
Vol 132 | No 1501 | 30 August 2019
Journal of the New Zealand Medical AssociationJournal of the New Zealand Medical Association

The cost of electric-scooter related orthopaedic surgery

The future of health 
research in New Zealand: 

a thought experiment

Decriminalisation of abortion in 
New Zealand and Australia

Health effects of 
radiofrequency 
electromagnetic energy

Music as a risk factor for 
primary spontaneous 
pneumothorax

A six-year review of patients 
admitted to hospital with injuries 
related to quad bike use



2 NZMJ 30 August 2019, Vol 132 No 1501
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journalwww.nzma.org.nz/journal

NZMJ Editor
Professor Frank Frizelle

NZMJ Production Editor
Rory Stewart

NZMA Chair
Dr Kate Baddock

NZMA Communications Manager
Diana Wolken

Subscription to the New Zealand Medical Journal is free and automatic to NZMA members.
Private subscription is available to institutions, to people who are not medical practitioners, 

and to medical practitioners who live outside New Zealand. Subscription rates are below.
All access to the NZMJ is by login and password, but IP access is available to some subscribers. 

Read our Conditions of access for subscribers for further information
www.nzma.org.nz/journal/subscribe/conditions-of-access

If you are a member or a subscriber and have not yet received your login and password, or 
wish to receive email alerts, please email: julie@nzma.org.nz 

The NZMA also publishes the NZMJ Digest. This online magazine is sent out to members and 
subscribers 10 times a year and contains selected material from the NZMJ, along with all 

obituaries, summaries of all articles, and other NZMA and health sector news 
and information. 

Subscription rates for 2019
New Zealand subscription rates  Overseas subscription rates
Individuals*   $317    Individual   $442
Institutions  $549    Institutions  $591
Individual article $30    Individual article $30 

*NZ individual subscribers must not be doctors (access is via NZMA Membership)
New Zealand rates include GST. No GST is included in international rates.

Note, subscription for part of a year is available at pro rata rates. 
Please email julie@nzma.org.nz for more information.

Individual articles are available for purchase by emailing nzmj@nzma.org.nz

Publication Information
published by the New Zealand Medical Association

To subscribe to the NZMJ, email
julie@nzma.org.nz

Other enquiries to:
NZMA
PO Box 156
The Terrace
Wellington 6140
Phone: (04) 472 4741

To contribute to the NZMJ, fi rst read: 
www.nzma.org.nz/journal/contribute

© NZMA 2019



3 NZMJ 30 August 2019, Vol 132 No 1501
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

EDITORIAL

8
The future of health research 

in New Zealand: a thought 
experiment

Kath McPherson

ARTICLES

10
The role of professional 

supervision for palliative care 
doctors in New Zealand: a 

quantitative survey of attitudes 
and experiences

Debbie Barham, Wayne de Beer, 
Helen Clark

21
Outpatient parenteral 

antimicrobial therapy (OPAT) in 
Christchurch: 18 years on

Steven T Chambers, Ari Basevi, Kate 
Gallagher, Amanda Carswell-Moyna, 

Heather Isenman, Alan Pithie, 
Simon Dalton, Sarah CL Metcalf 

33
A six-year review of patients 

admitted to hospital with injuries 
related to quad bike use
Janet Amey, Grant Christey

41
Is hook diathermy safe to dissect 
the mesoappendix in paediatric 
patients? A 10-year experience

Jenni Perrin, Philip Morreau, 
Vipul Upadhyay

48
Faecal biomarkers do not always 
identify pre-cancerous lesions in 
patients who present in primary 

care with bowel symptoms 
Jacqueline Keenan, Alan Aitchison, 

Jacquie Leaman, John Pearson, 
Frank Frizelle

57
The cost of electric-scooter related 

orthopaedic surgery
Jacob Munro, Paul Monk, Alex Campbell, 

Nicole Wong, Zaid Bahho

VIEWPOINTS

64
Health effects of radiofrequency 

electromagnetic energy
Mark Elwood, Andrew W Wood

73
Expediting cataract surgery in 

New Zealand is cost-effective for 
falls prevention and improving 

vision—so what might be the next 
steps?

Matt Boyd, Adeline Kho, Nick Wilson, 
Graham Wilson

79
In� uences and policies that 

affect immunisation coverage—a 
summary review of literature

Mary Nowlan, Esther Willing, 
Nikki Turner 

CONTENTS



4 NZMJ 30 August 2019, Vol 132 No 1501
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

CLINICAL CORRESPONDENCE

89
Music as a risk factor for primary 

spontaneous pneumothorax
Kate Grant, Lutz Beckert

LETTERS

92
Abortion rights involve three 

parties, not two
Peter Dodwell

93
Decriminalisation of abortion in 

New Zealand and Australia
Brooke R Johnson Jr, Wendy V Norman, 

Louise Keogh, Sally Sheldon 

METHUSELAH

96
Psychosis with methylphenidate 
or amphetamine in patients with 

ADHD

100 YEARS AGO

97
The Senile Heart 

By A. B. JAMESON, M.Sc. 

CONTENTS



5 NZMJ 30 August 2019, Vol 132 No 1501
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

The role of professional supervision for palliative care 
doctors in New Zealand: a quantitative survey of attitudes and 

experiences
Debbie Barham, Wayne de Beer, Helen Clark

Professional supervision may be defi ned as a collaborative relationship that promotes 
refl ection on contextualised work-related issues for the benefi t of ongoing learning and devel-
opment and improved professional practice. A survey exploring attitudes to and experiences 
of professional supervision was conducted among doctors working in palliative care in New 
Zealand. Our survey results showed professional supervision was felt to be important both 
personally and professionally for enhancing clinical functioning and supporting doctors’ 
well-being, and palliative medicine doctors may be in a position to highlight these benefi ts for 
the wider medical community. 

Outpatient parenteral antimicrobial therapy (OPAT) in 
Christchurch: 18 years on

Steven T Chambers, Ari Basevi, Kate Gallagher, Amanda Carswell-Moyna, 
Heather Isenman, Alan Pithie, Simon Dalton, Sarah CL Metcalf 

Outpatient parenteral antimicrobial therapy (OPAT) has become an established option for 
management infections requiring intravenous therapy and is now being used to manage more 
severe and complicated cases than when started 18 years ago. Demand has increased more 
than two and a half times. This has been managed by increased collaboration with district 
health nurses and virtual clinics to ensure patients were safe. Despite this some patients still 
need to be readmitted to hospital while on treatment and we need to more about why this 
happens. 

A six-year review of patients admitted to hospital with injuries 
related to quad bike use

Janet Amey, Grant Christey
Despite continued public debate and education on the safe use of quad bikes, injuries severe 
enough to require hospitalisation continue to occur. Children continue to be injured, both as 
riders and passengers. Ageing farmers are a developing area for concern. While workplace 
safety garners most of the safety attention, two other areas also deserve injury prevention 
consideration; injuries that occur on-farm but not during farming activities and those 
occurring off-farm to recreational riders.

Is hook diathermy safe to dissect the mesoappendix in 
paediatric patients? A 10-year experience

Jenni Perrin, Philip Morreau, Vipul Upadhyay
Laparoscopic or keyhole surgery to remove the appendix in children is one of the most 
commonly performed emergency surgeries at Starship Children’s Hospital. One of the 
methods of isolating and dissecting out the appendix is using a diathermy hook. By assessing 
the outcomes of 2,793 children under 15 years of age who had laparoscopic appendicectomy 
using hook diathermy alone, we have shown this to be a safe and effective method, with low 
rates of complications and conversion to open operation. 

SUMMARIES
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Faecal biomarkers do not always identify pre-cancerous lesions 
in patients who present in primary care with bowel symptoms 

Jacqueline Keenan, Alan Aitchison, Jacquie Leaman, John Pearson, Frank Frizelle
Bowel cancer is often asymptomatic in the early stages, meaning that many people present 
with advanced disease with resulting increased morbidity and mortality. When bowel cancer, 
however, is diagnosed at an early stage, it has a good prognosis, hence the desire to identify 
it early or better, before polyps become cancerous. The gold standard for early detection of 
pre-cancerous changes in the bowel is colonoscopy, where the polyps, the potential precursors 
of cancer, can be detected and removed. Colonoscopy, however, is not used as a population 
screening tool due to cost (risk)-benefi t.  Instead, doctors currently rely on the detection of 
faecal occult blood (FOB) in stool samples. This test is, however, not that sensitive or specifi c. 
This study looked at a new alterative biomarker; a tumour-derived protein marker (M2-PK). 
The study found that though this test (M2-Pk) was better than looking for occult blood in the 
stool, it also lacks the diagnostic accuracy to identify individuals who should be progressed 
for clinical follow-up.

The cost of electric-scooter related orthopaedic surgery
Jacob Munro, Paul Monk, Alex Campbell, Nicole Wong, Zaid Bahho

Electric scooters are a popular mode of transport for short-distance travel, particularly within 
the city. The orthopaedic department at Auckland City Hospital is seeing increasing numbers 
of injuries as a re-sult of their use that require operations. These injuries seen are often high-
energy sorts of injuries usually seen in motor-vehicle accidents or falls from great heights. 
These injuries are adding to waiting times for other acute operations and represent a signif-
icant period of recovery and time off work. 

Health effects of radiofrequency electromagnetic energy
Mark Elwood, Andrew W Wood

The issues of real or suspected health effects of radiofrequency fi elds, produced by cellphones, 
their base stations and many other devices, are complex and controversial. We believe that 
the most balanced and valid assessments are given by the extensive reports produced by 
reputable, multidisciplinary, expert groups, using established methods to assess all available 
published literature. These reports are freely available on websites. The scientifi c literature 
on these issues is enormous, particularly in animal and laboratory studies. Results claiming 
to show increased genetic damage or other biological effects are much more common in 
studies of low quality, whereas higher-quality studies predominantly show no signifi cant 
effects. While there are many reports which in isolation suggests effects, there is no consistent 
evidence supporting important health effects caused by low intensities of radiofrequencies 
similar to those experienced by the general population. New studies need to be assessed care-
fully and replicated where possible. 

SUMMARIES
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Expediting cataract surgery in New Zealand is cost-effective for 
falls prevention and improving vision—so what might be the 

next steps?
Matt Boyd, Adeline Kho, Nick Wilson, Graham Wilson

Older people with cataracts are at increased risk of falling, and this can lead to serious injury. 
A recently published modelling study shows that expediting cataract surgery can reduce falls, 
improve vision and is good value for money. This begs the question of what more New Zealand 
could do to increase throughput of cataract procedures. We argue that the New Zealand public 
health system should consider prioritising the reduction of waiting times for cataract surgery 
by expediting cataract surgery through changes to the current scoring system and increasing 
throughput with more cases on each surgical list. There may also be some potential for cost 
reductions through enhanced bulk purchase by DHBs from private sector providers.

In� uences and policies that affect immunisation coverage—a 
summary review of literature

Mary Nowlan, Esther Willing, Nikki Turner 
Almost everyone needs to be immunised for vaccines to work well and to prevent diseases 
from spreading. Parents are more likely to trust and accept vaccines when they can discuss 
their concerns early during pregnancy with a health professional. Good experiences, such as 
less pain and stress during vaccinations, help to maintain positive attitudes towards vaccines 
and healthcare throughout life. Compulsory vaccination can increase mistrust and penalise 
those already experiencing hardship and loss of trust. Positive recommendations and well-de-
signed immunisation programmes can help to reach high-level immunisation coverage 
without mandates.

SUMMARIES
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The future of health 
research in New Zealand: 

a thought experiment
Kath McPherson

If you were to try a thought experiment 
about the part health research could play 
in our health system, what would be the 

results? Mine would be that we have: 
• a research system that delivers the 

evidence clinicians and patients need 
to ensure people are offered optimal 
healthcare and treatment 

• a research system that contributes to 
attaining health equity for all New 
Zealanders

• a cohesive effort across government 
agencies that maximises the value-add 
of all investment in health research 

• infrastructure and expertise that 
enables equitable access to clinical 
trials across the country

• a health research system that 
produces dynamic information to 
target resources for outcomes (not 
outputs) and that reduces waste. 

None of these things as yet currently 
occurs, but each could be in our future. 
New Zealand has for the fi rst time a health 
research strategy (NZHRS),1 which calls on 
the Ministry of Health, Ministry of Business, 
Innovation and Employment (as our science 
ministry), the Health Research Council 
and other key players to work together to 
deliver better health research: research that 
makes a difference to all New Zealanders. 
We shouldn’t underestimate just how big an 
opportunity this is for a rethink of tradi-
tional models of investment in research, and 
indeed traditional models of research.

The fi rst step in the strategy has been 
work that the Health Research Council (HRC) 
has been leading to develop a prioritisation 
framework for health research in New 
Zealand. Consultation with people in the 
health system, researchers and community 
has informed the approach, and the 
framework is in its fi nal stages of refi nement. 

The resulting priorities aim to achieve one 
part of my thought experiment (convenient 
I hear you say), for government funds to be 
coordinated and add value to one another 
rather than be disparate (a conclusion of 
the Strategic Refresh of the Health Research 
Council2). The framework will be announced 
shortly and is already infl uencing thinking 
in the HRC, and our investment plan for 
the future (I have addressed some of the 
changes we are making elsewhere3).

I could write a long treatise on each wish 
in my thought experiment, but there is one 
statement that perhaps captures the mind 
shift that is crucial for all of them. It is a 
shift in thinking that many clinicians know, 
but some may have forgotten. A shift that 
arguably justifi es an additional point on 
district health board meeting agendas and, 
in view of the evidence, something that 
should be considered in every DHB strategic 
plan for hospital and primary care:

Patients have better health outcomes 
when their care is delivered in settings 
that are engaged in health research.

There is growing evidence that patients, 
the people we serve, do better where 
healthcare provision is undertaken in a 
context where research activity is occurring 
(we have compiled some of that evidence 
here4). They don’t even need to be involved 
in the research themselves. 

One recent report showed research 
conducted by the Australian Clinical Trial 
Networks (a number of New Zealand groups 
being linked with these) demonstrated an 
overall potential return on investment of 
$5.80 for each dollar invested, where a third 
of the benefi ts identifi ed arose from savings 
in direct health costs.5 Health research 
is a fundamental part of best care, best 
outcomes, shows good cost-effectiveness, 
and yet it still seems to be perceived as at 

EDITORIAL
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best an add-on, or to be the prerogative of a 
chosen few. 

Why is this? Well, its complex and the 
NZHRS has identifi ed that cross-government 
working (between the health system, the 
science system and the HRC plus other 
players) is central to changing this. This 
will take effort and new ways of working, 
but we should not miss the opportunity 
to strengthen our health system because 
we fail to take seriously the evidence that 
embedding research in our services gets 
better outcomes. Good research is also a 
cornerstone for addressing inequity, some-
thing the health system must address.

There are many other benefi ts that 
health research provides for New Zealand, 

including international reputation (our 
research and researchers being among 
the very best in the world), our work-
force (attracting the very best clinician 
researchers to, or back to New Zealand) and 
producing new knowledge that matters for 
our future. But it also has tangible benefi ts 
for healthcare and the health system.

Thought experiments can be just that—
thought. But the evidence justifi es action. 
Health services should be engaged in health 
research as a legitimate and necessary 
partner for best care, and optimal outcomes.

Kath has just stepped down as Chief Exec-
utive of the Health Research Council, the 
New Zealand government’s main agent for 
investing in health research. 
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The role of professional 
supervision for palliative 

care doctors in New Zealand: 
a quantitative survey of 

attitudes and experiences
Debbie Barham, Wayne de Beer, Helen Clark

Professional supervision (PS) is a 
practice growing in recognition and 
signifi cance, particularly within allied 

health fi elds, yet it is not well understood 
or utilised by medical doctors. Palliative 
medicine, because of its close association 
with allied professionals who undertake this 
as a matter of course, and regular exposure 
to complex emotional, psychosocial and 
spiritual situations, may be in a position to 
appreciate the benefi ts of PS and advocate 
for doctors’ participation.

The development of PS within social 
work over the last 120 years has arguably 
contributed the most to our understanding 
of its role within current practice.1,2 Many 
defi nitions of PS exist, and the recognition 

that there are multiple views, approaches 
and models means there is no uniformity 
with which we can talk about super-
vision.3 It may be seen as an intervention,4 
a working alliance,5 a method, 6 a process7–8 
and a professional activity.2,9,10 A helpful 
working defi nition from Hawkins and 
Shohet (p60) details supervision as:

“…a joint endeavour in which a practitioner 
with the help of a supervisor, attends to their 
clients, themselves as part of their client prac-
titioner relationships and the wider systemic 
context, and by so doing improves the quality 
of their work, transforms their client relation-
ships, continuously develops themselves, their 
practice and the wider profession.”11

ABSTRACT
AIM: Professional supervision (PS), a collaborative relationship that promotes reflection on contextualised 
work-related issues for the benefit of ongoing learning and development and improved professional 
practice, is not well understood in the medical context. This study aimed to explore the attitudes and 
experiences of PS among doctors working in palliative care in New Zealand.

METHOD: Eighty members of the Australia New Zealand Society of Palliative Medicine (ANZSPM) 
participated in a cross-sectional quantitative survey. 

RESULTS: Overall, PS was felt to be important, particularly by those currently participating in PS, for 
enhancing clinical functioning and supporting doctors’ wellbeing. Barriers to undertaking PS included 
finding a supervisor, lack of funding and time, with the most significant factor being whether the workplace 
supported PS. Supervisees’ responses showed PS to be a safe experience, addressing a wide range of 
issues, with a positive e� ect on personal coping. 

CONCLUSION: Despite identified barriers, New Zealand-based palliative care doctors reported PS to be 
important and beneficial both personally and professionally. Further consideration should include the 
impact of professional and organisational culture on uptake of PS, future research and acknowledgment 
that palliative medicine may be in a position to highlight the benefits of PS for the wider medical community. 

ARTICLE
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Although there are many models and defi -
nitions, the basic functions of supervision 
are more universally accepted. Initially 
described by Kadushin12 and supported 
by more recent literature,3,5,11 the main 
functions are seen as being educative or 
formative (skills, knowledge, competen-
cy-based), administrative or normative 
(managerial, ethical, control over quality), 
and supportive or restorative (renewing, 
valuing responses to experiences). 

Within medical contexts doctors typically 
experience formative and administrative 
aspects of supervision, often referred to as 
‘clinical supervision’. This is traditionally 
a hierarchical model of providing training 
or oversight, and focuses predominantly on 
knowledge and skill-acquisition. Clinical or 
educational supervision may be defi ned as 
“the provision of monitoring, guidance and 
feedback on matters of personal, profes-
sional and educational development in the 
context of the doctor’s care of patients”.9,10 
This often involves direct observation and 
constructive feedback, with the quality 
of patient care and safety key alongside 
trainees’ educational objectives.10 Some 
doctors may have an understanding of the 
benefi ts of refl ective practice, however this 
alone does not bring the objective refl exivity 
to fully explore issues, assumptions or inter-
pretations, which is a function of PS.13,14 

Mentoring is another avenue for personal 
learning and professional development, 
in which a senior, respected professional 
may guide a mentee through refl ection, 
though this again is hierarchical in nature.15 
PS, with its particular ability to objectively 
attend to normative or restorative aspects, 
values refl ection on the cognitive and 
emotional responses to experiences.2 It may 
be provided intra- or inter-professionally at 
all stages of career and experience, for the 
benefi t of ongoing learning and development 
and rewarding professional practice.2 

This study explored the attitudes to and 
experiences of professional supervision 
among doctors working in palliative care 
in New Zealand in order to guide whether 
further development in this area may be 
benefi cial within the wider medical context. 

Method
A cross-sectional quantitative survey 

was developed to obtain data refl ecting 
current attitudes towards and experiences 
of professional supervision. Ethics approval 
was sought via the Health and Disability 
Commission (HDEC) but was deemed by 
HDEC as not required. The survey was 
piloted in June 2018 with local palliative 
care doctors and reviewed by experienced 
researchers outside the specialty, for feasi-
bility, respondent burden, validity and 
reliability. Survey responses were assigned a 
numerical identifi er for evaluation purposes. 

A cohort of 133 eligible participants 
from the Aotearoa (New Zealand) branch 
of Australia and New Zealand Society of 
Palliative Medicine (ANZSPM), whose 
membership consists of medical practitioners 
working in the fi eld of palliative medicine, 
were invited to complete the survey. The 
survey was distributed in paper form on 
30 June 2018 at the ANZSPM Aotearoa 
conference in Wellington, New Zealand, 
and links to an online version were sent via 
invitation email from the ANZSPM Aotearoa 
database. The online version was open for 
one month, a reminder email sent after two 
weeks, and a survey link also published on 
the ANZSPM website members’ page for the 
duration. Efforts were made to minimise 
duplication by clear instructions in person 
and online regarding a single response, 
alongside review during data entry. 

Demographic information was gathered 
regarding participants and their workplace, 
with further descriptive data from those 
currently undertaking PS including the 
profession of their supervisor, frequency 
and funding of PS. Quantitative survey 
responses regarding attitudes and expe-
riences were obtained using a fi ve-point 
Likert scale (items scored 0–4, with 0 = 
‘strongly disagree’ and 4 = ‘strongly agree’. 
All data was analysed in SPSS version 24.16 
Due to non-normal distribution of data sets, 
non-parametric tests (chi-square, Mann-
Whitney U, Kruskal-Wallis) were used to 
analyse whether there were any statistically 
signifi cant differences between the groups.

ARTICLE
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Results
We received 80 responses (response rate 

60.2%), with 79 completed valid responses 
analysed. Thirty-seven surveys (46%) were 
completed in paper form, and 43 (54%) 
online. Thirty-six respondents (45.6%) were 

currently participating in PS, 35 completed 
the questions regarding current experience. 

Tables 1 and 2 outline demographic data, 
and descriptors regarding supervisors’ 
professions, frequency of PS and funding 
arrangements. Over two-thirds (67.5%) 
of respondents were female; and the 

Table 1: Demographics of survey respondents.

All participants
(n=80)

Receiving PS
(n=36)

Not receiving 
PS (n=42)

Demographic Value N % N % N %

Gender Male 26 32.5% 11 30.6% 15 35.7%

Female 54 67.5% 25 69.4% 27 64.3%

Ethnicity NZ Euro 43 54.4% 19 54.3% 23 54.8%

NZ Māori 1 1.3% 1 2.9% 0 0%

Asian 2 2.5% 1 2.9% 1 2.4%

Other Euro 20 25.3% 5 14.3% 14 33.3%

South African 3 3.8% 2 5.7% 1 2.4%

Other 10 12.7% 7 20.0% 3 7.1%

Place of 
medical 
training

New Zealand 30 38.0% 16 45.7% 13 31.0%

Australia 6 7.6% 2 5.7% 4 9.5%

UK 29 36.7% 9 25.7% 19 45.2%

US 5 6.3% 2 5.7% 3 7.1%

Other 9 11.4% 6 17.1% 3 7.1%

Decade of 
graduation

Pre-1980 11 15.5% 5 15.6% 6 16.2%

1980–1989 25 35.2% 11 34.4% 13 35.1%

1990–1999 18 25.4% 13 40.6% 4 10.8%

2000 onwards 17 23.9% 3 9.4% 14 37.8%

MCNZ 
registration

Provisional 1 1.3% 0 0% 1 2.4%

General 21 26.3% 8 22.2% 12 28.6%

Vocational 58 72.5% 28 77.8% 29 69.0%

Current role Palliative care specialist 42 52.5% 21 58.3% 20 47.6%

Palliative care trainee 10 12.5% 2 5.6% 8 19.0%

GP/medical o� icer 21 26.3% 9 25.0% 11 26.2%

Other specialist/other 7 8.8% 4 11.1% 3 7.1%

Location of 
work

Hospital only 14 17.7% 5 15.6% 6 16.2%

Hospice only 22 27.8% 11 34.4% 13 35.1%

Multiple sites 39 49.4% 13 40.6% 4 10.8%

Other 4 5.1% 3 9.4% 14 37.8%

ARTICLE
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majority (79.7%) identifi ed as either New 
Zealand European or Other European. Year 
of graduation was used as a measure of 
medical experience. Just over half (52.5%) 
of respondents were working as palliative 
care specialists, with 12.5% palliative care 
trainees, and 26.3% general practitioners 
or medical offi  cers. Gender and ethnicity 
closely match the eligible database demo-
graphics, however those working as 
general practitioners or medical offi  cers are 
under-represented among respondents. 

Attitudes towards professional 
supervision

Attitudes towards PS are summarised in 
Table 3. Only two people (2.6%) disagreed 
it was important to participate in PS, and 
75% agreed that it is an essential activity 
for professional development. The majority 
of respondents (78.5%) felt PS has or will 
enhance their clinical functioning as a palli-
ative care doctor. 

When comparing results between those 
currently participating in PS and those not, 
multiple items were statistically signifi cant 
(Table 4). In all cases, current PS participants 
rated these items signifi cantly higher.

Subgroup analysis showed statistically 
signifi cant differences when current partic-
ipation in PS, role, or location of work were 
taken into account. Those currently partic-
ipating in PS were more likely to have a 
workplace who advocated for PS (U=439.0, 
p=.001), while trainees were much less 
likely to report workplace advocacy for PS 
(H(2)=7.281, p=.026). Those working only 
in a hospital setting were also much less 
likely to have their workplace advocate for 
PS (H(2)=12.679, p=.002) and more likely 
to identify lack of funding as a barrier 
(H(2)=6.639, p=.036). Although more expe-
rienced doctors felt it was easier to fi nd a 
supervisor (H(3)=8.436, p=.038), they were 
less likely to be currently participating in 

Table 2: Experience of professional supervision: descriptive data from current participants.

All participants (n=35)

Demographic Value N %

Supervisor’s profession Counsellor 10 29.4%

Psychologist 17 50.0%

Psychotherapist 4 11.8%

Social worker 1 2.9%

Palliative care specialist 0 0%

General practitioner 0 0%

Other 2 5.9%

No answer provided 1 2.9%

Frequency of PS Quarterly or less 4 11.4%

Less than monthly but more than quarterly 7 20.0%

Monthly 23 65.7%

Fortnightly 1 2.9%

Weekly 0 0%

Funding for PS Self 6 17.1%

Hospice 22 62.9%

Hospital/DHB
(specified used CME)

7
(4)

20.0%

Other employer 0 0%
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PS than mid-career doctors, while the most 
recent graduates were even less likely to 
participate (H(3)=10.560, p=.014).

Signifi cant positive correlations were 
found between those who intend to partic-
ipate in PS in the future and those who 
believe PS has or will enhance their clinical 
functioning (rs=.779, p<.001); as well as 
between the respondents who intend to 

participate in PS in the future and those 
whose workplace advocates for PS (rs=.293, 
p=.009). Similarly, those who undertake 
PS regularly and having the workplace 
advocate for PS was signifi cantly correlated 
(rs=.359, p=.001). There were no signifi cant 
correlations between current participation 
or future intention to participate and each of 
the other barriers to uptake of PS. 

Table 3: Attitudes to professional supervision: all responses.

# 
valid

Mean 
(±SD)

% 
Strongly 
disagree 
(0)

% 
Slightly 
disagree 
(1)

% 
Neither 
agree 
nor 
disagree 
(2)

% 
Slightly 
agree 
(3)

% 
Strongly 
agree (4)

1. I undertake PS on a 
regular basis

79 1.84 
(±1.79)

40.5 12.7 3.8 8.9 34.2

2. I intend to participate in 
PS in the future

79 3.20 
(±1.03)

2.5 2.5 21.5 19.0 54.4

3. I believe it is important to 
undertake PS

79 3.37 
(±0.88)

1.3 1.3 15.2 24.1 58.2

4. PS is an essential 
activity for professional 
development

79 3.04 
(±1.13)

5.1 5.1 15.2 30.4 44.3

5. I believe that PS has or 
will enhance my clinical 
functioning in my role as a 
palliative care doctor

79 3.19 
(±1.12)

5.1 3.8 12.7 24.1 54.4

6. Lack of time is a barrier to 
undertaking PS

79 2.43 
(±1.36)

15.2 12.7 6.3 45.6 20.3

7. Lack of funding is a barrier 
to undertaking PS

79 2.01 
(±1.59)

30.4 10.1 10.1 26.6 22.8

8. It is easy to find a 
supervisor for PS

79 1.68 
(±1.32)

22.8 27.8 17.7 21.5 10.1

9. My workplace advocates 
for PS

79 2.62 
(±1.39)

12.7 10.1 15.2 26.6 35.4

10. My workload in my 
present palliative care role 
is fine

78 2.38 
(±1.38)

12.8 16.7 16.7 26.9 26.9

11. I get a lot of enjoyment 
from my present role in 
palliative care

78 3.40 
(±0.94)

1.3 5.1 9.0 21.8 62.8
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Experiences of professional 
supervision

Most PS participants self-selected their 
supervisor, and met on an individual basis, 
with just over half (54%) meeting outside 
work hours (Table 5). Participants indicated 
they were unlikely to spend the majority 
of PS time focusing on clinical cases, were 
very likely to address personal wellbeing 
and relationships with colleagues or peers, 
and also addressed ethical concerns and 
organisational issues. Among current partic-
ipants, PS was strongly rated (91%) to have 
a positive effect on a doctor’s coping ability 
in their current palliative care role, and 89% 
strongly agreed that they felt emotionally 
safe while undertaking PS, with no respon-
dents feeling unsafe. 

Positive correlations were found between 
the attitudes and experiences survey items. 
An experience of a positive effect on coping 
ability was signifi cantly correlated with 
the belief that it is important to undertake 
PS (rs=.352, p=.038). Similarly, a positive 
correlation was found between those who 
believe PS has or will enhance their clinical 
functioning, and experience of a positive 
effect on coping ability (rs=.513, p=.002). 
There were also positive correlations 

between the item PS is an essential profes-
sional development activity, and the items 
I believe that PS has, or will enhance my 
clinical functioning as a palliative care doctor 
(rs=.412, p=.014), and I feel emotionally safe 
while undertaking PS (rs=.434, p=.009). 

Discussion
Our fi ndings demonstrate that doctors 

working in palliative care in New Zealand 
have a positive attitude towards PS: they 
believe it to be important for professional 
development and will enhance their clinical 
functioning. These favourable attitudes are 
held more strongly among those currently 
participating in PS. 

Barriers to undertaking PS do exist, 
including fi nding a supervisor, lack of 
funding, lack of time and lack of workplace 
advocacy for PS. Our results found that the 
factor most signifi cantly contributing to 
participation is whether PS is advocated for 
in the workplace. Current experiences of 
PS show it to be safe and having a positive 
effect on coping. Participants tend to receive 
PS monthly, on an individual basis, with 
external supervisors from outside the 
medical profession. 

Table 4: Attitudes towards professional supervision: responses by current PS participants vs non-
participants.

Statement Professional supervision 
(mean response) 

Current PS 
(n=36)

No PS
 (n=42)

p

I undertake PS on a regular basis 3.47 0.43 <.001*

I intend to participate in PS in the future 3.89 2.60 <.001*

I believe it is important to undertake PS 3.83 2.95 <.001*

PS is an essential activity for professional development 3.61 2.55 <.001*

I believe that PS has, or will enhance my clinical functioning as a 
palliative care doctor

3.78 2.67 <.001*

Lack of time is a barrier to undertaking PS 2.08 2.70 .052

Lack of funding is a barrier to undertaking PS 1.72 2.24 .137

It is easy to find a supervisor for PS 1.83 1.55 .292

My workplace advocates for PS 3.17 2.14 .001*

My workload in my present palliative care role is fine 2.19 2.56 .276

I get a lot of enjoyment from my present role in palliative care 3.36 3.42 .981
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Medicine is associated with its own 
professional or organisational culture, 
which has been shaped by history, social 
trends, politics and regulatory require-
ments.2,7 The culture of a profession or 
organisation will directly impact devel-
opment and effectiveness of PS,2,11 and our 
results demonstrated how lack of workplace 
advocacy for PS was a barrier to its uptake.

The traditional hierarchical models of 
clinical supervision within medicine mean 
that formative functions predominate, 
and the survey results demonstrating least 
participation in PS among most-recently 
qualifi ed doctors may refl ect they are 
receiving ongoing clinical or educational 
supervision and do not identify the potential 
complementary role of PS. Similarly, more 

Table 5: Experience of professional supervision: responses from current participants.

# valid 
answer

Mean (±SD) % 
Strongly 
disagree 
(0)

% 
Slightly 
disagree 
(1)

% 
Neither 
agree nor 
disagree 
(2)

% 
Slightly 
agree 
(3)

% 
Strongly 
agree (4)

1. It was easy for me to find a 
professional supervisor

35 2.63 (±1.35) 11.4 14.3 2.9 42.9 28.6

2. I self-selected my 
professional supervisor

35 3.57 (±0.85) 2.9 0.0 5.7 20.0 71.4

3. I always meet on an 
individual basis with my 
professional supervisor

35 3.83 (±0.62) 0.0 2.9 2.9 2.9 91.4

4. I participate in group 
professional supervision

35 0.37 (±1.00) 85.7 2.9 2.9 5.7 2.9

5. I meet with my professional 
supervisor during work hours

35 1.83 (±1.93) 48.6 5.7 0.0 5.7 40.0

6. The majority of time in 
professional supervision 
focuses on clinical cases

35 1.49 (±1.27) 28.6 22.9 28.6 11.4 8.6

7. Professional supervision 
focuses on organisational 
issues

35 2.74 (±1.07) 2.9 8.6 28.6 31.4 28.6

8. My own personal wellbeing 
is discussed in professional 
supervision

35 3.57 (±0.56) 0.0 0.0 2.9 37.1 60.0

9. Professional supervision 
addresses ethical concerns

35 3.00 (±1.21) 8.6 2.9 11.4 34.3 42.9

10. I do not discuss my 
relationship with colleagues 
or peers during professional 
supervision

35 0.40 (±0.81) 74.3 17.1 2.9 5.7 0.0

11. Professional supervision 
has a positive e� ect on my 
coping ability in my palliative 
care role

35 3.91 (±0.28) 0.0 0.0 0.0 8.6 91.4

12. I feel emotionally 
safe while undertaking 
professional supervision

35 3.86 (±0.43) 0.0 0.0 2.9 8.6 88.6
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experienced doctors were less likely to 
access PS than mid-career colleagues, 
possibly refl ecting a perception that clinical 
supervision is no longer necessary once 
specialist qualifi cations are attained. Ironi-
cally, it is these very doctors most likely to be 
in senior roles who may most benefi t from 
the opportunity to discuss the stresses this 
brings.2,11 Similarly, rather than reserving 
PS for when features of burnout become 
evident, or following a sentinel event, 

growth opportunities exist at any stage.7,11,17

Our fi ndings illustrate the wide range of 
issues discussed in PS—these encompass 
organisational and ethical issues, personal 
wellbeing and collegial relationships, 
and are not limited to clinical situations. 
Traditional models of supervision do not 
encourage doctors to disclose diffi  culties 
or inadequacies, and opportunities for 
growth and development could be missed. 
Palliative medicine, perhaps because of its 
close association with allied professionals 
who undertake PS as a matter of course, 
is beginning to appreciate the benefi ts 
of external supervision for this reason. 
Literature suggests that the supervisor-su-
pervisee relationship is the most crucial 
element impacting on the success of PS, and 
inter-profession (external) supervision is as 
acceptable and effective as intra-profession 
PS.2,11,14 All our respondents currently partic-
ipating in PS had supervisors from outside 
their profession, and the greater assurance 
of confi dentiality may facilitate more open 
disclosure on a wider range of issues. The 
pitfalls of external supervision, such as less 
focus on performance, organisational goals 
or duty of care issues,2 may be mitigated by 
the fact that doctors will still be receiving 
formative and normative supervision (in the 
form of peer review, performance appraisals 
or clinical supervision), and the restorative 
function of PS may be more freely explored. 

This supportive aspect of PS is perhaps 
where there is greatest untapped potential 
for doctors. There is growing need to address 
doctors’ resilience, emotional wellbeing 
and burnout,17–19 and PS may be effective 
in attending to these issues, in addition 
to providing protection against stress 
and vicarious trauma.7,14,17,20 Within allied 
health professions, PS has been associated 
with lower rates of stress and intention to 
leave the job,20 and doctors may similarly 

benefi t.7,13 Palliative care, due to its work 
with patients and families who are often 
in crisis or experiencing suffering, and the 
cumulative losses experienced, may make 
doctors in this fi eld particularly vulnerable 
to the effects of emotional depletion.13 

Conversely, although working in healthcare 
can be a heavy responsibility, it can provide 
people with the opportunities to discover 
meaning in life, and to learn lessons they 
could incorporate into their work and their 
lives in general.21,22 PS may foster the oppor-
tunity for these refl ections to enhance an 
ongoing sense of purpose and self-effi  cacy, 
and an understanding of the attitudes and 
values that underpin actions.13,14 

Learning is inherent and ongoing in a 
profession such as medicine, in an ever-
changing environment.3,23 Professional 
practice is complex, requiring reasoned 
action and an element of refl exivity,24 and the 
ability to critically examine, adjust responses 
and understanding, and release wisdom 
is exactly what PS fosters.2,14 However, a 
signifi cant cultural shift is required before a 
learning and development dynamic predom-
inates in medicine.7,14 Our results show that 
over half of current participants attended PS 
in their own time, unlike the usual expe-
rience of allied health colleagues for whom 
it is scheduled into the work day. Unfortu-
nately, realities of working in a crisis-driven 
culture mean that fi nding time to attend PS 
within work hours can be extremely diffi  cult 
for doctors.11 To be fully present and gain the 
maximum benefi t from sessions, it may be 
necessary to schedule PS in personal time, 
which is not remunerated, and can easily 
become an organisational expectation. 

Awareness of professional, organisational, 
political and social expectations is necessary 
when developing PS, as it must be appro-
priately contextualised.3 In New Zealand, 
public health and safety is protected by the 
requirement for healthcare professionals 
to attain and maintain competency,25 and 
ethical standards and guidelines governing 
medical practice require all practising 
doctors to participate in continuing profes-
sional development (CPD), which includes 
“supporting self-care and maintaining and 
improving your performance”.26,27 While 
PS may fall intuitively within CPD, it is not 
explicitly required for doctors, though the 
stipulations in these codes of practice are 
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where the developing mandate may lie. 
Similarly, organisations and employers must 
comply with legal requirements addressing 
workplace health and safety as it pertains to 
both physical and mental health, including 
stress.28 PS may be a proactive way for 
organisations to protect staff wellbeing.7 
The bio-psycho-social-spiritual framework 
represented by the holistic ‘Te Whare Tapa 
Wha’ model supports patient care in the 
New Zealand context,29 and PS may facilitate 
application of this alongside attending to the 
needs of providers. 

Our results refl ect this duality of responsi-
bilities in terms of advocacy and funding for 
PS. Those working in hospices were more 
likely to have PS advocated for and funded, 
perhaps because of the large number of 
associated health professionals for whom 
PS is seen as a professional development 
norm. Conversely those working only in 
hospital settings were less likely to have PS 
advocated for, but accessed it electively by 
funding through their CPD allowances. 

An appreciation for the value of PS and 
development of organisational policies 
helps,11 but the dissonance between policy 
or mission statements and the reality of 
behaviours and expectations must be 
addressed. Attitudinal change at both the 
individual and organisational levels, and the 
development of professional dispositions 
are required in order to create the optimal 
learning and development culture in which 
PS can fl ourish.14,29

Limitations
A quantitative survey approach may have 

increased response rates, though risked 
response bias. Denying the ability to enter 
free-text responses may have excluded the 

more detailed analysis that qualitative data 
may have provided, which subsequent qual-
itative research will attempt to address. Item 
non-participation such as year of gradu-
ation, which respondents may have felt was 
identifi able, meant than some comparisons 
were limited. Further enquiry among the 
medical community beyond palliative care 
is also needed. 

Conclusion
Professional supervision uses formative, 

normative and restorative functions to 
augment the helping capabilities of super-
visees. Though it is mandated for others 
in the helping professions, participation in 
professional supervision is not common 
for doctors. Palliative care doctors require 
the ability to balance the art and science of 
medicine, develop propositional knowledge 
alongside experiential learning and wisdom, 
and bring an appreciation of their shared 
humanity in order to best care for those they 
work with. Professional supervision, if posi-
tioned well within a learning culture, has 
the potential to enhance the se attributes and 
facilitate greater refl ection, understanding 
and replenishment. 

Our study has shown that New Zealand 
palliative care doctors value the importance 
and potential of professional supervision, 
and current participants fi nd it effective 
and safe. While other barriers do exist, 
addressing organisational culture and 
advocacy for professional supervision may 
facilitate greater uptake among doctors. 

Further research is needed into the role of 
professional supervision, though palliative 
medicine may be in a position to advocate 
its benefi t in the wider medical context. 
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Outpatient parenteral 
antimicrobial therapy 

(OPAT) in Christchurch: 
18 years on

Steven T Chambers, Ari Basevi, Kate Gallagher, Amanda Carswell-Moyna, 
Heather Isenman, Alan Pithie, Simon Dalton, Sarah CL Metcalf 

Outpatient parenteral antimicrobi-
al therapy (OPAT) in Christchurch 
Hospital began in 1999, and we 

reported our fi rst 12 months experience in 
2002, which included 153 patients.1 At that 
time the majority of patients (74%) treated 
suffered from skin, soft tissue or bone and 
joint infections. Penicillin, fl ucloxacillin or 

cefazolin was used in 73% of patients. Com-
plications from the antibiotic therapy re-
quiring review were seen in 20% of patients 
and 7% required readmission to hospital. A 
patient survey found OPAT was preferred by 
almost all patients to remaining in hospital 
for treatment.2

ABSTRACT 
AIM: Outpatient parenteral antimicrobial therapy (OPAT) has become an established option for 
management infections requiring intravenous therapy. As the uptake of OPAT has increased, the clinical 
governance has changed and is now managed via virtual clinics and increased use of district nurses in 
addition to specialist outpatient review. The aim of this study was to report the characteristics, diagnoses, 
treatment and outcomes of patients managed by the service over 12 months in 2015/6 and compared these 
features with those of patients treated with OPAT in 1999. 

METHODS: Cases for 2015/6 were identified from the OPAT service database which records prospectively all 
information on diagnosis, antibiotic choice and duration of treatment, complications and requirement for 
review by the ID physicians and OPAT nurses prospectively. The outcomes, complications and readmissions 
were found by reviewing computerised records of Christchurch Hospital. All results were entered into a 
Microso� ® Excel database for analysis. Statistical analyses were performed using OpenEpi so� ware. Data 
for 1999 was taken from an earlier publication. 

RESULTS: OPAT treatment in 12 months from 1 July 2015 was administered 407 times to 385 patients, 
which represented a 2.7 times increase in treatment courses than in 1999. The median age was 55 years in 
1999 and 61 in 2015/6. There was a substantial increase in the proportion of bone and joint, abdominal and 
urinary tract infections but a fall in cellulitis and so�  tissue infection. The number and proportion of patients 
treated with broad spectrum agents including piperacillin + tazobactam, ce� riaxone and carbapenems 
increased from 1% in 1999 to 20% in 2015/6. Unplanned readmission to hospital increased from 15 (10%) 
in 1999 to 62 patients (15%) in 2015/6. The most common reason for readmission in 2015/6 was for ongoing 
symptoms or progression of the infection requiring OPAT. Eight patients (2%) required readmission from 
adverse reactions to antimicrobial therapy. Two patients on palliative care died while on OPAT and 35 (9%) 
within 12 months of the index admission. 

CONCLUSION: OPAT use has increased and is used to treat patients with comorbidities, who are older, and 
with a di� erent case-mix than 1999. Safety has not been compromised but the risk of treatment failure has 
increased. A better understanding of the reasons for treatment failure would improve patient selection and 
management with OPAT. 
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Since then the service has expanded 
substantially and OPAT has been increas-
ingly regarded as a safe and effective means 
of treating patients. Most patients prefer 
OPAT to remaining in hospital for anti-
microbial therapy.3–8 Key elements of the 
service remain the same, including approval 
of both a consultant infectious disease 
physician and a specialist OPAT nurse for 
admission to the service. An ID physician 
makes decisions as to choice and dose of 
the antimicrobial agent, the method and 
duration of therapy, and the frequency and 
type of clinical follow-up. Nursing services 
provide weekly follow-up, weekly blood 
tests and daily support. Important changes 
that have been introduced are the use of a 
community-based infusion centre staffed by 
district nurses rather than hospital-based 
nurses as the primary support following 
discharge, routine use of peripherally 
inserted central catheters (PICC) inserted by 
a specialist service for venous access, and 
administration of antimicrobial pre-fi lled 
infusion devices from a commercial 
supplier, rather than nurse fi lled spring-
loaded infusion devices. Patients are 
screened to determine whether they can 
self-administer their antimicrobial therapy. 
Patients who are willing and physically able 
to do this undergo a training programme 
and have a home assessment. The super-
vising nurses are required to sign off that 
the patient is competent to do this. Outpa-
tient visits have been reduced by performing 
a weekly virtual review of patient’s progress 
and blood test results that is attended by 
infectious diseases physicians, specialist 
hospital-based OPAT nurses, infusion centre 
nurses and pharmacists. Clinical decisions 
and adverse events are documented at 
these meetings and entered into the OPAT 
database and the patient clinical record. 
The service has also expanded to include 
patients in smaller centers within 200 kilo-
metres where patients are co-supervised by 
district nurses and local medical offi  cers. 

In this study we report the characteristics 
and outcomes of patients managed by the 
OPAT service over 12 months in 2015/6 and 
compared these with the 12 months of oper-
ation beginning in 1999. 

Methods
A case was defi ned as any person who had 

received OPAT under the infectious diseases 
service at Christchurch Hospital. All cases 
who received OPAT during the calendar 
year from 1 July 2015 to 30 June 2016 were 
identifi ed from the OPAT service database 
and were included in the study. Patients 
with cystic fi brosis and other chronic respi-
ratory infections managed by the respiratory 
services were excluded. The Infectious 
Diseases (ID) service OPAT database records 
prospectively all information on diagnosis, 
antibiotic choice and duration of treatment, 
complications, and requirement for review 
by the ID physicians and OPAT nurses 
prospectively. The clinical outcome, compli-
cations, blood test results and readmissions 
were found by reviewing the relevant 
hospital discharge summaries, outpatient 
letters and investigations on the hospital 
computer system. Weekly reports from the 
virtual clinics that include changes in therapy 
and complications are completed and form 
part of the medical records that are posted 
on the hospital computerised records system. 
This is a form used to record signifi cant 
events and adverse reactions to treatment 
requiring medical attention but not for mild 
problems such as transient nausea. 

All readmissions that occurred before 
the end of OPAT therapy were recorded. 
Unplanned readmissions to hospital that 
were related to the primary admission diag-
nosis were identifi ed. Admission for ongoing 
symptoms included lack of resolution of 
symptoms, such as pain, attributed to the 
index infection. Admission for progression 
included those admitted for worsening 
features of the index infection as deter-
mined by clinical review. This included signs 
and symptoms of infection and results of 
radiological, biochemical or haematological 
investigations, drug reactions and infusion 
device-related problems. These categories 
were mutually exclusive and may or may 
not have refl ected failure to respond to the 
antimicrobial treatment. 

Planned readmission or admission for an 
unrelated event to the treatment episode 
were documented. Thirty-day unplanned 
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readmissions included admissions other 
than those planned before discharge. 
The date of death was recorded from the 
national computer system. 

Data from the year 2015/6 was extracted 
from the ID database and downloaded 
from computerised hospital records 
system. Data extraction was supervised by 
consultant infectious disease physicians 
and was entered once. All the reasons for 
readmission were reviewed independently 
by one of the physicians (STC) to ensure 
consistency. The demographic data and 
comorbidities reported are as recorded on 
the patients’ fi rst admission to the service 
and as recorded in the hospital database. 
Data from 1999 was taken from the publi-
cation in 2002. No new data was obtained 
for this period. 

All results were entered into a Microsoft® 
Excel database for analysis. Statistical 
analyses were performed using OpenEpi 
software. Proportions of individual 
categories were compared using mid-p 
exact tests. P values less than 0.05 were 
considered signifi cant. 

Ethics
The protocol was reviewed by the Health 

and Disability Ethics Committee performed 
under institutional audit provisions.

Results 
Between 1999 and 2015/6 there was a 

2.7-fold increase in the number of courses of 
OPAT treatment administered. The demo-
graphics of patients recorded on the fi rst 
admission to hospital during the study 
period, and clinical diagnosis are shown in 
Table 1. Overall the 2015/6 cohort was older, 
(median age of 61) than in 1999 (median age 
55). In 2015/6 115 subjects (30%) were aged 
70 years or more. More patients self-ad-
ministered their intravenous antimicrobial 
treatment in 2015/6 (83, 20%) than in 1999 
(8, 5%; p<0.001). The distribution of cases in 
diagnostic categories differed between the 
two time periods. In 2015/6 there was a rise 
in the proportion of cases of osteomyelitis, a 
fall in cellulitis/bursitis and the inclusion of 
urinary tract, abdominal and lower respi-
ratory tract infections for treatment (Table 1). 

In 2015/6, 209 (54%) patients had been 
admitted to hospital in the previous 12 
months. The comorbidities for patients 

treated in 2015/6 were diabetes 77 (19%), 
chronic kidney disease 45 (11%), metastatic 
solid tumor 25 (6%), chronic obstructive 
pulmonary disease 23 (6%), congestive heart 
failure 19 (5%), peripheral vascular disease 
19 (5%), connective tissue disease 18 (4%), 
hemiplegia, tetraplegia or paraplegia 17 
(4%), haematological malignancy 16 (4%), 
cerebrovascular disease 15 (4%). Comorbid-
ities were not available for 1999. Patients 
were referred from 23 separate services but 
most were from the Departments of Ortho-
pedics (128, 31%), General Medicine (96, 
24%) and General Surgery (27, 7%). 

Seventeen patients received two courses 
of treatment for the same infection (osteo-
myelitis 6, infected hip/knee prosthesis 5, 
infected orthopedic metalware 2, empyema 
1, endocarditis 1, intravenous cathether-re-
lated infection 1, pacemaker lead infection 
1) and two patients had three courses 
(infected metalware 1, osteomyelitis 1) 
and one for two separate infections (pelvic 
abscess and peripheral osteomyelitis). 

The micro-organisms identifi ed from 
normally sterile sites are recorded in Table 
2. In 2015/6, positive cultures were found 
in 219 (54%) subjects compared with 108 
(71%) in 1999 (P<0.001). In 2015/6, 114 
(28%) patients had a bacteraemia. Single 
organisms isolated from all sites were iden-
tifi ed in specimens from 186 subjects and 
multiple organisms in 33 patients (range 
2–5). Of those with multiple organisms, 68 
species were isolated from specimens from 
29 patients and mixed fl ora only as reported 
in a further four patients. There was an 
increase the number and proportion of 
coagulase negative staphylococci, Enterobac-
teriaecae and anaerobes identifi ed between 
the time periods. The number of S. aureus 
identifi ed increased but the proportion 
fell in 2015/6 compared with 1999. Four 
organisms that produced an extended 
spectrum beta lactamase (ESBLs) were 
isolated from urine culture, two from blood 
cultures and one from an aspirate. One 
methicillin resistant Staphylococcus aureus 
(MRSA) was isolated from a blood culture. 

The total duration of intravenous anti-
microbial therapy was 28 (4–168) days. Of 
most was given as OPAT (median 20 days 
2–157). The duration of OPAT for each 
indication of treatment are shown in Table 
1. Venous access was provided by periph-

ARTICLE



24 NZMJ 30 August 2019, Vol 132 No 1501
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

Table 1: Demographics of patients, clinical diagnosis and duration of treatment for each condition treated 
with OPAT.

1999 2015/6

Number (%)^ Days treatment
Median (range)

Number (%)^ Days treatment
Median (range)

Number 153 407

Female 64 (42) 141 (35)

Age (median, range) 55 (16–91) 61 (13–95)

Charlson comorbidity 
index mean (SD)

2.6 (2.2)

Ethnicity

European na 362 (89)

Māori na 21 (5)

Pacific People na 14 (4)

Other na 10 (2)

Diagnosis 

Cellulitis/bursitis 43 (28) 11 (2–41) 27 (7) #* 13 (6–47)

Osteomyelitis 29 (19) 21 (5–49) 124 (31) ##** 27.5 (3–52)

Infected prosthesis/device 29 (19) 22 (6–48) 62 (15) 25 (4–157)

Septic arthritis 12 (8)  20(2–41) 48 (12) 13.5 (4–51)

Endocarditis 9 (6) 20 (7–34) 24 (6) 27 (9–38)

Abscess 7 (5)  17 (4–24) 20 (5) 19.5 (3–98)

Bacteraemia 7 (5)  10 (2–26) 25 (6) 10 (2–21)

Infected vascular gra�  3 (2) 14 (9–35) 7 (2) 24 (14–36)

Meningitis 3 (2) 8 (6–9) 2 (<1) 10 (7–13)

Urinary tract infection nil 19 (5)*** 12 (4–51)

Abdominal infection nil 24 (6)*** 14 (6–77)

Lower respiratory tract 
infection

nil 12 (3)

Other 11 (7) 9 (2–36) 13 (3)### 15 (3–35)

Total 153 15 (2–49)  407 20 (2–157) 

*P<0001, **p=0.006, ***p<0.05
^unless otherwise stated
#Skin and so�  tissue infections include lower limb cellulitis (3), bursitis (2), ulcers (2), wound dehiscence/collection (4), 
cellulitis with bacteraemia (3), lymphadenitis, head and neck cellulitis (2), cellulitis around Tenckhof site.
##Includes osteomyelitis/discitis/epidural abscess of spine (37) diabetic foot infection with bony involvement (25). 
###Includes liver abscess (7), brain abscess (5), other abdominal (3).
####Syphilis (3), mycotic aneurysm (2), pacemaker infections (2), septic thrombophlebitis (2), myositis (2), brucellosis 
(1), foreign body (1). 
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erally inserted central catheters (PICC) more 
frequently in 2015/6 (391, 94%) episodes 
of treatment, than in 1999 (129, 84%; 
p<0.001). The remainder of OPAT in 2015/6 
was through peripheral cannulas in nine 
patients and tunneled catheters in seven 
patients. Patients more frequently self-ad-
ministered OPAT in 2015/6 (83, 20%) than 
1999 (8, 5%; p<0.001) 

The antimicrobial therapy administered 
by OPAT is listed in Table 3. In 2015/6, 
a single agent was administered to 356 
episodes, two agents in 44 episodes and 
three agents to six. Dual therapy (beta 
lactam plus gentamicin) was given to 10 
patients. There was a signifi cant rise in the 
number and proportion of patients treated 

with broad spectrum agents, including 
piperacillin + tazobactam, ceftriaxone and 
carbapenems in 2015/6 compared with 1999. 

Readmission to hospital within 30 days of 
commencing OPAT are shown in Table 4. In 
2015/6 there were 87 unplanned readmis-
sions in 64 patients (15%, range 1–4). The 
most common reasons for readmission were 
for ongoing symptoms or progression of 
the infection in both 1999 and 2015/6. Two 
patients died while on OPAT. One was an 
84-year-old male on vancomycin for pros-
thetic valve endocarditis who developed 
congestive heart failure. He was not a 
candidate for surgery. The second was an 
87-year-old man receiving palliative care 
for disseminated B cell lymphoma, who 

Table 2: Micro-organism were identifi ed from a normally sterile site (blood, aspirates and urine) from 
407 patients treated with OPAT. 

1999 2015/6

Bacteria species Number (%) Number (%)

Staphylococcus aureus (MRSA 1) 65 (54) 84 (33)*

Coagulase negative staphylococci 10 (8) 41 (16)^**

Streptococci Gps A,B,C,G 13 (11) 17 (7)

Streptococcus anginosis 0 (0) 7 (3)

Streptococcus pneumoniae 3 (3) 4 (2)

Viridans streptococci 11 (9) 13 (5)

Enterococcus faecalis/faecium 1 (1) 8 (3)

Other gram positive aerobes 1 (1) 7 (3)

Enterobacteriaecae 7 (6) 32 (13)**

Escherichia coli (ESBL 7) 3 (3) 16 (6)

Klebsiella pneumoniae (ESBL 1) 1 (1) 5 (2)

Other enterobacteriaecae 3 (3) 11 (5)^^

Pseudomonas aeruginosa 3 (3) 7 (3)

Other gram negative aerobes 1 (1) 11 (4)

Anaerobes 0 (0) 17 (7)***

Mixed not identified 4 (2)

Other 1 (1) 3 (1)

Total 121 254

*p<0.001, **p<0.05, ***p<0.01.
ESBL - Extended spectrum beta lactamase.
^includes Staphylococcus lugdenensis (6) and Staphylococcus epidermidis (21).
^^Proteus spp. (3), Pantoea spp. (2), Enterobacter aerogenes (2), Enterobacter cloacae (1), Lelliotia amnigena (1), 
Morganella morgani (1).
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developed staphylococcal bacteraemia. 
The cause of death was uncertain. An 
additional 10 patients died within 90 days. 
Among these patients the median age was 
80 years (range 38–95), six had malignant 
disease, three congestive heart failure and 
two chronic kidney disease. The primary 
infections requiring OPAT in this group 
were abscess 3, endocarditis 2, osteomyelitis 
2, and one each of abdominal infections, 
mycotic aneurysm, neutropenic sepsis, pros-
thetic hip infection, line sepsis and urinary 
tract infection. In total 35 (9%) died within 
12 months of the index admission. 

Overall adverse reactions attributed to the 
antimicrobial agents were reported in 23 
(6%) patients. These were rash 14 (vanco-
mycin 3, fl ucloxacillin 2, benzylpenicillin 
2, cephazolin 3, cefepime 1, ceftazidime 1, 
meropenem 1, piperacillin + tazobactam 1), 
vertigo 3 (ceftriaxone, vancomycin, teico-
plainin), acute kidney injury 2 (vancomycin 
1, gentamicin 1), nausea 2 (ceftriaxone, 
fl ucloxacillin), drug fever 1 (piperacillin + 
tazaobactam), pneumonitis 1 (piperacillin 
+ tazobactam). All resolved on stopping the 
relevant agent.

Venous access was maintained for a total 
of 8,999 days (mean 22 days) in 2015/6. 
A new PICC line was needed in 23 (6%) 
patients. There were 62 catheter-related 
adverse events (6.9 per 1,000 line days) in 
57 (15%) patients. The distribution of these 
is shown in Table 4. Most events related to 
occlusion and leakage but there were no 
documented catheter infections or phlebitis, 
both of which were documented in 1999. 
Clinically apparent intravenous catheter-re-
lated venous thrombosis occurred in nine 
cases in 2015/6. 

Discussion
In this study we reviewed all of the 

patients treated by our OPAT service over 
12 months from July 2015 to June 2016 to 
determine the changes in the service since 
1999. The most dramatic change has been 
the 2.5 (153–407) fold rise in courses of 
treatment via OPAT, with a shift in the case 
mix treated away from skin and soft tissue 
infections and to include more bone and 
joint infections and other systemic infec-
tions. Over the same time-period there has 

Table 3: The antimicrobial agents used for OPAT for 153 patients in 1999 and 407 patients in 2015/6. 

Antimicrobial agent 1999 2015/6

Number (%) Number (%)

Flucloxacillin 55 (34) 110 (24)^

Benzylpenicillin 20 (12) 49 (11)

Amoxicillin 4 (2) 2 (<1)

Piperacillin + tazobactam 1 (1) 44 10)^^^

Cefazolin 44 (27) 70 (15)^^

Ce� riaxone 15 (9) 77 (16)^

Cefuroxime 4 (2) 8 (2)

Anti pseudomonal cephalosporins* 0 (0) 10 (2)

Carbapenems** 0 (0) 36 (8)^^^

Aminoglycosides # 6 (4) 11 (2)

Glycopeptides## 10 (5) 45 (10)

Other 1 (1) 0

Total 161 456

*cefepime ce� azidime.
**ertapenem meropenem.
#gentamicin tobramycin amikacin.
##teicoplainin vancomycin.
^p<0.05, ^^p<0.01, ^^^p<0.001.
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been an approximate increase of 50% in 
the population served by the OPAT service. 
In 2000 the service was limited to people 
resident within, or close to, Christchurch and 
North Canterbury area (approx. 414,000) but 
by 2016 this had extended to include people 
resident much further afi eld including the 
West Coast (approx. 630,000), suggesting that 
a part of the rise in number has been due to 
population growth and extending the service 
to outlying regions.9 This has been possible 
with the adoption of commercially fi lled 
antibiotic infusers, community nurses taking 
responsibility for day-to-day supervision and 

management of patients, and close liaison 
between these nurses and hospital-based 
OPAT nurse specialists and infectious 
diseases physicians. 

As in the 1999 report we found that about 
two-thirds of patients treated in 2015/6 
with OPAT were male. Similar rates have 
been reported in several western countries 
with similar demographics and healthcare 
systems.10,11 The underlying infection rates in 
specifi c clinical conditions make a signifi cant 
contribution to this as staphylococcal bacter-
aemia, septic arthritis and endocarditis occur 
predominantly in males.12–14 Other factors in 

Table 4: Major adverse events during treatment with OPAT.

1999 2015/6 

Number (%) Number (%)

Number of episodes 153 407

Death 

While on OPAT na 2 (<1%)

Within 90 days na 13 (3%)

Readmissions 

Symptomatic 3 (20) 27 (31)

Progression 5 (30) 20 (23)

Drug reaction 0 (0) 8 (9)

Support related 1 (7) 7 (8)

Access device 2 (13) 5 (6)

Planned 2 (2)

Unrelated 4 (30) 20 (23)

Total number 15 87

Intravenous catheter related events 

Catheter days median (range) na 20 (2–157)

Residual infusate 4 (11) 14 (23)

Occlusion 12 (34) 26 (42)

Clinical thrombosis 1 (3) 9 (15)

Leakage 6 (17) 10 (16)

Accidental removal 0 3 (5)

Infection 3 (9) 0 (0)

Phlebitis 9 (26) 0 (0)

Total number 35 62

na=not available.
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the selection criteria such as home circum-
stances, support and mobility may play a 
role but the contribution of these is unclear. 

There has been a change in case mix 
between the two study periods. It is notable 
that there was a three-fold rise in the 
number of orthopedic infections treated in 
2015/16 compared with 1999 and a number 
of patients (21%) who had diagnoses of 
abdominal infections, urinary tract infec-
tions and lower respiratory tract infections 
which were not reported in 1999. This 
may refl ect an increased acceptance of the 
programme by clinicians and increased 
confi dence of the OPAT team in managing 
a wider array of infections since it was fi rst 
developed in 1999. Other factors such as the 
increased numbers of prosthetic devices that 
have been implanted will mean an increase 
in the numbers of infections, although the 
rate of prosthetic device infection is unlikely 
to have changed over time. 

Partially compensating for this rise in 
more complex cases has been a fall in 
the number of cases of cellulitis, which 
contributed 28% of the case load in 1999 
but only three cases in 2015/6. There were 
a signifi cant number of other skin and 
soft tissue infections treated (7%), which 
included bursitis and complex ulcers. In 
2015/16 patients with uncomplicated cellu-
litis were largely managed by a general 
practitioner run outpatient clinic, where 
short course intravenous cefazolin therapy 
is administered through a peripheral 
cannula without admission to hospital or 
following a very short hospital admission .15 

There was an important change in both 
the number of cases treated empirically and 
for targeted therapy with broad spectrum 
antimicrobials such as piperacillin + tazo-
bactam, later generation cephalosporins 
and carbapenems in 2015/6 compared with 
1999. Administration of these agents made 
up 20% of the courses of therapy in 2015/6 
rather than the 1% seen in 1999. These rates 
are consistent with recent reports for other 
comparable Western countries. A recent 
Canadian study reported the use of pipera-
cillin + tazobactam or carbapenems in 27% 
of cases, and a study from the US used the 
agents in 23% of cases.10,16 Most concerning 
was the use of carbapenems. Some 
carbapenem use was necessitated by the 
isolation of multi-resistant organisms such 

as ESBLs but this study did not review the 
reasons this agent was used. It is possible 
clinicians may have used carbapenems for 
treating infections with chromosomal AmpC 
gene as there is controversy in the literature 
of the effi  cacy and role of piperacillin + tazo-
bactam in these infections or empirically 
when other regimens had failed in a critical 
infection.17 Piperacillin + tazobactam was 
also used relatively frequently. Some use 
may have been as follow-on empiric therapy 
for patients initially treated amoxicillin + 
clavulanate because amoxicillin is not stable 
for 24 hours in an infuser device. It is likely 
that the pressure to use broad spectrum 
later generation agents will continue, given 
the increasing number of multi-resistant 
organisms reported in New Zealand and the 
rise in numbers of patients with diabetes 
and its complications, as these patients are 
prone to polymicrobial infections and poor 
healing.18 This poses a challenge to ensure 
that these agents are used in accordance 
with antimicrobial stewardship guidelines. 

The safety of OPAT has been addressed 
with weekly meetings of a multidisciplinary 
team, which is an essential component of 
the programme.19–21 There were two deaths 
on OPAT and both of these patients were 
on palliative regimens for untreatable 
disease and were managed at their resi-
dence of choice. Thirty-day readmissions 
are a benchmark that has been used 
internationally as a quality marker and 
refl ects a combination of effi  cacy, safety 
and the presence of comorbidities.16 Our 
30-day readmission rate increased from 15 
(10%) in 1999 to 85 patients (21%) in 2016, 
which are consistent with readmission 
rates of between 5% and 26% reported by 
others.16,22–24 The clinical characteristics of 
the cases treated contribute to the vari-
ability in readmission rates between studies. 
Allison et al found older age, admission to 
hospital in the preceding 12 months, the 
use of aminoglycosides and the presence of 
multi-resistant organisms were independent 
predictors of readmission in their cohort.18 
Advanced age and admission to hospital 
in the previous 12 months were common 
features of a large proportion of our recent 
cohort and may have contributed to the rise 
in readmissions. Despite this, most of our 
readmissions (7%) were for apparent disease 
progression or ongoing symptoms related 
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to the primary infectious diagnosis, which 
is of concern. Factors which predict failure 
from disease progression need further study 
to allow increased attention to be given to 
high-risk patients before discharge.

Adverse drug reactions and catheter-re-
lated events that required readmission 
or discontinuation of the agent was low, 
as reported in other studies.25,26 Of note 
only one of 44 (2%) patients on vanco-
mycin therapy developed acute kidney 
injury, which is apparently a lower rate 
than reported by some others.27 The OPAT 
protocol had a target concentration of 
20–25mg/L in the peripheral blood, with 
twice-weekly monitoring, which may have 
minimised toxicity.28 The almost exclusive 
use of PICC lines in the 2015/6 cohort has 
reduced catheter-related events. Treat-
ment-related adverse events are often a 
cause for concern but are infrequently a 
problem in practice.3 No catheter-related 
sepsis events were recorded but catheter-re-
lated thrombosis was diagnosed in nine 
patients. The thrombosis required antico-
agulation therapy and caused signifi cant 
morbidity to the patients. 

OPAT therapy was administered for 
a longer median duration in the 2015/6 
(median 20 days) than 1999 (median 15 
days). One possible explanation is that the 
length of inpatient intravenous therapy 
stay had been reduced resulting in a longer 
OPAT course, but this information is not 
available for 1999 for comparison. The 
smaller proportion of patients with skin and 
soft-tissue infections in 2015/6 may also have 
contributed to a longer course of OPAT, as 
these infections required a shorter duration 
of therapy than bone and joint or endo-
carditis. Despite the reduction in length of 
hospital stay OPAT remains costly because of 
the high cost of infusers and nursing support 
and these costs need to be justifi ed. A recent 
study of intravenous antimicrobial therapy 
compared with short course intravenous 
therapy (<7days) followed by oral therapy 
for bone and joint infections with curative 
intent, including prosthetic joint infections, 
found the oral regimen was not inferior 
to full intravenous treatment after one 
year of follow-up.29 Likewise, short-course 
intravenous therapy with oral follow-on 
was not inferior to full-course intravenous 
therapy for selected patients with bacterial 

endocarditis.30 It is noteworthy that only 
20% of patients screened were eligible for 
short course intravenous therapy and these 
subjects were seen 2–3 times weekly by 
nursing staff for monitoring, so it is not clear 
how generalisable the results are. These 
studies offer an approach to reducing the 
cost of OPAT in a signifi cant proportion of 
patients who were managed by OPAT in this 
study. Looking forward, OPAT programmes 
will need to select patients who can be 
managed safely with this approach as an 
appropriate cost saving measure. 

There are several limitations to this 
study. It is primarily an audit of practice 
and outcomes with the inherent limitations 
of retrospective studies. The methods for 
recording adverse events has been improved 
and is more rigorous in 2015/6 than in 1999 
although the categories are similar. This 
may have introduced discrepancies between 
the results of the reporting periods. The 
major adverse reactions to antimicrobial 
therapy have been recorded prospectively 
when suffi  cient to cause clinical concern or 
a change in treatment, but adverse reac-
tions of less severity may well have been 
under-reported. True estimates would 
require prospective studies. It was also 
diffi  cult to determine precise reasons for 
readmission to hospital in retrospect as 
these contain a subjective component that 
may not be well documented. For the same 
reason we have not reviewed the decision 
making of clinicians with respect to choice 
of antimicrobial therapy. Instead the study 
has focused on the more clearly defi ned 
measures of subjects treated over the time 
frame to minimise recall bias and subjective 
interpretation of data. 

In conclusion, OPAT is being used to treat 
most of the patient groups seen in 1999, 
but now includes many severely unwell 
patients with abdominal infections, immu-
nosuppression and infection with presumed 
polymicrobial or multi-resistant organisms. 
Some patients were under palliative care 
and others were frail and elderly, but most 
patients prefer to be treated away from 
hospital if possible.2 As demand for OPAT 
increased, virtual clinics were used to 
manage the patient load and signifi cant 
responsibility was devolved to communi-
ty-based nurses at an infusion centre. Safety 
has not been compromised and overall the 
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complications of therapy have declined. 
Looking forward, reliance on OPAT may be 
reduced by earlier switch to oral treatment 
regimens, although these patients would 
still need the close nursing and medical 
follow-up our OPAT service provides. There 
may be further scope to develop a remote 
service using telemedicine services to reach 

sparsely populated remote areas.31 Further 
studies are needed to identify early those 
patients most at risk from treatment failure. 
A better understanding of the reasons for 
failure would aid management and help to 
determine how best to balance the needs 
and wishes of the patients with the risks 
related to their disease.
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A six-year review of 
patients admitted to 

hospital with injuries 
related to quad bike use 

Janet Amey, Grant Christey

Quad bikes have been embraced by the 
rural community. There are an esti-
mated 80,000–100,000 vehicles in use 

across New Zealand, the majority being used 
on farms.1–3 Quad bikes are now the farm 
workhorse, used extensively for transport 
and small load carrying, having rapidly de-
creased the use of tractors.2 Their popularity 
is based on their versatility, ability to per-
form multiple functions, perception of being 
able to go places other machinery cannot, 
and their relative cost-effectiveness.4 Some 
of these properties that make these bikes 
valued also make them dangerous, especial-
ly for inexperienced adults and children.5,6 

In New Zealand, as in other countries, 
quad bike injuries are an important cause of 
trauma admissions and carry a signifi cant 
risk of morbidity and mortality.2,5,7–11 There 
has been persistent concern and discussion 
over many years around the safe use of 

these vehicles, particularly on farms.10,12 
The agricultural sector in New Zealand 
is recognised as a high-risk occupation 
and improving the safety of farmers is a 
priority prevention area for WorkSafe as the 
national regulator of workplace safety.13 

In this paper we describe quad bike 
injuries severe enough to require hospi-
talisation over the period 2012–2018. Our 
hypotheses were that the number of quad 
bike injuries would have increased over 
time, including those occurring in relation to 
farming activities, those occurring on farms 
but not during farming activities and those 
due to recreational activities. Our interest 
in quad bike injuries is due to our role as 
the hospital-based regional trauma service 
provider. To this end we focus on three 
areas; farming-related injuries, injuries to 
children and the growing importance of 
injuries to older riders, particularly farmers.

ABSTRACT
AIM: To describe quad bike injury-related hospitalisations in the Midland region over a six-year period.

METHOD: A retrospective review of anonymised, prospectively-collected trauma registry data from 1 July 
2012 to 30 June 2018 was undertaken. Cases include patients hospitalised with quad bike-related injuries. 
Non-major injuries are included to provide a clearer picture of the trauma burden.

RESULTS: Three hundred and forty-six injuries resulted in hospitalisation with 70.2% of events occurring 
on a farm. Males outnumbered females 3.7:1. Forty-six children (<16 years) were hospitalised, of which 23 
were injured on-farm and seven on a road. Over six years there was an annual average increase of 7.3% for 
all events occurring on a farm, 2.6% for injuries occurring during a farming activity and 4.7% for o� -farm 
recreational injuries.

CONCLUSION: Despite continued public debate and education on the safe use of quad bikes, injuries 
severe enough to require hospitalisation continue to occur. Children continue to be injured, both as riders 
and passengers. Ageing farmers are a developing area for concern. While workplace safety garners most 
of the safety attention, two other areas also deserve injury prevention consideration; injuries that occur 
on-farm but not during farming activities and those occurring o� -farm to recreational riders. 
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Methods
A retrospective review of anonymised, 

prospectively-collected MTS trauma registry 
data for the period 1 July 2012–30 June 
2018 was conducted. The study criteria 
included patients recorded in the Midland 
Trauma System (MTS) registry as admitted 
to hospital as a result of an injury sustained 
while operating or being a passenger on 
a quad bike. The MTS was established in 
2010 to coordinate the management of 
trauma care for the region and support 
injury prevention in the Bay of Plenty, Lakes, 
Taranaki, Waikato and Tairawhiti District 
Health Board areas (a regional population of 
approximately 950,000).

Consistent with trauma registries interna-
tionally, patients are excluded from the MTS 
trauma registry if they sustained insuffi  -
ciency or periprosthetic fractures, exertional 
injuries, hanging/drowning/asphyxiation 

without evidence of external force, poisoning 
or ingested foreign body (not causing 
anatomic injury), injury as a direct result of 
pre-existing medical conditions or late effects 
of injury, or the injury occurred more than 
seven days prior to admission.14

Severity and pattern of injury diagnoses 
were quantifi ed using the Abbreviated 
Injury Scale (AIS), an anatomical scoring 
system that ranks injuries from ‘1’ (minor) 
to ‘6’ (nonsurvivable).15 The Injury Severity 
Score (ISS) is also an anatomical scoring 
system using a 0–75 scale. The highest AIS 
scores in each body region are the basis of 
the ISS, with injuries then categorised as 
non-major (ISS≤12) and major (ISS≥13).16 

Results 
A total of 346 hospitalisations met the 

study criteria with 70.2% of quad bike 
injuries occurring on a farm (Table 1). Less 

Table 1: Demography of injury by place of injury, 1 July 2012–30 June 2018 (n=346).

Farm Road Country/beach Sports Other Total

Total 243
70.2%

30
8.7%

32
9.0%

16
4.6%

25
7.2%

346
100%

Injury severity (ISS)

 Major (ISS>12) 30
55.6%

11
20.4%

6
11.1%

2
3.7%

5
9.3%

54
100%

 Non-major (ISS<13) 213
73.0%

19
6.5%

26
8.9%

14
4.8%

20
6.9%

292
100%

Gender

 Female 54
74.0%

7
10.0%

4
5.5%

2
2.7%

6
8.2%

73
100%

 Male 189
69.2%

23
8.4%

28
10.3%

14
5.1%

19
7.0%

273
100%

Age group

 0–14 years 20
48.8%

6
14.6%

1
2.4%

3
7.3%

11
26.8%

41
100%

 15–24 years 38
66.7%

8
14.0%

5
8.8%

4
7.0%

2
3.5%

57
100%

 25–44 years 75
75.8%

5
5.1%

11
11.1%

3
3.0%

5
5.1%

99
100%

 45–64 years 79
72.5%

10
9.2%

11
10.1%

3
2.8%

6
5.5%

109
100%

 65–74 years 21
72.4%

1
3.5%

4
13.8%

2
6.9%

1
3.5%

29
100%

 75+ 10
90.9%

- - 1
9.1%

- 11
100%
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than 10% of injuries occurred on a road, but 
this category contributed 20.4% of all major 
injuries. Of all quad bike injuries, 15.6% 
were considered major injuries (ISS≥13). 
This is in contrast to all injuries in the MTS 
trauma registry where eight percent are 
major injuries. Most patients admitted to 
hospital were male (78.9%). Children (0–14 
years) made up 11.9% of patients with 
almost half (48.8%) of injuries occurring on 
a farm. For males aged 25+ years, over 70% 
of injuries occurred on a farm. Those over 75 
years made up 3.2% of patients, and for those 
patients all but one were injured on a farm.

The median age of all admitted patients 
was 39 years (SD 20.2) with the median age 
for on-farm injuries being 41 years (SD 19.7), 
though these injuries were not necessarily 

due to carrying out a farming activity. For 
injuries occurring on a farm while a farming 
activity was being undertaken the median 
age was 45 years (SD 17.4). 

Hospital admission patterns over 
time—events by quarter

Given longstanding safety discussions and 
education around the use of quad bikes by 
both government and sector agencies, we 
were interested to see the pattern of hospital 
admission over the six-year period for all 
injuries occurring on a farm (Figure 1), those 
injuries occurring on farm during a farming 
activity (Figure 2) and for those injuries that 
did not occur on a farm (Figure 3). In each 
instance a linear trend line has been fi tted to 
quarterly data to highlight any increase or 
decrease in admissions over time.

Figure 1: Hospitalisations resulting from quad bike events on a farm, during farming or non-farming 
activities (n=243).

Figure 2: Hospitalisations resulting from quad bike events on a farm, during a farming activity (n=158).
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There was considerable variation in the 
number of hospital admissions occurring 
each quarter over the six years across the 
three categories of interest. For all events 
occurring on-farm (Figure 1) there were two 
injury peaks; in October–December 2015 and 
January–March 2017, each quarter with 19 
hospital admissions. Over the period there 
was an annual average increase of 7.3% in 
the number of hospitalisations.

For events occurring during a farming 
activity (Figure 2) there was an annual 
average increase of 2.6% in the number of 
hospitalisations over the period. The third 
category of interest is for those injuries that 
did not occur on a farm (Figure 3). Hospital 

admissions were variable over time, with 
the number of events ranging from 1–12 
hospitalisations per quarter. Overall there 
was an annual average increase of 4.7%.

The youngest quad bike riders 
There were 46 children hospitalised 

under the age of 16 years. From the injury 
description gathered at the time of hospital 
admission (Table 2), fi ve children (<10 years) 
were driving child sized bikes. At least 
seven of the 13 hospitalised children aged 
5–9 years were driving an adult-sized quad 
bike at the time of injury, as were 16 of the 
20 children aged 10–14 years. In total, seven 
children were injured in events happening 
on a road.

Table 2: Riders aged <16 years, selected aspects of injury by age group (n=46).

Selected circumstances of 
injury

0–4 years 
(n=8)

5–9 years 
(n=13)

10–14 years 
(n=20)

15 years 
(n=5)

Total 
(n=46,%)

Passenger on quad bike 5 2 4 1 12 (26.1%)

Driver (child sized bike) 3 2 0 1 5 (10.9%)

Driver (adult sized bike) 0 7* 16 3 26 (56.5%)

Injured on a farm 2 6 12 3 23 (50.0%)

Injured on a road 0 1 5 1 7 (15.2%)

Quad bike rollover noted 4 2 7 3 16 (34.8%)

Hit a stationary object 1 5 4 0 10 (21.7%)

Major injuries (ISS>12) 1 1 1 1 4 (8.7%)

Average length of hospital stay 
(days)

1.5 2.4 2.7 4.0 2.5 days

Length of stay (range) 1–3 days 1–10 days 1–8 days 1–10 days  

*In two cases driver status could not be determined. 

Figure 3: Hospitalisations resulting from quad bike events not occurring on a farm by year and month 
(n=103).
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Older quad bike riders
Older riders are of interest for two 

particular reasons. Firstly, due to the phys-
iological changes associated with ageing;12 
and secondly, due to the ageing farming 
population within the Midland region. 
There were 40 hospital admissions for riders 
or passengers aged 65+ years (Table 3), 
with fi ve riders aged 80+ years (four being 
injured during farming activities). In total, 
31 events happened on a farm for this age 
group (77.5% of all events). Of the seven 
injury events that occurred on a farm but 
not during a farming activity, four took place 
on a slope (three were rollover events) and 
two occurred when encountering an unex-
pected hole or uneven ground. 

Discussion
Quad bike-related injuries continue 

to be a cause of trauma in the Midland 
region, despite ongoing public attention 
and education by farming groups and 
government agencies to improve safety 
and prevent injury. There have also been 
signifi cant changes in workplace legislation 
and WorkSafe New Zealand now has a 

tripartite function to safeguard health and 
safety through education, engagement and 
enforcement under The Health and Safety 
at Work Act (HSWA) 2015.13 The agricultural 
sector is recognised as having relatively 
‘uncontained workplaces’, including uncon-
trolled variables such as the weather.4 In 
this sense the sector provides particular 
challenges for the successful implemen-
tation of health and safety measures.4,13 

Three recent coronial reports into quad 
bike fatalities in New Zealand refer to 
both the complexity of issues surrounding 
the use of these vehicles, particularly on 
farms, and the ongoing safety debate that in 
many respects remains unresolved despite 
universal acceptance that safety must be 
better addressed.1,4,17 Coroners have called 
on the government and the wider agricul-
tural sector to do more to ameliorate this 
persistent concern,1,4 with the most recent 
inquest fi ndings including the call for a 
cross-sector working party to consider 
mandatory quad bike safety improvements 
(the same Coroner made a similar recom-
mendation in 2017).17 This call has met with 
general agreement, although some farming 

Table 3: Quad bike riders aged 65+ years, activity type when injured by selected characteristics (n=40).

Farming activity Non farming activity Total

Total 24 (60.0%) 16 (40.0%) 40 (100%)

Injury severity (ISS)

Major (ISS>12) 5 (62.5%) 3 (37.5%) 8 (100%)

Non-Major (ISS<13) 19 (59.4%) 13 (40.6%) 32 (100%)

Gender

Female 4 (57.2%) 3 (42.8%) 7 (100%)

Male 20 (60.6%) 13 (39.4%) 33 (100%)

Ethnicity

Non-Māori 24 (61.5%) 15 (38.5%) 39 (100%)

Māori - 1 (100.0%) 1 (100%)

Place of injury

Farm 24 (77.4%) 7 (22.6%) 31 (100%)

Road, street, highway - 1 (100.0%) 1 (100%)

Beach, countryside - 4 (100.0%) 4 (100%)

Other - 4 (100.0%) 4 (100%)

Percentages may not sum to 100% due to rounding.
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groups have noted that the complex nature 
of farms and farming activities means that 
“a one size fi ts all safety option might not 
be a viable option”,18,19  with regular training 
and education preferred over mandatory 
rollover protection devices.20 In light of 
ongoing safety concerns some government 
entities, including Pāmu Farms have 
moved away from having employees and 
contractors using quad bikes on its more 
than 50 farms—instead moving workers 
to side-by-side or two-wheeled bikes.21 The 
quad bikes remaining in use have rollover 
protection devices and GPS systems that 
send an alert if the vehicle tips over.19 

Some of those working in agriculture see 
that fatalities and injuries will not decline 
without a common understanding of all 
the factors inhibiting the implementation 
of safety measures, including attitudinal 
and behavioural factors.22 Surveying by 
WorkSafe in 2016 found that those working 
in agriculture placed the lowest emphasis 
on health and safety of any sector. Just 26% 
of workers and 59% of employers ranked 
staying safe in their top three priorities.23 
The same survey showed a high level of 
scepticism about health and safety, where it 
can be seen as overly bureaucratic.23 

The ageing farmer workforce is a growing 
area of concern, and more research in our 
region is warranted. Lower et al12 point to 
the risk of injury for those aged >50 years in 
terms of normal age-related physiological 
and cognitive changes that may work to both 
increase risk and negate education around 
rider training, due to reducing strength, fl ex-
ibility and balance needed for active riding 
(alongside other issues). In New Zealand 
the average age of farmers has risen from 
41.9 years in 1981 to 47.7 years in 2013, this 
ageing farmer situation also occurring in 
Australia, Canada and the US.10,12,24,25

The recent coronial reminder of the work 
yet to do in agriculture sits alongside calls 
that no children ride (or be passengers on) 
adult-sized quad bikes, with some advo-
cating that all quad bikes are dangerous for 
children given their immature motor and 
cognitive development.5 Over half of the 
children hospitalised in our region were 
riding an adult-sized vehicle at the time 
of injury. In terms of injuries, the Royal 
Australasian College of Surgeons (RACS) 
advocate that public awareness be raised 

on the head, spine, chest and pelvis injuries 
associated with the use of quad bikes (and 
safety measures that could prevent such 
injuries).26 We note here that our study does 
not include quad bike riders who died at the 
injury scene or while on the way to hospital. 
Workplace fatalities related to quad bike 
use numbered 12 in our region over the 
calendar years 2012–2018, being 18.8% of 
all fatalities.27 These 12 fatalities are not 
included in our study. WorkSafe reporting 
in the fi rst fi ve months of 2019 show there 
has been one workplace fatality and three 
serious harm notifi cations in our region.27 

In mid-2018 the Motor Industry Associ-
ation of New Zealand called on the Minister 
of Workplace Safety to develop a mandatory 
set of rules regarding quad bike use (and 
all other small utility vehicles).28 WorkSafe 
and the New Zealand Transport Agency 
have current guidelines recommending all 
quad bike riders wear helmets, and they 
advise against carrying passengers or letting 
children use adult-sized bikes. The Asso-
ciation would like to see these guidelines 
move into regulations,28 aligning with the 
RACS recommendation that children under 
the age of 16 be banned from using quad 
bikes.26 In our region children continue to be 
injured while driving adult-sized quad bikes, 
and of particular concern is that almost 15% 
of injuries to children happened on a road. 

Study limitations
Some limitations of this study include that 

quad bike casualties who attended an emer-
gency department but were not admitted to 
an inpatient bed, or died at the scene, are 
not captured in the trauma registry. Our 
study does not include quad bike injuries 
treated in primary care. 

Conclusion
For the Midland region this is the fi rst 

time quad bike injuries have been analysed 
using trauma registry data, with the 
inclusion of non-major trauma allowing a 
clearer picture of the trauma burden. We 
found that children continue to be hospi-
talised from injuries received as riders and 
passengers of quad bikes, including events 
that occur on roads. We recognise that the 
discussion, policy and injury prevention 
initiatives around quad bike safety continue 
to evolve, with ACC recently announcing it 
will subsidise farmers to purchase WorkSafe 
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Is hook diathermy safe to 
dissect the mesoappendix 

in paediatric patients? 
A 10-year experience

Jenni Perrin, Philip Morreau, Vipul Upadhyay

Appendicectomy is one of the most 
commonly performed emergency 
abdominal surgeries in children, cor-

responding with the peak incidence of acute 
appendicitis in this age group. Laparoscopic 
appendicectomy has been shown to offer 
advantages in terms of decreased hospital 
stays and possibly decreased complications,1 
however ongoing investigation will continue 
to improve effi  ciency and cosmesis, while 
decreasing costs and complication rates. Dis-
section of the mesoappendix and isolation 
and control of the appendiceal artery is a 
critical part of laparoscopic appendicectomy 
for mobilisation of the appendix, control of a 
potential bleeding source, and preparing the 
appendiceal base for ligation and resection. 

Many different techniques have been used 
to dissect the mesoappendix in adults and 
children, including monopolar diathermy,2–6 
endoclips,2,5,7 Ligasure™ (Covidien, Boulder, 
CO), 3,6 endostaplers8,9 and harmonic devic-
es.2 All have advantages and disadvantages 
in terms of ease of use, speed, risk of bleed-
ing, risk of damage to nearby structures and 
cost. In a resource-limited environment such 
as a public health system, it is important 
to be constantly seeking cost-effi  cient and 
effective ways of performing common sur-
geries. Therefore, the current study aimed 
to assess the safety and effi  cacy of monop-
olar ‘hook’ diathermy as a sole means of 
dissecting the mesoappendix in a paediatric 
population over a 10-year time period.

ABSTRACT
BACKGROUND: Laparoscopic appendicectomy is one of the most commonly performed abdominal surgical 
procedures in children, with many di� erent techniques used to isolate and control the appendiceal artery. 
Previous studies have looked into the utility of di� erent methods of mesoappendix dissection, however 
these have been predominantly small-scale studies performed on adults.

AIM: The current study aimed to assess the safety and e� icacy of ‘hook’ diathermy as a sole means of 
mesoappendix dissection in children under 15 years of age undergoing laparoscopic appendicectomy.

METHODS: Retrospective review of hospital database and electronic clinical notes of children aged under 
15 who underwent laparoscopic appendicectomy at Starship Children’s Hospital between 1 January 
2007–31 December 2016.

RESULTS: During the study period, 2,793 children had appendicectomy using hook diathermy to dissect 
the mesoappendix. No children required blood transfusions or return to theatre for bleeding. There were 
103 intra-operative complications related to the use of hook diathermy (3.7%), including one case that 
required conversion to open for bleeding. 

CONCLUSION: Dissection of the mesoappendix using hook diathermy is a safe, quick and e� ective method 
during laparoscopic appendicectomy, with low complication and conversion to open rates. 
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Methods
After institutional approval was gained, 

a retrospective review was undertaken of 
children aged under 15 who underwent 
laparoscopic appendicectomy at Starship 
Children’s Hospital between 1 January 
2007–31 December 2016. Basic demographic 
data and admission details were obtained 
from the hospital-managed electronic 
database, and electronic clinical notes were 
reviewed to obtain intra-operative fi ndings, 
intra-operative and post-operative complica-
tions, and histology. 

Laparoscopic appendicectomy was 
performed using a three-port approach, with 
hook monopolar diathermy (Coagulating 
and Dissecting Electrode, Karl Storz) to 
dissect the mesoappendix. Endoscopic loop 
sutures were then used to seal the appendix 
base, and the appendix was removed in 
either a laparoscopic specimen retrieval bag, 
a glove fi nger or directly through an access 
port. Peritoneal lavage was performed at the 
operator’s discretion depending on the level 
of contamination. 

A literature search was performed 
using Medline and Pubmed databases 
using the keywords; laparoscopic appen-
dicectomy, children, pediatric, diathermy, 
electrocautery, monopolar, mesoappendix, 
appendicular artery.

Results
Two thousand nine hundred and one 

children proceeded for laparoscopic appen-
dicectomy during the study period. Figure 
1 shows the exclusion of 96 cases which 
were converted to open procedures for 
reasons independent of hook diathermy 
use such as poor views, alternative 
pathology, appendix mass, extensive adhe-
sions, necrotic appendix base or inability 
to mobilise the appendix safely. One case 
required conversion after dissection of 
the mesoappendix resulted in persistent 
minor bleeding at the base of the appendix 
that couldn’t be controlled with diathermy, 
which was included in the data analysis. 
A further 18 cases used other methods to 
dissect the mesoappendix or control the 
appendiceal artery using endoscopic looped 
sutures (4), endoclips (12) and Ligasure™ 
(2). Of these, the operator began with hook 
diathermy in six cases and switched to 
an alternative method to control appen-
diceal artery bleeding, whereas the other 
12 cases primarily used other methods for 
bulky artery or mesoappendix, diffi  cult 
planes, proximity of cecum or an auto-
amputated appendix. From the 18 cases 
where an alternative means of mesoap-
pendix dissection and control was used, 11 
were acute non-perforated appendicitis, 
fi ve were perforated and two were interval 
appendicectomies.

Figure 1: Cases excluded from the study.
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This left a total of 2,793 children who 
were included in the study. This included 
the one child who required conversion to 
open due to bleeding as above, and the six 
children for whom other mechanisms were 
used to control mesoappendix bleeding after 
commencing with hook diathermy. 

The age distribution of the study partic-
ipants is shown in Figure 2, with a mean 
age of 11 years. One thousand six hundred 
and one participants were male (57%), and 
1,192 were female (43%). The indication for 
appendicectomy was acute abdominal pain 
in 2,722 cases (97%), with the other 71 cases 
(3%) being performed electively for a range 
of indications such as chronic abdominal 
pain, malrotation, Hirschprung’s disease, 
appendiceal foreign body and previous 
complicated appendicitis managed conser-
vatively (interval appendicectomy). Figure 
3 shows the histology of the cases who had 
acute appendicectomy for abdominal pain. 

A total of 103 intra-operative compli-
cations occurred in the study population 
secondary to the use of hook diathermy 
(3.7%) and are shown in Table 1. All compli-
cations were recognised intra-operatively 
and were managed at the time, with no cases 
requiring re-operation. Of the cases with 
intra-operative complications secondary 
to the use of diathermy, four were elective 
cases and 99 were for acute abdominal 
pain. Histology of the acute cases with 
intra-operative complications showed acute 
non-perforated appendicitis in 69 cases 
(70%), a perforated or gangrenous appendix 
in 26 cases (26%) and a normal appendix in 
four cases (4%). Figure 4 shows the primary 
operating surgeon in the cases with intra-op-
erative complications—Overall, the primary 
operator was a consultant in 11 cases (11%) 
and a registrar in 92 cases (89%). This was 
similar to the 2,690 cases that did not have 
intra-operative complications secondary to 

Figure 3: Histology of appendices removed for acute abdominal pain.

Figure 2: Age of children included in the study.
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Figure 4: Primary operator during laparoscopic appendicectomy with intra-operative complication.

diathermy use, where the consultant was 
the primary operator in 360 cases (13%), 
and the registrar as the primary operator in 
2,330 cases (87%). Particularly noteworthy 
complications in this series included one 
child who had an intra-operative small 
bowel perforation that was repaired lapa-
roscopically, one 12-year-old child with a 
signifi cant bleed of estimated volume 125ml, 
which was controlled with diathermy and a 
further child requiring conversion to open 
procedure due to bleeding at the mesoap-
pendix base that could not be controlled 
with diathermy. All three children recovered 
well with no post-operative complications. 
No children in the study required blood 
transfusions and there were no deaths. 

Of the 102 intra-operative complications 
secondary to diathermy use, only three 
children (2.9%) developed post-operative 
complications in the form of intra-ab-
dominal collections and were treated 
successfully with antibiotics. Of these 

patients, two had acute non-perforated 
appendicitis and one had perforated appen-
dicitis on histological examination. 

Discussion
This retrospective study looked at a 

large cohort of children who underwent 
laparoscopic appendicectomy using hook 
diathermy as a primary means of dissecting 
the mesoappendix and found it a suitable 
method with low risk of complication. This 
study was performed at Starship Children’s 
Hospital in Auckland New Zealand, which 
is the country’s only dedicated tertiary 
children’s hospital. The catchment area 
population is approximately 1.5–1.8 million. 
After literature search, we believe this study 
to be the largest scale published study on 
a paediatric population directly looking 
at hook diathermy as a sole means of 
dissecting the mesoappendix in laparoscopic 
appendicectomy. 

Table 1: Intra-operative complications.

Intra-operative complications Number (percent)

Iatrogenic perforation of the appendix 43 (1.5)

Burns to small bowel 5 (0.2)

Small bowel perforation 1 (0.04)

Bleeding from mesoappendix controlled with diathermy 47 (1.7)

Bleeding from mesoappendix requiring other haemostatic intervention 6 (0.2)

Bleeding from mesoappendix requiring conversion to open procedure 1 (0.04)
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The rate of complications in the current 
study directly attributable to the use of hook 
diathermy was 3.7%, with the large majority 
of these secondary to minor bleeding from 
the mesoappendix controlled easily with 
diathermy, small bowel serosal burns of no 
consequence or iatrogenic perforations of 
the appendix during handling and dissection 
with minimal contamination. Although the 
operation notes of the iatrogenic appendix 
perforation cases only clearly describe 
direct diathermy injury of the appendix 
wall in three of the 42 cases, the rest of the 
cases suggest the perforation was made 
during dissection of the mesoappendix 
and could be secondary to hook diathermy 
use, handling of the appendix or friable 
necrotic appendiceal tissue. Overall, the 
number of intra-abdominal complications 
leading to post-operative complication was 
low, indicating that the large majority of 
intra-operative complications secondary to 
diathermy use were of minor consequence 
and did not adversely affect the post-oper-
ative course or outcome of the child.

Monopolar hook diathermy has a broad 
range of clinical application in laparoscopic 
surgery and is useful in its shape and design 
that can act as a hook to isolate fi ne areas 
of tissue for dissection or broad diathermy 
to a wider front using the heel. Although 
monopolar diathermy has been previously 
shown to result in greater areas of lateral 
thermal damage compared to Ligasure™,10,11 
one could also argue that it may decrease 
the risk of thermal injury to nearby struc-
tures due to its relatively small conductive 
surface area. This allows the operator to 
keep the entire uninsulated tip within the 
fi eld of view at all times to achieve delicate 
dissection to the intended area only. Where 
the hook diathermy appeared to be limited 
was in situations where the mesoappendix 
was closely associated with bowel or other 
important structures, and there was no 
obvious safe plane to dissect in. In addition, 
on occasions where minor bleeding was 
unable to be controlled with diathermy, this 
required the use of alternative haemostatic 
techniques such as endoclips or looped 
endoscopic sutures. These techniques may 
be particularly valuable when the vessel has 
retracted within the mesoappendix or fat 
and diathermy is unable to seal the vessel 
safely due to risk of burns to underlying 
structures. In these uncommon situations, 

judicious use of alternative options is 
appropriate and warranted, and important 
to recognise in order to reduce the risk of 
complications. Other potential diffi  culties 
faced using diathermy include smoke 
production, and potential penetrating injury 
to intra-abdominal structures with the sharp 
end of the hook. 

Other considerations with the use of hook 
diathermy that were not assessed in the 
current study is the duration of operation. 
Conceivably, this is one of the possible 
downsides of hook diathermy compared to a 
rapid approach such as stapling right across 
the base of the appendix lumen and mesoap-
pendix. However, although it is important 
to be effi  cient and rapid, operating theatre 
access was not one of the limiting factors 
of providing care at the study hospital, and 
rather cost of disposable instruments is 
more relevant. In addition, anecdotally the 
operative time of most laparoscopic appen-
dicectomies using this technique is below 
60 minutes, so the added benefi t of saving 
minutes of operative time may not warrant 
the higher costs of obtaining expensive 
single-use equipment. A further issue is 
the learning curve required to be safe and 
profi cient dissecting the mesoappendix with 
diathermy compared with a conceivably 
more simple tool such as a stapler or 
Ligasure™. The skill level of the operator 
was not fully assessed in the current study, 
however it is known that a range of oper-
ators from fi rst-year registrars through to 
consultant surgeons use the hook diathermy 
at the study hospital, and so it appears to be 
safe in all hands, once the basic skills are 
mastered and adequate supervision and 
backup is provided if required. The current 
study also did not perform a cost analysis, 
however other studies have assessed the 
cost of reusable monopolar diathermy,2,4 
and have shown it is a very cost-effective 
way of performing laparoscopic appendi-
cectomy, compared with disposable single 
use devices. This has an important impact 
on the ability to perform many operations 
on the limited budget of the public health 
system, such as in New Zealand. The addi-
tional benefi t of the use of monopolar hook 
diathermy is that it allows the operator to 
become skilled in the manipulation and 
performance of the hook which allows 
transference of skills to other laparoscopic 
surgical settings. 
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Table 2: Comparison study outcomes.

Study Time period of study Number of cases Bleeding rate Rate of conversion

Senel et al 2010.6 1 year 25 0% 0%

Ponsky and 
Rothenberg 2014.4

12 years 442 0.2% 0%

Eldin et al 2011.3 2 years 20 Unclear 10%

Current study 10 years 2793 1.9% 0.04%

Limitations of the current study include 
the retrospective nature of data collection. 
Inter-personal variation in operation note 
detail may predispose to under-reporting 
of complications or the view that minor 
self-limiting bleeding from the mesoap-
pendix was not worth reporting. Slightly 
higher rates of intra-operative complications 
in the current study compared with other 
studies evaluating monopolar diathermy 
(Table 2) can be explained by the high 

sensitivity of reporting minor inconse-
quential bleeding, that other studies may 
have discounted or not considered clinically 
relevant or important. 

In conclusion, we feel that this large-scale 
study shows that monopolar hook diathermy 
can be used as a safe and effective means of 
dissecting the mesoappendix during laparo-
scopic appendicectomy in children, with low 
overall complication rates and low rates of 
conversion to open procedures.
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Faecal biomarkers do 
not always identify pre-

cancerous lesions in 
patients who present in 

primary care with bowel 
symptoms 

Jacqueline Keenan, Alan Aitchison, Jacquie Leaman, John Pearson, 
Frank Frizelle

The Piper study showed that in New 
Zealand 34% of people with colorec-
tal cancer (CRC) present acutely to 

the emergency department, and 24% of all 
patients with CRC have metastatic disease at 
presentation.1 The prognosis for the patients 
who present acutely with metastatic disease 
is generally poor. In contrast, early diagno-
sis of CRC improves survival. Accordingly, 
there is a need for accurate screening tools 

to identify those patients who present in 
primary care with early stage disease. 

The gold standard for early detection 
of pre-cancerous changes in the bowel is 
colonoscopy, where adenomas, the potential 
precursors of cancer, can be detected and 
removed. Colonoscopy, however, is not used 
as a population screening tool due to cost 
(risk)-benefi t. Instead, clinicians currently 
rely on the detection of faecal haemoglobin 

ABSTRACT
AIM: To determine if tumour-derived M2-PK is potentially a more accurate biomarker of pre-cancerous 
bowel lesions in patients who present in primary care with bowel symptoms than the detection of faecal 
haemoglobin.

METHODS: Patients requested by their general practitioners (GPs) to provide a stool sample to determine 
the presence of faecal haemoglobin consented for the same stool samples to be tested for the presence of 
M2-PK. For comparison M2-PK levels were also measured in stool samples from patients recently identified 
with colorectal cancer and healthy controls who self-reported no bowel problems at the time of sampling. 

RESULTS: M2-PK levels measured in 185 GP-derived samples were comparable to the control cohort 
(57 healthy controls) and notably lower than those in the 57 patients with CRC (2.6, 3.2 and 18.2U/ml-1, 
respectively). Sixty-seven of the GP patients were referred for colonoscopy. While 26 of these patients had 
a positive M2-PK, only 10 were found to have colonic lesions. Conversely, 18 of the 41 patients who had a 
negative M2-PK were found to have lesions that included one CRC, 13 adenomas and four other polyps. The 
FIT also failed to identify colonic disease in 19 of 48 patients referred for colonoscopy. There was, however, 
a significant association between lesions greater than 1cm and a positive FIT (p<0.02) that was not the 
case with M2-PK. A positive FIT identified one patient in the GP patient cohort subsequently diagnosed 
with colorectal cancer at follow-up colonoscopy whereas the same stool sample tested negative for M2-PK. 

CONCLUSIONS: Measurement of faecal M2-PK levels lacks the specificity and sensitivity (and therefore 
diagnostic accuracy) to identify the individuals who should be progressed for clinical follow-up. Accordingly, 
M2-PK is not is not a robust biomarker for identifying pre-cancerous bowel lesions in a primary care setting.
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in stool samples. The faecal immu-
nochemical test (FIT) quantifi es haemoglobin 
using antibodies and is shown to provide 
a higher sensitivity for detecting advanced 
colorectal neoplasia and CRC than the 
original guaiac test for faecal occult blood 
(FOB).2,3 However, the FIT is dependent on 
the presence of blood, meaning that stool 
samples from patients with non-bleeding (or 
intermittently bleeding) cancers are likely 
to be reported as negative. As a result there 
is a need for other biomarkers to screen for 
early stage disease that includes adenomas 
and localised cancers.

Tumour M2-PK is a dimeric isoenzyme of 
pyruvate kinase expressed by proliferating 
tumour cells that is released into the faeces 
of patients with CRC or adenoma.4 Moreover, 
this tumour-specifi c form of the enzyme 
(hereafter referred to simply as M2-PK) can 
be measured using a commercially available 
enzyme-linked immunosorbent assay 
(ELISA). A meta-analysis of studies using 
this assay reported the mean faecal M2-PK 
sensitivity and specifi city for diagnosing 
CRC in asymptomatic individuals as 80.3% 
and 95.2%, respectively.5 Additionally, there 
is evidence suggesting that elevated levels 
of this faecal protein are a highly sensitive 
marker for colon cancer6 and can correlate 
with tumour staging.4 

The objective of this study was to 
determine if measurement of faecal M2-PK 
is potentially a more accurate screening tool 
than the FIT test currently used to identify 
the patients who present in primary care 
with bowel symptoms, and who are subse-
quently referred for clinical investigation to 
identify (or exclude) the presence of pre-can-
cerous bowel lesions and/or CRC.

Material and methods
Study participants 

Stool samples from three patient groups 
were assessed for M2-PK.
a. Patients who presented to their 

general practitioners (GPs) with bowel 
problems and were subsequently 
referred for a faecal immunochemical 
test (FIT) to detect the presence of 
faecal haemoglobin (f-Hb), and who 
gave informed written consent for 
their stool sample to also be tested for 
evidence of M2-PK. 

b. Patients with a recent diagnosis of 
CRC between 2012 and 2014, using 
standard endoscopic, histological or 
radiological criteria, were also tested 
for evidence of faecal M2-PK using 
a stool sample provided prior to 
chemo-radiation and/or surgery.

c. Stool samples from a cohort of healthy 
volunteers who self-reported no 
evidence of bowel problems at the 
time of sampling were also tested. 

The CRC patient (b) and healthy control 
(c) cohorts were collected as part of an 
unrelated study.7 The three cohorts are 
described in Table 1. Clinical follow-up on 
the patients in the GP cohort was monitored 
for a minimum of 12 months after stool 
collection.

Faecal immunochemical testing
A qualitative (one-step membrane 

cassette) immunoassay was used for 
detecting f-Hb in each stool sample (Ngaio 
Diagnostics Ltd, Nelson, New Zealand). 
The samples were collected at home by the 
participants, who were asked to deliver 
them to the laboratory as soon as possible. 
When delivery was delayed (eg, overnight) 
patients were asked to store their samples 
at 4oC. This assay detects human haemo-
globin above 50µg of f-Hb per gm of faeces, 
and is shown to be specifi c for human 
haemoglobin.

Faecal M2-PK levels
An ELISA (ScheBo Biotech AG, Giessen, 

Germany) was used to measure levels 
of M2-PK in each stool sample following 
extraction of proteins according to the 
manufacturer’s instruction. This assay is 
based on two monoclonal antibodies against 
the tumour-associated dimeric form of the 
enzyme. The fi rst recognises and binds 
M2-PK to the ELISA plate while the second, 
labelled monoclonal antibody binds to the 
immobilised M2-PK. The level of secondary 
antibody binding was measured photomet-
rically and M2-PK values in each sample 
(tested in duplicate) were calculated against 
a standard curve.

Statistical analysis
Median and interquartile ranges are 

reported for age and M2-PK levels as the 
data is moderately right skewed. T-tests 
with Satterthwaite’s adjustment for unequal 
variances were used to compare M2-PK 
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levels while Fisher’s exact test with small 
sample-adjusted risk ratios were used to 
compare categories and binary diagnostic 
tests. Specifi city and sensitivity with exact 
binomial confi dence intervals for each diag-
nostic test were calculated and compared 
with McNemar’s Chi-square test on the 
non-colonoscopy and colonoscopy groups 
respectively. ROC analysis was used to assess 
the cut-off value for the M2-PK diagnostic 
test. All statistical tests were two-sided, 
considered signifi cant if p<0.05 and 
performed in the R language for statistical 
computing version 3.5.0 (Vienna, Austria).

Ethics
Patients invited by their GPs to take part 

in this study all provided written informed 
consent (as approved by the University of 
Otago Ethics Committee H14/019). The CRC 
and healthy control samples were collected 
as part of a wider study approved by the 
Upper South A Regional Ethics Committee 
of New Zealand and again all participants 
provided written informed consent. 

Results 
One hundred and eighty-nine patients 

who presented to their GP with bowel 
problems gave consent for their stool 
sample to be assayed for evidence of M2-PK 
as well as f-Hb. Four of these patients were 
subsequently excluded from the GP-derived 
cohort because bacterial pathogens (Campy-
lobacter jejuni and Yersinia enterocolitica) 
and/or parasites (Dientamoeba fragilis, 
Giardia lamblia and Entamoeba fragilis cysts) 
were detected in their samples. M2-PK levels 
were also measured in stool samples from 
57 healthy individuals and a similar number 
of patients with a confi rmed diagnosis of 
colorectal cancer (Table 1). 

FIT results 
The commercial faecal immunohisto-

chemical test (FIT) was positive (>50µg/gm 
of faeces) in 29 of the 185 samples from the 
cohort of GP patients (Figure 1). Nineteen 
of these patients subsequently progressed 
to further investigation that included real 
and virtual (CT) colonoscopy. Nine of the 
19 (47%) were found to have evidence of 
colonic lesions that included CRC (n=2), 
adenomas (n=5) and other polyps (n=2). 
Apart from the patients identifi ed with 
CRC, only three of the patients presented 
with lesions greater than 1cm in size. These 
included two patients with tubulovillous 
adenomas and a third patient found to have 
multiple sessile serrated adenomas. The 
other four patients with evidence of colonic 
lesions and a positive FIT test had lesions 
of less than 1cm, including two patients 
with tubular adenomas. The remaining 
10 FIT-positive patients were reported as 
having a normal colonoscopy (Figure 1). 
Patients with diverticulosis were considered 
normal if no evidence of colonic lesions 
was found. Our study was observational, 
not interventional, and the decision not to 
progress the remaining 10 patients with 
evidence of f-Hb above the test cut-off to the 
next level of investigation was made by the 
respective general practitioners in consul-
tation with the patient.

A further 48 patients in the GP-derived 
cohort had a colonoscopy, despite having a 
negative FIT (Figure 1). Colonoscopy (real 
or virtual) identifi ed abnormal lesions in 19 
of these patients. These were histologically 
identifi ed as adenomas (n=12) and other 
polyps (n=7). Of these, two lesions were 
just over 1cm in size while the remaining 
17 were less than 1cm. There was a signif-
icant association between lesions greater 

Table 1: Numbers, average age, M2-PK levels and positivity by cohort.

Cohort Number Gender
(M:F)

Median age
(interquartile 
range)

Median M2-PK 
level 
(U/ml-1)
(interquartile 
range)

Number (%) M2-
PK positive 
(>4U/ml-1)

GP patients 185 91:94 59 (51–70) 2.6 (0.5–6.1) 72 (39)

Healthy controls 57 25:32 64 (40–74) 3.2 (0.7–7.0) 21 (37)

CRC patients 57 33:24 72 (63–76) 18.2 (6.5–31.6) 47 (82)
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than 1cm and a positive FIT (Table 2). 
Samples which tested positive for FIT had 
over twice the risk of lesions greater than 
1cm (risk ratio 2.2, 95% CI 0.7–7.1, p<0.02). 
The other 29 patients were found to have 
either a normal colon (n=19) or evidence of 
diverticular disease (n=10). These fi ndings 
identifi ed the diagnostic accuracy of the FIT 
used in this study as a biomarker for clinical 
follow-up, but also highlighted the lack of 
sensitivity of this test (Figure 1).

M2PK results
The median M2-PK level in the GP patient 

stool samples was found to be 2.6U/ml-1 
(interquartile range 0.5–6.1). To put this 
fi nding into context, M2-PK levels were also 
measured in stool samples from 57 healthy 
individuals and a similar number of patients 
with a confi rmed diagnosis of colorectal 
cancer, as detailed in Table 1. There was 
little difference in median M2-PK levels 
across the healthy control and GP patient 
cohorts (3.2 and 2.6U/ml-1, respectively). In 
contrast, the level of M2-PK measured in the 
CRC patients’ stool samples was found to 
be signifi cantly higher (18.2, interquartile 
range 6.5–31.6) than the median level in the 
healthy and GP patient cohorts, a difference 
that was refl ected in the number of CRC 
patients with an M2-PK level above the 
threshold of the test (Table 1).

Elevated levels of faecal M2-PK (>4U/
ml-1) were detected in 72 of the 185 samples 
in the GP cohort (Figure 2). While median 
M2-PK levels were not signifi cantly higher 
than those in the healthy control cohort 
(Table 1), maximum levels of 72.4 and 
27.8, respectively, suggested differences 
between the two groups (not shown). This 
fi nding, however, did not translate into 
clinical signifi cance because the presence 
(or absence) of colonic lesions identifi ed in 
those patients subsequently progressed to 
further clinical investigation were simi-
larly distributed, irrespective of their faecal 
M2-PK levels (Figure 2). Specifi cally, among 
the 67 GP patients who subsequently had 
a colonoscopy, 26 were found to have a 
positive M2-PK. Ten of these (38%) were 
found to have evidence of colonic lesions 
that included CRC (n=1), adenomas (n=6) 
and other polyps (n=3). Apart from the 
patient identifi ed with CRC, only two 
patients with tubulovillous adenomas had 
lesions reported as being greater than 1cm 
in size, as did another patient found to have 

Table 2: Lesion size versus FIT positivity.

FIT positive FIT negative

Lesion > 1cm 5/9 2/19

Lesion < 1cm 4/9 17/19

Figure 1: The presence of blood in stool is not an accurate biomarker of clinical follow-up (colonoscopy) 
or clinical outcome (presence of CRC, adenomas or polyps) in patients presenting to their GP with bowel 
problems.
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multiple sessile serrated adenomas. The 
other six patients with a positive M2-PK 
test all had lesions of less than 1cm. This 
group included three samples histologically 
characterised as tubular adenomas. The 
remaining 16 M2-PK-positive patients (62%) 
reportedly had a normal colon (Figure 2). 

A further 41 patients in the GP cohort that 
had a negative M2-PK were also progressed 
to clinical follow-up (Figure 2). Colonoscopy 
(real or virtual) identifi ed abnormal lesions 
in 18 of these patients, including one 
patient with an adenocarcinoma in the 
ascending colon. The remaining 17 patients 
were histologically identifi ed as having 
adenomas (n=13) and other polyps (n=4). Of 
these, two lesions were just over 1cm in size 
while the remaining 15 were less than 1cm. 
The other 23 patients were found to have a 
normal colon. 

There was no evidence of different rates of 
M2-PK positivity between patients who were 
colonoscoped and those who were not (not 
shown). Likewise, M2-PK positivity did not 
refl ect lesion size (Table 3).

Collectively, these fi ndings indicate 
that measurement of an elevated level of 
faecal M2-PK (>4U/ml-1) lacks the specifi city 
and sensitivity (and therefore diagnostic 
accuracy) to identify the individuals who 
should be progressed for clinical follow-up 
(Table 4).

Figure 2: The presence of M2-PK in stool is not an accurate biomarker of clinical follow-up (colonosco-
py) or clinical outcome (presence of CRC, adenomas or polyps) in patients presenting to their GP with 
bowel problems.

*includes one patient with an ascending colon carcinoma.

Table 3: Lesion size versus M2-PK positivity.

M2-PK 
positive

M2-PK 
negative

Lesion > 1cm 4/10 3/18

Lesion < 1cm 6/10 15/18

Table 4: Comparison of the diagnostic accuracy of elevated M2-PK and presence of blood in the stool as 
biomarkers of clinical follow-up.

M2-PK >4U/ml-1 Hb >50µg/gm Di� erence (95% CI) p value

Sensitivity 0.39 0.28 -0.10 (-0.25,0.04) 0.16

Specificity 0.61 0.92 0.31 (0.20,0.41) <0.0001
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M2-PK versus FIT 
Individually, FIT and M2-PK failed to 

identify colonic disease in signifi cant 
numbers of the GP patients who were 
progressed to colonoscopy (Figures 1 and 2). 
The level of M2-PK, however, was found to 
be signifi cantly higher in those samples that 
were FIT-positive compared to those that 
were FIT-negative (mean value 10.3 and 
5.1, respectively: p=0.008, unpaired t-test, 
Figure 3).

Despite this apparently positive asso-
ciation between these two biomarkers, 
there was no association between M2-PK 
(cut off of 4U/ml-1) and a positive FIT 
using Fisher’s exact test (RR 1.07, 95% CI 
0.94–1.23, p=0.30) (Table 5). Moreover, this 
didn’t change when cut-off for M2-PK was 
increased to 6, 8 or 10U/ml-1. Half the indi-
viduals with evidence of haemoglobin in 
their stool samples had M2-PK levels below 
the threshold of the test (Table 5), and a 
combined positive M2-PK and FIT identifi ed 
only one of two patients in the GP cohort 
subsequently diagnosed with colorectal 
cancer. In the other patient, who was also 
found to have an ascending colorectal 
cancer, only the FIT test was positive. 

Total versus cut-o�  values / ROC 
analysis

ROC analysis of M2-PK with scope (yes/no) 
as an outcome showed an area under the 
curve of 0.54 (95% CI 0.45, 0.62). The best 
threshold for M2-PK by Youden’s criteria 
was 2.23, which improved specifi city to 0.61 
(95% CI 0.49, 0.72) at the cost of reducing 
sensitivity to 0.39 (95% CI 0.42,0.59). The 
fl atness of the ROC curve, demonstrated by 
the AUC being very close to 0.5, indicates 
that shifting thresholds does not greatly 
improve diagnostic accuracy.

Discussion
The early identifi cation of patients with 

colorectal cancer or precancerous lesions 
leads to better outcomes. This study has 
found that tumour-derived M2-PK levels 
in stool samples from patients referred 
by GPs for faecal haemoglobin testing is 
not a robust biomarker for identifying 
pre-cancerous bowel lesions or colorectal 
cancer. While some might think it would 
be ideal to colonoscope everyone, the 
reality of resource limitations and risk 
of harm from such tests means that tests 
are used to select those who may proceed. 
Current best practice (for individuals and/
or at-risk populations) is based on the 
detection of haemoglobin in stool samples. 
The development of an immunological test 
that detects the globin moiety of human 
haemoglobin has increased sensitivity over 
the original guaiac FOB test,8 and there is 

Table 5: M2-PK versus FIT positivity.

FIT positive FIT negative

M2-PK positive 14/29 58/156

M2-PK negative 15/29 98/156

Figure 3: M2-PK levels are signifi cantly increased in FIT-positive samples.
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evidence to suggest that the overall sensi-
tivity of a one-time FIT for detecting cancer 
can be as high as 79% with a specifi city 
of 94%.9 However, important caveats are 
whether the FIT is quantitative or qual-
itative and/or the cut off is reported as 
the concentration of f-Hb present in the 
measurement solution rather than the 
quantity of f-Hb present in the stool.10 These 
points need to be taken into consideration 
when comparing published studies,11 as 
discussed in more detail below.

Interest is also growing in the use of assays 
that can detect elevated levels of other host 
protein biomarkers in stool samples that 
might likewise signal increased risk of CRC. 
Calprotectin has been considered a potential 
candidate but it is a protein found largely in 
neutrophils and therefore not cancer-spe-
cifi c.12 Instead, an increase in the faecal 
level of the dimeric form of the glycolytic 
pyruvate kinase isoenzyme M2-PK shows 
more promise as a biomarker for detecting 
CRC and larger polyps.5 The expression of 
this enzyme, which is upregulated in prolif-
erating tumour cells,13 is easily quantifi able 
in stool using a laboratory-based ELISA14,15 
or point-of care tests16,17 that are reportedly 
comparable.17

Our fi nding that M2-PK levels were 
increased in stool samples also found 
to have evidence of faecal haemoglobin 
appears to support the idea of screening for 
this protein biomarker. However, we found 
no signifi cant association (p=0.30) between 
detection of f-Hb or M2-PK levels >4U/ml-1, 
and this did not materially change when 
we increased the threshold for detecting 
M2-PK up to 10U/ml-1 (p=0.37). Instead, we 
found half the individuals with evidence 
of haemoglobin in their stool samples had 
M2-PK levels below the threshold of the 
test. This gains signifi cance with the obser-
vation that the FIT used in this study has a 
threshold of 50µg f-Hb per gram of faeces, 
a threshold that is increasingly considered 
comparatively high in a diagnostic setting. 
To put this into context, a threshold of 40µg 
of faecal haemoglobin per gram of stool 
has been set as the threshold for the bowel 
cancer screening programmes in New 
Zealand and the Netherlands as a means to 
reduce the number of patients being triaged 
for unnecessary colonoscopy.22

To date, only 67 of the 185 patients have 
been referred for colonoscopy (36%) but the 
results suggest that measurement of M2-PK 
in stool samples is not more sensitive as 
a biomarker for detecting pre-cancerous 
lesions in this group when compared to 
testing for faecal haemoglobin, despite the 
high threshold of the FIT. Moreover, the 
fi nding of lesions in 18 patients with faecal 
M2-PK levels less than 4U/ml-1 (including 12 
patients found to have dysplastic polyps) 
supports the meta-analysis by Tonus et al, 
which shows while the sensitivity of the 
faecal M2-PK test correlates to the size of 
colonic lesion, it still detects only 51% of 
adenomas.5 This lack of sensitivity is high-
lighted by our observation that 10 of the 57 
CRC patient-derived stool samples had faecal 
M2-PK levels below the 4U/ml-1 threshold. 
Conversely, we found patients in the GP 
cohort who had increased levels of faecal 
M2-PK, a negative FIT and/or a normal 
colonoscopy. Collectively our fi ndings are 
in line with other studies that also fi nd that 
M2-PK levels in faecal extracts do not always 
correlate with the detection of faecal haemo-
globin18 and/or the detection of CRC14,15,19,20 in 
a diagnostic setting. 

An unexpected discovery during this study 
was the high threshold of the FIT used to 
screen for evidence of faecal haemoglobin 
in the Canterbury region of New Zealand. 
While our study found that samples which 
tested positive for FIT had over twice the 
risk of lesions greater than 1cm, setting such 
a high FIT threshold in assessing symp-
tomatic patients may mean that a number 
of individuals with smaller (<1cm) pre-can-
cerous lesions are missed in a primary 
care setting. The NICE (National Institute 
for Health and Care Excellence) guidelines 
recommend a threshold of 10–15µg Hb/gm 
faeces be used to triage patients presenting 
in primary care with bowel symptoms.11 
This recommendation is based on evidence 
showing that optimal FIT performance 
(maximising sensitivity and specifi city) 
occurs at this lower threshold (10–15µg) 
whereas increasing the cut-off reduces 
sensitivity.21 This is highlighted in our 
study, where 48 patients were progressed to 
colonoscopy despite having a negative FIT. 
Nineteen of these individuals were found 
to have colorectal lesions, including 12 with 
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histological evidence of adenomas with 
low-grade dysplasia. Reducing the threshold 
of the FIT may have identifi ed these patients 
at primary care level. The issue remains, 
however, that a high rate of false-negative 
results is still likely in patients presenting 
with small adenomas.22

In summary, this study fi nds that while 
levels of M2-PK were signifi cantly higher 
in the stools of patients with known CRC 
than in healthy controls, M2-PK lacks the 
sensitivity and specifi city required of a 
predictive biomarker, either on its own or in 
combination with faecal haemoglobin, in a 
primary care setting. 
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The cost of electric-scooter 
related orthopaedic surgery 

Alex Campbell, Nicole Wong, Paul Monk, Jacob Munro, Zaid Bahho

E-scooters have become a popular mode 
of transport, particularly since the 
release of Lime e-scooters in Auck-

land and Christchurch. They are electric 
scooters that allow speeds of up to 27km/h 
on fl at surfaces, and even greater velocity 
when travelling downhill.1,2 There have been 
multiple articles and television segments on 
this new mode of transportation, available 
in over 100 locations globally.1 It is becom-
ing increasingly apparent that e-scooters 
are presenting a growing public health 
issue with a rising cost, both to the individ-
uals themselves and fi nancially to the New 
Zealand taxpayer and healthcare system. 
This study aims to outline the rising burden 
of e-scooter injuries and highlight the high 
energy trauma possible with their use. 

Methods
A retrospective audit of orthopaedic 

operations conducted by the Auckland City 
Hospital Orthopaedic Department from 15 
October 2018 to 22 February 2019 (when 
Lime e-scooters were temporarily suspended 
from public use),3 were examined. Emer-
gency department assessments, ward 
round notes, operation notes and discharge 
paperwork were all assessed to ascertain 
the direct cause of injury resulting in the 
requirement for orthopaedic surgery.

Both acute and elective orthopaedic oper-
ations were included to ensure patients 
who had an injury that was either initially 
managed non-operatively or not suitable 
for acute surgery and brought back to an 
elective list were not missed. 

ABSTRACT
AIM: To highlight the growing cost of electric-scooter (e-scooter) related injuries necessitating surgical 
intervention by the Auckland City Hospital Orthopaedic Department. 

METHODS: Retrospective audit of operations by the Auckland City Hospital Orthopaedic Department from 
15 October 2018 up to and inclusive of 22 February 2019. Inclusion criteria was that the direct cause of injury 
necessitating surgery was secondary to an e-scooter accident. Further demographic data was collected 
including injury sustained and operation details. The surgical costs were calculated, including anaesthetic 
time, surgical time, sta� ing, implants used and inpatient stay as well as clinic follow-up. 

RESULTS: Over the 19-week period of this study there were 21 patients requiring 23 operations as a direct 
result of e-scooters. The summative anaesthetic, theatre suite and sta� ing costs of these operations was 
$162,901. Implants required to fix the fractures totalled $39,898. Ninety-three inpatient nights and 61 
follow-up clinic appointments were required incurring an additional expense of $141,639 and $16,119 
respectively. Overall, these 23 cases cost a total of $360,557. The extrapolated loss of income was $44,368 
secondary to these injuries. This represents a total economic cost of $404,925, or $19,282 per person.

CONCLUSION: This study highlights that there can be serious consequences of e-scooter travel. High energy 
trauma not previously associated with scooter injuries is becoming increasingly prevalent as a result of 
readily available e-scooters. Many of the injuries identified represent significant morbidity to patients in 
terms of pain, lengthy rehabilitation and loss of income. Furthermore, the socioeconomic costs for DHBs 
continues to climb and adds to the acute surgical burden in an already busy healthcare system. The hazards 
of e-scooters should not be underestimated by both the general public and policy-makers. 
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For the patients who had an injury noted 
to be secondary to e-scooters, data collected 
included patient demographics, type of 
injury, body part injured, surgery required, 
length of hospital stay and number of 
follow-up clinic appointments incurred. 
The number of operations related to other 
wheeled vehicles (excluding cars), such as 
bikes, skateboards, motorbikes and mopeds 
was also collected. 

The total cost of the patient’s care was 
calculated by totalling the average cost of 
hospital stay ($1,523 per night), the cost 
of using the operating theatre, implant 
expenses and the cost of each follow-up 
clinic appointment ($264). Keeping the 
theatre suite operational and anaesthetic 
agents costs $41 per minute of anaesthetic 
time. All the staff required costs $152 per 15 
minutes of operating time. 

All expense dollar amounts used in 
this study were quoted by the Auckland 
City Hospital Business Manager Surgical 
Directorate. 

Results
From 15 October 2018 to 22 February 2019, 

there were 708 acute orthopaedic opera-
tions at Auckland City Hospital. Ninety-eight 
of these operations occurred secondary to 
wheeled vehicles (excluding cars)—34 bikes, 
11 skateboards, 20 motorbikes, 10 mopeds, 
23 e-scooters (Figure 1). 

There has been a linear increase in cumu-
lative number of operations secondary to 
e-scooters (Figure 2). There were 21 patients 
who had operations secondary to e-scooter 
injuries during our study period (Table 
1). Nineteen of these patients reported 
being on a Lime e-scooter at the time of 
injury. The remaining two were on private 
e-scooters. Two of these patients required 
revision operations (Table 2). The median 
age of patients was 31 with a range of 17 
years to 66 years of age (Table 1). More 
males than females required surgery. The 
majority of e-scooter injuries occurred 
on a weekday, where the peak incidence 
of injuries occurred between 8–9am and 
after 6pm. Sixteen e-scooter patients had 
full-time employment. Three out of the fi ve 
who were unemployed were students, while 
one was a tourist (Table 1). Fourteen out of 
21 patients sustained injuries from losing 
control due to travelling at maximum speed 
or due to the wheel getting caught on an 
uneven surface (Table 2). 

All operations carried out were for 
fracture fi xation: six ankles/foot, fi ve wrists, 
two femurs, fi ve tibias, two patellas and one 
humeral fracture. The Injury Severity Scores 
(ISS) for each patient were calculated.4 
These scores ranged from 4 to 13, where the 
median score was 9 for isolated serious frac-
tures (Table 2). 

These 23 operations required a total of 
3,276 minutes. The longest operation took 
225 minutes to complete for a tibial plateau 
fracture (Table 2). 

Totalling expenses associated with merely 
the surgical time —anaesthetic agents 
($41 per minute) and theatre staff ($152 
per 15 minutes), these 23 operations cost 
$162,901. Additionally the requirements of 

Table 1: Description of e-scooter patients (n=21 
patients).

 n %

Age

<20
20–29
30–39
40–49
≥50

3
6
5
1
6

 14.3
28.6
23.8
4.7
28.6

Gender

Female
Male

 9
12

 42.9
57.1

Day injury was sustained

Weekday
Weekend

 15
6

 71.4
28.6

Time of day injury was sustained

Morning (12am–11am)
Midday (12pm–2pm)
A� ernoon (2pm–5pm)
Evening (6pm–12am)

 6
5
1
9

 28.6
23.8
4.7
42.9

Employment status

Employed
Unemployed

16
5

 76.2
23.8

Citizenship

NZ citizen/resident
Tourist

20
1

95.2
4.8
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Table 2: Description of e-scooter injuries and resulting operation(s).

 Resulting injuries ISS Operation Anaesthetic 
duration

Duration 
of hospital 
stay

No. of 
follow-up 
clinics

1 Distal radius fracture 4 Open reduction 
and internal 
fixation (ORIF)

1h 34mins 2 days 3

2 1. Distal radius fracture
2. Fracture of inferior 

orbital floor and lateral 
wall of maxillary sinus

13 ORIF 2h 20mins 3 days 3

3 1. Distal radius fracture
2. Forearm abrasion

5 a) ORIF
b) Revision ORIF

a) 3h 3mins
b) 2h 3mins

4 days 3+

4 1. Bimalleolar ankle 
fracture

2. Avulsion fracture 
of dorsal aspect of 
navicular

4 ORIF with 
diastasis screw

1h 33mins 1 day 6

5 Trimalleolar ankle fracture 
dislocation

9 ORIF 2h 49mins 3 days 4

6 Trimalleolar ankle fracture 
dislocation

9 ORIF 2h 45mins 2 days 1

Figure 1: Derivation of study population (n=23 operations).
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7 1. Lateral femoral 
condyle and lateral 
tibial plateau fractures

2. Humeral greater 
tubercle fracture

9 Arthroscopy of 
knee +
ORIF of right 
distal femur

3h 4mins 4 days 0

8 Mid-sha�  femoral fracture 9 Closed 
reduction 
internal fixation

3h 7mins 5 days 4+

9 Distal radius fracture 4 ORIF 2h 5mins 1 day 2

10 Maisonneuve injury with 
medial malleolus abrasion

5 ORIF 1h 17mins 2 days 4+

11 1. Grade 2 compound 
mid-sha�  tibia- fibula 
fracture

2. Elbow and knee grazes

10 Washout and 
debridement 
of compound 
wound + IM nail 
of tibia

1h 58mins 2 days 3+

12 Trimalleolar ankle fracture 
and subtalar dislocation 
with comminuted fractures 
of calcaneus and cuboid

9 a)  ORIF + 
application of 
external fixator
b) Removal of 
external fixator

a) 3h
b) 30mins

13 days 6+

13 1. Distal radius fracture
2. Grazes to hand and 

elbow

5 ORIF 2h 27mins 4 days 4

14 1. Tibial plateau fracture 9 ORIF 3h 3mins 7 days 3+

15 1. Mid-sha�  Tibia-fibula 
fracture

2. Forearm abrasion

10 Closed 
reduction and 
IM nail tibial 
sha� 

2h 23mins 3 days 2

16 1. Talus fracture
2. Elbow abrasion

5 ORIF 1h 8mins 3 days 2+

17 Tibial plateau fracture 9 ORIF 3h 45mins 6 days 2+

18 1. Humeral head fracture
2. Facial contusion

5 Proximal 
humeral head 
ORIF

2h 37mins 3 days 2+

19 Distal tibia fracture 9 ORIF 3h 36mins 16 days 2+

20 Patella fracture 4 Open reduction 
and tension 
band wiring

1h 55mins 2 days 2+

21 Patella fracture 4 Open reduction 
and tension 
band wiring

1h 34mins 7 days 3+

More clinics anticipated, as patient is yet to be discharged from clinic.

Table 2: Description of e-scooter injuries and resulting operation(s) (continued).
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implants was a further $39,898. Thus, the 
average surgical cost was $8,817 for these 23 
operations. 

A total of 93 nights of inpatient stay and 
61 follow-up clinic appointments (and 
counting, as at 22 February 2019), summated 
to an extra cost of $141,639 and $16,119 
respectively. By the end of our study period, 
12 out of 21 patients are yet to be discharged 
from clinic. 

The average annual salary for New 
Zealanders was $41,200 before tax in 2017.4 
For upper limb injuries we estimated the 
average time off an offi  ce-based job would 
be two weeks. For lower-limb injuries this 
usually requires at least four weeks off 
work, and six weeks for femoral fractures. 
For more physical work this would often be 
much longer but we chose to take the lower 
limits in order to calculate the minimum 
estimated income lost. With these param-
eters the estimated income lost totalled to an 
average of $1,585, $3,169, $4,753 per patient 
for upper limb, ankle and femoral/tibia 
fractures respectively. For the 16 patients 
employed full-time, a conservative estimate 
of total income lost would work out to be 
$44,368 ($7,925 for upper limb, $31,690 for 
lower limb, $4,753 for femoral fractures) for 
merely this 19-week period. This represents 
a total economic cost of $404,925, or $19,282 
per person. 

Discussion
It is a well-documented phenomenon 

that there is an increased burden on the 
healthcare system following the intro-
duction of new transport crazes or 
gadgets.6–8 Since their release in October 
2018, over 185,000 riders have totalled 

nearly one million trips on Lime e-scooters 
in the Auckland region alone, showing a 
growing trend towards using public-share 
e-scooters.3 

Our data has shown that in the 19 weeks 
since their release, (Lime and non-Lime) 
e-scooters have directly contributed to 23 
additional orthopaedic operations. The 
average cost of each e-scooter operation 
was $8,817. 

In addition to the fi nancial cost of these 
operations and clinics, there are wider costs 
to society as a whole. Firstly, the increased 
burden on acute operating time (54 hours, 
36 minutes) lengthens the waiting times 
for other patients requiring acute oper-
ations. Secondly, there is an opportunity 
cost of requiring time away from work 
post-operatively. 

During our study period, E-scooters 
resulted in the second highest wheeled-ve-
hicle related injuries requiring orthopaedic 
operations, excluding cars. E-scooters 
appear to pose an increased risk compared 
to other wheeled vehicles; likely due in part 
to the speeds possible and their inherent 
instability.9,10 There has been at least 
one reported death in September of last 
year directly as a result of a Lime scooter 
accident in California.11 

Our data shows that most e-scooter 
injuries were sustained between 8–9am and 
after 6pm. This problem could be remedied 
by restricting public-use e-scooters such as 
Lime’s availability to certain times of the day 
so that fewer e-scooters are available during 
predicted peak injury incidence times. 

Most injuries occurred due to riders losing 
control while riding on an uneven surface 
or due to travelling at maximum speed. 

Figure 2: Cumulative number of e-scooter operations from 15 October 2018–22 February 2019.
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A possible solution exists that e-scooters 
may require modifi cations to reduce the 
maximum speed attainable and to increase 
stability. 

Finally, one patient was 17 years old. 
Public-use e-scooters are marketed as only 
available to users 18 years and older.1 
Stricter age restrictions should therefore be 
reinforced for those who would like to ride 
public-use e-scooters. 

The severity of trauma seen with these 
injuries has been notable. Three of the 
four ankle fractures were pilon frac-
ture-dislocation varieties which are usually 
resulting from high energy injuries such 
as motor vehicle collisions or falls from 
substantial heights. Similarly, comminuted 
tibia and femur fractures are usually seen 
in multi-trauma, yet represent a signif-
icant proportion of injuries in this study. 
E-scooters are not only causing increased 
injuries necessitating surgery, but perhaps 
more noteworthy, is the severity of these 
injuries, manifesting the destructive forces 
possible with their use. The complexity of 
some of these operations refl ected in the 
prolonged operating times. 

Furthermore, 29% of our study popu-
lation were over the age of 50, exposing 
more physiologically vulnerable patients to 
high-trauma injuries. To the general public 
the accessibility of e-scooters and ease of 
use perhaps belies the potential dangers of 
riding them. 

It is of note that this audit does not 
include non-operated injuries. There 
is a signifi cant additional burden on 

the Auckland City Hospital Emergency 
Department as a result of e-scooter related 
injuries that are not included in this report. 
This audit only reports the cost incurred 
by the Auckland City Hospital Orthopaedic 
Department, but does not include opera-
tions required by other specialties, patients 
who had operations carried out in the 
private sector or patients presenting to 
general practice or urgent care clinics with 
contusions, sprains, concussions, lacera-
tions, dislocations and numerous other 
injuries as a result of e-scooters. ACC data 
shows there have been 716 new injury-re-
lated claims in the Auckland region over 
the duration of our study period merely 
secondary to Lime scooters.3 While this 
audit examines orthopaedic surgical 
cases, the greater burden on resources 
lies in the multitude of injuries managed 
nonoperatively. 

Conclusion
The burden of injuries secondary to 

e-scooters in this short period of time since 
the release of these devices refl ects a signif-
icant cost to the patients and the Auckland 
District Health Board. The numbers of these 
injuries, as well as the extent of high-energy 
trauma, not usually associated with scooter 
use, warrants greater public awareness and 
further studies on preventative measures. 
This is pertinent to both the wider public 
and health policy-makers in reducing 
ongoing injuries from an increasingly acces-
sible device, as e-scooter use continues to 
become more popular. 
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Health effects of 
radiofrequency 

electromagnetic energy
Mark Elwood, Andrew W Wood

Health professionals have to deal re-
sponsibly with many complex health 
issues on which diverse viewpoints 

are expressed, such as immunisation, fl uori-
dation, climate change and electromagnetic 
energy. On all of these topics a vast amount 
of scientifi c research has been done, from 
many disciplines. 

The New Zealand Medical Journal has 
recently published an individual viewpoint 
by Dr Susan Pockett1 on health issues of 
radiofrequency electromagnetic energy (RF). 
She cites various papers, from as far back 
as 1967 to 2016. How do we know if these 
are the best and most relevant studies? Are 
there other studies, and if so, do they agree 
with the ones cited? What is an appropriate 
balanced and objective interpretation of all 
this information?

The issue is similar to that of deciding 
on the best treatment for a condition, or 

assessing the latest claim for a dietary 
item. The only logical and objective way 
to do this is to consider all the relevant 
evidence, assess its quality and reliability, 
and base our conclusions on the balance of 
the available evidence, allowing that our 
opinions should change if future evidence 
justifi es it.

But on large and complex issues, we 
cannot realistically do that ourselves. The 
potential health effects of electromagnetic 
energy involve considerations of physics, 
cellular metabolism, animal experimen-
tation, human psychology, statistics and 
epidemiology. In each of these disciplinary 
areas there is a large scientifi c literature, 
with complex methods and often confl icting 
conclusions. To review this requires groups 
of expert scientists from different disci-
plines, independent of major confl icts of 
interest, to produced well-documented 
evidence-based reports.

ABSTRACT
The issues of real or suspected health e� ects of radiofrequency fields, produced by cellphones, their base 
stations and many other devices, are complex and controversial. We believe that the most balanced and valid 
assessments of these issues are given by the extensive reports produced by reputable, multidisciplinary, 
expert groups. These use the principles of a comprehensive review to assess all available published 
literature and form their conclusions by consideration of the strength of the evidence from the available 
studies. This paper provides links to several of these reports, and shows how others can be accessed. 
These reports are large and complex, but freely available on websites. We summarise the most recent New 
Zealand report, which itself refers to and summarises many other reports. The scientific literature on these 
issues is enormous, particularly in animal and laboratory studies. There are some comprehensive reviews 
of these, demonstrating that the quality of the studies is very variable, and that, for example, results 
claiming to show increased genetic damage or other biological e� ects are much more common in studies 
of low quality, whereas higher-quality studies predominantly show no significant e� ects. Thus, while there 
are many reports which in isolation suggest health e� ects, there is no consistent evidence supporting 
important health e� ects caused by low intensities of radiofrequencies similar to those experienced by the 
general population. There are certainly many unanswered questions, and new studies need to be assessed 
carefully and replicated where possible. Thus, expert groups in several countries including New Zealand 
need to continue to regularly review new studies.
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Comprehensive reviews available 
The good news is that this has been done, 

not once but many times, and not by one 
group, but by several groups in different 
countries. Most of these reports while highly 
technical in detail, have led to under-
standable summaries. To be responsible 
health professionals, we should rely on 
these resources. 

A few reports are noted in Table 1. Most 
of these are available on websites and, 
along with many others, are on the New 
Zealand Ministry of Health website (https://
www.health.govt.nz/our-work/environ-
mental-health/non-ionising-radiation/
research-non-ionising-radiation). In New 
Zealand, regular reviews are done by the 
Interagency Committee on the Health Effects 
of Non-Ionising Fields, whose 2018 report 
has an appendix listing many other reports.2 
The reports are from multidisciplinary 
expert groups in Australia, the European 
Community, France, the Netherlands, 
Sweden, Norway, the UK and Canada. The 
report from the International Agency for 
Research on Cancer (IARC) is particularly 
well-documented.3 Most have summaries in 
English and brief fact-sheets. Some reports 
highlight topics such as hypersensitivity, 
children’s health or cell phones and base 
stations. For example, the 2015 European 
Community report4 is a 288-page document 
citing about 800 scientifi c studies. It has 
a specifi c place in that report to record a 
‘minority opinion’ (page 228): there was 
none, showing unanimity from the 12 scien-
tists, from eight different countries, who 
prepared the report. 

The “weight of evidence” principle
All these major reviews depend on 

the “weight of evidence” principle. This 
requires accessing the relevant literature, 
selected in an unbiased way, assessing 
it objectively and considering its quality 
and relevance. This is the basic method of 
any informed assessment, and is applied 
systematically in clinical guidelines, profes-
sional standards, comprehensive reviews, 
good textbooks, and work such as that of 
the Cochrane collaboration;10 and in envi-
ronmental hazard assessments.11,12 Despite 
all this, Dr Pockett rejects this method, 
and does so with little understanding of it; 
she describes it as merely comparing the 
numbers of positive and negative studies, 

which is far from the detailed assessments 
of study quality and ‘risk of bias’, which are 
made in good reviews.

Thus, Dr Pockett’s ‘viewpoint’ is not based 
on an objective and balanced review of the 
topic, but depends only on selected study 
results. She presents no methodology; no 
rationale on how literature was searched, 
what literature was reviewed and why these 
particular studies are cited in preference 
to many others. The individual studies she 
cites could be discussed in detail, but that 
would be unhelpful, as the main issue is 
how these were chosen for inclusion, while 
on most topics there are many other and 
often more valid studies available. It is more 
helpful to summarise the results coming 
from balanced and objective reviews.

Range of e� ects
The most relevant health questions 

relate to whether exposures to radiofre-
quency energy (RF) increase the risk of 
human disease. This has been studied 
intensively, particularly for cancer but also 
for other diseases such as neurological 
diseases. Cognitive and psychological 
effects have also been studied, including 
claims of hypersensitivity, that is, whether 
certain individuals are more sensitive to 
RF. The methods most directly applicable 
to studying human diseases are epidemi-
ology, animal exposure experiments and 
tests of established cellular mechanisms, 
for example for carcinogenesis. For some 
short-term effects and hypersensitivity, 
human volunteer studies including double-
blind randomised experiments have been 
done. Laboratory cellular or molecular 
studies are even more numerous, but 
further from human disease in that they 
often assess a biological ‘effect’ which may 
not be related to a health issue.

Epidemiology
Epidemiology is the key science to assess 

disease causation in humans. Dr Pockett 
notes that there is no population group 
totally unexposed to electromagnetic energy, 
but this applies similarly to passive smoking, 
dietary issues, air pollution, noise and in fact 
most common exposures. To claim that this 
reduces epidemiology “to studying timelines 
and trying to draw correlative conclusions” 
(p. 97) suggests ignorance of epidemio-
logical methods; although curiously, she 
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Table 1: The latest New Zealand report, and some major multidisciplinary reports on radiofrequencies 
published since 2015.  Many others are described in the New Zealand report cited here. 

Date, ref Group Some conclusions, and websites

20185 Interagency 
Committee on the 
Health E� ects of 
Non-ionising Fields, 
New Zealand

Although studies into brain tumour risks associated with mobile 
phone use have found a small association in the heaviest users, 
the researchers acknowledge that this could simply reflect biases 
in the data. Animal studies do not suggest an e� ect of RF fields 
on cancer. Analysis of brain tumour registrations in relation to 
numbers of mobile phone subscriptions does not show any 
trends suggesting a link, but this could be due to long latencies 
or (more improbably) some other factor that is simultaneously 
acting to reduce brain tumours. Research published since the 
IARC classification tends to weigh against the possibility of any 
risk, but may just reflect the fact that exposures from the newer 
mobile phone technologies are much lower than those in use 
at the time most of the data used in the IARC evaluation was 
acquired. RF research is continuing in a number of areas, but data 
currently available provides no clear or persuasive evidence of 
any other e� ects. Recent data suggests that at some frequencies 
the margin of safety may not be quite as high as previously 
thought. This is not of immediate concern, as public exposures 
are normally, at most, only small fractions of the allowable limit 
and a considerable safety margin remains.
https://www.health.govt.nz/our-work/environmental-health/
non-ionising-radiation/research-non-ionising-radiation

20186 Swedish Radiation 
Safety Authority 
(SSM)

https://www.stralsakerhetsmyndigheten.se/en/publications/
reports/radiation-protection/2018/201809/
Previous reports 2016, 2015, 2014, 2013

20187 French Agency 
for Food, 
Environmental and 
Occupational Health 
and Safety (ANSES)

https://www.anses.fr/en/system/files/AP2011SA0150EN.pdf

Previous reports 2016, 2013

20168 Biological E� ects 
Policy Advisory 
Group, Institution 
of Engineering and 
Technology

http://www.theiet.org/factfiles/bioe� ects/emf-position-page.cfm

Previous reports 2014, 2012

20169 Health Council of 
the Netherlands, 
Electromagnetic 
Fields Committee 

https://www.healthcouncil.nl/documents/advisory-
reports/2016/06/01/mobile-phones-and-cancer-part-3-update-
and-overall-conclusions-from-epidemiological-and-animal-
studies
Previous reports 2014 (animal studies), 2013 (epidemiology)

20154 European 
Union Scientific 
Committee on 
Emerging and Newly 
Identified Health 
Risks (SCENIHR) 

http://ec.europa.eu/health/scientific_committees/emerging/
docs/scenihr_o_041.pdf
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is willing to cite epidemiological results 
where they support her viewpoint. She 
comments on time trend studies, but ignores 
detailed studies in both New Zealand13 and 
Australia14 which show no relationship 
between brain cancer incidence and the use 
of mobile phones, and are consistent with 
most international literature. 

Dr Pockett notes some of the case-control 
studies of brain tumours; here a main 
issue is the fi nding of substantial risks in 
the studies of Hardell et al,15 done only in 
Sweden, which contrast with the mainly 
negative results of the Interphone study.16,17 
This was much larger and more detailed, 
done in 13 countries, including New Zealand 
and Australia. Cell phone use was assessed 
by a questionnaire in both sets of studies; 
but in the Interphone study, this was exten-
sively tested, and compared with cell phone 
company records in several countries.18 
Extensive validation studies were done.19–21 
The studies also included detailed analyses 
of precise location of brain cancers in 
relationship to modelled dose estimates.22 
Such quality control steps were not used as 
extensively in the studies by Hardell et al. 
The Interphone study was carried out by 
the IARC, which is the most well recognised 
and authoritative organisation dealing with 
cancer issues. It has highlighted the risks of 
a great number of cancer-causing agents, 
many of which have powerful industry 
lobbies. In 2015, a remarkable paper by 
123 scientists in 16 countries examined 
criticisms of the IARC process, including 
issues of confl ict of interest, resulting in 
their support for the quality of the work.23 
The Interphone study cost about 19 million 
Euros, and received part (less than 30%) 
of its funding from the mobile phone 
industry. These funds were granted with 
an agreement containing specifi c clauses to 
protect the independence of the scientists, 
as is usual with research involving new 
technologies. In a similar way, Australia 
is supporting a program of peer-reviewed 
research on EMF issues, funded by a levy 
on telecommunications companies, but 
with the funds managed independently 
by the NHMRC (https://www.nhmrc.gov.
au/research-policy/research-priorities/
electromagnetic-energy-program).

Dr Pockett’s selective review ignores many 
important studies, eg, a large, independent 

and carefully conducted study of acoustic 
neuroma in Sweden,24 which supports the 
results of the Interphone study and confl icts 
with the studies of Hardell et al. Dr Pockett 
does not mention the prospective cohort 
studies, which have some methodological 
advantages over case-control studies, in 
particular not relying on voluntary consent 
to participate. The major studies are of 
personal phone subscribers in the whole of 
Denmark,25,26 and the ‘Million Women’ study 
in the UK;27 neither shows any increase in 
glioma or acoustic neuroma.

Whole-animal studies
Although Dr Pockett claims that little 

has been published, there is a great 
deal: a Netherlands report28 reviews 51 
papers on animal studies. These studies 
can assess exposures throughout the 
natural lifespan and even prenatally, with 
cancer frequencies from low to very high, 
depending on the animals used. To claim 
that rats only live two years and that may 
not be enough time to develop cancer, as 
Pockett does, shows a lack of knowledge of 
basic animal studies, since the relationship 
between rat, mice and human age is well 
researched.29,30 The issue again is the lack 
of consistent evidence. Recently, the most 
extensive studies yet have shown some 
possible cancer increases in male rats 
with lifelong exposure, but with no similar 
increases in female rats or in male or female 
mice (https://ntp.niehs.nih.gov/results/areas/
cellphones/index.html). 

Laboratory studies
The issues of RF involve in vitro and in 

vivo experimental work, exploring geno-
toxic effects, cell proliferation and apoptosis, 
gene expression, stress responses and heat 
shock proteins, membrane effects, intra-
cellular signalling effects and effects of 
proteins.31 Low-level exposures and possible 
non-thermal mechanisms have been 
explored. While questions and hypotheses 
abound, consistent evidence for any detri-
mental health effect is lacking. Dr Pockett 
discusses some of these, citing a selection of 
mainly positive studies. The area is notable 
in the inconsistency and variable quality 
of the studies, so a more careful approach 
is needed. A recent comprehensive review 
of published studies from 1990 to 2017 on 
genetic damage in mammalian cells iden-
tifi ed 225 publications showing 2,160 tests.32 

VIEWPOINT



68 NZMJ 30 August 2019, Vol 132 No 1501
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

Four objective measures of quality of study 
were applied, dealing with blind evaluation, 
adequate dosimetry, non-exposed controls 
and positive controls. The results showed 
that ‘positive’ results and the size of the 
effect reported depended on the quality of 
the study, with positive effects and larger 
effects being seen much more frequently in 
low-quality studies. As shown in Figure 1, 
of 67 studies with zero or only one quality 
control measure, 50% gave positive results, 
ie, reported a signifi cant increase in genetic 
damage. Of 79 studies meeting all four 
quality criteria, only 9% gave positive results 
while 73% showed no signifi cant effect, the 
other 18% giving mixed results. Results based 
on the sizes of effects reported show a similar 
pattern. Moreover, there was clear publi-
cation bias, with large studies centring on no 
effect, while small studies were much more 
likely to be published if they gave positive 
results. A review of 104 papers reporting 
on 483 experiments dealing with cell prolif-
eration or apoptosis also showed that 
positive results were a feature of low-quality 
studies.33 Reviews of the studies used in the 
AGNIR review,34 and the European review4 
yielded similar conclusions.31 So while some 
well-conducted studies show biological 

effects which need to be considered care-
fully, the literature as a whole may be quite 
misleading if considered uncritically.

Given the range of results shown in Figure 
1, and similar patterns for other types of 
study, we suspect Dr Pockett’s viewpoint 
is based on selecting studies at least in 
part because they show effects. This may 
be appropriate to raise concerns or create 
hypotheses for testing; but it is not a valid 
basis for making conclusions and recom-
mendations. Dr Pockett says she knows of 
no published evidence that many studies 
showing harmful effects of RF are less 
than credible, but these reviews contradict 
that. The poor quality and reproducibility 
of studies has contributed to the public 
concerns on these issues.35 

Public exposures
Contrary to Dr Pockett’s claims, there 

is a lot of information on public levels of 
exposure to RF. Population-based surveys 
of RF exposure have been done, mainly 
in Europe,36,37 also in the US,38 and with 
special attention to exposures in children,39 
and exposures from cell phones and base 
stations.40 In New Zealand, measurements 
have been made around several hundred 

Figure 1: Results of 225 studies on genetic damage in mammalian cells, published 1990–2017, showing 
percentage showing increased genetic damage, or no signifi cant effect, ordered by quality of study from 
0 (low) to 4 (high). Remaining studies showed mixed effects or decreased damage.32 
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cellsites in New Zealand; the operators are 
not informed when the monitoring will 
take place, and generally have no say in the 
sites selected for monitoring. At most sites, 
the highest exposure is less than 1% of New 
Zealand exposure standard, and exposures 
are rarely more than a few percent of the 
limit (https://www.health.govt.nz/our-work/
environmental-health/non-ionising-radi-
ation/independent-cellsite-monitoring). 
None has exceeded the limit in publicly 
accessible areas, although some instances of 
over-exposure of workers near high-power 
antennas have occurred. In some countries 
such as Australia, addresses can be searched 
to show cell phone sites (https://www.rfnsa.
com.au/?fi rst=1)

Guidelines and standards 
Radiofrequency technologies have been 

used since early in the 20th century, and 
possible effects of radio and television 
broadcasting, and radar, were studied exten-
sively even before mobile phones arrived. A 
basic principle is the precautionary strategy 
of using exposure levels as low as possible, 
and this is specifi cally incorporated in the 
New Zealand standard. 

Guidelines for exposure limits have 
been set by national and international 
groups, composed predominantly of scien-
tifi c experts, and their reports include 
detailed discussions of the scientifi c 
evidence. Standards cited in regulations 
are legal documents, so are more formal. 
The relevant regulatory document for RF 
in New Zealand is under the Resource 
Management Act (Resource Management 
(National Environmental Standards for 
Telecommunication Facilities) Regulations 
2016). This cites NZS 2772.1 as the standard. 
The standard itself is a technical document 
that relies on the interpretation of scientifi c 
evidence found in ICNIRP 1998 guidelines41 
(http://www.icnirp.org/cms/upload/publi-
cations/ICNIRPemfgdl.pdf), which were 
reassessed and confi rmed in 2009 and 
201742,43 (http://www.icnirp.org/cms/upload/
publications/ICNIRPStatementEMF.pdf ). The 
ICNIRP conclusions have been supported by 
the other major reviews noted earlier.

Conclusions
The possible health effects of RF have been 

studied intensively for many years, and 
many high-quality expert multidisciplinary 
evidence-based reviews are available. These 
are a much better source of guidance than 
the viewpoint of Dr Pockett, which appears 
to be based on a selective view of a small 
fraction of the available literature. The 
standards regulating public exposure in 
New Zealand are similar to those in most 
other countries, and based ultimately on the 
reviews of the scientifi c evidence. The stan-
dards show maximum exposure limits that 
cannot legally be exceeded, while typical 
exposure levels are usually much lower. 
The standards require also a precautionary 
approach, minimising exposure to what is 
required for the application to work.

There are many studies showing biological 
effects of low dosages of RF, but these are 
often of low quality and inadequately repli-
cated. Many of these effects are of interest 
physiologically, while their relevance to 
human health is unknown or doubtful. 
The laboratory and animal studies show 
no consistent health effects. The epidemi-
ological studies also show no consistent 
evidence of health risks. Studies showing 
possibly harmful effects are important and 
need careful assessment and often further 
research, and this area of research needs to 
be updated regularly as new information 
becomes available. This is being done and 
will continue. Individual views will differ and 
may be strongly felt: but, as with Dr Pock-
ett’s viewpoint, these may depend on a very 
selective reading of the available science. 

Doctors will frequently be asked ques-
tions about this issue. While no short 
summary can do justice to this complex 
area, useful summaries are available 
from reputable sources such as the World 
Health Organization (https://www.who.int/
news-room/fact-sheets/detail/electromagnet-
ic-fi elds-and-public-health-mobile-phones), 
and New Zealand sources (https://
www.healthed.govt.nz/resource/
radiofrequency-fi elds).
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Expediting cataract 
surgery in New Zealand 
is cost-effective for falls 

prevention and improving 
vision—so what might be 

the next steps?
Matt Boyd, Adeline Kho, Nick Wilson, Graham Wilson

In this viewpoint article we provide some 
background to the potential of cataract 
surgery for falls prevention in New Zea-

land and its value for money (cost-effective-
ness). We then consider the potential next 
steps for expediting cataract surgery and 
further improving its cost-effectiveness in 
the New Zealand setting. 

Falls prevention in New Zealand
The New Zealand Health Quality and 

Safety Commission (HQSC) responded to a 
historically large number of inpatient falls 
by instituting a three-year harm reduction 
programme. Using a targeted measurement 
framework and national action plan this 
corresponded to a nationwide reduction 
in fractured neck of femur from inpatient 
falls.1 More recently, the Commission has 
expanded its work to consider the evidence 

base around community interventions for 
preventing falls.2,3

Alongside the work of the Commission, the 
Accident Compensation Corporation (ACC) 
has recommended strength and balance 
exercise programmes for falls prevention.4,5 
In 2016 it also committed to contributing 
$30.5 million over four years to facilitate 
these programmes.

These types of falls prevention inter-
ventions are evidence based with recent 
evidence from Cochrane systematic reviews. 
These include reviews on strength and 
balance exercise (high certainty evidence)6 
and multicomponent interventions that 
usually include some combination of 
exercise, home safety assessment and modi-
fi cation, and education (moderate certainty 
evidence).7 Strength and balance exercise, 

ABSTRACT
Multifactorial individual assessment with interventions tailored to the individual’s risk factors can reduce 
the rate of falls and risk of fractures. Assessment of vision is one key aspect of multifactorial assessment 
and first eye cataract surgery reduces the rate of falls. We recently modelled the impact of expediting first 
eye cataract surgery in New Zealand for falls prevention (Boyd et al Injury Prevention). The model used was 
the same model used for previous modelling of home safety assessment and modification and community 
exercise programmes. This study found that expedited cataract surgery was highly cost-e� ective by 
generating a quality-adjusted life-year (QALY) for NZ$10,600 (95%UI: NZ$6,030–15,700). Routine cataract 
surgery itself (relative to no such surgery being available) was even more cost-e� ective at $4,380 per QALY 
gained, when considering vision benefits and falls prevention benefits. In this viewpoint article, we discuss 
the potential next steps for expediting cataract surgery and further improving its cost-e� ectiveness in the 
New Zealand setting. 
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and home safety assessment and modifi ca-
tions have been found in modelling studies 
to be cost-effective in New Zealand.

Cataracts and falls
Assessment of vision is one key aspect of 

multifactorial assessment and should lead 
to appropriately tailored interventions to 
address any visual disturbances. As cataract 
is the most common cause in the world of 
visual impairment, cataract surgery is a key 
intervention in this space.

In a 2012 Cochrane review, fi rst eye 
cataract surgery was deemed to reduce the 
rate of falls (RaR=0.66, 95%CI: 0.45–0.95, 
single study, women over 70 years of age), 
but second eye cataract surgery did not.8 
In a literature review in 2018 we identifi ed 
that this fi rst eye study9 was the highest 
quality randomised controlled trial (RCT) 
at this time examining the connection 
between cataract surgery and falls. Since the 
Cochrane review, an Australian cohort study 
appears to have supported the fi nding that 
cataract surgery can reduce falls and also 
provides some evidence to generalise the 
fi nding to men and also to a slightly younger 
age group (those over 65 years) (RR=0.66, 
95%CI: 0.45–0.96 in the RCT (Harwood et al) 
vs incidence rate ratio (IRR)=0.67, 95%CI: 
0.49–0.92) in the cohort study.10 

The results from other cohort studies11 
and database studies12 involving cataract 
surgery also suggest a benefi t through falls 
prevention. However, a few studies fi nd 
either no statistically signifi cant benefi t13 
or actually an increased risk for falls that 
require hospitalisation.14 However, these 
studies were not as methodologically sound 
and involved recall bias, counting only 
number of fallers and not number of falls, 
or focused only on falls requiring hospi-
talisation, which are a small proportion of 
total falls. 

New cost-e� ectiveness modelling 
evidence for New Zealand

On the basis of the Harwood et al RCT, and 
further support for the effect size reported 
from the Palagyi et al cohort study, we 
recently published a study on the impact of 
expediting fi rst eye cataract surgery in New 
Zealand for falls prevention.15 The model 
used was the same model used for previous 
modelling of home safety assessment and 
modifi cation and community exercise 

programmes in New Zealand.16–18 This 
makes the results directly comparable and 
we present a mini league table at the end of 
this viewpoint. 

The key driver of benefi t for expediting 
cataract surgery is the time difference 
between the date the surgery would have 
taken place under normal circumstances 
and the date the surgery could take place if 
surgery is expedited. 

The relevant sequence of events in 
New Zealand is: a GP/optometry referral 
to the district health board (DHB), then 
a fi rst specialist assessment (FSA), then 
placement on the waiting list for surgery, 
a confi rmation of surgery letter, then a 
preadmission appointment (where further 
investigations such as biometry are 
performed), then the surgical event. This of 
course is the sequence of events assuming 
that the referral is triaged as ‘needs to be 
seen’ and assuming the patient then meets 
the local DHB clinical priority assessment 
criteria (CPAC) score (which can vary by 
DHB). Current Ministry of Health policy is 
that the time from referral to FSA should 
not exceed four months and, similarly, the 
time from FSA to cataract procedure should 
not exceed four months. However, the time 
period monitored by the Ministry is the 
time from ‘confi rmation of surgery’ (which 
is when the patient is notifi ed that they 
are on the waitlist and will be booked for a 
procedure) to the date of the procedure, and 
this confi rmation may not come at the time 
of FSA but later (Chris Lewis, MoH, personal 
communication). This may be in part due 
to delays in production of the referral 
letter, and delays in the waitlist going to the 
waitlist coordinator. 

The mean number of days from FSA to 
exit for cataract procedures for patients 
exiting treatment in 2017 was 219 days. 
Of that, there were 75 days on average 
between being ‘given certainty’ and the 
exit. This implies 144 days from FSA to 
‘given certainty’. If we include the time 
from referral to FSA (and assuming the four 
month target is met here) then we have a 
total of 120 days (4 months) + 219 days (FSA 
to exit) = 339 days for total time from the 
initial GP or optometry referral to the date 
of exit from completed surgery (ie, with 
intraocular lens placement). Our simulation 
model was based on one-year model cycles, 
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so we modelled a 365-day total time vs a 
zero-day total time for the whole process. 
‘Zero days’ was used as a simplifi cation in 
the model; the patient would still be expected 
to have a referral and FSA, but the process 
would be expedited so this happens over a 
couple of weeks rather than many months. 
The results we present may therefore need to 
be re-interpreted for any DHBs that achieve 
signifi cantly less time from referral to FSA to 
surgery than 339 days. 

Our study estimated that expedited 
cataract surgery for one year of incident 
cases (the 2011/12 population, in which 
10,945 patients over 65 years of age were 
treated with extracapsular crystalline lens 
extraction by phacoemulsifi cation) generated 
a total of 240 quality-adjusted life-years 
(QALYs; 95% uncertainty interval [UI]: 
161–360) over the remaining lifetimes of 
the intervention group. Associated with this 
benefi t was a net cost to the health system of 
NZ$2.43 million (95%UI: 2.02–2.82 million), 
also over the remaining lifetimes. Cost-effec-
tiveness of this intervention was good with 
an incremental cost-effectiveness ratio (ICER) 
of NZ$10,600 (95%UI: NZ$6,030–15,700) per 
QALY gained. In the Harwood et al RCT, 75% 
of patients had visual acuity of 6/12 or better. 
If it is reasonable to assume that worse 
vision equates to more falls risk, then it may 
be that cost-effectiveness is even better for 
those with very poor pre-operative acuity. 

The level of cost-effectiveness did not 
vary greatly by sex, ethnicity (Māori vs 
non-Māori) and previous fall history, but was 
more favourable for those aged 65–69 years 
compared to the oldest age group of 85–89 
years ($7,000 vs $14,200 per QALY gained). 
Comparing cataract surgery with no surgery, 
the ICER was even more favourable at $4,380 
(95%UI: 2,410–7,210) per QALY gained. 

Possible next steps for expediting 
cataract surgery and further 
improving cost-e� ectiveness 

As we estimated for our modelling work, 
there appears to be around 339 days from 
the initial GP or optometry referral to the 
date of exit from completed surgery. One 
way this could be effectively reduced are 
changes to the scoring system currently 
used for publicly funded surgery in New 
Zealand. Currently access to this surgery is 
determined by the CPAC score, a number 

which represents the patient’s need for 
surgery and potential to benefi t. It incorpo-
rates clinical and social need and aims to 
objectively prioritise patients so that those 
with the greatest urgency and potential to 
benefi t should access surgery fi rst. However, 
there is controversy in how this is calcu-
lated (the subjectivity and suitability of the 
Impact on Life questionnaire, the failure 
to explicitly include vision-related param-
eters such as falls, driving). Thresholds 
also differ between DHBs, so that someone 
with a symptomatic cataract may be denied 
surgery in City A but be accepted in City 
B. The CPAC scoring system needs to be 
tailored specifi cally to cataract surgery and 
incorporate potential benefi ts from falls 
reduction. Lowering of the threshold would 
result in patients becoming eligible for 
surgery earlier, with milder cataracts and 
better vision. Even if they were to wait eight 
to 12 months for surgery, because of the 
time saved by entering the waitlist earlier, 
they would effectively have had their inter-
vention expedited. 

Cataract surgery is a relatively quick 
and safe procedure performed under local 
anaesthesia, as a result there may be a 
ceiling effect on what can be charged. This 
might explain why costs for cataract surgery 
provided in the public systems already 
appear to be quite low in New Zealand 
($2,819 by our calculations). On the basis of 
bulk-funded private provision contracts we 
found a low differential between DHB costs 
and private sector (approximately $400). This 
is possibly due to high competition among 
private providers for these bulk contracts. 

There may not be much room to reduce 
private sector prices for expedited surgery 
in New Zealand, however this could be 
explored further in terms of large contracts 
such as a bulk purchase of hundreds of 
cases by a DHB or a group of DHBs. Private 
provision would also need to be carefully 
managed so that it does not take capacity 
away from public hospitals, which often 
use the same pool of doctors. Unregulated 
increased private provision does not auto-
matically improve access or equity.19 DHBs 
sometimes negotiate a relatively low price 
for cataract surgeries that are outsourced to 
private providers. However, this varies a lot 
across DHBs. Given the above, one option 
for expediting surgery would be for DHBs 
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(or the Ministry of Health) to collectively 
research how best to fund an increase in 
cataract surgery in the New Zealand setting. 

Health system costs might still be lowered 
further and waiting times may also be 
reduced by increasing the number of 
cataract surgeries per surgical list (some 
DHBs only do four while others may achieve 
six to seven). Effi  ciencies could also poten-
tially be gained with: wider use of surgical 
equipment that can be sterilised and 
re-used; bulk purchase of equipment by 
national agencies, which can then be used 
at the local level; and incorporating cloud-
based pathway management systems to 
streamline the cataract referral pathway. 
Nevertheless, decreasing the time allotted 
per procedure must be balanced against 
trainees’ learning needs. Ophthalmology 
registrars learning to perform cataract 
surgery will undoubtedly require more time 
per procedure than a seasoned surgeon; this 
must not be neglected if we are to continue 
producing competent surgeons. 

Cost-e� ectiveness comparisons 
Relative to the cost-effectiveness of other 

interventions to prevent falls in the New 
Zealand population,17,18 fi rst eye expedited 
cataract surgery compares reasonably 

favourably (Figure 1). Nevertheless, if the 
wider question is around protecting eye 
health then advancing tobacco control 
(eg, achieving Smokefree 2025) is likely to 
be even more cost-effective than surgery 
(since smoking is a cause of both cataracts20 
and age-related macular degeneration21). 
For further cost-effectiveness comparisons 
with 400+ other health sector interven-
tions in Australia and New Zealand, see 
the University of Otago and University of 
Melbourne interactive league table.22

Conclusions
Overall, the New Zealand public health 

sector, in the context of an ongoing 
campaign to reduce falls and harm from 
falls, should consider prioritising the 
reduction of waiting times for cataract 
surgery. To maximise the cost-effectiveness, 
priority could be given to expediting 
cataract surgery in younger people. A range 
of options exist for expediting cataract 
surgery, including changes to the current 
scoring system and increasing throughput 
with more cases on each surgical list. There 
may also be some potential for cost reduc-
tions through enhanced bulk purchase by 
DHBs from private sector providers. 

Figure 1: Cost per quality-adjusted life-year (QALY) by falls prevention intervention in New Zealand 
modelling studies.

HSAM: home safety assessment and modification.
Sources: Expedited cataract surgery,15 Home safety assessment and modification,17 Strength and balance exercises.18
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In� uences and policies 
that affect immunisation 

coverage—a summary 
review of literature

Mary Nowlan, Esther Willing, Nikki Turner 

A high proportion of the population 
needs to be immunised to prevent the 
spread of vaccine-preventable dis-

eases (VPDs). As immunisation programmes 
succeed in eliminating endemic disease, dis-
ease control increasingly relies on suffi  cient 
immunisation coverage to maintain popula-
tion immunity. The public health benefi ts of 
immunisation programmes are both medical 
and fi nancial, resulting in improved health 
outcomes and lower healthcare costs.

Following historically poor immunisation 
rates, the clearly defi ned national immu-
nisation programme has made excellent 
progress in New Zealand. However, immu-
nisation coverage is not always adequate to 
prevent disease outbreaks. National immuni-
sation programmes begin in pregnancy and 
early infancy because infants are at highest 
risk from infectious disease. The timeliness, 
as well as the uptake of vaccines, is an 
important factor in providing protection.

Drivers that impact on vaccine uptake and 
coverage are complex with a wide range 

of infl uences. However, engagement with 
health professionals, public support and 
community opinion play signifi cant roles 
in infl uencing the decisions of individuals, 
families and whānau.

This is a summary of a literature review 
conducted to identify and examine key 
factors that infl uence immunisation coverage 
and the core drivers that affect vaccine 
uptake and vaccination timeliness. The 
reviewed literature was published primarily 
between January 2012 and July 2018.

Background: immunisation 
coverage in New Zealand 

The National Immunisation Register 
(NIR) has enabled monitoring of uptake 
and timeliness of the National Immuni-
sation Schedule vaccines for all those born 
in New Zealand since 2005. For more than 
two decades, there have been concerted, 
successful efforts to improve immunisation 
coverage to reduce gaps in equity and 
encourage vaccine uptake in New Zealand.1 

ABSTRACT
E� ective national immunisation programmes require a high proportion of the population to be 
immunised. Although New Zealand has made significant progress towards immunisation goals over 
the last two decades, immunisation coverage remains inadequate to prevent intermittent outbreaks of 
disease, and immunisation inequities persist between geographic, ethnic and socioeconomic groups. 
Here we summarise a recent literature review that was conducted to identify and examine key factors 
that influence immunisation coverage, timeliness of vaccinations and the core drivers that a� ect vaccine 
uptake. We conclude that well designed systems, taking a holistic approach with multiple components, 
gain broader community acceptance and trust; early and continual engagement with well-informed 
healthcare professionals builds trust and improves uptake; the family’s experience during vaccination 
events is important; community-led vaccine advocacy is required to target specific populations to help to 
promote and improve access to immunisation. Coercive approaches can be marginally e� ective, but risk 
disproportionately penalising those already experiencing mistrust and hardship.
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Coverage improved from around 56% fully 
immunised at the age of two years in 1992 
to around 93% in 2017. However, coverage 
has failed to reach the 95% community 
immunity threshold consistently, and equity 
gaps remain in most regions between socio-
economic and ethnic groups.

Health inequities are a human rights 
concern and the New Zealand Government 
is responsible for ensuring that the rights of 
Māori to health and equal health outcomes 
are met under the Treaty of Waitangi.2

Since 2017, inequity in coverage has 
been increasing especially in timeliness of 
delivery at the six-month mark, and partic-
ularly for children of Māori ethnicity and 
children living with socioeconomic depri-
vation. As of 31 March 2019, only 77.4% of 
infants overall (61.9% of Māori infants and 
69% for highest level of deprivation) were 
fully immunised-for-age by six months, as 
compared with 91.1% fully vaccinated at 
two years of age (86.2% Māori and 89.1% 
high deprivation).3 More than 20% of infants 
remain vulnerable to VPDs due to unnec-
essary delays in vaccination. 

Around 5% of parents actively decline at 
least one vaccination on the Schedule and 
less than 0.7% chose to opt-off the NIR.3 

Vaccine acceptance and decision 
making

Consent is fundamental to the provision 
of healthcare services and medical interven-
tions, including immunisation, and is based 
on ethical obligations supported by legal 
provisions. With immunisation delivery to 
healthy populations, the ethics of consent 
is more complicated than for interventions 
that treat active disease. It is more diffi  cult 
to assess the risk of inaction, since the conse-
quence of the disease and the likelihood of 
acquiring the disease need to be considered.4

When negative opinions are expressed by 
those opposed to vaccination, the informed 
decision-making process can be infl uenced 
or undermined, leaving a community 
hesitant to accept vaccines. The size of these 
communities and the ability of opinions to 
spread are amplifi ed across the internet by 
social media forums.

Community attitudes and confidence
To cultivate confi dence in immunisation 

programmes, a better understanding of 

attitudes towards health and wellbeing was 
shown to be required by a qualitative study 
in Australia.5

Trust is an important component of the 
decision-making process leading to consent. 
Parents may question whether vaccination 
programmes are working for the best interest 
of their children or if there are other more 
pernicious motivations. Also, with the 
increasing number of vaccines available, 
parents can question whether it is too many 
or if the vaccines are too new.6 A literature 
and case-study review identifi ed that trust in 
the stakeholders implementing immunisation 
programmes is essential. It concluded that, 
fundamentally, trust needs to be considered, 
established and continually maintained by 
health practitioners and policymakers.7

Coercive measures to increase vaccine 
uptake have been argued to reinforce and 
broaden mistrust of vaccines and health 
professionals, particularly in population 
groups with low levels of perceived social 
inclusion.8 Social inclusion, as defi ned by the 
extent of appropriate access to services and 
systems required for daily living, has been 
strongly linked to trust.7

Vaccination policies that ignore social 
and ethnic sensitivities risk lacking public 
support even when they have a strong 
evidence base. A population survey in 
Belgium found that equity and autonomy 
infl uence incentive preferences differently 
within different population groups and pref-
erences are driven according to individual 
social orientation.9

The uptake of vaccines is also associated 
with perceived safety—risk versus benefi t. 
The severity of VPDs is less visible and 
public focus has turned to the milder or 
rarer vaccine reactions. Complacency about 
disease risk and increased focus on vaccine 
risk and purported risk lead to vaccine hesi-
tancy and scepticism.

Public support for immunisation 
programmes and positive infl uences are 
gained by engaging with communities to 
promote vaccine confi dence. A systematic 
review found that this is best achieved 
by other members of those communities, 
such as health education providers and 
healthcare workers with similar linguistic, 
ethnic or cultural backgrounds to the target 
community.10
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Vaccination attitudes of healthcare 
workers

Healthcare workers (HCWs) are at risk of 
exposure, being infected and transmitting 
pathogens to and from their patients and 
colleagues, and therefore are potential 
sources for nosocomial infections. However, 
vaccination attitudes among HCW are similar 
to that of the general population and require 
effective interventions and campaigns to 
encourage vaccine uptake. For example, a 
qualitative survey in Belgium found that, 
although up to 90% of HCW consider it 
important not to infect their patients, only 
20% of those not vaccinated considered 
infl uenza vaccination as part of their duty 
not to harm patients.11 Complacency, inconve-
nience, a lack of confi dence and risk/benefi t 
calculation were identifi ed by a systematic 
review as barriers to HCW vaccinations.12

Vaccination protects both HCWs and their 
patients, but HCWs experience confl icting 
motivational forces. A review of psychology 
and behavioural economic literature 
reported that individuals are more likely to 
be vaccinated to protect others if their own 
personal risk and cost is perceived to be low. 
Multimodal approaches of advocacy and 
access were recommended to improve vacci-
nation uptake by HCWs, through designated 
vaccine advocates with similar healthcare 
backgrounds and well-organised onsite 
vaccination programmes.13

Role of health professionals in 
parental decision making
Consensus in messaging

Health professionals can promote public 
support for vaccination by demonstrating 
a high degree of consensus among medical 
scientists through positive messages.14 The 
Growing Up in New Zealand longitudinal 
study identifi ed that the main sources of 
encouraging information for parents come 
from health professionals, whereas negative 
infl uences most frequently come from 
family and friends.15

Knowledge and training
The attitudes of health professionals 

strongly infl uence the decisions of the 
communities they serve. This includes 
actively demonstrating an acceptance of 
vaccination, to be vaccinated themselves 
and to provide up-to-date, knowledgeable 

guidance to their patients. Since health 
professionals are pivotal in decision making 
for parents, they need to be accountable 
for their infl uences on parents and have an 
ethical responsibility to not provide false or 
unproven information.

A focus group-based qualitative study 
concluded that it is important for health 
professionals to identify what information 
or autonomy needs the parents may have 
and to adapt their communication about 
immunisation to help to promote parents’ 
perceptions of making informed auton-
omous decisions.16

In light of the signifi cant role that health 
professionals have, an important component 
of immunisation programmes is the 
provision of funding and time to allow staff 
development and education. Well-informed 
health providers are most likely to be 
positive advocates for immunisation and be 
able to discuss informatively any concerns 
their patients may have.

Engagement
Antenatal decision-making is a strong 

predictor of timely uptake of the infant 
immunisation programme, as shown in a 
New Zealand longitudinal study.17 Early 
engagement with parents provides oppor-
tunities during pregnancy to discuss the 
benefi ts and dispel concerns around immu-
nisation, prior to the arrival of the baby. A 
New Zealand survey of primary care prac-
tices found that the highest immunisation 
coverage was achieved when an early rela-
tionship was established between general 
practice and families, and immunisation 
was promoted in pregnancy.18 Partners also 
play a role in the timeliness and acceptance 
of vaccination of their children, but the role 
of partners in decision making is often not 
considered, they have less access to infor-
mation than mothers and few opportunities 
arise during pregnancy to involve both 
parents.19

Engagement with health services 
during pregnancy also encourages wider 
engagement with other health services, 
such as preventive, child and general 
practice services. 

Parental attitudes and experiences
Trust in information and vaccine stake-

holders was found to be integral to parental 
decision making by a qualitative systematic 
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review in the UK.20 First-time parents are 
more undecided about vaccination than 
those who already have children. Education 
and communication about childhood and 
maternal vaccines is important.

Parental decisions around immuni-
sation are infl uenced by their experiences 
and appropriate education. Continued 
encouragement and education from health 
professionals and positive experiences 
during vaccination events are essential 
to maintain immunisation uptake during 
infancy. The experiences and knowledge 
acquired can change parental attitudes, 
both positively and negatively. Those who 
may decline in the fi rst instance can be 
encouraged to accept vaccination given 
suffi  cient information, non-judgemental 
approaches and time to refl ect. Ongoing 
engagement and re-engagement with 
knowledgeable health providers and 
positive community confi dence were found 
in a New Zealand-based qualitative study to 
support positive outcomes to accept vacci-
nation, even for those who have initially 
rejected vaccination.21

Conversely, negative infl uences can also 
alter the trust and decision making of 
parents who may have accepted vaccination 
initially, but later become hesitant. Attitudes 
towards immunisation during pregnancy 
do not predict the likelihood that a child 
will be fully vaccinated by their second 
year of life, according to a prospective 
cohort study in Germany.22 The study found 
that experiences during the child’s fi rst 
vaccinations can have a lasting effect on 
parental attitudes and positive experiences 
are crucial to determine vaccination status 
later in childhood. As demonstrated in a 
cluster randomised trial in Canada, inter-
ventions to mitigate stress and pain can 
help to improve the experiences, and hence 
promote vaccine acceptance. 23,24

Access and engagement with 
health services

Immunisation coverage is dependent on 
access to vaccines and engagement with 
health services. Only a small proportion 
of parents (around 5% in New Zealand) 
actively refuse to accept vaccinations. 
Whereas, barriers to access health services 
have a signifi cant infl uence on the immuni-
sation status of disadvantaged populations. 

Low immunisation coverage in New 
Zealand is associated with household 
poverty, younger age of primary caregiver, 
delayed start to immunisations, later birth 
order, ethnicity of primary caregiver being 
Māori or Pacifi c Island, and high rate of 
housing mobility of families.1 A qualitative 
study in a disadvantaged population in 
Australia found that inequities are seen 
in communities with limited engagement 
with health services or a feeling of social 
exclusion associated with socioeconomic 
hardship, and in some areas, fear and 
mistrust of the health and welfare systems.25 

A systematic review identifi ed that multi-
component, locally designed interventions 
best reduced immunisation inequities in 
children and adolescents, at least in the 
short-term, particularly in urban, ethnically 
diverse, low income or deprived popula-
tions.10 In London, timeliness and coverage 
was found to vary between ethnic groups 
following analysis of immunisation data. 
Tailored approaches were suggested to 
improve vaccine uptake within specifi c 
groups.26

Immunisation incentives
Incentives can be used to motivate accep-

tance, for parents and healthcare providers, 
and improved uptake of immunisation. 

Health service provider incentives 
and targets

Health provider incentives in New 
Zealand infl uence immunisation 
coverage.27 Pay-for-performance incen-
tives are considered unlikely to directly 
address health inequities within the target 
community. However, they can incentivise 
providers to work harder at increasing 
vaccine uptake for their enrolled population 
and improve health outcomes, thereby indi-
rectly reducing inequities.

Immunisation targets, which compare 
performance between providers and 
district health boards, were shown in a 
qualitative study to be benefi cial through 
improved engagement of children with 
primary care services.28 The establishment 
of a hierarchy of immunisation target 
champions from the Ministry of Health to 
DHBs, primary healthcare organisations 
and individual practices improved commu-
nication and accountability nationally and 
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locally, and common goals also encouraged 
collegial collaborations.28 

The resources required to achieve 
such targets and the positive or negative 
impact their implementation may have on 
other services and public health need to 
be considered. Comparative case-studies 
found that sustained efforts to meet targets 
can lead to fatigue, and therefore are best 
implemented in the short term.29 Commu-
nity-based immunisation champions 
who most effectively engage their local 
community can also lessen the strain on the 
healthcare providers.28

Parental incentives and 
consequences

Financial incentives for parents are better 
received when universally available, not 
just for targeted groups, and equality is 
perceived. Although some benefi ts were 
recognised by three linked studies in the 
UK, these incentives were not deemed to 
be the best use of resources for promoting 
preschool vaccinations.30

Financial consequences for parents, such 
as liability for treatment costs if an unvacci-
nated child contracts a VPD, were suggested 
for parents who actively refuse vaccines.31 
However, such consequences are not 
appropriate for those who delay for reasons 
associated with fi nancial hardship. Accu-
mulative and negative effect on the family’s 
wellbeing could lead to further hardship and 
social exclusion. 

Mandatory vaccination
Vaccination mandates can vary between 

hard-line penalties for non-compliance, such 
as legal action or loss of fi nancial benefi ts, 
to softer penalties, like exclusion from mass 
gatherings or sports events, and compulsory 
decision-making. Public health interven-
tions described as being mandatory can 
be defi ned as requiring an active opt-out 
and some form of penalty for refusing to 
comply.32 

Historically, there have been three 
main triggers for a shift to mandatory 
immunisation:33

1. Failure to motivate vaccine uptake 
with less coercive methods (eg, school 
entry)

2. Outbreak of one or more VPD that has 
increased harm (eg, measles)

3. To achieve a global disease elimi-
nation goal (eg, polio). 

To safeguard public health and to achieve 
a public health objective, it has been argued 
that governments are obliged to use the least 
restrictive/invasive measures, but not to use 
less effective measures because they are 
voluntary or less invasive.34 From an ethical 
standpoint, governments have:

1. A duty to reduce infectious disease 
threats for the common good

2. The power to compel vaccinations to 
achieve the public good

3. Limits on that power, to explore 
equally effective and least restrictive 
alternatives in good faith.

In New Zealand, early childhood services 
and primary schools are legally required 
to take all reasonable steps to maintain 
an immunisation register and to ensure 
that record of the immunisation status 
of children aged 15 months or older is 
requested upon enrolment; caregivers 
must comply with such requests to supply 
immunisation certifi cates for their children. 
However, the rights of children to attend or 
enrol are not affected if these requests are 
not met.35 The effectiveness of this strategy 
is unknown.

Mandatory vaccination of healthcare 
workers

Mandates with non-compliance conse-
quences, eg, wearing masks, education, 
unpaid leave, restriction of duties or termi-
nation of employment, were associated with 
larger increases in hospital HCW vacci-
nation rates than in hospitals with mandates 
but no such consequences, according to a 
US-based survey of 150 hospitals requiring 
infl uenza vaccination.36

However, coercion can increase mistrust. 
Multi-modal approaches that include advo-
cating for vaccination, through education 
and correcting misperceptions, and easier 
access to vaccines to reduce inconvenience 
are likely to be as successful in encouraging 
uptake and positive attitudes.37

Mandatory vaccination of children
Due to increasing public health risks 

resulting from low immunisation coverage 
and outbreaks of previously controlled 
diseases, the implementation of mandatory 
immunisation of children has increased 
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internationally. Obligations to vaccinate 
have been enforced through legal solutions 
in Australia, the US and Europe.31 

In Australia, small gains have been 
achieved in populations that are slow, but 
not reluctant to vaccinate. Following the 
use of fi nancial penalty policies alongside 
other strategies to promote immunisation, 
positive short-lived gains in immunisation 
coverage have been reported. Gains were 
achieved through catch-up vaccinations of 
adolescents and for children with delayed 
vaccinations, particularly for indig-
enous children up to the age of fi ve years. 
However, such fi nancial penalties or policies 
precluding access to childcare and education 
can impose additional hardship on already 
disadvantaged populations.38

Few gains were observed in communities 
that actively decline vaccinations. Inter-
viewed parents who are adamantly opposed 
to vaccines reported that they are likely 
to fi nd ways to circumvent the penalties 
and to minimise their impact.39 Commu-
nities known for choosing not to vaccinate 
risk being further marginalised, and the 
mandates reinforced their beliefs and 
resolve creating more polarised views.39 

The implementation of mandates is 
resource intensive, with only small gains 
in improvements in vaccination coverage. 
Mandates have not been introduced in 
isolation, and other efforts to improve 
practice and engagement are likely to have 
as much of an effect on coverage as the 
mandates.

Conclusions
 Well-designed immunisation systems 

have multiple components that take a 
holistic approach across the health system, 
healthcare providers and parents, and gain 
broader community acceptance and trust of 
immunisation, reduce misperceptions and 
improve access. Coercive methods, such 
as mandatory vaccination, are marginally 
effective but risk disproportionately penal-
ising those already experiencing mistrust 
and hardship. Vaccination advocates with 
similar backgrounds to the target population 
can help to increase trust and acceptance—
within health services (for healthcare 
workers) and within demographically iden-
tifi able communities (for the public). 

Well-informed health professionals play 
an essential role in educating families 
about vaccination—they are seen as highly 
relevant and have a signifi cant infl uence. 
Positive education about immunisation 
needs to start during pregnancy. Attitudes 
in pregnancy infl uence parental decisions 
for timely immunisation of their newborn 
but may not predict the immunisation status 
of their child by the age of two years. The 
family’s experiences during vaccination 
events, and information and attitudes gained 
further infl uence vaccine uptake. Reducing 
pain and stress of infant during vaccination 
improves the caregiver’s experience, and 
therefore is likely to improve family confi -
dence and uptake for further events.
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Table 1: Summary of recommendations.

Key factors Summary of recommendations

Influences 
of vaccine 
uptake and 
decision-
making

• Trust and public support for immunisation programmes are gained through 
community engagement to promote vaccine confidence.

• Positive education about vaccination needs to start during pregnancy for both 
expectant parents.

• Attitudes expressed in pregnancy do not necessarily predict the immunisation 
status of a child—it also depends on experiences during vaccinations events and 
information gained.

• Reducing pain and stress of the infant during vaccination improves mother’s 
experience.

Role of 
health 
professionals 
in parental 
decision 
making

• Well-informed health professionals play a central role in educating pregnant 
women about vaccination—seen as highly relevant and have a significant 
influence.

• Maintaining engagement with well-informed health professionals maintains 
positive attitudes towards immunisation.

• Engagement with communities is best achieved through health education 
providers with similar linguistic or cultural backgrounds to the target community.

• Consensus and positive attitudes strongly influence the decisions of the 
community the health professionals serve. 

Vaccination 
attitudes of 
healthcare 
workers

• Vaccine advocates from similar healthcare backgrounds can increase trust 
and promote positive attitudes towards vaccination, to educate, correct 
misperceptions and promote benefits.

• Well-organised onsite vaccination programmes improve uptake. 
• Encouragement from supervisors and peers
• Improved accessibility and increased convenience, such as minimal waiting 

times and proximity, remove time-constraint excuses.

Overcoming 
access 
barriers

• Removing barriers and facilitating engagement with health services to access 
vaccines are essential for improving the health of socially deprived populations. 

• Positive experiences of engagement with health providers enhance completion 
and timeliness of a child’s immunisations. 

• Cultural and socially acceptable practices, with multimodal approaches, are 
required to overcome barriers and encourage attitude changes. 

• An understanding of the challenges faced by each population and involvement of 
those communities in decision-making helps to target programmes to specifically 
meet their needs.

• Achieving equity for Māori children is a right under the Treaty of Waitangi.

Mandatory 
vaccination

• Coercion can increase mistrust.
• Multimodal approaches that advocate vaccination are likely to be more 

successful in improving uptake and positive attitudes.
• Implementation of mandates for children is resource intensive, with only small 

gains in coverage improvement.
• Mandates are not implemented in isolation.
• Other e� orts to improve practice and engagement are likely to have as much an 

e� ect on coverage as the mandates.

VIEWPOINT



86 NZMJ 30 August 2019, Vol 132 No 1501
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

Competing interests:
Nil.

Author information:
Mary Nowlan, Research Assistant and Medical Writer, Immunisation Advisory Centre, 
Department of General Practice and Primary Care, University of Auckland, Auckland; 

Esther Willing, Lecturer, Kōhatu, Centre for Hauora Māori, University of Otago, Dunedin; 
Nikki Turner, Associate Professor, Director of the Immunisation Advisory Centre, 

Department of General Practice and Primary Care, University of Auckland, Wellington.
Corresponding author: 

Dr Nikki Turner, The Immunisation Advisory Centre, Private Bag 92019, Auckland 1142.
n.turner@auckland.ac.nz

URL:
http://www.nzma.org.nz/journal/read-the-journal/all-issues/2010-2019/2019/vol-132-no-1501-

30-august-2019/7982

1. Turner NM. Factors asso-
ciated with immunisation 
coverage for the childhood 
immunisation programme 
in New Zealand : 
1999–2012: The University 
of Auckland; 2014.

2. Reid P. Good Governance: 
The Case of Health Equity. 
In: Tawhai V, Gray-
Sharp K, editors. Always 
Speaking : The Treaty of 
Waitangi and Public Policy 
[Internet] Wellington, 
NEW ZEALAND: Huia 
(NZ) Ltd; 2013 [cited 18 
October 2018]. 64–84. 
Available from: http://
ebookcentral.proquest.
com/lib/auckland/detail.
action?docID=1359707

3. Ministry of Health. 
National and DHB immu-
nisation data Wellington: 
Ministry of Health; 2019 
[updated 1 May 2019]. 
Available from: http://www.
health.govt.nz/our-work/
preventative-health-well-
ness/immunisation/
immunisation-coverage/
national-and-dhb-im-
munisation-data

4. Caplan AL, Schwartz JL. 
Chapter 84: Ethics. In: 
Plotkin SA, Orenstein W, 
Offi  t P, Edwards K, editors. 
Plotkin’s Vaccines 7th 
Edition. Philadelphia, 
US: Elsevier; 2018.

5. Ward PR, Attwell K, 
Meyer SB, Rokkas P, Leask 
J. Understanding the 
perceived logic of care 
by vaccine-hesitant and 
vaccine-refusing parents: 
A qualitative study in 
Australia. PLoS One. 
2017; 12(10):e0185955.

6. Larson H. Vaccine trust 
and the limits of infor-
mation. Science. 2015; 
353(6305):1207–08.

7. Ward PR. Improving 
Access to, Use of, and 
Outcomes from Public 
Health Programs: The 
Importance of Building 
and Maintaining Trust 
with Patients/Clients. Front 
Public Health. 2017; 5:22.

8. Haire B, Komesaroff 
P, Leontini R, Raina 
MacIntyre C. Raising Rates 
of Childhood Vaccination: 
The Trade-off Between 
Coercion and Trust. J Bioeth 
Inq. 2018; 15(2):199–209.

9. Luyten J, Dorgali V, 
Hens N, Beutels P. Public 
preferences over effi  ciency, 
equity and autonomy in 
vaccination policy: an 
empirical study. Soc Sci 
Med. 2013; 77:84–9.

10. Crocker-Buque T, Edel-
stein M, Mounier-Jack S. 
Interventions to reduce 
inequalities in vaccine 

uptake in children and 
adolescents aged <19 
years: a systematic review. 
J Epidemiol Community 
Health. 2017; 71(1):87–97.

11. Boey L, Bral C, Roelants M, 
De Schryver A, Godderis L, 
Hoppenbrouwers K, et al. 
Attitudes, believes, determi-
nants and organisational 
barriers behind the low 
seasonal infl uenza vaccina-
tion uptake in healthcare 
workers - A cross-sec-
tional survey. Vaccine. 
2018; 36(23):3351–8.

12. Schmid P, Rauber D, 
Betsch C, Lidolt G, 
Denker ML. Barriers of 
Infl uenza Vaccination 
Intention and Behavior 
- A Systematic Review of 
Infl uenza Vaccine Hesitan-
cy, 2005–2016. PLoS One. 
2017; 12(1):e0170550.

13. Betsch C. Overcoming 
healthcare workers vaccine 
refusal--competition 
between egoism and 
altruism. Euro Surveill. 
2014; 19(48):20979.

14. van der Linden SL, 
Clarke CE, Maibach EW. 
Highlighting consensus 
among medical scientists 
increases public support 
for vaccines: evidence 
from a randomized 
experiment. BMC Public 
Health. 2015; 15:1207.

REFERENCES:

VIEWPOINT



87 NZMJ 30 August 2019, Vol 132 No 1501
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

15. Veerasingam P, Grant CC, 
Chelimo C, Philipson K, 
Gilchrist CA, Berry S, et al. 
Vaccine Education During 
Pregnancy and Timeliness 
of Infant Immunization. 
Pediatrics. 2017; 140(3).

16. Fadda M, Galimberti E, 
Carraro V, Schulz PJ. What 
are parents’ perspec-
tives on psychological 
empowerment in the MMR 
vaccination decision? A 
focus group study. BMJ 
Open. 2016; 6(4):e010773.

17. Wroe AL, Turner N, 
Salkovskis PM. Under-
standing and predicting 
parental decisions about 
early childhood immuni-
zations. Health Psychol. 
2004; 23(1):33–41.

18. Grant CC, Petousis-Harris H, 
Turner N, Goodyear-Smith 
F, Kerse N, Jones R, et al. 
Primary care practice and 
health professional deter-
minants of immunisation 
coverage. J Paediatr Child 
Health. 2011; 47(8):541–9.

19. Grant CC, Chen MH, 
Bandara DK, Marks EJ, 
Gilchrist CA, Lewycka S, et 
al. Antenatal immunisation 
intentions of expectant 
parents: Relationship to 
immunisation timeliness 
during infancy. Vaccine. 
2016; 34(11):1379–88.

20. Forster AS, Rockliffe L, 
Chorley AJ, Marlow LA, 
Bedford H, Smith SG, et al. 
A qualitative systematic 
review of factors infl uenc-
ing parents’ vaccination 
decision-making in the 
United Kingdom. SSM Popul 
Health. 2016; 2:603–12.

21. Turner N, Taylor L, Chong 
A, Horrell B. Identify-
ing factors behind the 
general practice use of 
the term ‘decline’ for the 
childhood immunisation 
programme in New 
Zealand. J Prim Health 
Care. 2017; 9(1):69–77.

22. Betsch C, Bodeker B, 
Schmid P, Wichmann O. 
How baby’s fi rst shot deter-
mines the development of 
maternal attitudes towards 
vaccination. Vaccine. 
2018; 36(21):3018–26.

23. Taddio A, Parikh C, Yoon 
EW, Sgro M, Singh H, 
Habtom E, et al. Impact of 
parent-directed education 
on parental use of pain 
treatments during routine 
infant vaccinations: a 
cluster randomized trial. 
Pain. 2015; 156(1):185–91.

24. Taddio A, Smart S, Sheedy 
M, Yoon EW, Vyas C, Parikh 
C, et al. Impact of prenatal 
education on maternal 
utilization of analgesic 
interventions at future 
infant vaccinations: a 
cluster randomized trial. 
Pain. 2014; 155(7):1288–92.

25. Thomas S, Cashman P, 
Islam F, Baker L, Clark K, 
Leask J, et al. Tailoring 
immunisation service 
delivery in a disadvantaged 
community in Australia; 
views of health providers 
and parents. Vaccine. 
2018; 36(19):2596–603.

26. Tiley KS, White JM, 
Andrews N, Ramsay M, 
Edelstein M. Inequalities 
in childhood vaccination 
timing and completion in 
London. Vaccine. 2018; 
36(45):6726–35.

27. Ministry of Health. System 
Level Measures and 
Financial Incentives - 
Guidance for DHBs 2016/17 
[Internet]. Nationwide 
Service Framework 
Library: Ministry of Health. 
Available from: http://nsfl .
health.govt.nz/system/
fi les/documents/pages/
system_level_measures_
and_fi nancial_incentives.
pdf

28. Willing E. Hitting the 
target without missing 
the point: New Zealand’s 

immunisation health target 
for two year olds. Policy 
Studies. 2016; 37(6):535–50.

29. Tenbensel T, Chalmers 
L, Willing E. Comparing 
the implementation 
consequences of the immu-
nisation and emergency 
department health targets 
in New Zealand. J 
Health Organ Manag. 
2016; 30(6):1009–24.

30. Adams J, McNaughton 
RJ, Wigham S, Flynn D, 
Ternent L, Shucksmith J. 
Acceptability of Parental 
Financial Incentives and 
Quasi-Mandatory Inter-
ventions for Preschool 
Vaccinations: Triangulation 
of Findings from Three 
Linked Studies. PLoS One. 
2016; 11(6):e0156843.

31. Grzybowski A, Patryn RK, 
Sak J, Zagaja A. Vaccina-
tion refusal. Autonomy 
and permitted coercion. 
Pathog Glob Health. 
2017; 111(4):200–5.

32. Wynia MK. Mandating 
vaccination: what counts 
as a “mandate” in public 
health and when should 
they be used? Am J 
Bioeth. 2007; 7(12):2–6.

33. MacDonald NE, Harmon 
S, Dube E, Steenbeek A, 
Crowcroft N, Opel DJ, et 
al. Mandatory infant & 
childhood immunization: 
Rationales, issues and 
knowledge gaps. Vaccine. 
2018; 36(39):5811–8.

34. Gostin LO. Mandatory 
vaccination: understand-
ing the common good 
in the midst of the 
global polio eradication 
campaign. Isr J Health 
Policy Res. 2018; 7(1):4.

35. Tizard C, [Governor-Gener-
al]. Health (Immunisation) 
Regulations 1995 [Internet]. 
Wellington: Parlimentary 
Counsel Offi  ce; 2012. 
Available from: http://www.
legislation.govt.nz/regu-

VIEWPOINT



88 NZMJ 30 August 2019, Vol 132 No 1501
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

lation/public/1995/0304/
latest/whole.html

36. Nowalk MP, Lin CJ, 
Raymund M, Bialor J, 
Zimmerman RK. Impact 
of hospital policies on 
health care workers’ 
infl uenza vaccination 
rates. Am J Infect Control. 
2013; 41(8):697–701.

37. Drees M, Wroten K, 
Smedley M, Mase T, 
Schwartz JS. Carrots and 

sticks: achieving high 
healthcare personnel 
infl uenza vaccination rates 
without a mandate. Infect 
Control Hosp Epidemiol. 
2015; 36(6):717–24.

38. Leask J. No JabNo Pay/
Play - Is the juice worth 
the squeeze? PHAA 
16th National Immu-
nisation Conference; 
6 June 2018; Adelaide, 
Australia: PHAA; 2018.

39. Helps C, Leask J, Barclay L. 
“It just forces hardship”: 
impacts of government 
fi nancial penalties on 
non-vaccinating parents. 
J Public Health Policy. 
2018; 39(2):156– 69.

VIEWPOINT



89 NZMJ 30 August 2019, Vol 132 No 1501
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

Music as a risk factor for 
primary spontaneous 

pneumothorax
Kate Grant, Lutz Beckert

Mrs A, a 58-year-old never-smoker, 
developed sudden onset of chest 
pain and shortness of breath while 

standing in front of a loudspeaker at a music 
concert. A chest x-ray (CXR) showed a moder-
ately large left-sided pneumothorax without 
any signs of tension and a distance from the 
apex of 4.4cm (Figure 1). Her past medical 
history includes an intermittent supra-ven-
tricular tachycardia and previous sarcoid-
osis. This was diagnosed in 1990 after she 

was found to have mild right paratracheal 
lymphadenopathy on CXR. No biopsies were 
taken at this time. Subsequent spirometry 
showed normal lung function and a CT scan 
of the chest revealed no evidence of major 
organ involvement and no radiographic 
evidence of signifi cant pulmonary involve-
ment. Mrs A was followed up in Respiratory 
clinic for approximately fi ve years. She has 
no family history of pneumothoraces. 

Figure 1:
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After attempting conservative treatment 
and aspiration for this primary spontaneous 
pneumothorax, Mrs A required a chest 
drain. Three weeks post insertion, the chest 
drain stopped working and Mrs A remained 
symptomatic. A CT chest at this time showed 
a persisting left pneumothorax, with no 
cause seen. There was also no evidence of 
sarcoidosis, large bullae or other paren-
chymal disease (Figure 2). A second drain 
was placed due to incomplete resolution 
of the pneumothorax, and lasted seven 
days before blocking. At this stage, Mrs A 
developed a left pleural effusion secondary 
to infection, treated with antibiotics and 
drainage via a third chest drain. She was 
discharged home and followed up in outpa-
tient clinic. However, the left pneumothorax 
remained unresolved, and Mrs A continued 
to be mildly short of breath. Three months 
later, Mrs A underwent a left upper lobe 
bullectomy and pleurodesis with good effect. 
There has been no recurrence of pneumo-
thorax 12 months post-surgery. 

The incidence of primary spontaneous 
pneumothorax is 22.7 cases per 100,000 
population each year, and occurs more 
frequently in males than females, with a 
ratio of 3.3:1.1 The exact pathogenesis of 

primary spontaneous pneumothorax is 
largely unknown. One theory is a result of 
an air leak at areas of emphysematous-like 
changes in the lungs.2,3 Another potential 
mechanism, termed pleural porosity, 
involves areas of disruption of the visceral 
pleura mesothelial cells by a more porous 
infl ammatory cell layer, therefore allowing 
more air leakage.4 These theories in combi-
nation with a precipitating event, such as 
exposure to loud music, may be relevant in 
the causal pathway of pneumothorax.4 

To date, there has only been one case 
series detailing fi ve cases in four young 
male patients who developed a primary 
spontaneous pneumothorax after being 
exposed to loud music.5 This paper proposes 
that loud music can cause an air leak via 
the mechanical compression/decompression 
of the sound waves creating a ‘blast injury’ 
against the delicate alveolar structures or, 
as a direct result of the pressure changes 
from the high energy, low frequency range 
of the music. It is noted however, that 
three out of four patients described in this 
series had a smoking history, and the fourth 
patient had radiological evidence of bullae 
in the lungs. The timing between the music 
exposure and the onset of pneumothorax 

Figure 2:
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in these patients could possibly suggest a 
causal relationship. We hypothesise that 
exposure to loud music could be a precipi-
tating factor causing a pneumothorax at a 
weakened area of lung tissue.2,5 

The exact mechanism of music causing 
pneumothorax needs further investigation. 

The case of Mrs A together with the case 
series by Noppen et al5 put forward a case 
that music should be considered as a rare 
risk factor in patients presenting with a 
pneumothorax. It is advisable that people 
with risk factors for pneumothoraces avoid 
close proximity to high energy, low frequency 
music commonly found at concerts.
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Abortion rights involve 
three parties, not two

Peter Dodwell

Regarding the recently published view-
point article by Ballantyne, Gavaghan 
and Snelling1—I write in support of 

the Medical Association’s position on a doc-
tor’s rights in this matter. However, I would 
take the matter one step further in terms of 
rights. In their article, the authors conclude 
that “The current legal situation in New 
Zealand is unbalanced, favouring the rights 
of providers at the expense of women’s timely 
access to abortion care…”. The authors 
prefer a law which would oblige a doctor 
(despite conscientious objection) to refer 
directly, or facilitate transfer, to another 
provider for the purpose of an abortion.

The inherent fl aw in this argument is that 
it denies the existence of a third party in 
this transaction. The doctor has a second 
patient: the unborn infant. The proposed 
change to the Crimes Act appears specif-
ically to be detrimental to that second 
patient’s rights, despite the CSA Act having 

affi  rmed such rights. How can an argument 
about rights be balanced when it ignores 
one of the three parties—the only one 
unable to engage an advocate?

At present it seems inevitable that the 
Crimes Act will be changed. This is perhaps 
solely because of political expedience as, in 
all these years since the CSA Act was passed, 
no pregnant woman has been in danger of 
prosecution for undergoing abortion. 

The proposed amendments to the Crimes 
Act and to the CSA Act seem clearly to imply 
that it is now okay to abort an unborn infant 
for whatever reason, because the infant’s 
rights no longer require the protection of 
the law. This erosion of children’s rights 
would subtly undermine efforts to reduce 
the incidence of child abuse. If a doctor, in 
conscience, does not wish to aid and abet 
this new situation then the present right of 
conscientious objection must be preserved. 

1. Ballantyne A, et al. Doctor’s 
rights to conscientiously 
o bject to refer patients 
to abortion service 
providers. N Z Med J 
2019; 132(1499):64–71.
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Decriminalisation of 
abortion in New Zealand 

and Australia
Brooke R Johnson Jr, Wendy V Norman, Louise Keogh, Sally Sheldon 

Legislative efforts currently underway 
to decriminalise abortion in New Zea-
land and in Australia have generated 

impassioned public discussions on both sides 
of the issue. We are concerned to see that the 
views of many infl uential persons participat-
ing are either uninformed, misinformed or 
based disproportionately on ideology and/
or politics, rather than reliable evidence and 
human rights standards. We wish to briefl y 
recall some important facts and statements 
from international human rights bodies 
about criminalisation/decriminalisation and 
abortion, and encourage all parliamentari-
ans to take an evidence- and human-rights-
based approach in their deliberations.

Decriminalisation of abortion does not 
increase the incidence of abortion. The 
primary determinant of abortion incidence 
is unintended pregnancy, resulting from 
incorrect or non-use of effective contra-
ception.1 Based on analysis of global data, 
there is no statistical association between 
abortion incidence and abortion laws;2 
however, abortion laws, policies and service 
availability are key determinants of abortion 
safety.3 When abortions are legal and 
readily available, nearly all are safe; when 
restricted in law and/or in practice, unsafe 
abortion is much more common.3 Abortion 
rates are lowest in countries with ready, 
equitable access to sexual and reproductive 
health information, education and services, 
including effective contraception and safe 
abortion care.

Decriminalisation of abortion does not 
increase the gestational age at the time of 
abortion. In countries with lawful abortion 
and reliable data, 90% or more of abortions 
are performed at less than 13 weeks and 
two-thirds at less than nine weeks gesta-
tional age.4 In New Zealand in 2018, 94% 
of abortions were performed at 13 weeks 

or less, 60.3% of abortions were performed 
at or less than nine weeks and only 0.7% 
occurred at 20 or more weeks gestation.5 
Globally, nearly all lawful abortions 
performed after 20 weeks gestational age 
are due to serious fetal impairments or risk 
to the pregnant person’s mental or physical 
health. There is no evidence that the rate 
of abortions performed after 20 weeks 
increases as a result of decriminalisation.

Decriminalisation of abortion does 
not increase the male-to-female ratio at 
birth. Prenatal sex selection and abortion, 
biased against female fetuses, is usually a 
refl ection of son preference resulting from a 
combination of cultural practices, ideologies 
and social norms related to inheritance, 
socioeconomic wellbeing and death.6 Only 
10 countries—Albania, Armenia, Azer-
baijan, China (including Hong Kong and 
Taiwan), Georgia, India, Republic of Korea, 
Montenegro, Tunisia and Vietnam—have 
been identifi ed as having strong statistical 
evidence of imbalanced sex ratios at birth.7 
Most of these countries have imbalanced 
sex ratios despite having laws in place that 
prohibit or severely restrict prenatal sex 
selection and/or sex-selective abortion.8

Decriminalisation of abortion increases 
the proportion of abortions that are safe. 
A recent analysis of global data showed that 
the proportion of safe abortions is signifi -
cantly higher in developed countries and 
in countries with less restrictive abortion 
laws.9 Legal abortion, performed with 
WHO-recommended methods (mifepristone 
and misoprostol pills, vacuum aspiration, 
and dilatation and evacuation) is one of the 
safest procedures that women undergo. 
Analysis of data collected over a 17-year 
period in the US showed that legal induced 
abortion is safer than receiving an injection 
of penicillin.3,10–11
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Human rights standards require 
decriminalisation of abortion in all 
circumstances for women and girls 
seeking abortion and for healthcare 
personnel who provide them. In 2018 
alone, United Nations Treaty Monitoring 
Committees and Special Procedures, through 
53 concluding observations and six reports 
that addressed abortion, overwhelm-
ingly called on countries to decriminalise 
abortion.8 The Human Rights Committee, in 
its General Comment 36 on the Right to Life, 
stipulated that States Parties, “should not […] 
apply criminal sanctions against women and 
girls undergoing abortion or against medical 
service providers assisting them in doing so, 
since taking such measures compel women 
and girls to resort to unsafe abortion”.12 
In July 2012, the Committee monitoring 
the Convention on the Elimination of all 
forms of Discrimination Against Women 
(CEDAW) expressed concern to New Zealand 
about “the convoluted abortion laws which 
require women to get certifi cates from two 
certifi ed consultants before an abortion 
can be performed, thus making women 
dependent on the benevolent interpretation 
of a rule which nullifi es their autonomy”.13 

The Committee urged New Zealand to 
“review the abortion law and practice with a 
view to simplifying it and to ensure women’s 
autonomy to choose”.13 In July 2018, CEDAW 
called on New Zealand to “Remove abortion 
from the Crimes Act 1961 and amend the 
Contraception, Sterilisation and Abortion Act 
1977 in order to fully decriminalise abortion 
and incorporate the treatment of abortion 
into health services legislation…”.14

We encourage people on both sides of the 
debate about decriminalisation of abortion 
to focus their discussions on the best 
interests of girls, women and all persons 
who can become pregnant, in terms of their 
autonomy, health and rights. Furthermore, 
we encourage New Zealand, Australia and 
the global community to follow the guidance 
of United Nations human rights bodies on 
decriminalisation of abortion, and guidance 
of the World Health Organization, which 
recommends that “Laws and policies on 
abortion should protect women’s health 
and their human rights…[and] Regulatory, 
policy and programmatic barriers that 
hinder access to and timely provision of safe 
abortion care should be removed”.3
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Psychosis with methylphenidate or 
amphetamine in patients with ADHD

The prescription use of the stimulants methylphenidate and amphetamine for the treatment 
of attention defi cit-hyperactivity disorder (ADHD) has been increasing.

Methylphenidate is the most frequently prescribed stimulant for ADHD in most countries, 
however it appears that amphetamine may more commonly be used in the US.

In this study from the US the researchers evaluate whether the risk of the development of 
psychosis is different for methylphenidate and amphetamine. Data from over 300,000 such 
patients was evaluated.

It was concluded that among adolescents and young adults with ADHD who were receiving 
prescription stimulants, new-onset psychosis occurred in approximately one in 660 patients. 
Amphetamine use was associated with a greater risk of psychosis than methylphenidate. The 
hazard ratio for amphetamine use was 1.65.
N Engl J Med 2019; 380:1128–38

Dabigatran for prevention of stroke after 
embolic stroke of undetermined source

Cryptogenic strokes constitute 20–30% of ischaemic strokes, and most cryptogenic strokes 
are considered to be embolic and of undetermined source.

Treatment with rivaroxaban has been shown in a randomised trial to be no more effective 
than aspirin in treating such patients. This trial compares treatment with dabigatran and 
aspirin for the treatment of such patients.

Five thousand three hundred and ninety appropriate patients were randomly assigned to 
receive either dabigatran or aspirin. The primary outcome sought was recurrent stroke. Major 
bleeding issues were also reviewed.

Dabigatran was not superior to aspirin in preventing recurrent stroke. The incidence of 
major bleeding was not greater in the dabigatran-treated patients.
N Engl J Med 2019; 380:1906–17

Duration of antibiotic treatment for common 
infections in English primary care

The objective of this study was to evaluate the duration of prescriptions for antibiotic 
treatment for common infections in English primary care and to compare this with guideline 
recommendations.

931,035 consultations that resulted in an antibiotic prescription for one of several indi-
cations were reviewed. Upper respiratory tract infections and acute cough and bronchitis 
accounted for more than two-thirds of the total prescriptions considered. In 80% or more 
of these treatments the guideline recommendations were exceeded. More than half of the 
prescription for acute cystitis in females were for longer than the guideline recommendations. 
Overall there were about 1.3 million days beyond the guidelines recorded.

For most common infections treated in primary care, a substantial proportion of antibiotic 
prescriptions have durations exceeding those recommended in guidelines. Reasonable to 
presume that the situation in New Zealand would be similar.
BMJ 2019; 364:l440
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The Senile Heart 
 By A. B. JAMESON, M.Sc. 

In comprehending the phenomena of old 
age there is one guiding principle which 
should be kept in view as a landmark. 

The active co-ordination of different organs 
for the common welfare loses its effi  ciency; 
each organ now tends to keep its grievances 
to itself. So we do not now expect to see the 
typical pulse-respiration ratio in pneumo-
nia, nor such an acceleration of pulse-rate 
in response to an active fever or to exercise. 
Moreover, the rapid response of the young-
er heart to a circulating toxin is used to 
diagnose a suppuration hidden deeply from 
ordinary examination; but the heart of the 
senile patient betrays no such secrets. So, 
too, in youth there is a normal variation of 
the heart-rate with the wave of respiration 
called “vagus irregularity”; even though 
exaggerated after a fever, it is physiological, 
with no sinister prognosis. But in old age an 
apparently analogous irregularity cannot 
thus be lightly ignored.—(McKenzie.) 

Arising out of this general blunting 
of co-ordination there appears in the 
heart rhythm that typical irregularity 
of advancing years, “couple-beat” or 
Stokes-Adam disease. In its earlier stage 
of couple-beat McKenzie calls it the “adult 
irregularity,” and explains it by the defi cient 
conduction of impulses in the auriculo-ven-
tricular bundle of His. Further, McKenzie 
insists that of itself, without supporting 
symptoms of heart distress, it carries no 
sinister signifi cance even in a young adult.

Keeping the same principle in view, we 
can appreciate the force of another principle 
laid down in books for the interpretation 
of heart signs. It states that in patients past 
middle life (in contrast to youths) every 
heart sign and symptom is of importance, 
however trifl ing it may seem. For we are 
not now dealing with a too-eager response 
to a somewhat trivial cause which will right 
itself in time, and, moreover, we must bear 

A DISTINCTION WITH A DIFFERENCE Old Lady: Haven't you been taught, my boy, to raise your hat when you speak 
to your elders ? Urchin: It ain't my 'at, it's my bruvver's. (Observer, 16 December 1911). Alexander Turnbull Library, 
Wellington, New Zealand. /records/27570480
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in mind the possibility of mute lesions of the 
days of vigorous compensation, now due to 
retrogress. Time has rotted the connecting 
band, and the crack of the fi rst stick now 
spells the fate of the faggot. 

For the more detailed study of the senile 
heart we shall consider, fi rst, the anatomical 
changes described in its pathology—(it were 
better, by the way, to call some of these 
physiological than pathological)—and then 
the normal variations to be expected in its 
percussion and auscultation. 

(1) Dilatation.—One cannot but be struck 
in the post mortem room with the frequency 
with which the phrase “‘the heart chambers 
are somewhat dilated” is applied to old 
subjects who had shown no clinical signs 
nor symptoms of heart trouble. So one is 
ready to agree with Balfour’s observation 
that the senile heart normally enlarges; if it 
does not there is something at fault; which 
leads us to ask, when is a dilatation phys-
iological, and what signifi cance has it in 
the heart’s function? A dilatation is physio-
logical so long as the heart muscle is able to 
empty the chamber at every systole; there is 
reason to believe that the normal senile dila-
tation meets this defi nition. Its signifi cance, 
however, needs more detailed investigation. 
Osler states that in a normal heart moderate 
exercise causes contraction; in a well-trained 
heart prolonged exercise induces the same 
result; while fatigue or ill-health causes 
dilatation. It seems reasonable to infer that 
for the maintenance of a rapid circulation 
a small-chambered heart is more effi  cient 
than one with large chambers, and that in 
consequence the senile heart is at a distinct 
disadvantage to deal with any abnormal 
effort, be that demanded by the products of 
fatigue or by the toxins of a general fever. 

But from another aspect dilatation has 
its advantages. It has been observed that 
in normal man the right heart is the fi rst 
to dilate under sudden strain; training and 
the getting of “a good wind” are largely 
education of the right heart. The tricuspid is 
usually the fi rst valve to leak in a distressed 
heart. In so doing it saves the lungs from 
excessive congestion and safeguards their 
all-important function of respiration. Osler 
calls this the “safety-valve action of the 
tricuspid valve.” Now, in old age the whole 
engine is set to run at a lower maximum 

pressure, to use the same metaphor, and the 
dilatation provides that the safety-valve is 
sooner called into action.

(2) Fatty changes include both degen-
eration and fatty overgrowth. Fatty 
degeneration is not uncommon in old age 
and is one phase of the general failure of 
nutrition, especially of the oxygen supply 
for the metabolism of the tissues. Fatty 
overgrowth is an increase of the normal 
sub-epicardial fat, and it is interesting to 
note its occurrence in senile subjects who 
otherwise show general emaciation. This fat, 
pushing in among the muscle fi bres of the 
myocardium, sadly interferes mechanically 
with both their work and their nutrition; 
and the signs and symptoms of a failing 
myocardium are presented by the patient.

The appearances associated with a small 
heart, i.e., one which has failed to dilate 
with advancing years, are usually those of 
brown atrophy and of fi broid heart.

(3) Fibroid heart is also called cardio-scle-
rosis, to emphasise its close association in 
etiology with arterio-sclerosis, that most 
typical of vascular changes in old age. The 
process is a degeneration, and its clinical 
signs and symptoms are included among 
those of the failing myocardium.

What, now, are we to expect as normal 
signs on examination of a senile heart?

(1) On Inspection.—Due allowance must 
be made in the case of kyphotic deformity 
for the displacement of the apex impulse 
if that is seen to be abnormal in situation; 
no general rule can be given for such 
displacement. In the majority of senile 
patients there is no visible impulse. Its 
appearance below the sixth rib does not 
necessarily mean a pathological dilatation.

(2) On Palpation.—The rigidity of the chest 
wall renders the normal impulse weaker, 
and it will often be absent altogether from 
being too deeply situated in an emphysem-
atous chest or from being situated deep to 
the sixth rib. 

(3) On Percussion.—An emphysematous 
type of chest is common and lends a rever-
berating character to the percussion note 
which makes the border of the deep cardiac 
dulness more than normally diffi  cult to 
defi ne. The exposed cardiac dulness in such 
a case is also diminished in area. So long as 

100 YEARS AGO



99 NZMJ 30 August 2019, Vol 132 No 1501
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

URL:
http://www.nzma.org.nz/journal/read-the-journal/all-issues/2010-2019/2019/vol-132-no-1501-

30-august-2019/7985

there is an area of exposed heart on which 
to place the stethoscope bell the auscultatory 
method of percussion seems still to give 
good results. 

(4) On Auscultation.—In physiological 
dilatation the intensity of the fi rst sound 
tends to increase, since its production is still 
little interfered with while the resonating 
chamber of the heart is enlarged. This distin-
guishes the condition from that of dilatation 
due to muscular exhaustion such as accom-
panies an aortic incompetence. 

(5) The Pulse.—The condition of the 
arteries in arteriosclerosis is so often 
emphasised as to need only passing mention 
here. It is worth noting, however, that there 
is a syndrome usually associated with aortic 
regurgitation which is also presented at 
times by arterio-sclerosis, namely, a jerking 
pulse; visible arterial pulsation; capillary 
pulsation, seen in the ebb and fl ow of colour 
at the edge of a blanched area of skin or nail 
under pressure. 

These, then, being some of the variations 
normal to a senile heart, albeit still effi  -
cient in action, what are the warnings of 
its impending dissolution? Balfour makes 
much of the aphorism that in old age it is 
heart symptoms and not signs that are the 
basis of prognosis and the indication for 
treatment. Alongside this may be quoted 
an aphorism of Samuel Gee: “Affections of 
the muscular tissue of the heart are usually 
more serious than those of its fi brous tissue 
(i.e., valves), but afford much less defi nite 
physical signs, and are therefore less easily 
discovered. A beginner can hear murmurs 
and detect valvular disease, but it requires 
long experience to appreciate nervous and 

muscular affections of the heart.” Reference 
has already been made to McKenzie’s 
dictum that the sign of extra-systole or 
“adult irregularity” is of no sinister signifi -
cance unless supported by heart symptoms. 
On the symptoms, then, attention must be 
particularly concentrated. There is one 
set arising from lack of response to effort, 
e.g., the patient complains that he feels 
short of breath after quite small exertion. 
Another set arise from the lack of co-or-
dination in the heart action; the patient 
himself becomes conscious of the disordered 
action of the couple-beat and complains 
of the forcible fi rst systole or a feeling of 
uneasiness amounting to discomfort in 
the praecordium. Most dreaded of all, the 
angina pectoris may supervene, almost 
invariably induced by effort. 

These early warnings of myocardial 
weakness are followed eventually by the 
graver signs and symptoms of acute venous 
congestion and heart failure. “Appearing 
late in life,” says Osler; “they are extremely 
grave.” To emphasise, in conclusion, the 
more signifi cant among them, I would 
mention gallop rhythm, embryocardia, 
and cardiac asthma,” in which the patient 
awakes in sudden terror with a feeling 
of suffocation from his early hours of 
sleep—“the fi rst intimation that the pitcher 
is broken at the fountain and that death has 
already seized upon the citadel of life.”

(The literature consulted in the prepa-
ration of this paper includes Osler’s 
“Principles and Practice of Medicine,” 
Balfour’s “Diseases of the Heart,” Broad-
bent’s “Heart Diseases,” and Williams’ 
“Minor Maladies.”)
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