants also 
suggested these presentations should 
introduce the protocols which clinicians 
were expected to use. 

“It’s good to have the data there to back 
up the practice as opposed to just people 
saying that it’s probably not useful, so the 
data is necessary. And then it’s just a matter 
of bringing it to the audience that needs to 
hear it… I just feel because there are so many 
meetings, there is an opportunity to put it in a 
meeting.” –Registrar 1

“A bit more talking about it, in terms of 
having lectures and orientation.” –House 
offi  cer 3 

Many clinicians also expressed the need 
for house offi  cer orientation, especially 
around pre-operative testing because it can 
be diffi  cult for a junior doctor to get accus-
tomed to a new role and its expectations. 

“I think there is a lot of room for 
improvement in start of run orientations in 
all respects… from a house surgeon’s point 
of view it can be really clumsy and painful 
learning the practicalities of a run and so to 
have some sort of designated teaching time 
about preadmissions that included things 
about testing, that could be helpful.” – House 
offi  cer 5

Regular auditing of pre-operative testing 
requests and learning from this was another 
strategy frequently mentioned by the 
participants.

“Yeah I think auditing will be useful.” – 
House offi  cer 1 

Participants expressed the need for guide-
lines/protocols to be clear and specifi c to 
certain surgeries, be approved by all consul-
tants and be accessible both as physical 
copies in clinics and electronically. Another 
suggestion was to integrate guidelines into 
test ordering forms for better accessibility. 

“You need a consistent approach from a 
consultant level and an agreed consistent 
approach because as soon as you get different 
people doing different things, if you haven’t got 
consensus, you are never going to be able to 
do that at a junior staff level.” – Consultant 3

Discussion
The presence of guidelines or recom-

mendations in a healthcare setting does 
not guarantee that these will be followed. 
A systematic meta-review by Francke et al 
found adherence rates of healthcare practi-
tioners with guidelines varied between 27 
and 67%.18 This review found that cessation 
of guideline implementation strategies 
often led to adherence rates returning to 
baseline levels.18 Not enough is known 
about what infl uences clinicians to change 
their behaviour when they become aware 
of a guideline. Clinician compliance with 
guidelines may be affected by a variety 
of factors, including characteristics of the 
guidelines, the implementation strategies 
used and factors relating to the clinician, 
patient or environment.18,19 Clinician-related 
barriers can include lack of awareness, 
lack of familiarity, lack of agreement, lack 
of self-effi  cacy, lack of outcome expectancy 
and inertia of previous practice.19 These 
fi ndings are consistent with the results of 
this CPH research.

This small, qualitative CPH study reveals a 
number of useful insights into the behaviour 
of clinicians around pre-operative testing, 
and the usefulness of common strategies to 
raise awareness and encourage uptake of 
guidelines in this area.

Clinicians expressed their concern around 
there being too many guidelines in the 
clinics, which caused uncertainty about 
which guidelines were to be followed. Other 
important factors highlighted by the partic-
ipants were the need for guidelines about 
pre-operative testing to be specifi c and be 
agreed upon by all the consultants in the 
department. In relation to the effectiveness 
of posters, the results show that doctors 
may notice them but they were unlikely 
to read them. Time pressures in a busy 
clinic contribute to this. In other instances 
clinicians may not need to refer to these 
guidelines if they have had experience 
dealing with related cases. These ideas 
suggest explanations for the low success of 
the CPH campaign in spreading awareness 
of Choosing Wisely.
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Many of the barriers in this study are 
interlinked. For example lack of knowledge 
around new evidence together with staff 
being busy can lead to mental automation 
of ordering tests regardless of whether the 
tests are warranted.

Similarly, time pressures can lead to lack 
of communication between clinicians. This 
may lead to uncertainty around ordering 
tests, especially among junior staff who are 
often fearful of the ‘what if?’ scenario and 
may be unable to communicate their uncer-
tainty with senior staff, who are often not 
present in pre-admissions clinics. This high-
lights the issue that house offi  cers require 
more support in the clinics.

Interestingly, there was no mention of 
overdiagnosis or overtreatment by any of 
the clinicians interviewed. These can result 
from incidental fi ndings during testing 
where a condition which may not be causing 
any harm is found and consequently treated. 
There is extensive literature available 
internationally which discusses the drivers 
of overdiagnosis and the need to reduce 
overdiagnosis.20–23 Minimising overdiagnosis 
and overtreatment to provide better medical 
care is also a goal of the Choosing Wisely 
initiative.11 Hence it may be worth exploring 
this issue in future studies.

Lack of communication can also infl uence 
pre-operative testing decisions made by staff 
members who are new to the department/
team and are uncertain of the protocols. 
Therefore it would be benefi cial to have 
team meetings when a new staff member 
joins the team to improve communication 
and clarify any doubts they may have.

The clinicians interviewed do believe 
there is a need to reduce unnecessary 
testing. Several tools and strategies iden-
tifi ed through this research could be applied 
to change clinician behaviour around 
testing. This is supported by evidence from 
previous research into initiatives to reduce 
unnecessary pre-operative testing. An 
initiative in the US created a standardised 
process for pre-operative clinics which were 
led by nurse practitioners and physician 
assistants.18 Compared to the standard 
physician-led clinics, 4% of tests were 
unnecessary tests in the intervention clinics 
compared to 23% in the standard clinics.15 
Based on this information, a case could be 

made for removing house offi  cers in New 
Zealand from pre-operative clinics, with 
testing instead done by nurse practitioners 
according to protocols decided by senior 
medical staff.

A UK initiative to reduce unnecessary 
pre-operative investigations for elective 
procedures achieved high compliance by 
implementing a staff training program 
around unnecessary investigations and 
providing targeted written information in 
clinics.16

In our study, evidence-based educational 
presentations in departments and better 
house offi  cer orientation/education were the 
strategies most commonly recommended 
by participants. Considering the previous 
literature, it is justifi ed to believe that these 
strategies could be effective in reducing 
unnecessary pre-operative testing. Likewise 
there may also be value in having clearer 
guidelines which are available both in hard 
copy and electronically.

Although auditing testing decisions could 
be useful as a behaviour change tool, some 
clinicians in this study mentioned that this 
sort of intervention would need to be under-
taken with care. Clinicians were concerned 
that the aggregate nature of audits would 
not take into account the unique aspects of 
individual cases. Another issue mentioned 
by clinicians was that it could be seen as 
a ‘blame game’. Clearly clinician concerns 
about the use of auditing and reporting of 
results would need to be addressed if this 
strategy is to be effective at infl uencing 
their behaviour.

There are a number of important 
learnings from this study, which can be used 
to inform future efforts to change clinician 
behaviour around the ordering of inves-
tigations, and also other Choosing Wisely 
initiatives to reduce unnecessary care. 

Firstly, poster and electronic newsletter 
campaigns to raise awareness among 
clinicians appear to have limited effec-
tiveness—both in terms of reaching the 
intended audience and in terms of changing 
their clinical practice. This is an important 
fi nding, as many Choosing Wisely initiatives 
are based around using similar methods to 
raise awareness and change behaviour of 
health professionals and patients. 
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Secondly, it is clear that changing clinical 
guidelines alone will not effect change 
in clinician behaviour. While there is a 
need to increase clinician awareness of 
evidence-based recommendations to reduce 
unnecessary testing, there is also a need 
to go beyond this in convincing clinicians 
to put these into practice, and removing 
obstacles to their uptake. As mentioned 
by participants in this study, this includes 
making the recommendations relevant 
to their practice, through sharing local 
audits of test ordering, providing space for 
discussion and agreement from all senior 
staff, with clear communication of expec-
tations to current and new junior staff. In 
addition, a number of factors reinforce 
the tendency to over-order unnecessary 
tests, including juniority, fear of reprisals/
mistakes and lack of time. These barriers 
also need to be addressed for the strategies 
above to be successful.

One major limitation of this study is the 
uncertainty whether our data is general-
isable to clinicians in other places. This 
limitation stems from the qualitative nature 
of this study and its small sample size. As 
this study was restricted to CPH, it would be 
important to repeat a similar study in other 
regions of New Zealand to confi rm whether 
clinicians around the country have similar 
thoughts and feelings around pre-operative 
testing and how inappropriate testing could 
be reduced.

Other limitations of this study include the 
lack of a quantitative component for evalu-
ating the effectiveness of the CPH campaign; 
and the aspect that qualitative research 
and fi ndings are subjective and can be 
infl uenced by the views of the researchers 
themselves. Hence if this study were to be 
repeated with different researchers, there 
could be discrepancies in the fi ndings 
between these studies.

Alternatively the greatest strength of 
this study also stems from its qualitative 
nature. This being the ability to evaluate 
clinician reasoning around pre-op testing. 
Furthermore, this was done using Braun and 
Clarke thematic analysis, which is a robust 
and time-tested framework. 

Conducting semi-structured opposed to 
structured interviews allowed gathering of 
richer quality data because interviewees 
had more room to express themselves 
and highlight points which otherwise 
may have been missed. Additionally, both 
the interview and analysis phases were 
conducted by the same researcher, mini-
mising any information bias which could 
have arisen in translation. The fi nal yet 
signifi cant strength of this research is that it 
was fairly cost and time effective to conduct. 
Hence resources would not be a barrier if 
this study were to be repeated elsewhere.

Conclusion
Changing clinician behaviour to reduce 

the ordering of unnecessary pre-operative 
investigations requires a number of barriers 
to be addressed. The fi ndings of this study 
suggest that a strategy that relies on revising 
guidelines and raising staff awareness alone 
is likely to be of limited effectiveness. In 
addition to increasing clinician awareness 
of evidence-based recommendations to 
reduce unnecessary testing, other strat-
egies may be needed to support behaviour 
change, including sharing local audits of 
test ordering, providing space for discussion 
and agreement from all senior staff, and 
clear communication of expectations to 
current and new junior staff. Factors which 
reinforce the tendency to over-order unnec-
essary tests, including juniority, fear of 
reprisals/mistakes and lack of time also need 
to be addressed for behaviour change strat-
egies to be successful.

Figure 3: Summary of fi ndings and recommendations.

• Clinicians believe that there is a need to reduce unnecessary pre-op testing.
• CPH Choosing Wisely campaign media had limited e� ectiveness in spreading awareness.
• Creating/changing guidelines is not enough. Must address barriers to behavioural change to 

implement change in practice.
• Significant barriers include lack of communication between clinicians, lack of knowledge around 

protocols among junior sta� , mental automation and traditional practices.
• Useful strategies for future campaigns include evidence-based educational presentations, im-

proving communication between clinicians and conducting local audits.
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Factors in� uencing 
protective equipment 

use by mountain bikers: 
Implications for injury 

prevention
Christopher F Pratt, Hannah A Primrose, Mark Fulcher

ABSTRACT
AIM: To assess the attitudes of mountain bikers to the use of protective equipment and quantify the use of 
such equipment.

METHOD: This was a prospective cohort study using an online questionnaire, o� ered to bikers participating 
in a series of Enduro races. The attitudes towards various factors that might contribute to a rider’s choice to 
use protective equipment were quantified based on their responses to the questions. The actual reported 
use of various types of protective equipment was the outcome measure. The correlations between the 
factors and actual use were analysed for statistical significance, to assess their relative importance. 

RESULTS: Equipment use was similar in racing and non-racing settings and could be increased. 55% had 
experienced an injury requiring a week or more o�  work. Perceptions of the benefits, costs, cues, comfort 
and potential injury severity proved to be well correlated with the choice to use equipment, while harm, 
danger and exposure to media influences did not. 

CONCLUSIONS: This study confirmed that in this group, time o�  work from injuries is high. Interventions 
aimed at changing the behaviour of riders to reduce injuries should focus on the factors identified in this 
study, particularly the benefits of wearing protective equipment. 

Injury prevention is a topic of growing 
interest due to the potential to both 
reduce morbidity and reduce treatment 

costs. Mountain biking is a large, growing 
sport, with current participation rates in 
New Zealand estimated at 8.8%, or 292,000 
riders in 2013.1 Population injury data from 
ACC (Accident Compensation Corporation, 
New Zealand’s universal public injury insur-
er) from that year shows there were 29,818 
cycling claims costing a total of $55.2m, a 
rise of 74% on 2005. Twenty percent of these 
injuries were attributed to mountain biking, 
suggesting a large injury burden.2

Studies of specifi c mountain biking popu-
lations document injury rates as high as 4% 
for an individual event,3 although others 
are lower, and are likely specifi c to the 

particular event characteristics. Helmets 
are well documented to prevent injuries 
in cycling,4 and full-face helmets are likely 
to offer further protection than standard 
helmets for mountain bikers.5–7 Lower 
injury rates are also reported in mountain 
bikers who use other types of protective 
equipment.5,8 This mirrors observations in 
other sports.9–12

No study has ever compared the relative 
use of equipment by an individual in a 
racing versus a non-racing environment. 
This is important as most of the studies look 
at an individual race, therefore it is diffi  cult 
to generalise these results to everyday 
riding. Additionally, most studies attribute a 
dichotomous value to the use of equipment, 
while in reality over time this is unlikely to 
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be the case, with use on a given day related 
to specifi c factors. They are also dichot-
omous to presence of injury, when in reality 
the severity of the various injuries is highly 
important.

The ‘Enduro’ format of mountain biking 
is a relatively new discipline of racing that 
was developed to represent the style of 
riding enjoyed by the ‘weekend warrior’. It 
involves a series of untimed ascents, with 
timed downhill runs producing an overall 
time. No studies have been published on the 
injury rates in this style of riding, despite its 
growing popularity. Additionally, there is no 
evidence for what might infl uence its use 
in mountain bikers. A systematic review of 
preventing adverse health outcomes in all 
fi elds concluded that ‘benefi ts’ and ‘barriers’ 
to use are generally the most important 
factors, but the relative importance is 
dependent on the specifi c population.13 This 
is consistent with the studies that have eval-
uated equipment use in sports.14–17

The main purpose of this study was to 
collect data that might assist with the devel-
opment of injury prevention programmes 
(IPPs) in mountain bikers. Data about the 
scale and severity of the problem was 
collected. By assessing rates of equipment 
use in racing and non-racing environments, 
alongside injury experiences and correlating 
with the relative infl uences on use of 
protective equipment, the relative impor-
tance of various factors was established. 
This provides guidance on likely effective 
future targets for an IPP.

Methods
Riders competing in NZ Enduro Crown 

races across New Zealand (2016/7 season) 
were eligible to partake, and were 
approached to participate via race directors 
(not by researchers). There were no exclu-
sions. Consent was integrated into the 
start of an online questionnaire, and an 
incentive of two $100 vouchers was offered 
to randomly selected participants. Ethical 
approval was obtained from the University 
of Auckland human ethics committee (Ref 
018478).

The web-based survey was adminis-
tered via Survey Monkey. This was based 
on a questionnaire devised and validated 

by Ross et al17 The complete questionnaire 
is available as Appendix 1. This question-
naire was initially designed and validated 
to assess factors predicting helmet use in a 
cycle-commuting student population. It was 
modifi ed for this study to assess protective 
equipment in general, and also to include 
more specifi c questions felt to be relevant 
to the mountain biking community, for 
example previous injury history. Individual 
questions assessed aspects of equipment 
use, demographics, self-reported skill level, 
injury experiences and rider belief vari-
ables, using specifi c values or Likert scales. 
Participants were provided free-text boxes 
at the end of the questionnaire to provide 
further feedback. 

Data from the questionnaires was down-
loaded into Excel, cleaned and edited to 
produce frequency reports, and imported 
into SPSS for further analysis. Input scales 
were created through summation of the 
nominal/ordinal values or Likert responses. 
Output scales were similarly created, with 
arbitrary double weighting of full-face 
helmet and goggle use (versus glasses) to 
acknowledge the increased perceived and 
real protection offered. The various scales 
are shown in Table 1. Correlations were 
analysed using Spearman’s rank.

Table 1: Details of the input and output scales 
used for the analysis.

Input scales Output/target scales

Age Helmet use

Rider skill and 
experience

Eyewear

Personal injury 
experiences

Other types of 
equipment

Harm Overall score

Danger

Severity

Benefits

Comfort

Costs

Cues

Media
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Results
A total of 263 questionnaires were 

completed, with an estimated response rate 
of 26.3%. Of the eight race directors who 
were approached, six agreed to take part.

Rates of equipment use are displayed in 
Table 2. Frequency of use, whether racing or 
not, were similar.

Age distribution is shown in Table 3. 
Correlations are displayed in Table 4. Age 
correlated with eyewear (p=0.04) and other 
equipment use (p=0.00), but not full-face 

helmets (p=0.21). There were 224 male 
(85.2%) and 39 female (13.7%) respondents. 
One hundred and ninety-four (73.8%) iden-
tifi ed as New Zealand European, 44 (16.7%) 
Other European, 12 (4.6%) Māori and the 
rest ‘others’. More than half (n=137, 52.1%) 
had been riding for 11 or more years while 
170 (64.7%) were racing three to 10 times 
per year. Almost two-thirds (65.4%) self-re-
ported their riding level as “advanced”. 
Rider skill and experience correlated with 
full-face helmet use (p=0.01) and eyewear 
(p=0.00), but not other equipment (p=0.71).

Table 2: Details of the number of responses to each individual type of equipment used, both in racing 
and non-racing situations.

Equipment used when racing Never Occasionally Sometimes Mostly Always Total 

Full face helmet 94 35 66 49 19 263 

Standard helmet 16 30 49 58 110 263 

Sun/glasses 111 37 44 38 33 263 

Goggles 102 50 60 38 13 263 

Gloves 8 9 11 24 211 263 

Elbow pads 161 33 21 21 27 263 

Knee pads/shin 26 17 25 43 152 263 

Torso body armour 241 7 9 1 5 263 

Equipment used when not 
racing

Never Occasionally Sometimes Mostly Always Total 

Full face helmet 102 67 79 12 3 263 

Standard helmet 0 7 33 98 125 263 

Sun/glasses 75 46 57 52 33 263 

Goggles 117 72 62 8 4 263 

Gloves 11 9 18 41 184 263 

Elbow pads 174 47 22 13 7 263 

Knee pads/shin 33 44 64 61 61 263 

Torso body armour 231 21 7 2 2 263 

Table 3: Distribution of participant ages.

Age Number of participants Percentage (%) 

18–25 51 19.4 

26–35 67 25.5 

36–45 86 32.7 

46–55 52 19.8 

Over 56 7 2.7 
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Injury experiences were high, with over 
half reporting an injury requiring a week 
or more off work, and nearly 20%, a month 
or more. Over 40% reported ongoing 
symptoms from a mountain biking-related 
injury. Table 5 displays the details. Greater 
injury experience was correlated with 
full-face helmet use (p=0.04) and eyewear 
(p=0.00), but not other equipment (p=0.72).

The individual belief scales and 
equipment types are displayed in Table 5. 
Benefi ts, costs, cues, comfort and severity 
had varying correlations, while harm, 
danger and media had no correlation. 
Analysing the media components further, a 
majority of respondents indicated that they 
had never seen any advertising suggesting 
the importance or benefi t of protective 
equipment for injury prevention.

Additional feedback that was provided by 
participants in free-text boxes was reviewed 
and analysed looking for specifi c themes. No 
additional themes were identifi ed that had 
not been addressed in the survey. 

Discussion
The current study confi rms that signif-

icant injuries (with high morbidity) are 
common in Enduro mountain bikers, and 
that uptake of protective equipment has 
potential to be increased. Modifi able factors 
determining use were rider skill, and beliefs 
regarding benefi ts, costs, cues, comfort 
and severity. The non-modifi able determi-
nants were previous injury experiences and 
age. Interest in the study from riders and 
race directors appeared high. Overall this 
suggests an injury prevention programme 
targeting this group (IPP) might be effective.

Reported injury experiences were high 
in the current study. This is in keeping with 
a prospective study of 494 downhill riders 
through a season which reported an injury 
rate of 16.8–17.9 per 1,000h of exposure, of 
which 65% were mild, 22% moderate and 
13% severe.18 It was not possible to fi nd any 
comparative fi gures for cross-country riding, 
however given the style of riding in Enduro 

Table 4: Signifi cance of correlations between input domain scales and reported use of various 
equipment types.

Statistical significance of correlation (p value)

Domain scale Helmets Eyewear Equipment Overall

Injury experiences 0.04 0.00 0.72 0.01

Harm 0.34 0.85 0.37 0.47

Danger 0.98 0.66 0.46 0.38

Severity 0.71 0.01 0.99 0.25

Benefits 0.03 0.14 0.00 0.00

Comfort 0.283 0.24 0.00 0.11

Costs 0.04 0.11 0.00 0.00

Cues 0.01 0.54 0.00 0.00

Media 0.30 0.16 0.78 0.26

Age 0.22 0.04 0.00 0.40

Rider skill and experience 0.01 0.00 0.71 0.03

Table 5: Details of responses regarding details of injury histories. 

Injury experiences Yes No Not sure 

Week or more o�  work due to mountain biking injury 144 (54.8%) 114 (43.3%) 5 (1.9%) 

Month or more o�  work due to mountain biking injury 52 (19.8%) 209 (79.5%) 2 (0.8%) 

Ongoing symptoms from a mountain biking injury 108 (41.1%) 143 (54.4%) 12 (4.6%) 
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format, it is reasonable to expect the injury 
rates and patterns to be more similar to 
downhill than cross country. This emphasises 
the high injury burden in this large, growing, 
but infrequently studied group of riders.

There was a correlation between use 
of more protective equipment and the 
perceived benefi ts, costs, cues, comfort and 
severity. There was, however, no correlation 
between the domains of harm, danger and 
media (Table 4). These fi ndings would be 
an important consideration when devel-
oping an injury prevention strategy in 
this group and have some differences 
to other sports and populations. These 
factors have not previously been studied 
in mountain bikers, but similar studies 
have been assessed in other sports and are 
confl icting. In snow sports, having had a 
previous major crash has been associated 
with higher helmet use,19 but wrist guard use 
was not.20 In commuter cycling, helmet use 
correlated highly with attitudes of friends 
and family, emotional benefi ts, perceived 
exemption from harm and personal vanity 
or discomfort factors, and not with severity 
of harm or cost.17 In AFL, one study found 
injury prevention was a major trigger to use 
head and mouth guards, while discomfort 
was a negative impact,16 while in Rugby 
Union another reported safety and previous 
injury would motivate, and again discomfort 
would inhibit.14 Therefore, the results of this 
study bear some similarities and differences 
to each of these. The variability of relative 
factors with individual populations has been 
confi rmed by a systematic review across any 
health interventions.13 The reason for the 
variability can be speculated, and is likely to 
refl ect the sociodemographics of the indi-
viduals, and the demands and contexts of 
the sport and environment. For example, 
Enduro riders may have more disposable 
income to spend on their sport, but 
off-setting this is the high cost and volume 
of types of equipment available, forcing a 
choice to be made. Family is a strong cue, 
and the demographic of recreational Enduro 
riders may refl ect the lack of free time 
available, pushing riders from an endur-
ance-style cross-country training programme 
into one more with more emphasis on skill 
than outright aerobic capacity. Comfort 
seemed specifi c to the particular type of 
equipment, with no impact on helmets 

or eyewear, but a strong link with other 
peripheral items. Therefore, specifi c studies 
such as these are vital to developing a 
targeted approach, but generalising the 
specifi c results outside of the population 
should only be done with caution. 

The interest in the study from industry 
race directors was high, with a participation 
rate of 75%. The response rate from riders 
(26%) was in keeping with other single-invi-
tation email surveys, which a meta-analysis 
found should expect a completion rate of 
25–30%.21 The same study found a second 
email increased the mean response to 
39.6%. Unfortunately, race directors 
expressed concern about ‘irritating’ clients 
and were unwilling to send a follow-up 
email. Contacting riders directly might also 
have improved the response rate but was 
not possible for privacy reasons. Ultimately, 
race directors and riders appeared keen 
to support this type of research, demon-
strating interest in the fi eld, which might 
be key to implementing a successful IPP. 
Recent studies have discussed a gap in 
injury prevention between research and 
practice, and factors impacting uptake and 
compliance as well as the key adopters of 
a programme may be the missing link.22,23 
This study therefore demonstrates that 
the community and industry in Enduro 
mountain biking may fi ll this role, as well 
as offering insight into which factors may 
provide successful leverage to implement 
behaviour change. The results of the current 
study may help illustrate several areas 
that might help improve compliance. For 
example, the cost of the equipment appears 
to be a major factor for many riders. It is 
possible that it may be cost effective for 
insurance companies to subsidise the cost 
of protective equipment. The ACC currently 
fund injury prevention programmes in 
other situations, including falls prevention 
programmes for the elderly,24 or the ‘11+’ 
programme for injury prevention in team 
sports. More research would be needed 
to evaluate the cost effectiveness of this 
type of strategy. Providing experience of a 
witnessed injury might increase equipment 
use, as this study confi rms a correlation 
(p=0.013) between these two variables. Prac-
tically, this might involve showing videos 
of injuries, a strategy which has previously 
been shown to be effective in other sports.25 

ARTICLE



30 NZMJ 20 September 2019, Vol 132 No 1502
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

Encouraging elite riders to use and endorse 
appropriate equipment might also improve 
uptake, particularly in younger riders. This 
was shown to increase the uptake of facial 
protection by youth basketball players.26 
Finally, education to emphasise the benefi t 
of full-face helmets over standard is 
suggested. Previous evidence suggests that 
these helmets are more effective,5–7 however, 
this was not a belief that was shared by 
the majority of the riders surveyed in the 
current study. It is worth noting that this 
study demonstrated little exposure of the 
riders to media infl uences, implying there 
is signifi cant scope for improvement by 
creating a media campaign.

This study does have some limitations. 
The relatively small sample size has already 
been discussed. The predominantly quan-
titative nature of the research is another 
limitation. This type of study inherently 
suffers from problems of context and it is it 
is likely that a qualitative study would more 
completely explore the themes that have 
been identifi ed during the current study. 

Another limitation relates to the type or 
riders that were studied. Enduro riders are a 
subgroup of all those riding mountain bikes 
and as a result the results may not be gener-
alisable to all riders. As discussed earlier, 
Enduro riders were chosen for this study as 
it was felt that this style is likely to be most 
representative of recreational riders who 
are likely to be the primary target of injury 
prevention strategies. 

Conclusion
Injuries appear to be common in 

mountain biking, and the interest in injury 
prevention strategies appears to be high in 
riders and race organisers. Benefi ts, costs 
and cues have the greatest infl uence on 
rider choice of protective equipment. This 
is important to consider when treating 
riders and planning injury prevention 
programmes. The authors’ recommenda-
tions for developing an IPP for mountain 
biking in New Zealand is available as 
Appendix 2.

Table 6: Key points from this research.

Key points from this research

What is already known What this study adds

Helmets and eyewear reduce injuries Full-face helmets and other protective equipment 
types are not always used

The causes of crashes are multifactorial Benefits, costs, cues, skill and experience level, and 
personal injury experience are key determinants of 
use. Older riders are more likely to use eyewear

Mountain biking injuries can cause 
significant morbidity

Interest in injury prevention is high in riders and race 
directors
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Factors infl uencing protective 
equipment use by mountain bikers: 
implications for injury prevention

Appendix 1: Questionnaire
1.  I consent to participate in this project
• Yes
• No
2. Would you like to receive a summary of the results?
• Yes
• No
If so, please enter an email address to send the summary to. (Free text response)

3. Would you like to be entered into the drawer to win a voucher?
• Yes
• No
If so, please enter a contact email address in case you win. (Free text response)

4. Which race(s) are you entered in that invited you to complete this questionnaire?
• Doug Wisor mini Enduro
• 440 Gravity Enduro
• Dunedin Enduro Series
• Santa Cruz Super D
• Mammoth Enduro
• Gravity Canterbury Enduro Series
• Urge 3 Peaks Enduro
• Giant 2W Gravity Enduro
• Top Gun Enduro
• 5th Annual Dodzy Memorial Enduro
• Yeti Trans NZ Enduro
• NZ Enduro
5. What is your age?
• 18–25
• 26–35
• 36–45
• 46–55
• Over 56
6. What is your gender?
• Male
• Female
• Gender diverse
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7. What is your ethnicity? (Please select all that apply.)
• NZ European
• Māori
• Pacifi c Island
• Asian
• Other European
• Other
• Prefer not to answer
8. How long have you been mountain biking?
• Less than a year
• 1–4 years
• 5–10 years
• 11+ years
9. How long have you been racing mountain bikes?
• Less than a year
• 1–4 years
• 5–10 years
• 11+ years
10. On average, how many races do you compete in each year?
• 1–2
• 3–5
• 6–10
• 11+
11. Which best describes your riding level?
• Beginner
• Intermediate
• Advanced
• Professional (or ex-professional)
12. How many enduro format races have you competed in?
• 0
• 1–2
• 3–5
• 6–10
• 11+
13. How many downhill format races have you competed in?
• 0
• 1–2
• 3–5
• 6–10
• 11+
14. How many cross country races have you competed in?
• 0
• 1–2
• 3–5
• 6–10
• 11+
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15. How many hours a week do you spend mountain biking?
• 0–3
• 4–6
• 7–10
• 11+
16. When RACING ENDURO, how often do you use the following? (scored as: Never/Occa-

sionally/Sometimes/Most of the time/Always)
• Full suspension bike
• Hardtail bike
• Clipless pedals
• Flat pedals
• Full face helmet
• Standard helmet
• Sun/glasses
• Goggles
• Gloves
• Elbow pads
• Knee pads/shin guards
• Torso body armour
17. When NOT RACING, how often do you use the following? (scored as: Never/Occa-

sionally/Sometimes/Most of the time/Always)
• Full suspension bike
• Hardtail bike
• Clipless pedals
• Flat pedals
• Full face helmet
• Standard helmet
• Sun/glasses
• Goggles
• Gloves
• Elbow pads
• Knee pads/shin guards
• Torso body armour
18. Which of the following applies to you? (Each scored as Yes/No/Not sure)
• I’ve had a mountain biking injury needing a week or more off work.
• I’ve had a mountain biking injury needing a month or more off work.
• I still have symptoms from an old injury.
• I’ve seen someone else have a nasty crash.
• I’ve been saved from a nasty injury by my protective gear.
• I’ve seen someone else saved from a nasty injury by their protective gear.
19. Which of the following applies to you? (Scored as Do not agree/Slightly agree/

Somewhat agree/Mostly agree/Completely agree)
• I do not go fast enough to need protection in a crash.
• I feel that protective gear is unnecessary for short rides.
• With my experience, I can easily avoid crashing when riding.
• Protection is less important for those who ride less frequently.
• Protection is more important for those who ride more often.
• When I’m not racing, I don’t really need protection.
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20. Rate each of the following as they apply to you: (Scored as Do not agree/Slightly agree/
Somewhat agree/Mostly agree/Completely agree)

• When riding, I’m at risk of being injured when I make a mistake.
• When riding, I’m at risk of being injured when something beyond my control 

happens.
• If I had an accident on my bike, I’d be likely to suffer a signifi cant injury.
• Mountain biking is dangerous all the time.
• Mountain biking is dangerous when racing.
21. Rate each of the following as they apply to you: (Scored as Do not agree/Slightly agree/

Somewhat agree/Mostly agree/Completely agree)
• If I was injured when riding, it could seriously affect my social life with friends.
• If I was injured when riding, it could seriously affect my relationship with family 

members.
• If I was injured when riding, it could seriously affect my ability to function at work.
• If I was injured when riding, it could seriously affect my ability to continue to ride 

mountain bikes.
22. Rate each of the following as they apply to you: (Scored as Do not agree/Slightly agree/

Somewhat agree/Mostly agree/Completely agree)
• I feel unsafe riding without enough protective equipment.
• I feel guilty riding without enough protective equipment.
• Wearing more protective equipment would make me feel less anxious when I ride.
• I think it’s my obligation to keep myself safe for the people who care about me by 

wearing protective gear when I ride.
• Wearing protective gear makes me feel safer.
• When wearing protective gear I feel more aware of the potential dangers of riding.
• Wearing protective gear makes me more likely to “take care” when I ride.
23. Rate each of the following as they apply to you: (Scored as Do not agree/Slightly agree/

Somewhat agree/Mostly agree/Completely agree)
• In general, I feel that people who choose to wear protective gear are being safe and 

responsible.
• Protective gear is effective at reducing my risk of injury if I have a crash while riding.
• I believe that wearing protective gear can prevent serious injury if I have an accident.
• In the event of an accident, wearing protective gear could save me money in medical 

treatment and time off work.
24. Rate each of the following as they apply to you: (Scored as Do not agree/Slightly agree/

Somewhat agree/Mostly agree/Completely agree)
• I would feel embarrassed by wearing more protective gear.
• I feel foolish wearing protective gear on easier trails.
• Wearing protective gear makes me feel foolish if no one else is wearing it.
• Quite frankly, protective gear looks stupid.
• Wearing protective gear is uncomfortable.
• I would wear more protective gear if it didn’t restrict my riding.
• I would wear more protective gear if most of the people I ride with did.
• I would wear eye protection more if it didn’t affect my vision.
• I would wear a full face helmet more if it didn’t affect my vision.
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25. Rate each of the following as they apply to you: (Scored as Do not agree/Slightly agree/
Somewhat agree/Mostly agree/Completely agree)

• The cost of protective gear is generally more than it’s worth.
• The cost of buying protective gear affects whether I use it or not.
• The best protective gear is too expensive for me to buy.
• I would not want to spend money on protective gear.
• Protective gear is not a worthwhile way for me to spend my money.
• Protective gear is not worth the cost.
• I believe protective gear is overpriced.
26. Rate each of the following as they apply to you: (Scored as Do not agree/Slightly agree/

Somewhat agree/Mostly agree/Completely agree)
• I have several friends who routinely wear protective gear when they ride.
• I keep my protective gear in a visible place so I won’t forget it.
• I usually keep my protective gear with my bike.
• I know that I will feel bad if I don’t wear my protective gear, as someone that cares 

about me wants me to wear it.
• My friends think I should wear protective gear when I ride.
• My close friends think I should wear protective gear when I ride.
27.  Rate each of the following as they apply to you: (Scored as Do not agree/Slightly agree/

Somewhat agree/Mostly agree/Completely agree)
• I recall seeing TV commercials, billboard ads or posters about the importance of 

wearing protective gear while mountain biking.
• I have seen articles in bike magazines or online about the benefi t of wearing 

protective gear.
• During the past year, a healthcare professional has advised me about using protective 

gear.
• During the past year, I’ve seen adverts in magazines or elsewhere for shops giving a 

discount on protective gear.
• During the past year, I recall some form of promotion event for protective gear in the 

community.
• During the past year, I recall reading about/seeing mountain biking accidents in the 

news.
28. Rate each of the following as they apply to you: (Scored as Do not agree/Slightly agree/

Somewhat agree/Mostly agree/Completely agree)
• Do you think a full face helmet protects signifi cantly better than a standard helmet?
• Do you think wearing a helmet increases your chance of injuring your neck?
29. What are the most important reasons that you use/don’t use protective gear? (Free 

text response)

30. Do you have any other comments regarding topics raised in this questionnaire? (Free 
text response)
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Appendix 2: Recommendations for developing an injury prevention 
programme (IPP) for mountain biking

Injury prevention programmes (IPPs) have been developed and shown to work in other 
sports, and generally adopt a van Mechelen model approach.27 The approach has been 
expanded and developed further, particularly by Finch and her colleagues.28,29 

Following this approach, based on this research some specifi c recommendations can be 
made for developing an IPP for mountain biking. Examples include:

1. The psychological factors that are likely to increase uptake are benefi ts and cues 
(specifi cally friends and family). Leveraging off this is more likely to be effective than 
other prompts, for example focusing on the dangers. This is also likely to be more 
palatable to the race directors and industry.  

2. Cost is a big contributor to some riders’ decision making. It is harder to directly 
infl uence, given the nature of an individual purchasing the equipment from a private 
company. However, insurance companies might potentially offer a fi nancial incentive: 
In the past, ACC (Accident Compensation Corporation, a publicly funded social 
insurance scheme covering all injuries in New Zealand) have provided wrist guards 
for snowboarders, and they currently fund orthotics if a person has suffered an injury 
requiring these as part of the treatment.  

3. Increasing rider skill and overall experience levels would likely help, but it might 
require more extensive resources to provide training. There are comparable primary 
prevention programmes funded by ACC, such as the falls prevention programme 
for the elderly,30 or ‘FIFA 11-plus’ for ACL ruptures, but these are targeted to specifi c 
groups at high risk of a specifi c, relatively high-cost injury (ie, easily measurable) 
rather than more global prevention.

4. Providing experience of a personal or witnessed injury might increase equipment use, 
as this study confi rms a correlation (p=0.013). Practically this might involve showing 
videos of injuries: A systematic review and meta-analysis in 2013 by Leppänen et al 
found three such studies, with only one being successful.31 Anyhow, the increasing 
popularity of the sport does mean events are increasingly televised or available 
online, and along with personal fi lming and social media it may be more likely riders 
will be exposed to videos of crashes. However, these may often be dissociated with the 
actual outcomes, or specifi cally sanitised for those not resulting in injury. The increas-
ingly professional component of the sport also provides an insight into injury for those 
riders motivated to follow specifi c athletes, who might require time off the sport.

Encouraging the professionals to use and endorse appropriate equipment might also have 
a peer-type effect on uptake, particularly in younger riders. A memorable example of this 
was the use of a plastic face mask by Kobe Bryant and LeBron James removing stigma and 
triggering an interest among high school and collegiate basketballers.32 

5. Eyewear was used less frequently by younger riders, who may be at higher risk of 
eye injuries, therefore an intervention to increase this specifi c component might be of 
particularly high value. As above, they might be expected to respond better to a social 
media campaign championed by a well-known professional.  

6. Targeting riders in their 30–40s might provide a signifi cant benefi t, due to their high 
injury rate and costs, versus higher incomes to purchase equipment. They might be 
better targeted by a club-based intervention, pushing the benefi ts relative to family.  

7. Emphasising the benefi t of full-face helmets over standard: Previous evidence 
suggests this, but many riders surveyed here did not fully agree. Given the relatively 
high cost of a head injury, this would be worthwhile.  

8. Encouraging manufacturers to design more comfortable equipment, offer trials and 
provide data on its effi  cacy, would likely be useful.  

A strategy based on recommendations by Donaldson might start by forming a focus group 
with riders and event managers to discuss the prior evidence and data from this study, to 
consider methods of administering a programme.29
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Once discussed, an agreement and plan might be made around delivering the programme. 
As mentioned above, social/online media might be a particularly good way to target younger 
riders, while clubs might offer an additional route to older ones. Events offer a captive 
population. Medical facilities near popular riding areas might be involved. A professional 
rider might be the face of the campaign. Local clubs could offer skills and fi rst aid sessions 
to riders, or local guides/shuttle drivers could be trained to higher levels of fi rst aid quali-
fi cations and provided with equipment. The sponsoring of essentially a local ambulance in 
Rotorua is proving very successful there, but the large number of riders in a relatively small, 
confi ned area makes it cost effective: This is likely of limited practical use most other places, 
although certain localities might be suitable (eg, Wellington and Christchurch hills—large 
riding networks near large population centres). 

These recommendations would be expected to be effective, based on this research and 
previous evidence, but any IPP ideally be shown to work by confi rming the injury rate 
before introduction to the rate after. This would be relatively easy to do within the settings 
of a club for example, before reproducing elsewhere.
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Incidence of stroke 
and traumatic brain 

injury in New Zealand: 
contrasting the BIONIC 
and ARCOS-IV studies

Suzanne Barker-Collo, Rita Krishnamurthi, Alice Theadom, Kelly Jones, 
Nicola Starkey, Valery Feigin on behalf of the BIONIC and ARCOS-IV 

study groups

Acquired brain injuries are any injury 
to the brain occurring after birth, and 
are one of the leading causes of death 

and disability in adults; 1,2 with stroke and 
traumatic brain injury (TBI) being the two 
most common causes of acquired brain inju-
ry in developed countries. Despite differing 
etiologies, the consequences of stroke and 
TBI share considerable overlap in regards to 
the types of disabilities which might result 
and rehabilitation services engaged.3 As 
such it is important to examine differences 
in who is at most risk of experiencing stroke 
and TBI via incidence profi les, as this will 
inform planning of evidence-based health-
care and allow evaluation of the impact of 
preventative/management strategies. Below 

we review the defi nition of stroke and TBI, 
respectively; followed by a brief examina-
tion of epidemiological fi ndings. 

Stroke
Stroke is defi ned by the World Health 

Organization (WHO) as “rapidly devel-
oping signs of focal (or global) disturbance 
of cerebral function, lasting longer than 
24 hours (unless interrupted by death) with 
no apparent non-vascular cause”.4 Strokes 
can be either ischaemic (IS, occlusion of a 
blood vessel) or haemorrhagic (HS, rupture 
of a blood vessel) with both prognosis and 
  treatment differing according to the specifi c 
nature of stroke identifi ed. 5 IS comprises 
80–85% of all strokes.4

ABSTRACT
AIMS: Traumatic Brain Injury (TBI) and stroke are the main causes of acquired brain injury. The di� erences 
in demographic profiles of stroke and TBI suggest that high-quality epidemiological studies of the two be 
compared. This study examined incidence of stroke and TBI by age and ethnicity in New Zealand.

METHODS: Incidence rates are presented by age and ethnicity from two New Zealand population-based 
epidemiological studies (Brain Injury Outcomes New Zealand In the Community (BIONIC); and Auckland 
Regional Outcomes of Stroke Studies (ARCOS-IV)).

RESULTS: Males and females had similar stroke risk, while males had 2x relative risk of mild TBI and 3x 
the relative risk of moderate/severe TBI compared to females. More TBI cases (35.6%) were identified 
through non-medical sources compared to stroke (3%). Incidence of TBI was >5 times that of stroke. New 
Zealand European/Pākehā had the highest TBI incidence when <5 years of age, while Māori had the highest 
incidence a� er five years of age. For stroke, Pacific people and Māori had higher incidences until 75–84 
years, a� er which Europeans had higher incidence. 

CONCLUSIONS: Di� erences in TBI and stroke incidence suggest targeting prevention very di� erently for the 
two groups. Incidence profiles suggest TBI is much more common; and a need to target males and those of 
Māori ethnicity for TBI prevention. 
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There is variability in reported age-ad-
justed incidence rates of stroke across 
studies. It is thought that this may refl ect 
true differences between the populations 
being studied, methodological  differences 
and/or differences within countries (eg, 
higher incidence in rural areas). 6,7

Despite national variations, a systematic 
review of worldwide stroke incidence6 
revealed distinct trends in stroke inci-
dence according to country income levels, 
with >100% increase in low- to middle-
income countries and a 42% decrease 
in high-income countries since 1970. 
However, similar age-adjusted incidence 
of IS were reported for high-income and 
low- to middle-income countries in the last 
decade. In contrast, the pooled proportional 
frequencies of IS in high-income countries 
were higher (83%) in 2000–2008 compared 
to low- to middle-income countries (67%), 
who had higher HS incidence. 

Case-fatality rates (21–30 days) following 
IS have declined in high-income coun-
tries from 10–32% (1990–1999) to 13–23% 
(2000–2008).6 Case-fatality rates for low- to 
middle-income countries for IS have only 
recently been published and suggest higher 
case-fatality in these countries (range 
17.8–23.2%), possibly refl ecting differ-
ences in acute care.5 Years of life lost due 
to premature mortality (YLLs) attributed to 
stroke (80–85% IS) vary widely but global 
estimates are 9.5% and 9.9% of total deaths 
for low-income countries and high-income 
countries respectively, making it the second 
leading cause of death after ischaemic heart 
disease. 8 In addition to mortality, stroke is 
also a leading cause of disability.9,10

In terms of demographic factors linked 
to stroke incidence that might be used to 
assist in targeting preventive efforts, age 
(increased age linked to greater risk),11–13 
gender (with male gender having higher 
risk)14–16 and ethnicity (with minority 
ethnicity having higher risk)17–19 have 
received the greatest attention. 

Traumatic brain injury
TBI is defi ned by the WHO as an “acute 

brain injury resulting from mechanical 
energy to the head from external physical 
forces”. Clinical identifi cation of TBI 
requires the presence of at least one of the 
following: (1) confusion or disorientation; 

(2) loss of consciousness; (3) post-trau-
matic amnesia; or (4) other neurological 
abnormalities (eg, focal neurological signs, 
seizure, intracranial lesion).20  TBI severity 
is classifi ed as mild, moderate or severe, 
based on Glasgow Coma Scale (GCS) scores 
and/or duration of post-traumatic amnesia.20 
According to the literature, irrespective of 
age, 70–90% of TBIs are mild with 5–20% 
being moderate and severe.21

In developed countries (eg, Australia, UK), 
incidence of TBI is approximately 200–300 
people per 100,000 population annually. 22 
However, a recent WHO systematic review 23 
suggests the annual incidence of mild TBI is 
probably >600/100,000.23 This discrepancy 
refl ects that, in   contrast to stroke, in Europe 
and North America only about 25% of 
persons who experience a TBI are admitted 
to hospital. 24,25

 In contrast to stroke, TBI has a high inci-
dence in those under fi ve years of age and 
those aged <35 years resulting in a long-term 
impact on employment and disability, 26 with 
DALYs lost due to TBI is signifi cant. 27 The 
economic cost of TBI varies signifi cantly, 
due to both individual characteristics and 
the nature of the injury .28 As noted by Maas 
et al29 TBI-related costs in Europe for 2017 
are estimated at US$49.7 billion, which 
comprises 41% direct costs and 59% indirect 
costs; while in the US aggregated direct and 
indirect cost estimates range from US$60.4 
billion in 2000 to US$221 billion in 2009.

As for stroke, age, male gender and ethnic 
minority status are linked to increased inci-
dence of TBI. Indeed, the literature suggests 
a peak in incidence between 15 and 24 years 
of age, with smaller peaks in infancy (<5 
years of age) and in older age (65+ years 
of age).30 Furthermore, males are reported 
to have approximately twice the risk of 
TBI compared to females (95% CI 1.6–2.8), 
though this varies with age.31,32

   Ethnic minority groups also have greater 
risk of TBI and have higher post-TBI 
mortality rates .33,34 These ethnic disparities 
remain even when socioeconomic status 
(SES) is controlled for. 35 Studies indicate 
that lower SES is associated with increased 
risk of TBI,36 and poorer TBI outcomes.35 An 
added factor, alcohol use, also increases risk 
of TBI related to falls, motor vehicle acci-
dents and assault.37 These later factors have 
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not been examined in regards to incidence 
due to lack of population data that could be 
used as a denominator. 

Summary
Accurate and representative popula-

tion-based data are crucial to determining 
the true incidence of TBI and stroke; for 
planning evidence-based healthcare and 
for developing and evaluating the impact of 
preventative and management strategies. 
Despite stroke and TBI being the two main 
causes of acquired brain injury there are 
differences in their epidemiology.38 While 
there is a high level of epidemiological 
knowledge about stroke generally, there 
is less knowledge in relation to TBI, with 
few population-based studies available and 
issues related to capture of cases with mild 
TBI being particularly relevant.

The need to conduct and contrast high-
quality epidemiological studies separately 
for stroke and TBI is suggested by different 
demographic profi les of the two. As noted 
above, while certain age groups, male 
gender and minority ethnicity increase risk 
for both stroke and TBI, their profi les differ. 
Further information is required to under-
stand how these demographic profi les might 
differ, and therefore inform different targets 
for preventive efforts. 

The aim of the present study is to examine 
differences in incidence profi les of stroke 
and TBI in relation to age and ethnicity. New 
Zealand is in a unique position to contrast 
these two main forms of acquired brain 
injury with two population-based epidemi-
ological studies conducted in New Zealand 
using comparable methodologies. Both 
studies meet the gold standard require-
ments for incidence studies. These are the 
Brain Injury Outcomes New Zealand In the 
Community (BIONIC) and the fourth round 
of the Auckland Regional Outcomes of Stroke 
Studies (ARCOS-IV). While the fi ndings of 
these studies have been published indi-
vidually elsewhere,39–43 they have not been 
previously contrasted. 

Methods
Table 1 summarises the basic method-

ologies of the prospective BIONIC and 
ARCOS-IV studies, with greater detail on 
each provided in the text which follows. 

Both studies captured cases across one 
year, with follow-up of those who provided 
consent for up to 12 months post-ascer-
tainment. For both BIONIC and ARCOS-IV, 
demographic information was captured for 
all eligible participants in order that inci-
dence could be calculated by age, gender 
and ethnicity.

As can be seen in Table 1, methodologies 
for the two samples diverged due to the 
nature of the samples with a much wider 
range of sources for cases required to 
identify TBI given that many do not attend 
hospital.25,44

Also of note is that two different regions 
of New Zealand were used. For stroke, the 
Auckland region defi ned the base popu-
lation. The data used here are from the 
fourth ARCOS study, with all three prior 
studies also being conducted within the 
Auckland region in order to allow exam-
ination of change over time. Thus, Auckland 
was used in order to remain constant across 
the ARCOS studies, allowing for exam-
ination of trends and patterns in incidence 
and outcomes over time. While consid-
eration was given to using Auckland as 
the base population for the BIONIC study, 
given the expected incidence of TBI is much 
greater than that for stroke, it was not 
deemed fi nancially or logistically feasible. 
As such the Waikato region, whose main 
city, Hamilton, is located approximately 
90 minutes’ drive south of Auckland was 
selected. It was also noted at the time that 
the demographic characteristics of the 
Waikato region refl ect those of the New 
Zealand Census in regards to gender and 
ethnicity, which meant that the fi ndings 
could be more easily extrapolated to the 
wider New Zealand population.42

Stroke 
Stroke was defi ned according to the 

World Health Organization.45 This defi nition 
includes primary intracerebral haemorrhage 
(PICH) and subarachnoid haemorrhage 
(SAH), but excludes cases of ‘silent stroke’ 
detected by neuroimaging, without appro-
priate clinical signs and symptoms.

Complete case ascertainment was assured 
by multiple overlapping sources of infor-
mation (Table 1) on all new hospitalised 
or non-hospitalised cases (‘hot-pursuit’ 
method46). 
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Regular checks of private hospitals, rest 
homes and community health services 
(general medical practice, rehabilitation 
centres, outpatient clinics) were made to 
capture non-hospitalised cases. New Zealand 
Health Information Systems (NZHIS) data 
from the New Zealand Ministry of Health 
of all fatal and non-fatal stroke cases in the 
study population (‘cold-pursuit’ methods) 
were also examined. A diagnostic review 
committee comprising four stroke neurolo-
gists met fortnightly to confi rm the diagnosis 
of stroke. 

The study was approved by the Northern X 
Regional Ethics Committee and the Auckland 
University of Technology Ethics Committee.

TBI 
The methods of the BIONIC study are 

provided in detail elsewhere.40,42 TBI was 
defi ned according to World Health Orga-
nization criteria.47 TBI was operationally 
defi ned as the presence of one or more of: 
(1) confusion or disorientation; (2) loss of 
consciousness; (3) post-traumatic amnesia; 
(4) other neurological abnormalities (eg, 

focal signs, seizure20). These symptoms 
needed to be primarily related to the TBI 
and not other causes (eg, substance use, 
other injury, psychological/medical condi-
tions). Each TBI diagnosis was confi rmed by 
medical record (or clinical details) review 
for each patient by a diagnostic adjudi-
cation group, including study neurologists. 
Less than 40 individuals in the sample had 
CT scans (as compared to 97% in stroke). 
Standard defi nitions of TBI severity were 
applied using the Glasgow Coma Scale (GCS) 
and/or Westmead Post-traumatic Amnesia 
(PTA) scale.48 Classifi cation of mechanisms of 
TBI was guided by the ICD-10 and included 
injuries due to falls, motor vehicle acci-
dents, assaults, exposure to external forces 
(eg, being hit/struck by another person/
animal/inanimate object) and other causes 
(including unspecifi ed causes). 

Case ascertainment included both 
prospective and retrospective surveillance 
systems to ensure registration of all events 
in residents (defi ned as having lived in the 
study area for a minimum of six months). 

Table 1: General characteristics of the BIONIC and ARCOS-IV studies.

  BIONIC ARCOS-IV

Case ascertainment 
period

March 2010 to Feb 2011 March 2011 to Feb 2012

Outcomes assessed at Within 2 weeks of injury
1 month post-TBI
6 months post-TBI
12 months post-TBI

Within 2 weeks of stroke
1 month post-stroke
6 months post-stroke
12 months post-stroke

Base population
 

Hamilton and Waikato district 
129,249 and 43,959 residentsa

Auckland Region 
1,119,192 residents

Criteria WHO defined TBI
All ages, any severity (mild mod severe)
Fatal, non-fatal

WHO definition of stroke
Age >15, any type
Fatal, non-fatal

Case ascertainment
(multiple overlapping 
sources)

Hospital admission, PHO, CT/MRI records, 
hospital discharge registers, rehab and out-
patient clinics, rest homes, sports centres, 
ambulance service, prison, school, ACC 
and coroner, autopsy records, self-referral, 
Ministry of Health database

Hospital admissions, PHO, 
CT/MRI records, hospital dis-
charge, rehab and outpatient 
clinics, rest homes, coroner/
autopsy records, Ministry of 
Health database 

Note: CT = Computed Tomography, PHO= Public Healthcare Organisation; MRI= Magnetic Resonance Imaging; ACC = 
Accident Compensation Corporation, a no-fault government-funded body responsible for healthcare provision a� er 
any injury. 
aThe Waikato region includes the city of Hamilton (129,249 urban residents) and surrounding rural area (Waikato 
district 43,959 residents).

ARTICLE



44 NZMJ 20 September 2019, Vol 132 No 1502
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

It included all ages and all severities over 
the 12-month period. Multiple overlapping 
sources of information on all new hospi-
talised and non-hospitalised cases were used 
(see Table 1 and Theadom et al42 for details). 
The study was approved by the Northern Y 
Regional Ethics Committee of New Zealand 
and the Auckland University of Technology 
Ethics Committee.

Statistical methodology
For both studies, multiple self-identifi ed 

ethnicities were recorded, and so prioritised 
ethnicity corresponding to the New Zealand 
Census defi nitions were used for Māori, 
Pasifi ka, Asian/other and New Zealand 
Europeans/Pākehā. Age, sex and ethnic 
structure of the corresponding census data 
(Auckland for ARCOS-IV, and Hamilton 
and Waikato for BIONIC) were used as 
the denominator in calculating incidence. 
Crude annual age-, sex- and ethnic-spe-
cifi c stroke and TBI incidences per 100,000 
people were calculated assuming a Poisson 
distribution. Standardised rates were 
calculated using the direct method and 
age-standardised to World Health Organi-
zation ‘World’ standard population.49

Results
Overall findings

Table 2 presents an overview of the 
fi ndings from the two studies. As seen in the 
table, for both samples over half of incident 
cases were male and less than half of cases 
consented to follow-up. Males and females 
shared a similar level of risk for stroke, but 
this was not true of TBI where males had 
twice the risk of mild TBI and a three-fold 
risk of moderate or severe TBI when 
compared to females. Of note a much larger 
proportion of cases with TBI (35.6%) were 
identifi ed through non-medical sources as 
compared to those with stroke (3%). The 
mean age of those with TBI (mean = 28.1 
years) was also considerably younger than 
for those with stroke (mean = 69.24 years). 

The incidence of TBI was more than fi ve 
times greater overall than that of stroke. 
Incidence of TBI in Māori was not only 1.5 
times higher than that of TBI incidence 
overall, but was 10 times the risk of stroke 
in Māori. Indeed, Māori had the highest 
incidence rate for TBI while New Zealand 
European/Pākehā had the highest incident 
rate for stroke. 

Table 2: General characteristics and overall incidence rates and by ethnicity for BIONIC and ARCOS-IV 
studies. 

 BIONIC ARCOS-IV

New cases Total number = 13,69 
62.5% male
95% mild

Males: 2x risk of mild
3x risk moderate/severe

35.6% not from medical sources
48% mild adults consent to 

follow-up

Total number = 2,132
51.8% female

80.6% ischaemic
Males similar risk to females 

overall
3% not from medical sources

37% consent to follow-up

Mean age 28.1 years (sd=21.7) 71.6 years (sd=14.9)

Age distribution 28.2% <15 year 
40.7% 15–34yrs

54% <75 yrs

Crude incidencea 790 per 100,000 Overall
1,200 per 100,000 Māori
975 per 100,000 Pākehā
248 per 100,000 Other 

147 per 100,000 Overall
117 per 100,000 Māori

198 per 100,000 Pākehā
175 per 100,000 Pacifi ca

58 per 100,000 Other

Note: Pākehā = New Zealand European.
aNote BIONIC was completed prior to ARCOS-IV and as such a previous version of the census was used as the 
denominator. The newer versions of the census provide additional breakdown of the population into ethnicity, 
which includes Pacific Island peoples as a separate group. Tables 3 and 4 provide the population denominator, n 
and incidence (with 95% confidence intervals) by gender and ethnicity within each age range for TBI and stroke. 
respectively.
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Age-related incidence by gender 
and ethnicity

Figures 1 and 2 present ethnicity for stroke 
and TBI by gender and by ethnicity, respec-
tively. It should be noted that differing age 
ranges in the fi gures refl ect the age limits for 
the two studies (eg, ACROS-IV lower age limit 
for inclusion was 15 years) as well as the 
census data age ranges available. 

As can be seen in Figure 1 the patterns of 
incidence by age differ quite extensively. For 
TBI incidence peaks in those aged <5 years, 
and then again in those aged 15–35 with 
males having the highest incidence across 
the lifespan. In contrast, incidence of stroke 
was lowest in those aged under 65 years and 
then increases over time to peak in those 
aged 85 year and older. Stroke incidence 
for males was slightly higher than that of 
females until age 85+ where female inci-
dence was higher.

When incidence is examined by age and 
ethnicity (see Figure 2) it becomes evident 
that while New Zealand European/Pākehā 
have the highest incidence of TBI when 
under age fi ve, this reduces noticeably from 
age 15. In contrast, Māori have the highest 
incidence from age fi ve years onwards, and 
remains at a high level.

In contrast, for stroke Pacifi c Island people 
and Māori have higher incidence rates than 
New Zealand European/Pākehā until the 
75–84-year age range. From the age of 85 
years Europeans have the highest stroke 
incidence. It should be noted (see Table 4) 
that this pattern occurs in the context of 
reduced sample size over 85 due to smaller 
population size in older age groups of 
non-Europeans compared to Europeans. For 
example, in Māori over age 85 years, the 
incidence refl ects only two cases from 243 
in the population, as compared to 279 cases 
from a population of 16,776 for Europeans.

Figure 1: The incidence of TBI and stroke by age and gender.

Figure 2: Incidence for TBI and stroke by age and ethnicity.
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Table 3: TBI incidence rates (per 100,000 person-years) by gender and ethnicity in Hamilton/Waikato 
District, New Zealand 2010–2011.

Incidence by gender and age

Total population n Incidence (95% CI)

Men

0–4 6,603 104 1,575 (1,272, 1,878)

5–14 13,596 137 1,008 (839, 1,176)

15–34 26,298 380 1,445 (1,300, 1,590)

35–64 29,790 186 624 (535, 714)

65+ 7,668 49 639 (460, 818)

Total 83,952 856 1,020 (951, 1,088)

Standardised* 1,041 (973, 1,113)

Women

0–4 6,468 66 1,020 (774, 1,267)

5–14 12,792 79 618 (481, 754)

15–34 27,600 177 641 (547, 736)

35–64 32,559 131 402 (333, 471)

65+ 9,822 60 611 (456, 765)

Total 89,250 513 575 (525, 625)

Standardised* 589 (539, 642)

Total

0–4 13,074 170 1,300 (1,105, 1,496)

5–14 26,391 216 818 (709, 928)

15–34 53,898 557 1,033 (948, 1,119)

35–64 62,352 317 508 (452, 564)

65+ 17,490 109 623 (506, 740)

Total 173,205 1,369 790 (749, 832)

Standardised* 811 (769, 855)

Incidence by ethnicity and age

European ethnicity

0–4 5,478 95 1,734 (1,385, 2,083)

5–14 11,712 125 1,067 (880, 1,254)

15–34 26,289 332 1,263 (1,127, 1,399)

35–64 37,221 196 527 (453, 600)

65+ 13,626 89 653 (517, 789)

Total 94,332 837 887 (827, 947)
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Table 4: Stroke incidence rates (per 100,000 person-years) by gender and by ethnicity in Auckland, 
New Zealand 2011–2012.

Incidence by gender and age

Total population N Rate (95% CI)

Male

16–64 461,418 264 57 (50; 64)

65–74 45,678 211 462 (400; 524)

75–84 21,759 223 1,025 (890; 1,159)

85+ 6,807 93 1,366 (1,089; 1,644)

Total 535,662 791 148 (137; 158)

Standardised*   129 (120; 138)

Female

16–64 494,631 264 53 (47; 60)

65–74 49,509 152 307 (258; 356)

75–84 26,634 219 822 (713; 931)

85+ 12,771 217 1,699 (1,473; 1,925)

Total 583,545 852 146 (136; 156)

Standardised*   110 (103; 119)

Standardised* 975 (909, 1,046)

Māori ethnicity

0–4 4,383 62 1,415 (1,062, 1,767)

5–14 8,160 75 919 (711, 1,127)

15–34 12,342 176 1,426 (1,215, 1,637)

35–64 9,198 98 1,065 (855, 1,276)

65+ 1,155 14 1,212 (577, 1,847)

Total 35,244 425 1,206 (1,091, 1,321)

Standardised* 1,200 (1,085, 1,327)

Other ethnicities

0–4 3,210 13 405 (185, 625)

5–14 6,522 16 245 (125, 366)

15–34 15,276 49 321 (231, 411)

35–64 15,915 23 145 (85, 204)

65+ 2,694 6 223 (45, 401)

Total 43,638 107 245 (199, 292)

Standardised* 248 (205, 301)

*Standardised to the WHO World Standard Population.49

Table 3: TBI incidence rates (per 100,000 person-years) by gender and ethnicity in Hamilton/Waikato 
District, New Zealand 2010–2011 (continued).
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Total

16–64 956,037 528 55 (51; 60)

65–74 95,190 363 381 (342; 421)

75–84 48,387 442 913 (828; 999)

85+ 19,578 310 1,583 (1,407; 1,760)

Total 1,119,192 1643 147 (140; 154)

Standardised*   119 (114; 125)

Incidence by ethnicity and age

European ethnicity

16–64 450,759 252 56 (49; 63)

65–74 64,806 239 369 (322; 416)

75–84 35,916 354 986 (883; 1,088)

85+ 16,776 279 1,663 (1,468; 1,858)

Total 568,257 1,124 198 (186; 209)

Standardised*   122 (114; 130)

Māori ethnicity

16–64 88,470 74 84 (65; 103)

65–74 4,452 22 494 (288; 701)

75–84 1,572 19 1,209 (665; 1,752)

85+ 243 2 823 (-318; 1,964)

Total 94,737 117 123 (101; 146)

Standardised*   156 (128; 189)

Pacific ethnicity

16–64 107,688 126 117 (97; 137)

65–74 6,417 43 670 (470; 870)

75–84 2,679 29 1,082 (689; 1,476)

85+ 582 7 1,203 (312; 2,094)

Total 117,366 205 175 (151; 199)

Standardised*   197 (171; 226)

Other ethnicities

16–64 309,123 76 25 (19; 30)

65–74 19,515 58 297 (221; 374)

75–84 8,220 40 487 (336; 637)

85+ 1,971 22 1,116 (650; 1,583)

Total 338,829 196 58 (50; 66)

Standardised*   68 (59; 79)

*Standardised to the WHO World Standard Population.49

Table 4: Stroke incidence rates (per 100,000 person-years) by gender and by ethnicity in Auckland, 
New Zealand 2011–2012 (continued).
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Discussion
The purpose of this paper was to contrast 

profi les of TBI and stroke incidence in New 
Zealand in order to better understand how 
approaches to prevention might best accom-
modate differences in these profi les. 

First, while TBI and stroke, as the two 
most common causes of acquired brain 
injury, share a number of characteristics, 
TBI incidence is much higher than that of 
stroke in New Zealand. While the number 
of TBI cases identifi ed was smaller than that 
for stroke, the smaller size of the popu-
lation from which these were drawn (the 
denominator) means a higher incidence. 
The overall incidence rate for TBI (790 per 
100,000 overall, 749 per 100,000 for mild 
TBI) was over fi ve times that for stroke. In 
addition, the incidence of TBI reported here 
is much higher than previous estimates in 
most other studies with comparable method-
ologies from the US, Europe and Asia-Pacifi c 
region (range from 55–600/100,000 people 
per year).50–56 A recent comprehensive World 
Health Organization systematic review of 
mild TBI epidemiology56 showed an annual 
incidence of in the range of 100–300/100,000 
population. However, because mild TBI 
is usually not treated at hospitals, they 
suggested that the true population-based 
incidence of mild TBI is probably above 
600/100,000.56 The BIONIC study is the fi rst 
population-based study to confi rm this 
suggestion, and to show that 36% of cases 
did not seek medical attention and that 95% 
of all TBI cases are mild.40 In the present 
sample the most common cause of TBI was 
falls (37.7%), followed by exposure to a 
mechanical force (ie, being hit by an object; 
21%), vehicular accidents (20.2%) and 
assaults (16.7%). This is similar to a report 
on the number of TBI related hospitalisa-
tions, deaths and emergency department 
visits caused by an external force in the 
US (2002 to 2006) where falls were the 
most common mechanism, followed by 
being struck/by, motor vehicle traffi  c and 
assault.57 This suggests that medical versus 
population-based samples do not differ in 
mechanism of injury. 

In the present sample 52% of strokes 
occurred in females, with males and 
females having similar crude incidence 
rates. Standardised stroke incidence was 

slightly higher in males than females (129 
and 110 per 100,000, respectively). This later 
fi nding presents the same pattern of gender 
differences (though to a lesser extent) as 
standardised global data; where in 2013 
global ischaemic stroke (IS) and haemor-
rhagic stroke (HS) incidence (per 100 000) in 
men (IS 132.77 [95% UI, 125.34–142.77]; HS 
64.89 [95% UI 59.82-68.85]) exceeded those 
of women (IS 98.85 [95%UI, 92.11–106.62]; 
HS 45.48 [95% UI, 42.43–48.53]).58

While examining overall incidence of 
TBI and stroke suggests that TBI is likely to 
result in greater burden and greater need 
for medical care due to higher numbers, 
it could be reduced through targeted 
prevention efforts. For example, while males 
and females shared a similar level of risk 
for stroke, this was not true of TBI where 
males had twice the risk of mild TBI and a 
three-fold risk of moderate or severe TBI 
when compared to females. This suggests 
the need for prevention strategies developed 
to target on males. It has been suggested 
that males are at heightened risk of TBI due 
to risk-taking behaviours such as engaging 
in excess alcohol consumption, playing in 
high-impact sports and driving more aggres-
sively. For example, in one study of severe 
TBI59 the data suggest that younger people 
acquired severe TBI from riskier behaviours 
compared to older individuals; and being 
male and being alcohol intoxicated also 
contributed signifi cantly to risk-taking 
behaviour. Such risk-taking behaviours 
could become a target for TBI prevention. 

Examining incidence across age ranges 
showed that the mean age of those with 
TBI was also considerably younger than 
for those with stroke, resulting in a longer 
time living with disability. This suggests that 
stroke prevention and education should be 
targeted at reducing risk through addressing 
modifi able risk factors such as diet and 
exercise before individuals reach this older 
age range. A limitation to this suggestion 
appears if one also considers ethnicity, 
as those who self-identifi ed as Māori and 
Pacifi c Island ethnicities were at highest risk 
of young stroke. This indicates the potential 
of a different stroke prevention strategy 
for this group, targeting risk behaviours 
in a much younger age range; including 
risk factors/behaviours identifi ed as more 
prevalent in Māori and Pacifi c Island 
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communities in New Zealand, which include 
increased rates of atrial fi brillation,60 
smoking61 and obesity.62

One of the other risk factors for stroke 
not mentioned as yet is the presence of 
‘mini stroke’ or transient ischaemic attack 
(TIA). TIA is an acute focal cerebrovascular 
event with symptoms lasting less than 24 
hours.63 The presence of TIA allows for 
identifi cation of specifi c individuals seeking 
medical attention who should then be the 
particular focus of stroke preventive efforts. 
Unfortunately, no such ‘early warning’ exists 
for TBI. Prevention of stroke is also linked 
to other medical indicators of increased 
risk for cerebrovascular disease (eg, high 
blood pressure, high cholesterol), which 
can be identifi ed and monitored by a health 
professional. No such indicators exist for 
TBI. However, in examining the demo-
graphic profi le of TBI we do know that some 
age, gender and ethnic populations are at 
greater risk. For example, those in older age 
ranges (>65 years) are at increased risk of 
TBI, and in particular the literature refl ects 
an increased risk of TBI as a result of falls.40 
Thus reducing the risk of falls in older age 
ranges through preventive strategies such as 
increasing mobility, fl exibility and balance 
could be one means of preventing such 
injuries and reducing incidence.64

For TBI, incidence also peaked in those 
under fi ve years of age (and particularly 
for New Zealand Europeans/Pākehā) and 
then again from 15 to 35 (with a particularly 
high and extended peak for Māori). Taken 
together the above suggests that the greatest 
reduction in TBI incidence is likely to occur 
through targeting prevention strategies in 
those who are male, Māori and ages 15 to 
35 years. It should be noted here that given 
less than 36% of TBI cases were located 
through medical sources, peaks in inci-
dence and differences in incidence between 
demographic groups cannot be attributed 
solely to differences in medical help-seeking 
behaviours. It is also important to ensure 
that TBI and stroke services are culturally 
responsive and accessible for all groups. 

It should further be noted that given the 
young age at which TBI incidence peaks 
occur, the burden (eg, direct and indirect 

costs, DALYs, etc) of this condition across the 
lifespan are likely to be much greater than 
those of stroke. As such, targeting TBI for 
prevention should be a priority.

Of note a much larger proportion of cases 
with TBI (35.6%) were identifi ed through 
non-medical sources as compared to those 
with stroke (3%). This suggests a potential 
area for community education, as the liter-
ature shows that even minimal intervention 
early following mild TBI (ie, provision of an 
information booklet) can reduce long-term 
negative outcomes and risk for recurrent 
injury.65 Further refi ning of TBI preventive 
strategies could potentially result from using 
information on mechanisms/causes of injury 
including the collection of more detailed 
injury information to identify new opportu-
nities for prevention. 

In addition, in contrasting the incidence 
rates produced by the two studies, method-
ological issues which impact the ability to 
conduct such studies also became evident. 
For example, while only 3% of stroke cases 
were not identifi ed through medical sources, 
over 35% of those with TBI did not seek 
medical attention. This has implications 
for both research and clinical practice. In 
regards to research, funding of studies to 
identify TBI cases cannot rely upon hospital 
admission and discharge records as is the 
case for stroke. As can be seen in Table 
1, not only were TBI cases more common 
than stroke cases, a much wider variety 
of overlapping sources for case identi-
fi cation were used to identify TBI cases, 
including outpatient clinics, rest homes, 
sports centres, ambulance service, prison, 
schools and self-referrals to the study 
following publicising within the media (eg, 
local newspapers, radio and television). The 
amount of time required to conduct regular 
searches of all such sources of cases makes 
conducting community-based TBI studies of 
this nature much more costly. In addition, 
despite TBI having such a high incidence 
it should be noted that this likely remains 
an underestimate. Indeed, additional 
sources of potential cases were not specif-
ically accessed in BIONIC, including police 
records (eg, domestic and non-domestic 
violence), domestic refuge shelters and child 
protective service records. 
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Conclusion
Though as acquired brain injuries, TBI and 

stroke are often subject to similar outcomes 
and therefore rehabilitation interventions, 
differences in their incidence suggest the 
need to target efforts at prevention very 
differently for the two groups. 

TBI incidence is over fi ve times that for 
stroke and was also much higher than 
previous estimates of other countries; though 
the commonness of various mechanisms of 
injury mirrored those in other countries. 
In contrast, stroke incidence was similar 
to that reported elsewhere. Differences in 
the demographic profi les of stroke and TBI 

suggest different preventive strategies. For 
example, while males and females shared 
a similar level of risk for stroke, males had 
twice the relative risk of mild TBI and a 
three-fold risk of moderate or severe TBI 
compared to females; suggesting prevention 
targeted at males. Similarly, given the mean 
age of those with stroke was higher than 
that of TBI, stroke prevention and education 
should target modifi able risk factors (eg, 
diet and exercise) before individuals reach 
this older age range. However, if ethnicity 
is also considered, prevention strategies for 
Māori and Pacifi c Island peoples, who are 
at highest risk of young stroke, should be 
targeted a much younger age group. 

ARTICLE



52 NZMJ 20 September 2019, Vol 132 No 1502
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

systematic review. Lancet 
Neurology. 2009; 8:355–369.

7. Sridharan S, Unnikrishnan 
J, Sukumaran S, et al Inci-
dence, types, risk factors, 
and outcome of stroke in 
a developing country: The 
trivandrum stroke registry. 
Stroke. 2009; 40:1212–1218.

8. Lopez A, Mathers C, 
Ezzati M, al. e. Global 
and regional burden of 
disease and risk factors, 
2001: Systematic analysis 
of population health data 
Lancet. 2006;367:1747-1757

9. Donnan G, Fisher 
M, Macleod M, et al 
Stroke. Lancet. 2008; 
371:1612–1623.

10. Feigin V, Bo Norrving 
B, Mensah G. Global 
burden of stroke. 
Circulation Research. 
2017; 120:439–448.

11. Harmsen P, Wilhelmsen 
L, Jacobsson A. Stroke 
incidence and mortality 
rates 1987 to 2006 related 
to secular trends of 
cardiovascular risk factors 
in gothenburg, sweden. 
Stroke. 2009; 40:2691–2697.

12. Vaartjes I, Reitsma J, de 
Bruin A, et al Nation-
wide incidence of fi rst 
stroke and tia in the 
netherlands. European 
Journal of Neurology. 
2008; 15:1315–1323.

13. Alzamora M, Sorribes M, 
Heras A, et al Ischemic 
stroke incidence in santa 
coloma de gramenet 
(isiscog), spain. A commu-
nity-based study. BMC 
Neurology. 2008; 8:5.

14. Appelros P, Stegmayr B, 
Terent A. Sex differences 
in stroke epidemiology: A 
systematic review. Stroke. 
2009; 40:1082–1090.

15. Niewada M, Kobayashi 
A, Sandercock P, et al 
Infl uence of gender on 
baseline features and 
clinical outcomes among 
17,370 patients with 

confi rmed ischaemic stroke 
in the international stroke 
trial. Neuroepidemiology. 
2005; 24:123–128.

16. Reeves MJ, Bushnell CD, 
Howard G, Warner Garga-
no J, Duncan PW, Lynch 
G, et al Sex differences in 
stroke: Epidemiology, clin-
ical presentation, medical 
care, and outcomes. Lancet 
Neurology. 2008; 7:915–926.

17. Feigin V, Carter K, Hackett 
M, Barber PA, McNaugh-
ton H, Dyall L, Chen 
MH, Anderson C. Ethnic 
disparities in incidence of 
stroke subtypes: Auckland 
regional community stroke 
study, 2002–2003. Lancet 
Neurology. 2006; 5:130–139.

18. White H, Boden-Albala 
B, Wang C, et al Ischemic 
stroke subtype incidence 
among whites, blacks, and 
hispanics: The northern 
manhattan study. Circula-
tion. 2005; 111:1327–1331.

19. Schneider A, Kissela B, 
Woo D, et al Ischemic 
stroke subtypes: A popu-
lation-based study of 
incidence rates among 
blacks and whites Stroke. 
2004; 35:1552–1556.

20. Carroll L, Cassidy J, Holm L, 
Kraus J, Coronado V. Who 
collaborating centre task 
force on mild traumatic 
brain injury. Methodolog-
ical issues and research 
recommendations for mild 
traumatic brain injury: 
The who collaborating 
centre task force on mild 
traumatic brain injury. 
Journal of Rehabilitation 
Medicine. 2004; 43:113–125.

21. Von Holst H. Traumatic 
brain injury. In: V.L. Feigin 
DAB, ed. Handbook of 
clinical neuroepidemi-
ology. New york: Nova 
Science Publishers, 
Inc; 2007:197–232.

22. Torner JC, Schootman M. 
Epidemiology of closed 
head injury. In: Rizzo M 

TD, ed. Head injury and 
postconcussive syndrome. 
New York: Churchill 
Livingstone; 1996.

23. Cassidy JD, Carroll LJ, 
Peloso PM, Borg J, von 
Holst H. Incidence, risk 
factors and prevention 
of mild traumatic brain 
injury: Results of the who 
collaborating centre task 
force on mild traumatic 
brain injury. Journal of 
Rehabilitation Medicine. 
2004; Suppl. 43:28–60.

24. Group G. Traumatic 
brainn injury: Diagnosis, 
acute management and 
rehabilitation. 2006.

25. Vink R, Nimmo A. Novel 
therapies in development 
for the treatment of trau-
matic brain injury. Expert 
Opinions in Investigating 
Drugs. 2002; 11:1375–1386.

26. Donders J, Warschausky S. 
Neurobehavioral outcomes 
after early versus late 
childhood traumatic brain 
injury. Journal of Head 
Trauma Rehabilitation. 
2007; 22:296–302.

27. WHO. Injuries in the who 
european region: Burden, 
challenges and policy 
response. Background 
paper for the 55th session 
of the who regional 
committee (rc55) world 
health organization. 2005.

28. McGarry L, Thompson D, 
Millham F, et al Outcomes 
and costs of acute treat-
ment of traumatic brain 
injury. Journal of Trauma. 
2002; 53:1152–1159.

29. Maas A, Menon D, Adelson 
P, Andelic N, Bell M, Belli 
A, et al Traumatic brain 
injury: Integrated appraoc-
hes to improve prevention, 
clinical care, and research. 
The Lancet Neurology. 
2017; 16:987–1048.

30. Kraus J, Chu L. Epide-
miology. In: J.M. Silver 
TWM, S.C. Yudofsky, ed. 
Textbook of traumatic 

ARTICLE



53 NZMJ 20 September 2019, Vol 132 No 1502
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

brain injury. Washington 
DC.: American Psychiatric 
Publishing Inc; 2005:3–26.

31. Barker-Collo SL, Feigin 
VL, Wilde N. Trends in 
head injury incidence 
in; a hospital-based 
study from 1997/98 to 
2003/04. Neuroepidemi-
ology. 2009; 32:32–39.

32. Bener A, Omar AO, Ahmad 
A, et al The pattern of 
traumatic brain injuries: 
A country undergoing 
rapid development. Brain 
Injury. 2010; 24:74–80.

33. Thurman DJ, Alverson 
C, Dunn, KA, Guerrero 
J, Sneizek JE. Traumatic 
brain injury in the united 
states: A public health 
perspective. Journal of 
Head Trauma Rehabilita-
tion. 1999; 14:602–615.

34. Frankowski R, Annegers J, 
Whitman S. The descriptive 
epidemiology of head 
trauma in the united states. 
In: Becker DP, ed. Central 
nervous system research 
status report, nincds. 
Bethesda; 1985:33–43.

35. Yeates K, Taylor G, 
Woodrome S, et al Race as 
a moderator of parent and 
family outcomes follow-
ing pediatric traumatic 
brain injury. Journal of 
Pediatric Psychology. 
2002; 27:393–403.

36. Amram O, Schuurman 
N, Pike I, Yanchar N, 
Friger M, McBeth P, et al 
Socio economic status 
and traumatic brain 
injury amongst pediatric 
populations: A spatial anal-
ysis in greater vancouver. 
International Journal of 
Environmental Research 
and Public Health. 2015; 
12:15594–15604.

37. Gururaj G. Epidemiol-
ogy of traumatic brain 
injuries: Indian scenario 
Neurological Research. 
2002; 24:24–28.

38. Feigin V, Barker-Collo S, 
Krishnamurthi R, Theadom 
A, Starkey N. Epidemiology 
of ischaemic stroke and 
traumatic brain injury. 
Best Practice & Research 
in Clinical Anesthesiology. 
2010; 24:485–494.

39. Feigin V, Krishnamurthi R, 
Barker-Collo S, McPherson 
K, Barber P, Parag V, et al 
30-year trends in stroke 
rates and outcome in 
auckland, new zealand 
(1981–2012): A multi-ethnic 
population-based series 
of studies. PLoS One. 
2015; 10:e0134609. 

40. Feigin V, Theadom A, 
Barker-Collo S, Starkey 
N, McPherson K, Kahan 
M, et al Incidence of 
traumatic brain injury 
across all ages and the 
full disease spectrum: A 
population-based study in 
New Zealand. The Lancet 
Neurology. 2013; 12:53–64.

41. Theadom A, Parag V, 
Dowell T, McPherson K, 
Starkey N, Barker-Collo 
S, et al Persistent prob-
lems 1 year after mild 
traumatic brain injury: A 
longitudinal population 
study in new zealand. 
British Journal of General 
Practice. 2016; 66:e16–e23.

42. Theadom, Barker-Collo S, 
Feigin V, Starkey N, Jones K, 
Jones A, et al The spectrum 
captured: A methodolog-
ical approach to studying 
incidence and outcomes of 
traumatic brain injury on a 
population level. Neuroepi-
demiology. 2012; 38:18–29.

43. Krishnamurthi R, Jones A, 
Barber P, Barker-Collo S, 
McPherson K, Bennett D, et 
al Methodology of a popu-
lation-based stroke and tia 
incidence and outcomes 
study: The auckland 
regional community stroke 
study (arcos iv) 2011–2012. 
International Journal of 
Stroke. 2014; 9:140–147.

44. Barker-Collo S, Feigin V. 
Capturing the spectrum: 
Suggested standards 
for conducting popu-
lation-based traumatic 
brain injury incidence 
studies. Neuroepidemi-
ology. 2009; 32:1–3.

45. Aho K, Harmsen P, 
Hatano S, Marquardsen 
J, Smirnov VE, Strasser T. 
Cerebrovascular disease 
in the community: Results 
of a who collaborative 
study. Bulletin.of.the.
World Health Organiza-
tion. 1980; 58:113–130.

46. Thorvaldsen P, Asplund K, 
Kuulasmaa K, Rajakangas 
AM, Schroll M. Stroke 
incidence, case fatality, 
and mortality in the who 
monica project. World 
health organization 
monitoring trends and 
determinants in cardio-
vascular disease. Stroke. 
1995; 26:361–367.

47. Carroll L, Cassidy J, Peloso 
P, Bog J, van Holst H, 
Holm L, et al Prognosis 
for mild traumatic brain 
injury: Results of the who 
collaborating centre task 
force on mild traumatic 
brain injury. Journal of 
Rehabilitation Medicine. 
2004; Suppl 43:84–105.

48. Teasdale G, Jennett B. 
Assessment of coma and 
impaired conscious-
ness. A practical scale. 
Lancet. 1974; 12:81–84.

49. Ahmad O, Boschi-Pinto 
C, Lopez A, Murray C, 
Lozano R, Inoue M. Age 
standardization of rates: 
A new who standard. Gpe 
discussion paper series: 
No31. Geneva: World 
Health Organization; 2000.

50. Wang CC, Schoenberg BS, 
Li SC, Yang YC, Cheng XM, 
Bolis CL. Brain injury due 
to head trauma. Epidemi-
ology in urban areas of 
the people’s republic of 

ARTICLE



54 NZMJ 20 September 2019, Vol 132 No 1502
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

china. Archives of Neurol-
ogy. 1986; 43:570–572.

51. Corrigan JD, Selassie 
AW, Orman JAL. The 
epidemiology of traumatic 
brain injury. Journal of 
Head Trauma Rehabili-
tation. 2010; 25:72–80.

52. Bruns J, Jr., Hauser WA. 
The epidemiology of 
traumatic brain injury: 
A review. Epilepsia. 
2003; 44 Suppl 10:2–10.

53. Andersson EH, Bjorklund 
R, Emanuelson I, Stalham-
mar D. Epidemiology of 
traumatic brain injury: A 
population based study 
in western sweden. Acta 
Neurologica Scandinavica. 
2003; 107:256–259.

54. Hillier SL, Hiller JE, 
Metzer J. Epidemiology 
of traumatic brain injury 
in south australia. Brain 
Injury. 1997; 11:649–659.

55. Nell V, Brown DS. Epidemi-
ology of traumatic brain 
injury in Johannesburg--ii. 
Morbidity, mortality and 
etiology. Social Science & 
Medicine. 1991; 33:289–296.

56. Cassidy JD, Carroll LJ, 
Peloso PM, Borg J, von Holst 
H, Holm L, et al Incidence, 
risk factors and preven-
tion of mild traumatic 
brain injury: Results of 
the who collaborating 

centre task force on mild 
traumatic brain injury. 
Journal of Rehabilitation 
Medicine. 2004:28–60.

57. Faul M, Xu L, W M, Coro-
nado V. Traumatic brain 
injury in the united states: 
Emergency department 
visits, hospitalizations and 
deaths 2002–2006. 2010.

58. Barker-Collo S, Bennett D, 
Krishnamurthi R, Parmar 
P, Feigin V L, Naghavi M, et 
al Sex differences in stroke 
incidence, prevalence, 
mortality and disability 
-adjusted life years: 
Results from the global 
burden of disease study 
2013. Neuroepidemiology. 
2015; 45:203–214.

59. Tamás V, Kocsor F, Gyuris 
P, Kovács N, Czeiter E, 
Büki A. The young male 
syndrome-an analysis of 
sex, age, risk taking and 
mortality in patients with 
severe traumatic brain 
injuries. Frontiers of 
Neurology. 2019; 12:366.

60. Gu Y, Doughty R, Freedman 
B, Kennelly J, Warren J, 
Harwood M, et al Burden of 
atrial fi brillation in māori 
and pacifi c people in New 
Zealand: A cohort study. 
International Medical 
Journal. 2018;48:301–309.

61. Marewa G, Kira A, Cowie 

N, Wong R, Stephen J, 
Marriner K. Health conse-
quences of tobacco use for 
māori—cessation essential 
for reducing inequalities 
in health. New Zealand 
Medical Journal. 2013;126.

62. Theodore R, McLean R, 
TeMorenga L. Challenges 
to addressing obesity for 
Māori in Aotearoa/New 
Zealand. Australian 
and New Zealand Jour-
nal of Public Health. 
2015; 39:509–512.

63. Feigin V, Norrving B, 
Sudlow C, Sacco R. 
Updated criteria for 
population-based stroke 
and transient ischemic 
attack incidence studies 
for the 21st century. 
Stroke. 2018; 49.

64. Excellence NIfHC. Assess-
ment and prevention of 
falls in older people. 2013; 
NICE clinical guideline 
161 (June 2013).

65. Ponsford J, Willmott C, 
Rothwell A, Cameron 
P, Kelly AM, Nelms R, 
Curran C, Ng K. Factors 
infl uencing outcomes 
following mild traumatic 
brain injury in adults. 
Journal of the Interna-
tional Neuropsychological 
Society. 2000;  6:568–579.

ARTICLE



55 NZMJ 20 September 2019, Vol 132 No 1502
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

Poor outcomes in 
methamphetamine-associated 

cardiomyopathy—a growing 
health issue in New Zealand

Tom Kai Ming Wang, Shaw-Hua (Anthony) Kueh, Tim Sutton, Ruvin Gabriel, 
Mayanna Lund, Jen-Li Looi

Methamphetamine is the third most 
commonly abused drug in the 
world after cannabis and opioids 

with 34 million global users in 2016.1 Terms 
for amphetamine include speed, meth, 
crystal, crystal meth, glass, shards, ice and 
tic. In New Zealand, it is commonly known 
as ‘P’. In the recent New Zealand Health 
Survey report 1.1% of adult New Zealanders 
admitted to methamphetamine use in the 
past year.2 Cardiac toxicity from metham-
phetamine use is an increasingly recognised 
entity in the modern era. Patients may 
present with cardiomyopathy, hypertension, 
arrhythmias, sudden cardiac death, acute 
coronary syndrome, vascular dissection 
and stroke or pulmonary hypertension.3–5 

Possible pathophysiological mechanisms for 
methamphetamine-associated cardiomyopa-
thy (MAC) include direct myocardial toxicity, 
vasospasm, hypertension, mitochondrial 
injury and free-radical formation.3–5 

Our group has previously published the 
largest MAC cohort to date in Australasia, 
and one of the largest internationally, 
evaluating the clinical characteristics and 
outcomes of these patients.6 Patients with 
MAC were often young men of New Zealand 
Māori descent and from socioeconomically 
deprived areas. They presented acutely 
unwell with heart failure and signifi cant 
left ventricular (LV) impairment. The LV 
remained signifi cantly dilated and remod-
elled despite a small improvement in LV 

ABSTRACT
BACKGROUND: Methamphetamine-associated cardiomyopathy (MAC) is increasingly recognised as a 
serious consequence of chronic metamphetamine use. Evidence to guide management and prognostication 
of patients with MAC compared to other cardiomyopathies remain limited.

METHODS: Clinical characteristics, in-hospital and post-discharge outcomes were collected in consecutive 
MAC patients at Middlemore Hospital from 2006–2018, and compared with a 1:1 age-range matched cohort 
with non-ischaemic cardiomyopathy (NCM). 

RESULTS: Sixty-two patients (eight females, median age 41 years) with MAC were included. MAC patients were 
younger than the NCM cohort, and the majority were of indigenous Māori ethnicity. MAC patients had higher 
peak N-terminal pro B-type natriuretic peptide (NT-proBNP) and lower le�  ventricular (LV) ejection fraction 
at presentation. No patients died during index admission. However, there were more MAC patients (10 versus 
two, P=0.030) with cardiogenic shock at presentation. There were 15 deaths in the MAC patients and seven 
deaths in the NCM patients during follow-up. MAC patients were at increased mortality risk (HR 2.7, 95% 
confidence interval 1.1–6.2, P=0.029), and had a trend to more heart failure re-admissions. (HR 1.6, 95% CI 
1.0–2.8, P=0.075) compared to NCM patients. Baseline LV end diastolic diameter and failure of improvement 
in right ventricular systolic function during follow-up were independent predictors of mortality, while failure 
of improvement in LV ejection fraction predicted heart failure readmission in MAC patients.

CONCLUSIONS: MAC patients were more likely to be younger, male, of Māori ethnicity and have a worse 
prognosis when compared to patients with other non-ischaemic cardiomyopathies.
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ejection fraction (EF) on serial follow-up 
imaging. The long-term prognosis was poor 
with a high mortality rate. Readmission with 
decompensated heart failure was common, 
and frequently due to non-compliance with 
treatment. However, evidence to guide 
management of this group of patients and 
understanding its outcomes, and how 
it differs from other cardiomyopathies, 
remain limited. This study aims to describe 
the clinical features, course and outcome 
of MAC, and compared with a contem-
porary, age-matched cohort of patients with 
non-ischaemic cardiomyopathy (NCM).

Methods
Patient population

Patients admitted to Middlemore Hospital 
(Auckland, New Zealand) with symptoms 
and signs of heart failure according to 
Framingham criteria and with echocardio-
graphic evidence of dilated cardiomyopathy 
with reduced ejection fraction were retro-
spectively identifi ed between January 2005 
and January 2019. Patients were included 
if they had a documented history of either 
current or past methamphetamine use 
and methamphetamine was thought be 
an important contributing factor to their 
cardiomyopathy after initial investigations. 
The index admission was the fi rst presen-
tation with heart failure to our institution. 
Demographic, past history, laboratory, 
echocardiographic and angiographic data 
of the study population were obtained as 
previously described.6 The New Zealand 
Deprivation (NZDep) Index was used as a 
measure of socioeconomic deprivation.7 

NCM cohort
The Heart Failure registry, as part of the 

All New Zealand Acute Coronary Syndrome 
Quality Improvement (ANZACS-QI) registry, 
prospectively collects patients admitted 
with heart failure to Middlemore Hospital.8 
Patients with a diagnosis of cardiomyopathy 
(history of heart failure symptoms and signs, 
and LVEF<50%) not related to ischaemic 
heart disease, methamphetamine, alcohol or 
other recreational drugs with fi rst presen-
tation of heart failure between January 2005 
and January 2019 were randomly selected. 
This group was matched to the MAC group 
in terms of numbers, age range of 20–65 
years old and year of diagnosis. 

Outcomes
The primary outcome was mortality in 

MAC patients during the follow-up period 
until 31 January 2019. In-hospital compli-
cations defi ned as cardiogenic shock and/
or use of inotropes, endotracheal intubation 
and ventilation, acute renal failure requiring 
renal replacement therapy and death 
were recorded. Other follow-up outcomes 
collected include myocardial infarction, 
stroke and resuscitated cardiac arrest. 
Readmissions due to heart failure or any 
cardiovascular causes were recorded. The 
latest transthoracic echocardiogram results 
were also collected and reduction in severity 
by one or more category (normal, mild, 
moderate or severe) from the initial echo-
cardiogram for LV and right ventricular (RV) 
dimension and LVEF were recorded. Cardi-
ology clinic attendance is also collected.

Statistical analysis
Quantitative and categorical vari-

ables were presented as median (lower 
quartile-upper quartile) and frequency 
(percentage) respectively unless specifi ed. 
Mann-Whitney U Test and Fisher’s exact 
test were used for their corresponding 
univariable analysis for cross-sectional 
variables. Kaplan-Meier curves were used 
to present survival data, and log-rank test 
used for longitudinal outcome comparisons 
to calculate hazards ratios. All collected 
variables were tested in univariable analysis 
with the outcomes of interest (mortality and 
heart failure readmissions in MAC patients 
during follow-up), and those with P<0.20 
identifi ed. These signifi cant parameters 
were then entered into a Cox proportional 
hazards regression multivariable model to 
identify independent predictors. P-value 
<0.05 was considered statistically signifi cant, 
and all tests were two-tailed. The study was 
approved by the Northern Regional Ethics 
Committee (research 1750) as a clinical audit.

Results
Sixty-two consecutive patients with MAC 

were included in the study. The clinical char-
acteristics of MAC patients are presented in 
Table 1. In comparison to the NCM group, 
MAC patients were younger (median age 
41 versus 48 years, P=0.001), had a higher 
proportion of men (87% versus 69%, 
P=0.028) and New Zealand Māori descent 
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Table 1: Clinical characteristics at presentation.

MAC NCM P-value

(n=62) (n=62)

Demographics

Age (years) 41 (34–48) 48 (39–56) 0.001

Female 8 (13%) 19 (31%) 0.028

Ethnicity <0.001

Caucasian 9 (15%) 9 (15%)

Māori 39 (63%) 20 (32%)

Pacific Islander 10 (16%) 32 (52%)

Other 4 (7%) 1 (2%)

Body mass index (kg/m2) 30 (26–37) 39 (32–46) <0.001

Social history

New Zealand Deprivation Index 9 (9–10) 9 (9–10) 0.805

1–3 5 (8%) 7 (11%)

4–7 6 (10%) 4 (8%)

8–10 51 (82%) 50 (81%)

Unemployed 37 (60%) 11 (18%) <0.001

Smoking <0.001

Non-smoker 7 (11%) 19 (31%)

Ex-smoker 48 (77%) 26 (42%)

Current smoker 7 (11%) 17 (27%)

Alcohol 0.158

None 33 (53%) 38 (61%)

Below recommended daily limit 9 (15%) 13 (21%)

Above recommended daily limit 20 (32%) 11 (18%)

Other recreational drugs 16 (26%) 1 (2%) <0.001

Marijuana 15 2

Ecstasy 1 0

Steroid 1 0

Past medical history

Hypertension 19 (31%) 37 (60%) 0.002

Hyperlipidaemia 7 (11%) 18 (29%) 0.024

Diabetes 7 (11%) 26 (42%) <0.001

Ischaemic heart disease 6 (10%) 0 (0%) 0.028

Rheumatic heart disease 3 (5%) 5 (8%) 0.717

Congenital heart disease 1 (2%) 0 (0%) 1.000
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(63% versus 32%, P<0.001). The unem-
ployment rate (60% versus 18%, P<0.001) 
and documented use of other recreational 
drugs (26% versus 2%, P<0.001) were also 
higher in MAC patients. 

MAC patients had higher median peak 
N terminal pro brain natriuretic peptide 
(NT-proBNP) levels (616 versus 295pmol/L, 
P=0.002), lower LVEF (20% versus 25%, 
P=0.004) and higher left ventricular end 
systolic diameter (LVESD) than NCM patients 
(5.9 versus 5.3cm, P=0.005) during index 
admission (Table 2). 

None of the MAC patients or the NCM 
patients died during the index admission 
(Table 3). Cardiogenic shock and/or inotrope 
use was higher in MAC patients (16% versus 
3%), while there were no differences in 
mechanical ventilation, renal replacement 
therapy or length of index admission 
(P=0.244, 0.619 and 0.977). 

The mean follow-up time for the study was 
3.0±2.9 years. There were 15 deaths after 
hospital discharge for the MAC patients, 
all from end-stage congestive heart failure, 
and four had resuscitated cardiac arrest, 
compared to seven and one respectively 
for the NCM group. During follow-up, 30 

MAC patients had at least one readmission 
to hospital with decompensated heart 
failure (Table 4). Figure 1 illustrates the 
survival curves of a) mortality and b) heart 
failure readmissions during follow-up. MAC 
patients had a higher mortality rate (hazards 
ratio 2.7, 95% confi dence interval 1.1–6.2, 
P=0.029) and a trend towards higher heart 
failure re-admission rate (hazards ratio 1.6, 
95% confi dence interval 1.0–2.8, P=0.075). 
One-, three- and fi ve-year survival were 93%, 
73% and 55% for MAC patients and 96%, 
88% and 88% for NCM cohort. MAC patients 
also had less improvement in LVEF by at 
least one category during follow-up (20% 
versus 63%, P=0.001). MAC patients also had 
a higher rate of non-attendance to clinic 
appointments (27% versus 7%, P=0.002).

In multivariable analysis, LVEDD per 
centimetre was independently associated 
with higher mortality during follow-up (HR 
5.1, 95% CI 1.4–18), while improvement in 
RV systolic function by at least one category 
was associated with lower mortality during 
follow-up (HR 0.36, 95% CI 0.14–0.92). 
Improvement in LVEF by at least one 
category was associated with fewer heart 
failure readmissions during follow-up (HR 
0.24, 95% CI 0.07–0.87) (Table 5).

Atrial fibrillation 11 (18%) 22 (36%) 0.041

Obstructive sleep apnoea 5 (8%) 15 (24%) 0.026

Obstructive lung disease 8 (13%) 7 (11%) 1.000

Stroke 5 (8%) 0 (0%) 0.057

Dialysis 1 (2%) 2 (3%) 1.000

Psychiatric condition 4 (7%) 2 (3%) 0.680

Presentation

New York Heart Association Class 0.044

1 7 (11%) 2 (3%)

2 15 (24%) 23 (61%)

3 26 (42%) 31 (50%)

4 14 (23%) 6 (10%)

Chest pain 31 (50%) 21 (34%) 0.101

Heart rate (/minute) 105 (89–119) 105 (89–120) 0.767

Systolic blood pressure (mmHg) 133 (113–152) 139 (117–157) 0.290

MAC, methamphetamine-associated cardiomyopathy; NCM, non-ischaemic cardiomyopathy.

Table 1: Clinical characteristics at presentation (continued).
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Table 2: Investigation results at presentation.

MAC Controls P-value

(n=62) (n=62)

Blood tests

Peak troponin I (ng/L) 75 (29–415), n=29 57 (32–111), n=18 0.260

Peak high sensitivity troponin T (ng/L) 45 (31–83), n=22 35 (24–58), n=17 0.294

Peak N terminal pro brain natriuretic 
peptide (pmol/L)

616 (297–1,173), n=52 295 (137–476), n=40 0.002

Creatinine (umol/L) 94 (82–113) 90 (80–115) 0.370

Transthoracic echocardiogram

Le�  ventricular end diastolic diameter (cm) 6.5 (6.0–7.1) 6.1 (5.8–7.0) 0.099

Le�  ventricular end systolic diameter (cm) 5.9 (5.3–6.7) 5.3 (4.8–6.1) 0.005

Le�  ventricular ejection fraction (%) 20 (13–25) 25 (22–28) 0.004

 Mild impairment 1 (2%) 0 (0%) 0.373

 Moderate impairment 7 (11%) 11 (18%)

 Severe impairment 54 (87%) 51 (82%)

Regional wall motion abnormality 13 (21%) 11 (18%) 0.821

Right ventricular size 0.407

 Normal 16 (26%) 18 (29%)

 Mild dilatation 23 (38%) 17 (27%)

 Moderate dilatation 11 (18%) 18 (29%)

 Severe dilatation 11 (18%) 9 (15%)

Right ventricular systolic function 0.229

 Normal 9 (15%) 8 (13%)

 Mild impairment 4 (7%) 7 (11%)

 Moderate impairment 14 (23%) 22 (36%)

 Severe impairment 35 (57%) 25 (40%)

Mitral regurgitation 5 (8.1%) 3 (4.8%) 0.717

Tricuspid regurgitation 4 (6.5%) 9 (14.5%) 0.240

Pulmonary hypertension 

 No (<31mmHg) 9/49=8 (19%) 8/50 (16%) 0.727

 Mild or moderate (31-59 mmHg) 29/48 (60%) 34/50 (68%)

 Severe (>60mmHg) 10/48 (21%) 8/50 (16%)

Radiology

 Computed tomography coronary 
angiogram

6 (10%) 4 (7%) 0.743

 Catheter angiogram 12 (19%) 7 (11%) 0.319

MAC, methamphetamine-associated cardiomyopathy; NCM, non-ischaemic cardiomyopathy.
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Table 3: In-hospital complications.

Outcome MAC NCM P-value

(n=62) (n=62)

Cardiogenic shock/inotrope use 10 (16%) 2 (3%) 0.030

Mechanical ventilation  3 (5%) 0 (0%) 0.244

Renal replacement therapy 3 (5%) 1 (2%) 0.619

Length of stay index admission 7 (4–9) 6 (4–8) 0.977

Death 0 (0%) 0 (0.0%) 1.000

MAC, methamphetamine-associated cardiomyopathy; NCM, non-ischaemic cardiomyopathy.

Table 4: Outcomes during follow-up.

MAC NCM P-value

(n=62) (n=62)

Death 15 (24%) 7 (11%) 0.098

Myocardial infarction 2 (3%) 0 (0%) 0.496

Stroke 5 (8%) 6 (10%) 1.000

Resuscitated cardiac arrest 4 (7%) 1 (2%) 0.365

Cardiovascular readmissions (per year of follow-up) 0.2 (0.0–1.5) 0.0 (0.0–0.7) 0.134

Heart failure readmissions (per year of follow-up) 0.0 (0.0–1.1) 0.0 (0.0–0.4) 0.044

Transthoracic echocardiogram (reduction in severity > 1 category)

Le�  ventricular size 13/35 (37%) 18/35 (51%) 0.235

Le�  ventricular ejection fraction 7/35 (20%) 22/35 (63%) 0.001

Right ventricular size 14/33 (42%) 19/34 (56%) 0.106

Right ventricular systolic function 10/33 (30%) 16/34 (47%) 0.212

Outpatient investigation or clinic appointments per year 
follow-up

3.2 (0.9–9.0) 3.6 (2.0–6.9) 0.599

Non-attendance to outpatient appointments 27% (6–50%) 7% (0–32%) 0.002

MAC, methamphetamine-associated cardiomyopathy; NCM, non-ischaemic cardiomyopathy.

Table 5: Multivariable analysis for MAC patients.

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

Mortality during follow-up

Cardiogenic shock/inotrope use 6.5 1.0–45 0.055

Le�  ventricular end diastolic diameter (per cm) 5.1 1.4–18 0.012

Improvement in right ventricular function >1 
category

0.36 0.14–0.92 0.032

Heart failure readmissions during follow-up

Improvement in le�  ventricular ejection 
fraction >1 category

0.24 0.07–0.87 0.030
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Figure 1: Kaplan-Meier curves for long-term outcomes a) death and b) heart failure readmissions.
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Discussion
To our knowledge, this study was the 

largest series of patients with MAC published 
to date in Australasia and one of the largest 
in the world describing the natural history of 
MAC. Ito and colleagues previously described 
a case-controlled study comparing echocar-
diographic fi ndings of cardiomyopathy with 
and without a history of methamphetamine 
abuse, demonstrating high prevalence of 
methamphetamine abuse among young 
patients with cardiomyopathy or heart 
failure. Methamphetamine abusers also had 
larger cardiac dimensions and more severe 
left ventricular dysfunction, compared with 
the methamphetamine non-abuser.9 Our 
study, on the other hand, is a case-controlled 
study showing that MAC is a serious conse-
quence of chronic methamphetamine use, 
and has a worse prognosis than patients 
with other non-ischaemic cardiomyopathies.

The true prevalence and incidence of 
MAC is unknown. Increasing incidence 
of MAC has been reported in one study 
from the US.10 The most recently available 
national household survey found 1.1% of 
New Zealanders (aged 16–64 years) reported 
using methamphetamines in the previous 
year in 2015/16 similar to the levels found 
in previous years.2 Male predominance 
in patients with MAC has been found in 
previously published reports.9,11,12 More than 
half of our cohort was of indigenous Māori 
men. Young Māori males were identifi ed 
in a recent New Zealand Health Survey as 
the greatest users of methamphetamine.2 
According to a recent report released by the 
Illicit Drug Monitoring System (IDMS), the 
proportion of frequent methamphetamine 
users who are Māori increased from 22% in 
2006 to 38% in 2016 in New Zealand.13

Middlemore Hospital is one of the largest 
tertiary hospitals in New Zealand, providing 
services to more than 500,000 people in the 
Counties Manukau district. The ethnicity mix 
of the Counties Manukau population varies 
by age, with younger groups having higher 
proportions of Māori, Pacifi c and Asian 
peoples than the population aged 65 years 
and over, where two-thirds of the population 
are New Zealand European/Other groups. 
Among residents of Counties Manukau, 
36% were in the most socioeconomically 
deprived quintile defi ned by residential 
address (NZDep2013 Deciles 9 and 10). The 

percentage living in NZDep2013 Deciles 9 
and 10 was much higher for Māori (58%) 
and Pacifi c peoples (76%) than for European 
(17%), Asian (22%) and the Middle Eastern, 
Latin American and African (29%) groups.14 
The ethnic disparity seen in our cohort is 
a refl ection of the socioeconomic disparity 
seen within our community. Low socioeco-
nomic status measures may be a proxy for 
variables such as psychosocial stress, poor 
access to healthcare and reduced adherence 
to therapy, which could contribute to the 
higher incidence of MAC in Māori.

Unemployment and use of other recre-
ational drugs are more common in the MAC 
cohort compared to the NCM cohort. The 
proportion of frequent methamphetamine 
users who were unemployed increased from 
64% in 2006 to 71% in 2016.13,14 In addition, 
the frequent methamphetamine users had 
used a mean of eight drug types in the past 
six months in 2016 (median 8, range 1–18). 
The drug types most commonly used in the 
previous six months were methamphet-
amine (98%), tobacco (89%), cannabis (81%), 
alcohol (77%), crystal methamphetamine 
(Ice) (76%), ecstasy (31%), amphetamine 
(30%), gamma-hydroxybutyric acid 
(27%) and synthetic cannabinoids (26%). 
Concurrent use of alcohol and cannabis 
use may contribute to the development 
of cardiomyopathy in our cohort due to 
additive and synergistic cardiac toxicity.15,16

Of particular concern is that MAC patients 
had a lower LVEF and a higher in-hospital 
complication rates compared to controls 
with non-methamphetamine-associated 
cardiomyopathy, indicating that they were 
critically ill at presentation. This fi nding 
was similar to previous studies which 
reported that patients abusing metham-
phetamines consistently have worsened 
severity of disease compared to controls 
with non-methamphetamine-associated 
cardiomyopathy.3,9 The mechanisms under-
lying cardiomyopathy in methamphetamine 
use are most likely multifactorial. Catechol-
amine excess, coronary vasospasm and 
ischaemia, increases in reactive oxygen 
species have been proposed as the aetiol-
ogies for cardiac injury.3 Methamphetamine, 
like cocaine, has sympathomimetic prop-
erties. A high catecholamine state induced 
by methamphetamine is thought to cause 
vasoconstriction of the coronary arteries, 
tachycardia, hypertension and/or direct 
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myocardial toxicity. The mechanisms of 
excess catecholamine include inhibition of 
the presynaptic catecholamine reuptake, 
promotion of the norepinephrines release at 
adrenergic nerve endings, and prevention 
of the circulating norepinephrines metab-
olism.17,18 Indeed, the sympathomimetic and 
toxic effects on the heart induced by meth-
amphetamines are likely worse than cocaine 
because it increases catecholamine release 
rather than just inhibiting its re-uptake.

Among methamphetamine abusers who 
develop a nonischaemic cardiomyopathy, a 
variety of patterns of methamphetamine-in-
duced cardiomyopathy have been described 
in the literature19 Majority of our patients 
with MAC had dilated cardiomyopathies 
with global ventricular systolic impairment, 
suggesting direct myocardial toxicity of the 
methamphetamines rather than ischaemia. 

Compared to the NCM cohort, MAC 
patients had a higher NT-pro BNP level 
at presentation. This fi nding was similar 
to those of Richards et al, who reported 
a higher prevalence of abnormal brain 
natriuretic peptide (BNP) in metham-
phetamine-positive patients with heart 
failure.20 BNP is a natriuretic hormone 
initially identifi ed in the brain but released 
primarily from the heart, particularly the 
ventricles. The release of BNP is increased 
in heart failure, as ventricular cells are 
recruited to secrete BNP in response to the 
high ventricular fi lling pressures. The rela-
tionship between admission plasma BNP 
levels and the risk of in-hospital mortality 
for patients with acute decompensated 
HF was assessed in the ADHERE registry, 
demonstrating that an elevated admission 
BNP level is a signifi cant predictor of in-hos-
pital mortality in acute decompensated HF 
with either reduced or preserved systolic 
function, independent of other clinical and 
laboratory variables.21 

Of the 62 MAC patients discharged alive 
in our cohort, 24% died during follow-up. 
Although none of the MAC patients died 
during the index admission, we found 
that MAC patients were associated with 
a post-discharge mortality HR of 2.7 
compared with that of an age-matched 
NCM cohort. In addition, MAC patients also 
had a trend towards higher rate of heart 
failure readmissions during follow-up. 
LV dimension at baseline, in particular 

LVEDD, and improvement in LV and RV 
systolic function by at least one category 
predicted post-discharge mortality or 
heart failure readmission. These fi ndings 
were similar to other studies reporting 
LV dilation is an independent predictor of 
overall and sudden death in heart failure 
patients. These may be important surrogate 
markers to set as targets in managing MAC 
patients.22,23 

We observed lower rates of LV systolic 
function recovery in MAC patients during 
the follow-up period compared to the NCM 
cohort. There are two possible explana-
tions for this. Firstly, it is likely that MAC 
patients had chronic amphetamine use, and 
by the time they came to medical attention 
they had advanced cardiomyopathy from 
myocardial fi brosis and the pathological 
process is therefore irreversible. Secondly, 
adherence to medical therapy and absti-
nence from methamphetamines are 
important contributing factors. The rate of 
non-attendance to our cardiology clinics 
during the study period for all ethnicities 
and diagnoses was 9.4% and 17.7% for all 
Māori patients. The lower attendance to 
cardiology outpatient clinics and higher 
hospital readmissions with decompensated 
heart failure in MAC patients may refl ect the 
non-adherence to medical therapy in this 
group of patients.

Clinical implications 
Methamphetamine and related substances 

are now among the most abused drugs 
worldwide. There is a growing body of 
evidence that methamphetamine abuse is 
associated with cardiomyopathy, although 
the mechanism for cardiac dysfunction 
is still unclear. Population education and 
health policies to increase awareness of the 
adverse health and particularly cardiovas-
cular effects of methamphetamine must 
play a central role in prevention. High-risk 
groups including young and middle-aged 
males, Māori ethnicity, unemployed and 
recreational drug use need to be targeted. 
Abstinence from methamphetamine is 
an absolutely critical starting point to 
preventing deterioration and improving 
cardiac function and needs to be reinforced 
whether MAC is present or absent.3,10,24

MAC may be confounded by polysubstance 
abuse, particularly alcohol use. Mendelson et 
al showed that the concurrent administration 
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of alcohol with methamphetamine increased 
the rate-pressure product as compared 
with methamphetamine use alone.25 This 
increase in workload may have a synergistic 
deleterious effect on the process of cardio-
myopathy. Therefore, abstinence of alcohol 
and other recreational drugs should also be 
recommended in MAC patients. 

To our knowledge, there was no data 
to support the use of particular medical 
regimen in patients with MAC. The main 
pharmacological therapies remain those 
recommended by guidelines for heart 
failure with reduced ejection fraction.26,27 
Many uncertainties remain in management 
of MAC patients, including the appropriate 
therapeutic interventions not only for MAC 
itself, but also for methamphetamine abuse 
in general. There appears to be an unclear 
window during which reversibility of 
cardiac dysfunction can occur with cessation 
of methamphetamine. Important areas for 
future research include fi nding the inci-
dence and prevalence of cardiac pathology 
in methamphetamine abusers and risk 
factors for and prognosis of MAC. Future 
studies will need to adjust for concomitant 
drug use, including alcohol.

Long-term follow-up of MAC patients can 
pose a signifi cant challenge, as some are 
reluctant to engage in healthcare. There are 
many barriers for frequent methamphet-
amine users to seek help, including social 
pressures to continue using methamphet-
amine, fear of involvement of authorities, 
concern about career impact and costs.13 It 
is important that cardiologists are alert to 
identifying patients with MAC and coun-
selling and treating them appropriately, 
given the high morbidity and high mortality 
in this group of patients. Regular echocar-
diographic surveillance is important to 
assess the response of management strat-
egies implemented. Early and ongoing 
involvement of cultural support groups 
including Māori and Pacifi c healthcare 
teams can signifi cantly help these patients to 
achieve treatment goals.

Study limitations
There were several limitations in our 

study. We were unable to quantify the 
amount of methamphetamine use and the 
duration from clinical documents as the 
history relied solely on patients’ willingness 
to disclose this information. Similarly, 
we were unable to establish if patients 

had continued to use methamphetamines 
following discharge from index admission. 
Due to our single-centre design, our results 
may not be generalisable to other settings 
and populations. The study population is 
only of small size, and our analysis includes a 
small number of outcomes, which limits the 
conclusion that can be drawn. Only 12 MAC 
patients had their coronary anatomy studied 
during the index admission as ischaemia 
contributing to their cardiomyopathy was 
suspected. Concomitant CAD in MAC patients 
may contribute to the development of the 
cardiomyopathy and poor prognosis. There 
were also no data on compliance to medical 
therapy, symptoms and quality of life, all of 
which are important as some patients may 
have improved clinically despite minimal 
improvement in LV function. 

Conclusion
Methamphetamine use is a growing major 

health and societal problem. The adverse 
effects of methamphetamine on the heart 
are not well recognised or understood. In 
this study, we demonstrate the differences in 
demographics, presentation and outcomes 
in patients with MAC, when compared to a 
cohort of age matched patients with cardio-
myopathy with a non-ischaemic aetiology.

Patients presenting to hospital with MAC 
are of young age, male sex, predominantly 
of Māori ethnicity and are of high socio-
economic deprivation. When compared 
with patients presenting with other cardio-
myopathies, they are more critically ill at 
presentation, with more dilated LV size 
and with worse left ventricular function. 
They have lower attendance to outpatient 
appointments and low rates of improvement 
in LV dilation and function on serial 
imaging. Patients with MAC have very high 
rates of post-discharge mortality and heart 
failure readmissions. 

MAC is a serious consequence of chronic 
methamphetamine use, and has a worse 
prognosis than patients with other non-isch-
 aemic cardiomyopathies. Understanding 
the reasons for the ethnic and demo-
graphic differences, as well as addressing 
the modifi able risk factors such as meth-
amphetamine abstinence, adherence to 
medications and appointment attendance 
are critical to preventing and improving 
outcomes in this condition.
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The strong case for 
government funding 
of a polypill for the 

secondary prevention of 
cardiovascular disease in 

New Zealand
Vanessa Selak, Bruce Arroll, Chris Bullen, Rob Doughty, Corina Grey, 

Matire Harwood, Sue Crengle 

ABSTRACT 
Wald and Law, who popularised the term ‘polypill’ in 2003, proposed giving everyone above a certain age 
a polypill to reduce the burden of cardiovascular disease (CVD). A more compelling potential application, 
proposed in 2001 by the World Health Organization, is to use a polypill containing antiplatelet, statin and 
blood pressure-lowering therapy among people with established CVD, in whom the components are already 
indicated but in whom guideline implementation and adherence are suboptimal. This article outlines 
relevant international and New Zealand evidence on the likely benefits and harms of a polypill for the 
secondary prevention of CVD. The evidence indicates that the benefits are likely to outweigh the harms, 
particularly given the persistence of substantial treatment gaps and inequities in the management of and 
outcomes in CVD. The time is long overdue for the polypill to be funded for the secondary prevention of CVD. 

Cardiovascular disease (CVD) is one of 
the major causes of mortality, mor-
bidity and inequities globally. The 

World Health Organization (WHO)’s action 
plan to reduce the burden of CVD, as well as 
other non-communicable diseases, requires 
multi-sectoral action across the life-course.1 
Targets of the plan include improvements in 
behavioural risk factors (ie tobacco use, un-
healthy diet, physical inactivity and harmful 
use of alcohol), biological risk factors (ie 
raised blood pressure, obesity and diabetes) 
and access to counselling as well as drug 
therapy to prevent CVD.1 The key medica-
tions for CVD prevention are statins, blood 
pressure (BP)-lowering therapy and anti-
platelet therapy, which are all recommended 
in New Zealand (NZ), as well as international 
guidelines, for people with established CVD.2 

Unfortunately “CVD is currently the leading 
pharmacologically undertreated chronic 
condition” in NZ.3 

The term ‘polypill’ was popularised by 
Wald and Law in 2003, who proposed that 
everyone above a certain age ( eg 55 years) 
should use a polypill containing aspirin, 
statin, three BP -lowering drugs and folic 
acid to reduce their risk of CVD.4 While this 
remains the most well-known polypill-based 
cardiovascular prevention strategy, the use 
of the polypill appears to have been fi rst 
proposed in 2001, during a WHO meeting 
to discuss strategies for the secondary 
prevention of non-communicable diseases.5 
One of ten recommendations arising from 
that meeting was the development of a daily 
fi xed-dose combination pill (or polypill) 
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containing aspirin, statin and BP-lowering 
therapy for people with established CVD to 
address treatment gaps (suboptimal imple-
mentation of guidelines and poor patient 
adherence).5 Despite the generation of a 
signifi cant volume of research in the nearly 
20 years since that WHO meeting, much of 
it from NZ, the polypill is not yet funded for 
use in NZ. In this article, we consider the 
arguments raised against polypill-based 
care for the secondary prevention of CVD 
that may explain the lack of progress, and 
present evidence from local and interna-
tional polypill and CVD research to counter 
these arguments.

Doubts about the burden of future 
CVD among people with established 
CVD 

CVD (including diabetes) accounted 
for 17% of all health loss in the total NZ 
population in 2013.6 In an analysis of data 
from people who had their fi rst CVD risk 
assessment between 2002 and 2007, among 
those with prior CVD the absolute risk 
of a further CVD event was much higher 
(approximately 20%) than the risk of a fi rst 
CVD event among those without established 
CVD.7 The study also found that almost half 
of the CVD events during follow up occurred 
among those with prior CVD and concluded 
that patients with prior CVD should be 
afforded the highest priority for intensive 
preventive management in primary care.7 

Doubts about the presence of CVD 
treatment gaps among people with 
established CVD 

According to the NZ Health Quality and 
Safety Commission’s Atlas of Healthcare 
Variation, consistent dispensing of triple 
therapy (antiplatelet/anticoagulant, BP-low-
ering and lipid-lowering therapy) among 
people with a history of atherosclerotic 
CVD was 59% in 2011, ranging from 54% 
among Māori to 63% among Indian people.8 
There does not appear to have been an 
improvement in access or equity of access 
since that time: an unpublished analysis 
of people who had their fi rst CVD risk 
assessment in Auckland and Northland 
between 2012 and 2016 showed that 57% 
of those with the same history of athero-
sclerotic disease were dispensed triple 
therapy in the year following their CVD risk 
assessment, ranging from 54% among Māori 

to 72% among Indian people. (V Selak,
Personal communication). This treatment 
gap is evident internationally. A survey 
published in 2011 found only 44% of people 
with a prior CVD event in high-income 
countries reported taking at least three of 
four recommended preventive medications 
(aspirin, statin, angiotensin-converting 
enzyme inhibitor/angiotensin receptor 
blocker and another BP-lowering drug).9

Concerns about the potential e� ect 
of polypills on ethnic inequities in 
CVD

Interventions that are shown to be 
effective in trials do not necessarily reduce 
ethnic disparities, and may in fact widen 
them.10 11 The IMProving Adherence using 
Combination Therapy (IMPACT) trial 
(n=513, 50% Māori), conducted in the 
Auckland and Waikato regions between 
2010 and 201312, found that participants 
in the polypill arm had higher adherence 
to combination therapy than those in the 
usual care arm (81% vs 46%, RR 1.75, 95% 
CI 1.52 to 2.03) and there was no heteroge-
neity in this treatment effect by history of 
CVD at baseline.13 Polypill-based care was 
associated with an increase in the use of 
recommended medications among Māori 
(RR 1.87, 95% CI 1.50–2.34) and non-Māori 
(RR 1.66, 95% CI 1.37–2.00) when compared 
with usual care at 12 months, and there was 
no statistically signifi cant heterogeneity in 
this outcome by ethnicity.14 Given baseline 
absolute differences in the use of recom-
mended medications and the consistency of 
the proportional effect of this intervention 
by ethnicity, polypill-based care is likely to 
reduce absolute inequities between Māori 
and non-Māori in the use of recommended 
cardiovascular preventative medications14 
and presents an important potential means 
of reducing inequities in CVD.

Doubts about the e� ectiveness of 
polypills 

An individual participant data meta-
analysis compared polypill-based care with 
usual care in 3140 patients with CVD or at 
high risk across six countries (comprising 
the Single Pill to Avert Cardiovascular 
Events [SPACE] Collaboration, and including 
the IMPACT trial).15 The comparator for 
the SPACE trials was usual care because 
an inactive comparator would have been 
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unethical given that all participants had 
indications for cardiovascular preventive 
medication, and the trials were unblinded 
because it would have been impossible to 
mask whether treatment was received as 
a single or multiple tablets. In the meta-
analysis participants in the polypill arm had 
higher adherence to combination therapy 
(80% vs 50%, risk ratio, RR, 1.58, 95% CI 1.32 
to 1.90), lower systolic BP (-2.5 mmHg, 95% 
CI -4.5 to -0.4) and lower low density lipo-
protein (LDL) cholesterol (-0.1 mmol/L, 95% 
CI -0.2 to 0.0).15 The apparent discrepancy 
between a large improvement in adherence 
and modest improvements in risk factor 
levels is likely to be because of atypically 
high treatment rates in the usual care 
arm (at baseline 85% and 90% of patients 
were already using statin and BP-lowering 
therapy, respectively), the composite nature 
of the adherence outcome, and, in the case 
of cholesterol, because more potent statins 
were available for use in the usual care arm 
than was contained in the available polypills 
(simvastatin 40mg). Treatment effects were 
consistent whether or not participants had 
established CVD at baseline.15 Baseline 
treatment levels were a major effect 
modifi er for adherence and systolic BP with 
greatest improvements seen among those 
under-treated at baseline.15 In a separate 
analysis, those randomised to polypill-based 
care were found to be more likely than those 
receiving usual care to achieve European 
Society for Cardiology targets for BP (62% 
vs 58%, RR 1.08, 95% CI 1.02 to 1.15), LDL 
cholesterol (39% vs 34%, RR 1.13, 95% CI 
1.02 to 1.25) and all three targets for BP, LDL 
and adherence to antiplatelet therapy (the 
latter only applicable to those with a prior 
CVD event) simultaneously (24% vs 19%, 
RR 1.27, 95% CI 1.10 to 1.47) at 12 months.16 
There was no difference between groups in 
antiplatelet adherence as it was already high 
(96% vs 96%, RR 1.00, 95% CI 0.98 to 1.01).9 

Doubts about the cost-e� ectiveness 
of polypills 

In a within-trial cost analysis of polyp-
ill-based care versus usual care with 
separate medications in Australia, there 
was a statistically signifi cantly lower mean 
pharmaceutical expenditure of $AU989 (95% 
CI $648-$1331) per patient per year in the 
polypill arm compared with usual care 

(adjusted, excluding polypill cost as it was 
not marketed in Australia at the time of 
the trial).17 A within-trial cost-effectiveness 
study among people with established CVD 
in India found the incremental cost-ef-
fectiveness ratios for polypill-based care 
compared with usual care ranged between 
cost saving to US$75 per 10% increase in 
adherence for a polypill price of US$0.94/
day.18 Further, improvements in risk factor 
control are likely to lead to reduced health 
care costs through health improvements. 

Concerns about the safety of 
polypills and their potential negative 
impact on lifestyle interventions

A 2018 review of the safety of polypills 
for the secondary prevention of CVD, based 
on evidence from relevant trials, found no 
evidence that use of individual component 
medications within a combination medi-
cation was any less safe than individual 
component medications.19 An individual 
participant meta-analysis of data from the 
SPACE trials found no difference in lifestyle 
risk factors in those randomised to polyp-
ill-based care compared with usual care 
over a median of 15 months, either across 
all participants combined, or in a range of 
subgroups.20 

Concerns about the acceptability of 
polypills for patients and doctors

Polypill-based care has been found to be 
generally acceptable to trial participants and 
their physicians.21 The medications in the 
polypill have been in use for decades and 
are already recommended for use simulta-
neously: as noted previously, NZ’s 2018 CVD 
risk assessment and management guide-
lines, consistent with major international 
guidelines, recommend statins, BP-low-
ering therapy and antiplatelet therapy for 
people with established CVD. Most GPs who 
prescribed the polypill during the IMPACT 
trial found polypill-based care satisfactory 
or very satisfactory for starting treatment 
(91%), BP control (82%), cholesterol control 
(78%), tolerability (81%), and prescribing 
according to NZ guidelines (84%).13 The most 
commonly reported advantage of polyp-
ill-based care among the GPs was improved 
adherence (57%), while lack of fl exibility 
was cited as the most important disad-
vantage (37%). Importantly, 90% of the GPs 
reported that if they had another patient like 
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their patient on the IMPACT trial they would 
start them on a polypill if it were available.

Polypills may not contain the right compo-
nents or the right ratio of doses for any 
given person. This is a limitation of any 
polypill-based approach which cannot be 
seen as a panacea. For this reason, patients 
were only included in the IMPACT trial if 
their GP confi rmed that: all medications 
in an available polypill were indicated; 
there was no contraindication to any of the 
components of the relevant polypill; and 
the patient would not be better managed 
by receiving the medications separately.12 
Further, GPs were able to add any additional 
medication as required, as well as discon-
tinue the polypill if for any reason it wasn’t 
suitable for their patient.12 

Doubts that polypills have regulatory 
approval 

Initial technical challenges of developing 
stable and bioequivalent polypills have now 
been met. Trinomia, a polypill containing 
aspirin 100mg, atorvastatin 20mg and 
ramipril 2.5-10mg, was approved for use 
in the secondary prevention of CVD in NZ 
by Medsafe in 2017. However, it has not 
yet been funded by PHARMAC. An appli-
cation to PHARMAC for funding of Trinomia 
was made in 2017. The Cardiovascular 
Subcommittee of PHARMAC’s Pharmacology 
and Therapeutics Advisory Committee 
(PTAC) recommended that such polypills 
be funded,22 but PTAC did not accept their 
recommendation on the basis that “appli-
cations for fi xed-dose combination pills 
should only be considered if they provided 
evidence regarding clinical outcomes rather 
than surrogate outcome measures”.23 

Concerns about the lack of polypill 
outcome trials

The preferred endpoint for a clinical 
trial assessing effectiveness is generally an 
outcome that is relevant to patients, such 
as CVD events, as opposed to surrogate or 
intermediate markers such BP or choles-
terol. We consider that outcome trials are 
not needed in the case of a polypill for the 
secondary prevention of CVD. NZ’s 2018 
CVD risk assessment and management 
guidelines, consistent with major inter-
national guidelines, already recommend 
statins, BP-lowering therapy and antiplatelet 
therapy, simultaneously, for people with 

established CVD because of the strength of 
evidence supporting the use of these treat-
ments in this group and their independent 
effects on the risk of CVD.2 As noted by some 
members of the Cardiovascular Subcom-
mittee of PTAC, “surrogate markers have 
been accepted as suffi  cient to fund other 
cardiovascular medications, eg ezetimibe” 
and there are “a number of funded combi-
nation products in the diabetes, HIV, and 
respiratory therapeutic groups for which 
additional trials demonstrating clinical 
outcomes over and above the individual 
agents had not been necessary”.24 Outcome 
trials are very expensive to run and there 
has been little interest among pharmaceu-
tical companies in funding the formulation 
of a polypill comprising generic component 
medications,21 let alone funding outcome 
trials for these products. Further, the here-
tofore lack of outcome trials needs to be 
considered alongside all available evidence, 
as outlined above. This evidence supports 
polypill-based care for those with existing 
CVD on the basis of (1) effectiveness, (2) 
safety, (3) cost-effectiveness and (4) equity. 

Nevertheless, a polypill outcome trial has 
now been completed and its results just 
published. The PolyIran cluster randomised 
trial compared a polypill (containing aspirin, 
atorvastatin, hydrochlorothiazide and either 
enalapril or valsartan) with non-pharma-
cological preventive interventions alone. A 
total of 6838 people aged 50 years or older 
were enrolled between 2011 and 2013, and 
followed up for 5 years.25 The trial found 
a 34% reduction in major cardiovascular 
events in the polypill compared with the 
control group (hazard ratio, HR, 0.66, 95% 
CI 0.55-0.80), and a statistically signifi cant 
effect was observed in the subgroup of 
patients with established CVD at baseline 
(HR 0.61, 95% CI 0.49-0.75). 

Potential use cases for a polypill in 
the secondary prevention of CVD

The evidence indicates that the benefi ts 
of a polypill for the secondary prevention 
of CVD are likely to outweigh the harms, 
particularly given the persistence of 
substantial treatment gaps and inequities in 
the management of and outcomes in CVD. 
However, polypill-based care should not 
be seen as a panacea. The use of a polypill 
would be challenging during a period when 
frequent medication changes are needed, 
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such as is typically the case during the acute 
phase following a cardiovascular event. 
To our knowledge no polypill has yet been 
developed that contains high intensity 
statin therapy (eg atorvastatin 80mg), as is 
recommended for ST-elevation myocardial 
infarction by NZ 2013 management guide-
lines.26 For these reasons polypill-based care 
is most suited to those with stable, non-acute 
CVD. Two specifi c use-cases have been 
proposed in a recent publication by Webster 
et al that we endorse: 

1. Established indications for all polypill 
components in patients taking the drugs 
already as separate pills (‘established indica-
tions, straight substitution’)

2. Established indications for all polypill 
components in patients not taking them 
all due to barriers in uptake and/or 
adherence (‘established indications, step-up 
substitution’).27

Comprehensive action to address the 
burden of CVD 

While this article has focused on a polypill 
containing antiplatelet, statin and BP-low-
ering therapy, there are other strategies that 
could also be used to address the pharmaco-
logical under-treatment of CVD in NZ. These 
strategies include: (1) a polypill containing 

a statin and BP-lowering drug without an 
antiplatelet (as is currently available in 
Australia), (2) over-the-counter statins at 
pharmacies (as is currently available in the 
United Kingdom), 

(3) six-month prescriptions for CVD phar-
macotherapy (as is currently available for 
oral contraceptives in NZ), and (4) improved 
health literacy and information for deci-
sion-making.3 None of these strategies are 
mutually exclusive of one another. Further, 
pharmacotherapy-based approaches are 
just one aspect of action needed to address 
the burden of CVD. In order to substantively 
and sustainably reduce the burden of CVD, 
multi-sectoral action is required across the 
life-course that supports improvements 
in behavioural risk factors, biological risk 
factors and access to counselling, as well as 
drug therapy.

Conclusion 
The evidence in support of polypill-based 

care as an option for the secondary 
prevention of CVD is substantial and the 
time is long overdue for polypills to be 
funded for this indication, particularly given 
their potential as a means of reducing ineq-
uities in CVD.
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The ‘H-Bug’ epidemic: 
lessons from antibiotic-
resistant staphylococcal 

outbreaks in New Zealand 
hospitals from 1955–1963

Deborah Jowitt

When fi rst introduced in the early 
1940s, antibiotics proved so effec-
tive they quickly instilled general 

confi dence in a ‘once-and-for-all solution’ 
for infectious diseases. In New Zealand 
the cost of these new medicines was borne 
by the Pharmaceutical Benefi ts Scheme, 
introduced in 1941 under the 1938 Social 
Security Act. Doctors could prescribe as they 
saw appropriate without considering cost, 
either to the patient or the state. The lack of 
restrictions on prescribing contributed to a 
dramatic rise in the number of prescriptions 

dispensed annually.1 Within a short time 
antibiotics dominated the total drugs pre-
scribed in New Zealand and elsewhere.2 

Few anticipated a new problem would 
accompany the antibiotic fi x for infection. 
Yet, by 1948, as penicillin became widely 
available, researchers tracing the rapid 
rise in resistant strains of staphylococci 
in London hospitals reported that the 
incidence of penicillin-resistant hospital 
staphylococcal isolates had risen to 59 
percent.3 By the early 1950s, high rates of 
resistant staphylococcal infections were 

ABSTRACT
Deadly outbreaks of antibiotic-resistant staphylococcal infection occurred in New Zealand from the 
mid-1950s to early 1960s. The ‘H’ or ‘Hospital-Bug’ epidemic was part of a pandemic wave characterised 
by high numbers of nosocomial staphylococcal infections and the capacity of Staphylococcus aureus to 
develop resistance to commonly used antibiotics. Surgical patients and childbearing women and babies 
proved particularly vulnerable to the predominant pathogenic strain, identified as phage type 80/81. The 
post-war baby boom was at its height in New Zealand, and overcrowded maternity hospitals and outdated 
nursing techniques increased the risks of infection. The outbreaks challenged the medical profession, 
which had become reliant on antibiotics for prophylaxis and treatment. The Health Department ascribed 
responsibility for the indiscriminate use of antibiotics to medical practitioners but had little control over 
their prescribing habits. Confronted by increasing infection rates and falling public confidence in the 
maternity services, health o� icials supported a fundamental change in maternity care to ‘rooming-in’ 
of mother and baby, epidemiological research on staphylococcal transmission in hospitals, notification 
of nosocomial infections, improved barrier nursing and heightened awareness of appropriate aseptic 
techniques. Phage type 80/81 waned in the early 1960s concurrent with the arrival of methicillin but the 
emergence of methicillin-resistant S. aureus (MRSA) in the 1980s, vancomycin-resistant S. aureus (VRSA) 
in the 2000s, and the rapid emergence and spread of multi-drug resistant Gram-negative bacteria over the 
past decade, highlights the potential for further outbreaks while the use of antimicrobials remains high. 
Non-pharmacological interventions such as those promoted during the ‘H-Bug’ epidemic are likely to be 
central to controlling future waves of resistant nosocomial infection.
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reported in hospitals across the UK, North 
America, Australia and Scandinavia.4 New 
Zealand commentators raised concerns 
among medical colleagues about ‘excessive’ 
prescribing practices, but geographic 
isolation appeared to be protective against 
overseas trends.5,6

Phage type 80/81 S. aureus was fi rst 
identifi ed during outbreaks in neonatal 
nurseries in Australia in 1953.7 It was asso-
ciated with 70 of 86 major outbreaks in 
hospital nurseries in the eastern Australian 
states between 1954 and 1957,8 and 
throughout the late 1950s and early 1960s 
in nursery outbreaks in North America, 
where some clinicians prescribed anti-
biotic prophylaxis for healthy infants 
in an attempt to prevent the spread of 
infection.9 Fatal streptococcal outbreaks 
had occurred in New Zealand maternity 
hospitals in the 1920s,10 and prescriptive 
regulations put in place to prevent infection 
during labour, delivery and postpartum 
care were still rigidly implemented in the 
mid-1950s.11 When resistant strains of staph-
ylococci became the dominant nosocomial 
pathogens, these regulations increased the 
risk of infection through frequent patient 
contact with hospital staff, many of whom 
were found to be nasal or dermal carriers. 

Efforts to control infection initially 
focused on hospital nurseries, as researchers 
realised that communal care and frequent 
staff contact put babies and subsequently 
their mothers at high risk of infection. All 
aspects of nursery care were examined and 
revised as the outbreaks continued. The 
introduction of ‘rooming-in’ during post-
partum care, increased focus on infection 
control practices, and ongoing research 
into the transmission and control of staph-
ylococci all contributed to a reduction in 
infections as new, more effective antibiotics 
came on stream. This paper explores the 
part these non-pharmacological methods of 
control played in ending the fi rst epidemic 
of resistant staphylococcal infection in New 
Zealand. The H-Bug experience of the 1950s 
and early 1960s highlights the challenges for 
healthcare providers of managing outbreaks 
of resistant S. aureus when antibiotic use is 
widespread, and remains relevant today.

An epidemic of antibiotic-resistant 
Staphylococcus aureus in New 
Zealand hospitals

In November 1955 the deaths of eight 
babies from staphylococcal pneumonia 
born at Calvary, a popular private maternity 
hospital in Christchurch, alerted the medical 
profession and the general public to the 
serious nature of antibiotic-resistant noso-
comial infections. From the six Calvary cases 
coming to autopsy, “Staphylococcus aureus 
was isolated, sensitive to chloromycetin and 
erythromycin, but resistant to penicillin, 
streptomycin and the tetracyclines”.12 On 
post-mortem examination all eight cases 
showed similar fi ndings: “staphylococcal 
pneumonia, atelectasis, lung abscess and 
empyema”.13 A month later the Auckland 
Hospital Board, faced with the death of a 
baby in one of its outlying maternity units 
from staphylococcal pneumonia, as well 
as increased admissions of postpartum 
women suffering from mastitis, an increase 
in surgical infections and osteomyelitis, and 
breakdowns in grafts in its plastics unit, 
concluded that “widespread and indiscrim-
inate use of antibiotics has given rise to 
conditions favourable for the emergence of 
new ‘mutant’ antibiotic-resistant strains of 
Staphylococcus aureus”.14

While other specialties were affected, the 
maternity services bore the brunt of the 
epidemic. Babies developed skin lesions 
and serious respiratory infections while 
breastfeeding women developed mastitis, 
breast abscesses and infections of the 
genital tract. As a result, the initial goal 
of the Auckland Hospital Board’s ‘Special 
[Staphylococcus] Committee’, appointed in 
late 1955, was to ascertain the prevalence of 
antibiotic-resistant staphylococcal carriage 
at National Women’s Hospital. A hospi-
tal-wide survey revealed 50% of doctors 
and 27% of nurses were carriers, as were 
40% of the babies over four days old. Only 
11% of younger babies were carriers, and 
very few positive cases were consistent 
with mother to baby transmission.15

Recognising the delays presented by 
the Calvary outbreak where it had been 
“extremely diffi  cult to get immediate notice 
that babies taken ill at home had been 
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born in a particular maternity hospital”, 
the Government added an amendment 
to the Health Act in early 1956 “requiring 
notifi cation of impetigo and pemphigus of 
the newborn born in or discharged from 
maternity institutions [to] aid materially 
in checking another outbreak at an earlier 
stage”.16 The Health Department recom-
mended the bacteriological investigation of 
serious outbreaks by the National Health 
Institute, and research into the eradication 
of antibiotic-resistant organisms from 
maternity units. Specifi c areas for attention 
were counts of airborne staphylococci, 
barrier nursing practices, handwashing, 
aseptic techniques, isolation procedures, 
soiled dressing disposal, cleaning of used 
equipment and records of neonatal health. 

Researchers recognised that resistant 
staphylococcal strains were trans-
mitted from hospital staff to babies and 
subsequently to their mothers during 
breastfeeding, and after initially concen-
trating on the role of airborne transmission, 
established that direct contact with 
healthcare staff who were carriers was the 
more important route. Staff swabbing with 
detailed records of antibiotic sensitivity 
were instigated to aid outbreak control. 
Carriers were issued with antibiotic nasal 
cream, hexachlorophene soap and Hibitane 
antiseptic cream, while wards and theatres 
stood down staff with infected lesions. Faced 
with chronic nursing shortages, the Health 
Department also emphasised ‘improved 
nursing disciplines’ to ensure breaches of 
aseptic technique did not occur despite the 
pressure of heavy workloads.17 

In his annual report for 1956 the Direc-
tor-General of Health, Dr John Cairney, cited 
the profl igate use of antibiotics as a key 
contributor to the development of antimi-
crobial resistance: 

“When antibiotics were fi rst used, the possi-
bility of resistant organisms was seen and 
pleas were made to limit their use to suscep-
tible organisms in major disorders. When 
their usefulness was fully established there 
followed an orgy of indiscriminate use. There 
is little doubt that such widespread use has 
hastened the emergence of the present staphy-
lococcus which is resistant to most antibiotics 
in current use.”18

Despite his strong views, Cairney was 
reluctant to tackle doctors’ prescribing 
habits head on. Departmental efforts to 
limit the use of oral penicillin in 1952 had 
met with failure, and attempts to restrict 
chlortetracycline, chloramphenicol and 
oxytetracycline to hospital boards in 1953 
were unsuccessful due to persistent lobbying 
by doctors and wholesale distributors.1 
A Special Committee on Pharmaceutical 
Benefi ts appointed in 1956 offered little 
advice but continued reliance on the 
“integrity of the medical and pharmaceutical 
professions”.19 However, the urgent need to 
maintain effective therapy for severe infec-
tions meant that erythromycin was taken out 
of general use in 1956, and later, carbomycin 
and spiromycin were also reserved.20,21 

The Health Department overlooked the 
risks inherent in overcrowded wards and 
nurseries, aware that maternity hospitals 
around the country were struggling to cope 
with the burgeoning birth rate. It recom-
mended instead “a careful observance of 
maternity nursing techniques built up over 
the years”.17 In 1955 a total of 102 public 
maternity hospitals provided the majority of 
care, with an additional 437 maternity beds 
available in private maternity hospitals. 
State-funded provision for postpartum 
stays of 10–14 days added pressure on the 
maternity services; over 55,000 babies were 
born in 1955, only 4,000 less than in 2017 
when the New Zealand population was 
almost double.22,23 Women were nursed 
under strictly imposed routines, including 
prolonged bed rest and ‘aseptic’ perineal 
swabbing designed to keep “the vulva and 
perineum in a state of surgical cleanliness”.11 
Their babies remained in communal nurs-
eries apart from their four-hourly feeds; 
often arriving in closely packed ‘baby 
wagons’ at their mother’s bedsides. 

In 1957, 484 cases of pemphigus neona-
torum were notifi ed and 28 infants died of 
staphylococcal pneumonia.24 The following 
year staphylococcal pneumonia and septi-
caemia were added to the notifi able diseases 
list. Breast abscesses in nursing mothers 
were another manifestation of the epidemic. 
In 1955, 338 women with breast abscesses 
associated with lactation were treated in 
public hospitals around the country. By 1956 
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this number had risen to 633, peaking at 
708 in 1957.25 As staphylococcal infections 
increased, women became wary of entering 
maternity hospitals. The popular press 
actively challenged offi  cial reports, research 
and recommendations, advising moth-
ers-to-be to consider a home birth or at the 
very least to go to an exclusively maternity 
hospital where there was less risk of 
cross-infection.26 But in spite of the reported 
benefi ts of home confi nement in preventing 
staphylococcal colonisation and cross-in-
fection, neither the medical profession 
nor the Health Department supported a 
return to home confi nement. The proposed 
‘new’ National Women’s Hospital, in early 
planning stages in 1956, embodied medical 
aspirations for modern maternity. A novel 
approach to reducing the incidence of 
resistant staphylococcal infections was 
urgently needed. 

The concept of ‘rooming-in’ seemed a 
tailor-made solution for the problems facing 
the maternity sector. Bedside cots replaced 
the communal nursery, and women were 
encouraged to get up and care for their 
babies. Perineal swabbing and bed rest gave 
way to early ambulation and showering 
before discharge home. Initially introduced 
in the late 1940s in the US, the idea was 
promoted by supporters of ‘natural moth-
erhood’ in New Zealand to encourage closer 
bonds between mother and baby within the 
constraints of the hospital setting.27,28 This 
radical change to institutional baby care 
also appealed to medical administrators as 
a way of reducing contact between nurse 
and neonate while still providing round-the-
clock supervision and care. 

Plans for the new National Women’s 
Hospital were amended after consultation 
with the maternity sector in 1957.29 Aware 
of the many advantages of rooming in, 
the Health Department strongly recom-
mended that it be adopted throughout the 
‘old’ hospital even though it did not comply 
with the recently revised tenets of the 
H.-Mt.20, the so-called ‘Bible of New Zealand 
maternity nursing’, fi rst introduced in 1926 
to safeguard New Zealand women from 
puerperal sepsis.11 To back up this dramatic 
change in approach, the Department 
quoted the Medical Research Council on 
the control of cross-infection in hospitals 
which advised strongly that, “The practice 

of placing infants in large communal nurs-
eries is fraught with danger and should be 
avoided...Infants should be nursed in the 
ward with their mothers”.30

Most maternity units entered into the 
spirit of change reluctantly; a contemporary 
report notes the “considerable passive resis-
tance on the part of trained nursing staff in 
some hospitals to the introduction of a room-
ing-in programme”.31 The physical structure 
and layout of many units meant that the 
shift to rooming-in occurred in a piecemeal 
way. Moreover, infl uential members of the 
medical profession expressed grave doubts 
about women’s capabilities: “Just how 
practicable or effective segregation of the 
nurse from the baby is, remains to be seen. 
Unless babies...are to be left entirely to the 
untrained care of the mother, there will still 
be much for the nurse to do”.32 However, 
the stakes were potentially high. Radical 
steps needed to be taken to prevent cross-in-
fection, and to stave off a potential exodus 
from the maternity services. Rather than 
relinquish the medical model of maternity 
in the face of intractable infections, health 
offi  cials redefi ned the acceptable param-
eters of care.

The end of the epidemic in New 
Zealand

Phage typing of bacterial specimens, 
used widely from the early 1950s, allowed 
epidemiological investigation of outbreaks 
by identifi cation of staphylococcal strains. 
The NHI acquired standard bacteriophages 
for typing in 1955, and epidemiologist Dr 
HT Knights was appointed principal inves-
tigator into staphylococcal transmission in 
hospitals. Initially convinced that airborne 
transmission played a central role, Knights 
travelled the country, testing for staphy-
lococci in the air of theatres, wards and 
nurseries, making detailed recommenda-
tions for improvements. He reassessed 
his approach when international research 
confi rmed that direct contact between 
carrier or infected staff members and 
susceptible patients was largely responsible 
for the spread of infection. Midwives and 
nurses, previously portrayed as the arbiters 
of aseptic practice, were reframed as the 
primary link in the chain of infection, and 
handwashing gained greater signifi cance 
as a result. In his collected Notes on Staph-
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ylococcal Infection in Hospitals, published 
in 1960, Knights described the washbasin 
as “foremost in the prevention of cross 
infection in the hospital environment”.33

Initially at least, the renewed focus on 
infection prevention measures did not 
signifi cantly reduce infection rates. Short-
staffi  ng and overcrowded, often inadequate 
conditions, combined with uneven imple-
mentation of rooming-in techniques, and the 
diffi  culties of effectively isolating infectious 
patients, undoubtedly undermined efforts 
at infection prevention.34 Resistant staphylo-
coccal outbreaks continued to occur, albeit 
less frequently. A 1959 report of signifi cant 
reductions in the staphylococcal infection 
rates at Melbourne’s Royal Women’s Hospital 
therefore stimulated strong interest in New 
Zealand. The routine use of hexachlorophene 
emulsion, combined with an increased focus 
on rooming-in techniques, strict controls on 
the use of broad spectrum antibiotics, and 
treatment for staphylococcal carriers, had 
resulted in “an immediate and sustained 
effect” on neonatal infection rates.35 The 
effi  cacy of pHisoHex, a liquid detergent 
containing 3% hexachlorophene, in reducing 
staphylococcal colonisation of the skin was 
confi rmed at Palmerston North Hospital 
in 1960.36 National Women’s Hospital and 
other maternity hospitals followed suit, with 
protocols on preparing women for delivery 
and ‘dry bathing’ of babies adopted as 
routine infection control measures. 

At the same time as pHisoHex was 
being trialled, signifi cant advances were 
being made in chemotherapy. Vanco-
mycin, developed in 1958, was followed 
by celbenin, methicillin and staphcillin in 
1959. A year later, ampicillin and amox-
icillin entered the market. Soframycin 
spray, a new treatment for the clearance 
of carriers of coagulase-positive staphylo-
cocci was released in 1961, with reports 
that 85% of cases were cleared after 24 
hours.37 A marked change was reported in 
hospital isolates around this time: a 1961 
survey of 427 patients with septic lesions 
at two Dunedin hospitals showed that in 
comparison with a similar survey in 1957, 
when almost half of staphylococcal strains 
were phage type 80/81, only 13% were of 
this type by late 1960.38 In late 1961 Knights 
was called to investigate an outbreak at 
the Wellington Karitane Hospital, where 

three babies had died of phage type 80/81 
staphylococcal pneumonia, and six others 
were affected. One baby, who was “appar-
ently moribund”, responded dramatically 
to celbenin and survived.39 Infections were 
still occurring, but the new antimicrobials 
enabled much improved results against a 
background of the decreasing prevalence of 
the H-Bug strain. 

The deaths of three babies from phage 
type 80/81 staphylococcal pneumonia at the 
six-bedded Kaponga maternity hospital in 
1963 marked the end of the eight-year long 
epidemic.40 Changes in maternity practice, 
heightened awareness of staphylococcal 
transmission in hospital environments, 
improved infection control procedures, 
routine use of hexachlorophene emulsion 
to ‘prep’ women for labour and bathe 
newborns, and the introduction of new, 
more potent penicillin compounds, all likely 
contributed to the disappearance of phage 
type 80/81 S. aureus from New Zealand 
hospitals. Amidst renewed confi dence in 
the antibiotic paradigm, few voices were 
raised in favour of controls on prescribing. 
The immediate crisis was over, restricted 
antibiotics returned to general use and the 
H-Bug epidemic was largely forgotten except 
by those who had experienced the severity 
of its effects. 

Conclusion 
Antibiotics changed the face of medicine 

in the 1940s. Enthusiastic prescribing of 
antimicrobial therapies led to the rapid 
emergence of antibiotic-resistant strains of 
S. aureus. In the mid-1950s New Zealand 
hospitals reported patients infected with 
a new ‘mutant’ form of S. aureus linked to 
“infections occurring in hospitals all over 
the civilised world”. The Health Department 
reacted swiftly when tragedy struck; the 
deaths of eight babies born at Calvary 
Hospital shocked the nation and under-
mined public trust in the maternity services. 

Senior health offi  cials looked to the inter-
national experience to contain ongoing 
outbreaks of staphylococcal disease, moti-
vated by laboratory research on infection 
transmission and control. With limited 
means to infl uence medical practice, the 
Health Department restricted the use of 
a small group of antibiotics effective for 
severe resistant staphylococcal infections 
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and appealed to the professional integrity of 
doctors to control ‘extravagant’ prescribing. 
The Department’s primary focus was on 
non-pharmacological interventions, in 
particular a radical rearrangement of post-
partum care to reduce infection rates, and 
thereby maintain public trust in the medi-
calised model of maternity care. 

While rooming-in of mother and baby 
has remained a fundamental aspect of 
postpartum care, the H-Bug epidemic 
appeared to have little impact on established 
prescribing practices. The concerns of the 
1950s and 60s still challenge clinicians in 
the form of highly transmissible multi-drug 
resistant organisms, and the limitations of 
existing antimicrobial agents in an era of 
widespread use. The rapidly changing land-
scape of antimicrobial resistance, including 
the recent emergence of carbapenam-re-
sistant Enterobacteriaceae and multi-drug 
resistant Candida auris, nosocomial 
pathogens causing serious infections with 
high associated mortality, reinforces the 

need for real change in prescribing patterns 
in New Zealand, which are excessive when 
compared with many western countries.41–43 
Short-staffed, over-burdened services 
and poor hand hygiene are as relevant 
to healthcare today, if not more so, than 
in the past. Infection surveillance, timely 
reporting and multidisciplinary involvement 
in the implementation of effective infection 
prevention measures still underpin efforts 
to prevent the spread of resistant microbes, 
protect patients from infection and reduce 
the need for antibiotic treatment. However, 
a more proactive approach, including ‘real 
time’ targeted and hospital-wide surveil-
lance and data collection would greatly 
enhance local and national responses to 
the current threats posed by multi-resistant 
organisms, enabling faster identifi cation of 
infection rates and risks, and quicker inter-
ventions to prevent spread. New Zealand’s 
fi rst experience of a nosocomial resistant 
staphylococcal epidemic continues to 
provide valuable lessons for the present day. 
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Re: 'The value of frenotomy 
for ankyloglossia from a 

parental perspective'
Graham J Sharpe

Dear Sir,
Re The value of frenotomy for ankylo-
glossia from a parental perspective.

This was not a medical or scientifi c study. 
It was a consumer satisfaction survey, 
with the same credibility one might give 
to a survey of satisfaction with a washing 
machine or a restaurant.

Of note there is no control group. Further, 
in a radio interview one of the authors 
denied the need for a control group, 
thus bringing the credibility of the paper 
further into doubt. The primary conclusion 
that parents were satisfi ed demonstrates 
the importance of control groups. These 
parents had self-presented and paid for 
the procedure – strong biasing infl uences 
completely ignored in the study, and 
demonstrating the dubious nature of the 
conclusions.

The paper explores weak criteria such as 
parent satisfaction and impressions of its 
value.

The diagnostic criteria are poor and 
unsupported by imaging or dynamic studies, 
or measures of ongoing infant well-being 
such as weight gain. I note the lack of input 
by paediatric, ENT, or oral surgeons. Of 
further concern, given a recent HDC fi nding 
(16HDC01563) there was no reference 
to whether the infants had been given 
Vitamin K at birth – the age range is not 
stated but the paper refers to infants 
younger than six months and the mean 
age was 44 days, suggesting some infants 
could have been very young and within 
the time span when Vitamin K was 
relevant.

The reference to “fi ve widely accepted 
randomised controlled trials regarding 
frenotomy and its effect on breastfeeding" 
was particularly amusing, given that these 

fi ve trials involved only 302 cases. The 
conclusions that can be drawn from such 
low numbers beg the question – where was 
the adequate power analysis? Drawing 
conclusions about an invasive procedure 
from such tiny numbers is risky. Further, 
the NICE statement of "limited evidence 
suggests" is weak at best, and again shows 
the lack of credible support for widespread 
diagnosis and surgical treatment of tongue 
tie for breast feeding.

Whilst no serious complications were 
reported in the paper, these have occurred 
in New Zealand, resulting in emergency and 
or corrective surgery, blood transfusions 
and adverse fi ndings by the Health and 
Disability Commissioner

My overall concern is that this paper, 
despite its poor methodology, is already 
being used to support what is widely 
regarded as unnecessary surgery for an over 
diagnosed problem.

Given the lack of credible scientifi c 
support this paper offers, I question the 
ethics of this study, in that it involved a 
surgical procedure in infants.

Yours faithfully,
Graham J Sharpe
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Response: 'The value of 
frenotomy for ankyloglossia 
from a parental perspective'

Sam Illing, Martin Minnee

Dear Editor,
In response to the letter you have 
received from Dr Graham Sharpe, 

which is directed as a critique of our pub-
lished study 'The value of frenotomy for 
ankyologlossia from a parental perspective'.

Firstly, we would like to thank Dr Sharpe 
for the interest he has taken in our paper.

Dr Sharpe seemed to dismiss our research 
on the grounds that it was not a randomised 
control trial. We are in full agreement 
that randomised controlled trials (RCTs) 
are indisputably the gold standard and 
constitute the highest form of medical 
evidence and agree that projects are often 
made more robust by the presence of a 
control group. However, we would also 
contest that the highest level of evidence 
is not always possible to achieve in every 
medical or scientifi c study, nor are RTCs 
even the most commonly published form of 
study. Peer reviewed medical journals also 
publish case reports, case series, observa-
tional studies and pilot studies, among the 
many other forms of simple, but useful data. 
Articles approved for publication in the 
NZMJ, whether an RCT or not, also must be 
scientifi cally robust, and provide a suffi  -
ciently valuable contribution to scientifi c 
discourse before being deemed worthy of 
publication by the expert panel. 

We do agree that patient satisfaction 
(albeit extremely important for patient-
centred medicine) is a very simple 
subjective endpoint, which is why the only 
question we asked relating to satisfaction 
was whether the patients would still make 
the same treatment decision again if facing 
the same circumstances. However, this 
answer was also not the only measured 
outcome. Other endpoints included feeding 
time, maternal nipple pain, feeding quality, 

and improvement in primary presenting 
complaint, all of which showed signifi cant 
improvement. The 1/3rd of bottle-feeding 
babies who started breast feeding post-oper-
atively is objective. Dr Sharpe has published 
his own similarly designed observational 
case series1 which demonstrates that he is 
aware that even simple studies can provide 
a useful base for scientifi c discussion. 

Dr Sharpe also questions "the ethics of 
this study, in that it involved a surgical 
procedure on infants". The study was an 
observational study. No deviation was made 
from the standard treatment for any patient. 
The treatment would have continued to 
occur in exactly the same manner whether 
or not the information was captured in 
the study. HDEC approval was sought, and 
the study was deemed out of scope and 
therefore ethically appropriate to continue. 
Dr Sharpe's concerns around ethics should 
be assuaged.

 The correspondent also raised concerns 
that no specialist opinions were included in 
the study. This concern is partially rebutted 
by reading the article itself. The initial 
project design was produced in consul-
tation with a consultant paediatrician. What 
wasn’t mentioned, due to the constraints of 
word limits, is that the study was assessed 
by the University of Auckland department 
of Paediatrics (as coursework for a Post-
Graduate Diploma of Paediatrics), and the 
manuscript reviewed by at least three other 
paediatricians, all of whom encouraged its 
publication. 

Vitamin K was discussed as a matter of 
process, and is included on the consent 
form.

Dr Sharpe's letter also mis-represents 
the NICE guidelines, which state “Current 
evidence suggests that there are no major 
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safety concerns about division of ankylo-
glossia (tongue-tie) and limited evidence 
suggests that this procedure can improve 
breastfeeding. This evidence is adequate to 
support the use of the procedure provided 
that normal arrangements are in place for 
consent, audit and clinical governance”.2 
Closer to home, the recently updated 
Starship Clinical Guideline on Ankylo-
glossia, states “some babies with tongue-ties 
may have breastfeeding diffi  culties”,3 and 
then details how to perform the frenotomy 
procedure.

We appreciate the time the NZMJ peer 
reviewers spent on reviewing this work, and 
maintain that our paper serves as a valid 
and meaningful contribution to the scientifi c 
literature.

Yours faithfully,
 
The Authors.
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A rare provocation: a case 
of extensive pulmonary 
embolism in a man with 
previously undiagnosed 

Klinefelter Syndrome 
Olivia Carleton, Frances Mein Smith, Cindy Towns

Klinefelter syndrome (KS) is an un-
derdiagnosed aneuploidy character-
ised by an additional X chromosome 

and hypergonadotrophic hypogonadism. 
It has an estimated prevalence of one case 
in every 660 newborns.1 Most men remain 
undiagnosed until seeking fertility assis-
tance in later life. The delayed presentation 
may be due to varied—and at times only 
mild—physical abnormalities.2 Although the 
pathophysiology is incompletely understood, 
recent studies have indicated that KS is also 
a risk factor for venous thromboembolism 
(VTE). We present a man who was undiag-
nosed until presenting with a potentially 
life-threatening pulmonary embolus. This 
is the fi rst case in Australasia to report the 
relationship between KS and VTE.

Case report 
A 50-year-old man was referred to hospital 

by his general practitioner with a 36-hour 
history of breathlessness and pleuritic chest 
pain. He took no medications and had no 
signifi cant medical history. He was previ-
ously married but had no children. He had 
not sought investigation or treatment for 
infertility. He had no known risk factors for 
pulmonary embolism (PE). On examination, 
he was noted to be tall and obese. He was 
hypotensive (100/80mmHg) with an elevated 
jugular venous pressure but no oedema; his 
chest was clear to auscultation. Bilateral 
gynaecomastia (Figure 1) and sparse facial 
hair were observed and subsequent exam 
revealed small volume testicles bilaterally. 

Figure 1: Bilateral gynaecosmastia in the KS patient (photo used with consent).
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He was hypoxic, requiring four litres of 
oxygen to maintain 92% oxygen saturation. 
Troponin T and brain natriuretic peptide 
were raised and his ECG showed anterior 
and inferior T-wave inversion. Bedside echo-
cardiogram demonstrated septal bowing. 
Extensive PE was confi rmed with computed 

tomography pulmonary angiogram (Figure 
2). He was commenced on dabigatran 150mg 
BD. Reproductive axis testing revealed low 
testosterone, raised luteinising hormone and 
raised follicle stimulating hormone.

Karyotype testing revealed 47 XXY (Figure 
3), giving the diagnosis of KS. 

Figure 2: CTPA slice showing large PE.

Figure 3: Patient karyotype demonstrating the 47 XXY genotype of KS.
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He was reviewed by a haematologist 
in VTE clinic following discharge and a 
decision was made for lifelong anticoag-
ulation. A thrombophilia screen was not 
recommended as it would not change 
management and the novel anticoagulants 
were deemed to interfere with the accuracy 
of testing.

Discussion
This man had no signifi cant risk factors 

for VTE and hence KS is likely to be the sole 
provocation in this case. Recent research 
indicates that this condition should be 
considered an inherited coagulopathy 
alongside other more commonly occurring 
conditions. A prospective cohort study 
demonstrates that patients with KS have a 
cumulative incidence of VTE of 8.6% at age 
50 and 20.8% at age 70.3 Similarly, Glueck et 
al (2017) estimate that the risk of VTE in KS 
patients is 5–20 times that of their peers.4 

The mechanism for the increased risk is not 
entirely clear and may well be multifactorial. 
Male hypogonadism has been associated 
with enhanced fi brinolytic inhibition via 
increased synthesis of plasminogen acti-
vator inhibitor (PAI) which may predispose 
to cardiovascular disease as well as VTE.4–6 
Vascular abnormalities and platelet hyper-ag-
gregability have been speculated to play a 
role, and mutations in known thrombophilia 
genes (Factor V Leiden, Protein C and S and 

Antithrombin II) have also been reported 
in KS patients.4,5,7 Other authors postulate 
that the high rates of VTE associated with KS 
refl ect an interaction of testosterone with 
underlying thrombophilias.5 

Testosterone replacement may indeed 
increase the risk for VTE,4,5,8,9 however the 
data quality is low and the association has 
not been confi rmed.10 Larger trials with 
VTE as a pre-specifi ed outcome are required 
before any relationship can be verifi ed. 
However, our patient was undiagnosed and 
therefore untreated at initial presentation 
hence androgen replacement cannot account 
for the severe presentation. We cannot 
exclude the role of an additional inherited 
thrombophilia as he remains untested.

Regardless of aetiology, physicians 
managing KS patients need to be aware of 
the increased risks and patients should be 
monitored very closely, especially if they 
develop other VTE risk factors. Routine 
prophylaxis should be applied in high-risk 
situations such as surgery or immobili-
sation and consideration may also be given 
to prophylaxis during long-haul travel. If 
testosterone replacement is recommended 
then additional testing for thrombophilia 
genes should be considered. Similarly, if a 
KS patient presents with an unprovoked VTE 
we would recommend thrombophilia testing 
unless anticoagulation was to be lifelong. 
Genetic counsellors should also add VTE risk 
to their education and discussion sessions. 
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Levetiracetam versus phenytoin for 
second-line treatment of convulsive 

status epilepticus in children
Phenytoin is the current standard of care for second-line treatment of paediatric 

convulsive status epilepticus after failure of fi rst-line benzodiazepines, but is only effective 
in 60% of cases and is associated with considerable adverse effects. 

This multi-centre trial conducted in New Zealand and Australia compares treatment of 
these patients with phenytoin or levetiracetam.

233 children aged between 3 months and 16 years with convulsive status epilepticus that 
failed fi rst line treatment were randomly assigned to treatment with phenytoin or leveti-
racetam. The primary outcome was clinical cessation of seizure activity fi ve minutes after 
the completion of infusion of the study drug.

The results demonstrated that levetiracetam is not superior to phenytoin in the treatment 
of paediatric convulsive status epilepticus. 
Lancet 2019; 393:2135-45

Early or delayed cardioversion in 
recent-onset atrial fi brillation

Patients with recent-onset atrial fi brillation commonly undergo immediate restoration of 
sinus rhythm by pharmacologic or electrical cardioversion. In this study the question is raised 
whether immediate restoration of sinus rhythm is necessary as the arrhythmia often termi-
nates spontaneously.

In this multicentre trial based in the Netherlands the researchers randomly assigned 
patients with hemodynamically stable, recent-onset (<36 hours), symptomatic atrial 
fi brillation in the emergency department to be treated with a wait-and-see approach 
(delayed-cardioversion group) or early cardioversion. The wait-and-see cohort were treated 
with rate control medication and were cardiovented if the fi brillation had not resolved within 
48 hours.

It was concluded that patients presenting to the emergency department with recent-onset, 
symptomatic atrial fi brillation, a wait-and-see approach was noninferior to early cardio-
version in achieving a return to sinus rhythm at 4 weeks.
N Engl J Med 2019; 380:1499-508

Incidence of type 2 diabetes mellitus in men 
receiving steroid 5α-reductase inhibitors

The objective of this population based cohort study was to investigate the incidence of new 
onset type 2 diabetes mellitus in men receiving steroid 5α-reductase inhibitors (dutasteride or 
fi nasteride) for long term treatment of benign prostatic hyperplasia.

Cohorts of men receiving treatment with dutasteride or fi nasteride were matched with men 
being treated with tamsulosin for benign prostatic hyperplasia.

It was found that the risk of type 2 diabetes was increased by approximately 30% over 11 
years in men receiving treatment with fi nasteride or dutasteride compared with tamsulosin. 
Monitoring of blood glucose might be advisable in men receiving either of these medications.
BMJ 2019; 365:1204
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The Housing Problem
August 1919

The British Medical Association is not 
a political body, but must look to 
politicians for public health legisla-

tion. The conditions affecting the health 
of the community in this country in urban 
areas are very far from what they should 
be. A political election is pending, and so 
nothing of a practical kind can be done for 
some considerable time. We have had quite 
enough of talk about the good of the people 
as a whole; as Bacon pointed out long ago, 
the great thing is not what can be said so 
much as what can be done, and we are still 
waiting for all the reforms that are supposed 
to follow on the war. It would be reasonable 
to wait a little longer with patience. Slums 
cannot be abolished until a large number 

of good houses are built. Housing also waits 
to some extent upon improved and cheap-
ened means of transport, and this depends 
in turn to a large extent on hydro-electric 
power. 0n the assumption that the healthy 
limit is reached when 1½ persons occupy 
each room, for example six people in a 
four-roomed dwelling, it would appear from 
statistics that 13½ per cent of people in New 
Zealand are living in crowded conditions. 
For the year 1916; the last for which returns 
are available, the total inhabited private 
dwellings and tenements in the Dominion 
were 238,066, occupied by 1,012,694 persons, 
and 32,000 dwellings were overcrowded, 
and over 136,000 of the inhabitants were 
living under conditions of overcrowding. 

Unidentified house interior. Webb, Ste� ano, 1880-1967 : Collection of negatives. Ref: 1/1-009227-G. Alexander 
Turnbull Library, Wellington, New Zealand. /records/22835160
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To limit the density to 1½ persons for each 
and every room of a dwelling would require 
31,393 additio nal rooms, or the equivalent of 
6,300 fi ve-roomed houses. 

Three years have now elapsed, the troops 
have returned, the civilian population has 
increased, and the ratio of new houses 
built to the total number of the population 
has steadily declined. For the seven years 
prior to the war the marriage rate averaged 
8½ per thousand of the population, and as 
each marriage ought to mean a separate 
dwelling, the provision from this aspect 
alone demands over 9,500 houses annually. 
In the light of these fi gures, and from other 
considerations, it is estimated by competent 
investigators that provision should be grad-
ually made for an addition of 25,000 houses 
to the present housing accommodation of 
this country. The State Advances Act and the 
Workers’ Dwelling Act have merely touched 
the fringe of the diffi  culty. Private enter-
prise cannot settle the housing question, 
for building houses for letting purposes 
is no longer a profi table investment. The 
State must adopt a more active and effi  -
cient scheme, and will require to borrow a 

very large sum of money for the purpose. 
The cost can be reduced by buying large 
blocks of suburban land, and by standard-
isation in a modifi ed form. We dislike the 
State undertaking work which can be done 
equally well by private enterprise, but when 
private enterprise fails what can be done 
but to invoke the aid of the Government? 
The housing question, as regards the health 
and comfort of the people, is urgent and 
pressing, and no statesmen are worthy of 
the name who can longer neglect it. It is of 
course true that the material comfort of the 
people is not everything. It is little without 
education, and almost nothing without char-
acter. The almost prohibitive cost of housing 
at present is due, no doubt, largely to condi-
tions which are inevitable, but at the same 
time there is, on the one hand, profi teering, 
and on the other, anything but a fair day’s 
work for a fair day’s wage. Housing and 
the abolition of slums and the provision of 
parks and recreation grounds are all a part 
of preventive medicine, and no apology is 
necessary for alluding to them in the pages 
of a medical journal. The guidance and the 
force of the medical profession should be 
behind all these reforms.
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Body composition of 
New Zealand-born 
term babies differs 
by sex and ethnicity

Alexander T, Conlon CA, 
Gamble G, von Hurst PR, 

van Dorp L, Ichhpuniani B, Housh R, 
Ke P, Bloomfield FH
Background/Aims

 New Zealand has a diverse 
ethnic population; mean birth 
weights differ among the main 
ethnic groups. However, there 
are no data on body compo-
sition of New Zealand-born term 
babies.

Methods
Body composition by air 

displacement plethysmography 
(PEAPOD COSMED, US) and 
anthropometry were measured 
within fi ve days of birth in 
healthy, term infants born 
between 37+0 and 41+6 weeks’ 
gestation in two hospitals 
in Auckland. Ethnicity was 
parent-identifi ed and prioritised 
according to Ministry of Health 
criteria. Data were analysed 
using t-tests and two-way 
ANOVA (GLM) post-hoc Tukey 
tests.

Results
Four hundred and forty 

babies (54% male) were 
included. PI/M (Pacifi c Island/
Māori) were heavier at birth 
than the Asian+ (Asian + Middle 
Eastern/Latin American/African) 
babies (3,403 (506) vs 3,181 
(485) g, p<0.05). PI/M and E 
(European) babies were signifi -
cantly longer had larger head 
and waist circumferences than 
Asian+ babies (all p<0.05). PI/M 
babies had signifi cantly lower 
FM% compared with Asian+ 
(9.8 (4.3) vs 10.9 (4.5) %, p<0.05). 

FM was not different among 
ethnicities (E, 365 (156), PI/M, 
347 (183), Asian+, 357 (188) g). 
FFM was greater in PI/M (3,056 
(400) g) compared with Asian+ 
(2,824 (363) g) and E (2,952 (345) 
g, p<0.05). E babies had signifi -
cantly more FFM than Asian+ 
babies (p<0.05).

Conclusions
Asian+ babies were the 

smallest babies with the least 
FFM, yet had similar amounts 
of FM (g) and the highest 
FM%, indicative of a thin, fat 
phenotype from birth. 

Swallowing 
rehabilitation 

following spinal cord 
injury: a case series

Shaolyn Dick, Jess Thomas, 
Jess McMillan, Kelly Davis, 

Anna Miles
Background/Aims

Swallowing diffi  culties 
(dysphagia) are well recognised 
after spinal cord injury and 
surgery. There are no published 
rehabilitation effi  cacy studies 
to date. This study explored 
viability and outcomes of 
swallowing rehabilitation 
programmes following spinal 
cord injury and surgery. 

Methods
This quantitative exper-

imental longitudinal case 
series followed four patients 
with persisting dysphagia 
after spinal surgery. Outcome 
measures included objective 
videofl uoroscopic measures of 
timing and displacement and a 
validated self-reported ques-
tionnaire. Measures were taken 
pre-therapy, immediately post-
therapy and at three months. 

Patients engaged in a six-week 
individualised progressive 
rehabilitation programme based 
on their videofl uoroscopic 
measures. Feeling and fatigue 
scale scores were taken before 
and after each therapy session.

Results
Patients (63yr, 67yr, 67y, 

76yr; three male) had varying 
spinal diagnoses (two trau-
matic, all involving the C-spine) 
and length of dysphagia 
(6wks, 6wks, 12wks, 10yrs). 
Common physiological impair-
ments across all patients 
were: reduced maximum 
hyoid displacement, reduced 
pharyngeal constriction and 
reduced pharyngoesophageal 
segment maximum opening. 
Therapy programmes had 100% 
compliance and positive feeling 
scale scores. All participants 
made quantitative improve-
ments in their videofl uoroscopic 
measures. Three out of four 
participants were able to tran-
sition to a regular non-modifi ed 
diet; with three percutaneous 
endoscopic gastrostomy 
(PEG) removals. Poor upper 
limb function and restricted 
neck fl exion prohibited some 
exercises.

Conclusions
In patients following spinal 

surgery, dysphagia, past the 
acute phase of recovery, is rela-
tively uncommon. However, for 
some, signifi cant pharyngeal 
impairments persist. This case 
series demonstrates potential 
to regain functional swallowing 
following a six-week tailored 
rehabilitation programme. 
High-quality research exploring 
effi  cacy of rehabilitation 
programmes is warranted.
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Variability of 
swallowing physiology 

in children with 
feeding diffi  culties: 
a videofl uoroscopic 

analysis
Laura Fuller, Anna Miles, Jacqui Allen

Background/Aims
Children swallow rapidly, 

increasing the risk that inspi-
ration may coincide with a 
swallow and result in airway 
violation. Swallow variability is 
also described in infants with 
feeding diffi  culties but it is not 
known whether this represents 
physiologic variability in the 
developing child. This retro-
spective study explored the 
relationship between objective 
fl uoroscopic measures of 
swallowing rate variability, 
suck:swallow ratios and aspi-
ration in infants. 

Methods
VFSS of 50 infants referred 

with feeding concerns (aged 
5dys–9mths) were included. 
20-second mid-feed bottle 
feeding recordings were 
analysed using objective 
digital measures of timing and 
displacement (Swallowtail, 
Belldev Medical, LLC). Measures 
of rate, airway violation and 
suck-to-swallow ratio were 
obtained.

Results
Variability in pharyngeal 

timing and displacement was 
identifi ed across all infants but 
did not correlate with aspiration 
(p>.05). Sixteen infants (32%) 
aspirated, however aspiration 
did not occur on every swallow 
(range 10–50% of swallows). 
Suck-to-swallow ratios varied 
from 1:1–6:1 within infants. 
More than three sucks per 
swallow correlated with higher 
incidence of aspiration (p<.001). 

Conclusions
This exploratory study 

describes for the fi rst time 
that swallow timing and 
displacement variability is 
present in young children but 
does not correlate with aspi-
ration. Greater number of 
sucks per swallow appears to 
confer increased risk of airway 
invasion.

Improving the quality 
of care for adolescents 
and young adults (AYA) 

in Counties Manukau 
Health (CMH)

Louise Albertella
Background/Aims

Adolescents and young 
adults (AYA) have health needs 
which are distinctly different 
from children and adults. A 
lack of education and training 
is reported to be a barrier to 
clinicians providing develop-
mentally appropriate care. 
Counties Manukau Health 
(CMH) patient experience data 
shows that AYA are more likely 
to rate the care they received 
as poor, compared to other age 
groups. 

Does the experience of 
care received by AYA in CMH 
improve after a QI initiative 
which is based on the imple-
mentation of the standards 
for quality care for AYA in 
secondary/tertiary care?

Methods
Staff (43) and patients 

aged 16–24 years (20 pre- 
and post-intervention) of 
ward 32 completed surveys. 
Initial survey results were 
compared to the standards 
for quality care. Interventions 
based on these fi ndings were 
staff education and resource 
provision. 

Results
Few staff (12%) had 

completed any youth-specifi c 
training. Confi dentiality was 
not routinely discussed with 
AYA by 50% of clinicians, and 
only 23% of staff reported that 
they see AYA alone as part of 
their admission. Areas not well-
covered during psychosocial 
assessments included sexual 
health, mental health and safety. 
This was also refl ected in the 
results from the surveys of AYA. 

Conclusions
Key components of develop-

mentally appropriate healthcare 
include the provision of confi -
dential healthcare and the 
routine use of psychosocial 
assessments. This did not occur 
with AYA on ward 32. These 
young people may be less likely 
to disclose sensitive health 

information, but it was also 
apparent that questions about 
sexual health, mental health 
and safety were not being asked 
by staff. 

Teaching medical 
and nursing students 

paediatric life support 
through simulation: 

the role of the learning 
environment

Cameron Burton, Genevieve Barnard, 
Adrian Trenholme, Rachel Webb, 

Jennifer Weller, Yan Chen
Background/Aims

Simulation-based education 
refers to an artifi cial represen-
tation of a real-world process 
to achieve educational goals 
through experiential learning. 
Our objectives are to teach 
medical and nursing students 
core skills in paediatric life 
support through the use of 
simulation and to investigate 
the learning environment to 
understand if learners acquire 
skills best when in peer groups 
or when integrated into a 
clinical team. The research 
focuses on the skills of basic 
life support and the structured 
approach to the seriously ill 
child. 

Methods
Following introductory 

teaching, students will be 
randomly allocated to either 
a simulation in peer groups 
or a mini-team environment 
consisting of one doctor and one 
nurse. Each group will partic-
ipate in two clinical scenarios 
directly related to the learning 
outcomes. Each scenario 
will be followed directly by a 
semi-structured debrief, with 
opportunities to refl ect on expe-
riences and discuss learning 
objectives in more depth. 
Individual directly-observed 
assessment of the core compe-
tencies and a questionnaire will 
be undertaken before and after 
intervention. 

Results
The study is in progress with 

the programme taking place 
over seven sessions between 
June and October 2019. Student 
feedback to date has been 
largely positive.
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Conclusions
We hope that these simulation 

sessions will be a valuable 
experience for participants and 
inform on the optimal learning 
environment for student 
simulation.

The CREBRF type 2 
diabetes protective 
allele is associated 

with reduced risk of 
gestational diabetes 

mellitus in Māori 
and Pacifi c women 

with obesity
Mohanraj Krishnan, Rinki Murphy, 

Christopher McKinlay, 
Karaponi Okesene-Gafa, Maria Ji, 
John Thompson, Rennae Taylor, 
Tony Merriman, Lesley McCowan

Background/Aims
The A (minor) allele of 

CREBRF-rs373863828 has been 
associated with increased BMI 
but with reduced risk of type 
2 diabetes (T2D) in Māori and 
Pacifi c people. Given the shared 
aetiology of T2D and gestational 
diabetes mellitus (GDM), genetic 
variants predisposing T2D may 
also contribute to GDM risk. 
We tested for association of 
rs373863828 with GDM in 112 
Māori and Pacifi c (Polynesian) 
women with obesity recruited 
to the Healthy Mums and Babies 
(HUMBA) Trial. 

Methods
Ethnicity was self-reported 

based on grandparental 
ethnicity. GDM was defi ned 
by 75g oral glucose tolerance 
test (OGTT) at 24–28 weeks’ 
gestation using IADPSG criteria. 
Regression analysis was 
conducted in Māori and Pacifi c 
separately and association 
effects were combined using 
meta-analysis.

Results
Women had a mean (SD) 

baseline BMI of 39.2kg/m2 
(6.1). GDM was present in 35 
(31%). CREBRF-rs373863828 
was carried by 39 (35%) women 
(four minor homozygotes). 
Each allele was associated with 
a nearly eight-fold reduction 
in odds of GDM (adjOR=0.13 
[0.03, 0.53], P=0.004). 
CREBRF-rs373863828 tended to 
be associated with lower fasting 
(P=0.05) and two-hour (P=0.07) 

OGTT glucose concentration. 
Overall, CREBRF-rs373863828 
was not associated with 
pre-pregnancy BMI. 

Conclusions
CREBRF-rs373863828 is 

associated with a substantially 
reduced likelihood of GDM 
in Māori and Pacifi c women. 
CREBRF genotyping could 
improve clinical GDM risk 
stratifi cation of obese Māori and 
Pacifi c women.

Prolonged 
transitional neonatal 

hypoglycaemia: 
characterisation of a 

clinical syndrome 
Miranda Bailey, Allie Rout, 

Jane Harding, Jane Alsweiler, 
Wayne Cutfield, 

Christopher McKinlay
Background/Aims

Transitional neonatal hypo-
glycaemia is common and 
usually resolves within 48 
hours. However, some babies 
experience persistent hypogly-
caemia, which has not been well 
described. 

Methods
Cases were defi ned as: >35 

weeks; ≥1 hypoglycaemic 
episode <72h and ≥72h; 
treatment for ≥72h; excluded 
if congenital metabolic/
endocrine disorders, malfor-
mations, HIE, confi rmed sepsis. 
Hospital coding, laboratory 
and pharmacy databases were 
searched at two Auckland 
tertiary hospitals from 
January 2012 to December 
2016. Records (including 
childhood) of all babies ≥72 
hours old with ICD10-P70 codes 
(Transitory disorders of carbo-
hydrate metabolism), insulin 
measurement or diazoxide 
prescription were reviewed. 
Data were extracted onto 
pre-specifi ed forms. 

Results
From 471 records screened, 

39 met the case defi nition. Most 
were male (72%, 28), Pacifi c 
(49%, 19) or Māori (18%, 7), 
small for gestational age (62%, 
24) and born by emergency 
caesarean (59%, 23); only 5% 
(2) were large for gestational 
age. Median (IQR) birthweight 
z-score was -1.46 (-1.81, -0.97). 

Maternal diabetes was present 
in 18% (7), but no mother had 
a previous affected baby. In 
82% (32), severe hypoglycaemia 
(<2mM) occurred within 6h of 
birth. Cases required signifi cant 
intervention, including: central 
lines (56%, 22), continuous 
feeding (26%, 10), medications 
for hypoglycaemia (18%, 7), 
formula feeds (85%, 33) and 
respiratory support (46%, 18). 
Median (IQR) duration (days) 
were: admission 12 (10, 15), 
central line 5 (5, 8), intravenous 
fl uids 6 (5, 7), nasogastric 
feeding 9 (8, 14). Maximum 
glucose delivery rate was 10 
(5, 8) mg/kg/min. Median (IQR) 
insulin concentration was 9 (4, 
12) mU/L. Ketones were unde-
tectable in 17/21 (81%). Three of 
four babies with brain MRI had 
ischaemic/white matter changes. 

Conclusions
Growth restricted babies with 

early severe hypoglycaemia 
are at risk of delayed metabolic 
transition and may warrant 
adjunctive therapy. 

Survive & Thrive 
2025—a new strategic 

approach to the 
prevention of SUDI in 

Counties Manukau
Christine McIntosh
Background/Aims

On average 8 to 10 babies 
in Counties Manukau Health 
(CMH) area die of sudden 
unexpected death in infancy 
(SUDI) each year, and almost 
all babies are of Māori and/or 
Pacifi c ethnicity. The Safe Sleep 
Calculator (SSC) is a SUDI risk 
assessment tool developed and 
tested in primary care though 
local research. It calculates 
SUDI risk at individual level 
and generates personalised 
SUDI protection recommenda-
tions. The aim is to introduce 
systematic SUDI prevention in 
CMH using the SSC and provide 
SUDI prevention support specif-
ically to the whānau whose 
babies are at highest risk. 

Methods
A series of workshops and 

focus groups with providers 
and consumers has occurred to 
determine how the SSC should 
be used, and to develop a joined 
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up virtual community-of-care 
team to partner with families to 
achieve SUDI protection. 

Results
The SSC has been adapted to 

include care planning and basic 
referral management within 
the web-tool, to facilitate SUDI 
wrap around care. Testing of 
the new model of SUDI care and 
web-tool will start June 2019, 
prior to full roll-out over six 
months.

Conclusions
The Safe Sleep Calculator 

and associated care planning 
tool is an innovative new 
approach to achieve focused 
SUDI prevention care in CMH. 
Funding for the Safe Sleep 
Calculator from Cure Kids.

Very preterm infants 
(<31 weeks) undergoing 
delayed cord clamping 

(DCC) a three-
year experience

E Nevill, MP Meyer 
Background/Aims

Over a three-year period 
(n=192) potential ABC study 
participants have been assessed 
and (n=71) randomised. This 
presentation will describe 
infant characteristics, assessed 
to date, and report on reasons 
for non-recruitment. Neonatal 
outcome comparisons will be 
drawn between breathing and 
non-breathing infants who did 
and did not receive DCC.

Methods
ABC participant outcomes 

(blinded cohort) were compared 
to spontaneously breathing 
infants (n=67). A second 
comparison was made with 
infants (n=32) who did not 
breathe and received no DCC. 
Non-parametric data was 
analysed using Mann–Whitey 
U, categorical variables were 
compared using Pearson 
chi-square (IBM SPSS). 

Results
Overall, 40% of the infants 

observed breathed regularly 
at 15 seconds of age. Infants 
who did not breathe at birth 
and received no DCC were 
more likely to need intubation 
(p=0.001) and had signifi cantly 
higher mortality rates (p=0.03) 
compared to spontaneously 
breathing infants who received 

DCC. ABC study participant 
outcomes were comparable to 
spontaneously breathing infants 
who received DCC. 

Conclusions
The provision of breathing 

support during DCC is safe and 
feasible. Infants who did not 
breathe at birth and did not 
receive DCC had signifi cantly 
worse outcomes. 

Closing the 
GAP-improving 

detection of fetal 
growth restriction at 

Counties Manukau
Joyce Cowan

Background/Aims
The Growth Assessment 

Protocol (GAP), which includes 
education on risk selection 
for SGA, use of customised 
antenatal growth charts, and 
auditing of SGA detection, is 
being implemented nation-wide 
in New Zealand. GAP has 
already led to improvement 
in detection of SGA and in 
2018, the programme received 
funding for a co-ordinated 
national roll-out. Counties 
Manukau Health was one of 
the fi rst New Zealand DHBs to 
implement GAP in 2016. 

Methods
SGA (defi ned as birth weight 

<10th customised centile) 
detection was compared pre- 
and post-implementation of 
GAP for a sample of singleton, 
non-anomalous babies (n=1,105 
vs 1,080). Results were adjusted 
for maternal age, depri-
vation, smoking, ethnicity and 
gestation.

Results
Antenatal detection of SGA 

increased from 22.9% to 57.9% 
following the introduction of 
GAP (OR 4.84, 95% CI 2.85–8.21, 
p=<0.0001). Induction of labour 
and caesarean section increased 
during the intervention period 
but was not more pronounced 
in SGA pregnancies. Among 
SGA babies who were identifi ed 
there was a trend to reduced 
prolonged NNU admission.

Conclusions
Implementation of GAP in 

this multi-ethnic population 
with high obesity was asso-
ciated with a four-fold increase 
in likelihood of SGA detection 

without increasing obstetric 
intervention for SGA. Among 
SGA babies who were identifi ed 
antenatally there was a trend 
to reduced prolonged neonatal 
unit admission. It appears that 
GAP is a safe tool for increasing 
detection of SGA and suitable 
for an ethnically diverse 
population.

A comparison 
of glistenings in 

blue light-fi ltering 
chromophore and 
non-chromophore 
intraocular lenses

Anmar Abdul-Rahman
Background/Aims

To evaluate the incidence 
and severity of glistenings in 
intraocular lenses (IOLs) with 
and without light-fi ltering 
chromophore.

Methods
A cross-sectional analysis of 

301 IOLs in 178 consecutive 
patients included MA30BA 
(n=17), SA60AT (n=74), SN60AT 
(n=57) and SN60WF (n=153) 
lenses with time in situ up to 20 
years. Glistenings density was 
graded at the slit-lamp.

Results
Glistenings were detected 

in 56.5% of IOLs. Median 
implantation duration was 
5.6 years. The difference in 
incidence of glistenings was 
65.7% and 35.2% for the IOLs 
with and without chromo-
phore respectively. Ordinal 
logistic regression showed 
that the probability of grade 1 
glistenings was higher in the 
non-chromophore than chromo-
phore IOLs (60%). In contrast, 
higher glistenings scores, 
particularly grade 2, occurred 
with an increased probability 
in chromophore than non-chro-
mophore IOLs (40% vs 20%) 
and for grade 3 and 4 glis-
tenings 5% vs 2%. Three level 
hierarchical generalised linear 
mixed effects modelling with 
randomised intercepts had 
a total explanatory power of 
95.7%, in which implantation 
duration explained 10.4% of 
the variance. Both models 
suggested increased glistenings 
formation over time for chro-
mophore IOLs.
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Conclusions
Light-fi ltering chromophore 

IOLs demonstrated a statis-
tically signifi cantly higher 
presence and density of glis-
tenings than clear IOLs, which 
was positively correlated with 
implantation time.

Fourier waveform 
amplitude distribution 

in the retinal 
vascular system

Anmar Abdul-Rahman
Background/Aims

To describe the Fourier 
amplitude distribution in the 
retinal vessels. 

Methods
Sixteen patients underwent 

modifi ed retinal photo-plethys-
mography. Generated pulsation 
amplitude values calculated 
using Fourier analysis. A gener-
alised linear mixed effects 
model was used to analyse 
the correlations of both the 
composite Fourier amplitude 
and individual cosine (an1,2) 
and sine (bn1,2) coeffi  cients of 
the fi rst two harmonics with 
both distance along the vessel 
and ophthalmodynamometric 
force (ODF).

Results
A total of 36,619 data points 

were sampled, median Fourier 
amplitude in the venous system 
was 5.11 (range = 0.16–56.6), 
compared to the arterial system 
3.36 (range = 0.20–28.54). 

Interaction of distance along 
the vessel and ODF showed 
that there was an increasing 
negative correlation of the 
logarithmically transformed 
Fourier amplitude with distance 
on increasing ODF in the venous 
system with steepening of the 
regression slope (-0.0018±0.004 
p=0.0001). This correlation 
was sustained for the fi rst and 
second harmonic coeffi  cients 
with distance (p<0.0001-0.007) 
except for bn2 coeffi  cient. In 
contrast only the an1 coeffi  cient 
demonstrated a statistically 
signifi cant positive correlation 
with ODF (p<0.01) for both 
retinal vascular systems.

Conclusions
Quantifi cation of the retinal 

vascular pulse amplitude and 
describing its attenuation 
characteristics may have 

implications in distinguishing 
vascular parameters particu-
larly vessel compliance.

Normal serum 
C-reactive protein 
native joint septic 
arthritis in adults

Katherine Given, Stephen McBride, 
Jessica Mowbray, William Caughey, 

Edbert Wong, Christopher Luey, 
Ahsan Siddiqui, Zanazir Alexander, 

Veronica Playle, Tim Askelund, 
Christopher Hopkins, Norman Quek, 

Katie Ross, Robert Orec, 
Dinshaw Mistry, Christin 

Coomarasamy, David Holland
Background/Aims 

Assessment of infl ammatory 
monoarthritis routinely 
includes measurement of serum 
C-reactive protein (CRP) when 
a diagnosis of native joint 
septic arthritis (NJSA) is being 
considered. 

Methods
We assessed initial CRP in 

patients from a large single 
centre retrospective cohort 
study of 543 episodes of NJSA 
from 2009–2014.1 NJSA episodes 
with normal initial CRP 
(≤5mmol/L) were compared to 
cases with elevated CRP. 

Results
10.3% (56/543) of episodes of 

NJSA had a normal initial CRP; 
48/250 small joint NJSA (SNJSA) 
and 8/302 large joint NJSA 
(LNJSA) (p≤0.0001). Newman’s 
Criteria positive cases and 
microbiologically-proven 
cases were also studied, with 
similar statistically signifi cant 
differences. Normal CRP was 
statistically signifi cantly asso-
ciated with lower Charlson 
Comorbidity Index score 
(proportion >0 in normal CRP 
3.6% vs elevated CRP 26.1%, 
p≤0.0001). 

Normal CRP was strongly 
associated with shorter mean 
hospital length of stay (normal 
CRP 7.03 days vs elevated CRP 
15.11 days, p≤ 0.0001); however, 
no statistically signifi cant differ-
ences were found for other 
outcomes studied. 

Conclusions
In our study, NJSA was asso-

ciated with normal initial CRP 
levels in 10.3% of cases. Normal 
CRP NJSA is more common in 
small joint NJSA, and is asso-

ciated with a shorter length 
of hospital stay and lower 
Charlson Comorbidity Index 
score. A normal CRP cannot be 
used to exclude small or large 
native joint septic arthritis.

References
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Caughey W, Wong E, Luey C, 
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management and outcomes 
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Reliability of 
Survival Prediction 
Scoring System in 
Kidney Transplant 

Recipients in NZ
Hari Talreja, Angela Jackson

Background/Aims
In New Zealand, an algo-

rithm derived from USRDS data 
is used to estimate survival 
probability for potential kidney 
transplant recipients. This 
study assessed the accuracy of 
survival predictions derived 
from the algorithm applied 
retrospectively to a cohort of 
deceased donor kidney trans-
plant recipients (DDKTR) 
between 1 January 2002 and 31 
December 2012; from two New 
Zealand centres (Canterbury, 
CDHB and Counties Manukau 
Health, CMH).

Methods

All DDKTR during the study 
period were included. Risk 
assessments using the algo-
rithm were performed ret-
rospecti vely using prospec-
ti vely collected predictor 
data at ti me of transplant. 
Pati ents were followed 
fi ve years post-transplant. 
The outcome of all-cause 
mortality irrespecti ve of 
transplant functi on was 
captured. 

Results
One hundred and forty-one 

recipients were included, 
80 CMH and 61 CDHB. More 
CMH patients had a predicted 
survival >80% (89% vs 72%, 
p=0.02). There were 14 deaths 
by fi ve years (9.9%). A higher 
proportion of CMH patients 
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were alive at fi ve years (95% vs 
84%, p 0.04).

Of the 26 patients with 
survival probability < 80%, 13 
had died at fi ve years (50%). 
In comparison, only one of 115 
patients with a survival prob-
ability >80% had died at fi ve 
years (p<0.0001). For every 10% 
increase in predicted risk, the 
actual mortality increased by 
2.6 (95% CI 1.01–6.57, p=0.04).

Conclusions
A probability of survival 

of less than 80% at fi ve years 
after transplant was associated 
with poor survival post-trans-
plant in a New Zealand cohort. 
Risk stratifi cation using this 
algorithm is a valid way of esti-
mating post-transplant survival.

Living kidney donor 
conversion rates – a 
single centre study
Angela Jackson, Hari Talreja

Background/Aims
Living kidney transplant 

(LKT) is the preferred treatment 
for patients with end-stage 
kidney disease (ESKD). 
However, the rates of LKT 
remain low in New Zealand, 
especially when observing this 
within poorer socioeconomic 
patient populations. In recent 
years, there have been efforts to 
improve LKT in these popula-
tions. However, there has been 
limited analysis of the donor 
conversion rates (percentage of 
eligible donors who successfully 
donated to number of offers), 
presence of any ethnic dispar-
ities and factors associated with 
successful donation, which was 
the aim of this study.

Methods
The sample consisted of all 

persons who expressed their 
interest for kidney donation to 
the Renal Transplant team at 
Counties Manukau Health from 
1 January 2012 to 31 December 
2017.

Along with baseline demo-
graphic data, date points 
were then captured across the 
patient journey through the 
assessment process from a 
timeline perspective. Outcomes 
for donation for each individual 
were determined. 

Results
Total sample consisted of 

350 subjects. Overall, donor 
conversion rate was 16.9%. 
Logistic regression did not 
show any ethnic difference in 
successful donor conversion. 
More than one donor offer and 
dialysis status of the recipient 
were statistically signifi cant in 
the multivariate model. BMI 
was excluded in the fi nal model 
given missing data.

Conclusions
Preliminary analysis suggests 

that there was no difference in 
live kidney donor conversion 
rate across different ethnicities 
at CMH, though overall, it was 
still low at one in six offers. DCR 
was higher for recipients who 
were established on dialysis. 
Interestingly, more than one 
donor offers led to reduction 
in DCR.

Characterisation of 
aluminium release 

by the enfl ow® Fluid-
Warming System 

in crystalloids and 
blood products

David Choi
Background / Aims

Uncoated aluminium-heating 
plates for intravenous fl uid 
warming has been shown 
to produce high levels of 
aluminium with Sterofundin 
1/1E balanced salt solution.1 
However, the effect of using this 
device on other balanced salt 
solutions and blood products 
has not been studied. We 
performed a benchtop study to 
guide our local practice.

Methods
We obtained approval from 

the Counties Health Research 
Offi  ce. We tested normal saline, 
plasmalyte 148, Hartmann’s 
and Albumin 4%, expired 
packed RBC and FFP. We also 
ran baseline tests with distilled 
water and distilled water with 
an acetate buffer. Samples 
were collected in a BD Trace 
element (K2 EDTA) tube (BD 
Company, New Jersey, US) and 
sent urgently to LabPlus for 
processing. We determined 
the aluminium concentration 
by mass spectrometry utilising 
a PlasmaQuant Mass Spec-
trometer (Analytik Jena AG, 
Germany). 

Results

We observed high aluminium 
concentration in the infusate 
when using the enFlow® 
warmer with balanced 
crystalloid solutions. Peak 
aluminium concentration with 
Plasmalyte running at 2mls.
min-1 was 6,028μg.l-1; higher 
fl ow rates (16.6mls.min-1 or 
1,000mls.hr-1) resulted in a 
lower peak concentration 
of 658μg.l-1. In comparison, 
normal saline at 2mls.min-1 had 
peak aluminium concentration 
of 97.2μg.l-1. We observed 
low levels of aluminium in 
distilled water, distilled water 
with acetate buffer (pH 5.84), 
Albumin 4%, packed red blood 
cells and fresh frozen plasma.

Conclusions
We observed high concen-

trations of aluminium when 
using balanced salt solutions 
with enFlow®. Normal saline 
and blood products had a lower 
aluminium concentration, the 
exact mechanism is yet to be 
elucidated. 
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The impact of changing 
patterns of regional 

anaesthesia use 
following rib fracture: 
a retrospective review

Elizabeth Dunn, Suhyun (Mikey) Kim, 
Kevin Henshall, Andrew Cameron, 

Nicholas Lightfoot
Background/Aims

Rib fractures (RF) are 
common sequelae of trauma, 
which can lead to serious 
morbidity. Although regional 
anaesthesia (RA) can decrease 
pain, its benefi ts in reducing 
adverse outcomes are less clear. 
The purpose of this study is to 
assess the impact of RA utili-
sation on patient outcomes. 

Methods
Middlemore Hospital trauma 

database and radiology reports 
were queried to identify 
patients with RF between 
2014–2015 and 2017. To assess 
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the impact of RA use, propensity 
score matching was used to 
obtain two groups of patients 
referred to the Pain Service 
matched by age, number of rib 
fractures and Charlson score. 
One group received RA, whereas 
the second group did not. The 
outcomes of interest were 
length of stay (LOS), critical care 
use and mortality at 90 days.

Results
Between the two periods, 

2014–2015 and 2017, we iden-
tifi ed 559 patients with RF. 
The median age was greater 
(52.0 vs 63.8 years, p<0.001) 
in the second period. Referral 
to the acute pain service (APS) 
increased (47.4% vs 66.2%, 
p<0.001) between the two 
periods. 

Propensity score matching 
was used to identify 70 patients 
who received RA with the same 
number who did not. There was 
no difference in LOS (8.0 (8.5) vs 
10.0 (8.7) days p=0.06), critical 
care admission (24.3% vs 35.7%, 
p=0.20) or 90-day mortality 
(6.0% vs 5.0%, p=1.00).

Conclusions
On propensity score 

matching, RA use leads to 
insignifi cant changes in hard 
outcomes but is likely associated 
with improved analgesia. 

Exploring emergency 
department nurses’ 

perspectives on 
caring for women 

who miscarry in the 
emergency department

Rebekah Mitchell, Kim Ward
Background/Aims

International studies have 
shown that some women who 
miscarry in the emergency 
department (ED) have reported 
unsatisfactory experiences 
as a result of the ED envi-
ronment and health providers’ 
attitudes. ED nurses are the 
health professionals who 
most frequently interact with 
miscarrying women. Therefore, 
their perspectives on caring 
for miscarrying women are 
important to understand 
how poor experiences can be 
improved. Few studies have 

examined the perspectives 
of ED nurses’ on caring for 
women that miscarry. Under-
standing ED nurses’ experiences 
and perspectives will support 
further education and training 
for ED nurses to ensure 
better outcomes for women 
who miscarry in the ED. The 
objective was to explore the 
perspectives of ED nurses’ who 
care for women that miscarry 
in the ED.

Methods
Semi-structured interviews 

with 10 registered nurses 
working at a large ED in 
Auckland, New Zealand. Using 
the general inductive approach 
data was thematically analysed 
to produce a narrative of ED 
nurses’ experiences of caring 
for women who miscarry.

Results
1) ED is not the right place 

for the miscarrying patient, 
2) ED nurses are emotionally 
challenged when caring for 
miscarrying women, and 3) 
caring for a woman who is 
miscarrying raises confl icting 
emotions in the ED nurse.

Conclusions
This study explains why ED 

nurses are emotionally affected 
by miscarriage and identifi es 
that ED nurses do not consider 
themselves experts in caring 
for miscarriages despite having 
the most experience dealing 
with them. The fi ndings from 
this study corroborate previous 
international studies on this 
topic. Future research should 
test these fi ndings and explore 
this complex topic further. 

Lived experience of 
dementia in Indian 

families living in 
New Zealand

Rita Krishnamurthi, Sarah Cullum
Background/Aims

Dementia services in New 
Zealand tend to be designed 
for English-speaking people of 
European origin. However, the 
greatest increase in dementia 
incidence over the next 20 years 
will be seen in the Asian popu-
lation. The aim of our project is 
to describe the lived experience 

of dementia in Indian families 
living in New Zealand.

Methods
Semi-structured inter-

views were conducted in the 
community in English, and 
Hindi by bilingual bicultural 
researchers. Participants were 
recruited through CMDHB 
memory service. To gain a 
broad perspective we inter-
viewed: people with mild 
dementia who are able to 
share their experiences; family 
members of people with mild 
dementia; and caregivers 
of people with more severe 
dementia.

Results
Fifteen participants were 

interviewed. Results will be 
presented under the three main 
themes:

1. the Indian cultural 
understanding of 
dementia

2. the dementia journey, 
from fi rst symptoms to 
diagnosis and post diag-
nostic support 

3. what is needed in terms 
of culturally appropriate 
services for dementia. 

Conclusions
Dementia is defi nitely an 

“issue” in this community. 
Challenges include lack of 
knowledge, understanding of 
the diagnosis, stigma, leading to 
low access to services. Unmet 
needs included advocacy, cost 
barriers for legal issues, carer 
support and training.

Predictors of mortality 
in people diagnosed 

with dementia in 
CMDHB memory service

Sarah Cullum, Chris Varghese, 
Christin Coomarasamy

Background/Aims
As the global population 

ages, the burden of dementia 
is expected to rise across all 
cultures around the world. The 
aim of this study is to inves-
tigate the sociodemographic 
and clinical characteristics that 
predict mortality in dementia in 
a New Zealand memory service 
population in South Auckland.
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Methods
This cohort study used 

routinely collected clinical data 
gathered by CMDHB Memory 
Service at Middlemore Hospital 
between 2013 and 2017. 
Survival analysis was carried 
out using Cox regression models 
to determine signifi cant risk 
factors and their associations 
with mortality outcome.

Results
Comparison by ethnic group 

showed that New Zealand Euro-
peans were on average older 
compared to Māori and Pacifi c 
Islanders, and were more likely 
to be living alone. As might be 
expected, age and more severe 
cognitive impairment were 
associated with increased risk of 
mortality. Cholinesterase inhib-
itors appear to be protective (HR 
0.54, 95% CI: 0.34, 0.86, p=0.01). 
Pacifi c Islanders presented at 
a later stage of dementia, but 
surprisingly appeared to be at 
reduced risk of mortality (even 
after adjustment for age).

Conclusions
These data will help us to 

understand differences in 
mortality outcomes in people 
with dementia. We aim to 
explore the fi nding that Pacifi c 
Island ethnicity reduces risk of 

mortality in more depth.

Pacifi c youth follow-
up after a suicide 

attempt presentation 
to the emergency 

department in Counties 
Manukau Health

Moefilifilia Aoelua
Background

Internationally, suicide is 
one of the 20 leading causes 
of death. In New Zealand the 
highest rates of suicide are in 
the 15–24 years age group. In 
New Zealand, Pacifi c people 
have higher rates of suicidal 
ideation, suicidal plans and 
suicide attempts than all other 
ethnic groups. 

Aim
To identify what follow-up is 

needed for Pacifi c youth who 
present to Middlemore (MMH) 
Emergency Department (ED) 
at Counties Manukau Health 
(CMH) after a suicide attempt. 

Methods
It used a mixed methods 

approach. Phase one was an 
audit of all Pacifi c people 15–24 
years who presented after a 
suicide attempt to MMH ED 
during a one-year period (1 

January–31 December 2016). 
Phase two used semi-struc-
tured interviews to explore the 
perspectives of mental health 
professionals on follow-up for 
Pacifi c youth. 

Findings
The audit found that 70 

Pacifi c youth attempted suicide 
in this one-year period. The 
most used method was self-poi-
soning; the most reported 
reasons for attempting suicide 
were related to relationships 
stressors with families and 
others. All youth were referred 
to either primary healthcare 
(11%) or community mental 
health services (MHS) (89%). 
The three themes that were 
developed from qualitative data 
analysis were ‘intervening’, 
‘engaging’ and ‘referrals and 
recommendations’. 

Conclusions
These fi ndings suggest that 

there are increasing numbers 
of Pacifi c youth presenting 
to Auckland EDs following 
a suicide attempt. Many 
are young people in school. 
Programmes and services are 
needed in schools and primary 
care to equip young people 
to manage their emotional 
distress and to provide early 
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