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Summaries

Listening to patients and doctors: how voice strengthens good medical practice
Rachelle Love, Joan Simeon, Janette Deed

Good medical practice depends on trust between doctors, patients, whanau (family and close support
people) and the public. This paper explains why Te Kaunihera Rata o Aotearoa | Medical Council of
New Zealand asked patients and doctors what they expect from doctors, and what helps care feel safe,
respectful and fair. Patients said they want doctors to listen, explain things clearly, respect their culture
and involve them in decisions about their care. Doctors said they value the current guidance but need
clear, practical advice for modern issues such as telehealth (care by phone or video), artificial intelligence
(computer tools that can help with information or decisions), workload pressures and team-based care.
The paper’s main message is that medical standards are stronger when they are shaped by both patient
and doctor voices.

Vibrio infections in Aotearoa New Zealand (1998-2024) and
the effect of current disease reporting structures

Nicola King, Michael Addidle, Jackie Wright, Lucia Rivas, Liza Lopez, Jan Powell

Vibrio bacteria are natural inhabitants of aquatic environments, including coastal areas where
people swim and collect shellfish, and thrive in warmer conditions. In humans, these bacteria can
cause intestinal illness, wound or ear infections, and sometimes progress to severe illness or death. In
Aotearoa New Zealand, only some vibrio-associated illnesses are nationally reported (cholera or acute
gastroenteritis from one species, Vibrio parahaemolyticus), but this study has shown illnesses (some very
serious) are being caused by a range of vibrio, including four internationally important vibrio species.
There are likely to be people groups more at risk for infection or severe health outcomes due to their
daily activities and health status. Improved reporting of all vibrio infections will support public health
activities to prevent illness both now and in the future as the warming effects of climate change increase
the risk of vibrio infections.

Urban-rural disparities of all severity trauma in a region of Aotearoa New Zealand
Alastair Smith, Sheena Moosa, Grant Christey

The study describes the urban-rural disparities in the incidence, demographic features and injury
characteristics of trauma admissions in the Te Manawa Taki (TMT) Region of Aotearoa New Zealand. The
TMT trauma registry that included injuries of all severities coming to the hospitals in the region was used
in this study, examining the period from 1 January 2013 to 31 December 2022. The findings show that
rurality was associated with a higher relative risk of trauma, particularly the most rural areas compared
with the most urban areas. Falls, road traffic crashes and motorcycle crashes disproportionately affected
remote dwellers. Urban dwellers were more likely to sustain injuries from sharp glass/knife/hand tools.
The findings indicate the need to customise injury prevention interventions for geographic areas.

Variation in the use of electrical cardioversion and catheter ablation for atrial
fibrillation/flutter according to sex and ethnicity in Aotearoa New Zealand

Karim M Mahawish, Rita Krishnamurthi, Valery Feigin, Harvey D White

This study looked at how patients with atrial fibrillation or atrial flutter (common heart-rhythm
problems that increase the risk of stroke), are treated in routine clinical practice. We found that patients
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were more likely to receive procedures to restore a normal heart rhythm if they were younger, male and
had fewer other health conditions. We also found that Maori, Pacific peoples and other non-European
groups were less likely to receive these procedures compared with European patients, even after
accounting for differences in health. Among those who did receive treatment, there were no differences
in the type of procedure used between groups. These findings suggest that differences in access to
care may influence how patients are treated and highlight the need to better understand and address
potential inequities.

Mechanisms of ischaemic stroke and transient ischaemic attack despite
oral anticoagulation in patients with atrial fibrillation

Karim M Mahawish, Valery Feigin, Rita Krishnamurthi, Harvey D White

Atrial fibrillation (AF), a relatively common abnormality of the heart rhythm, increases the risk of
having a severe stroke. Anticoagulants (blood-thinning medications) are commonly used to reduce this
risk. In people who still experience a stroke or transient ischaemic attack (TIA) despite taking these
medicines, most strokes were still due to the AF—mainly if anticoagulant tablets were missed or under-
dosed. Roughly one in four strokes were due to other causes. These findings highlight the importance of
taking anticoagulant medicines consistently and managing other stroke risk factors (e.g., diabetes and
blood pressure control, stopping smoking) to reduce the chance of stroke in people with AF.

Mortality associated with healthcare-associated Staphylococcus
aureus bacteraemia in Aotearoa New Zealand

Sally A Roberts, David Waddell, Sue Atkins, Arthur J Morris, Nikki Grae

Healthcare-associated infections are infections that arise during the delivery of healthcare. This may
be a wound infection following surgery; a urine infection if a urinary catheter had been inserted; a
chest infection; or, less commonly, an infection involving your blood. Bloodstream infections are serious
and can make you very unwell and even result in death. Staphylococcus aureus, also known as “golden
staph”, is the most common germ associated with these infections in our hospital. Local data indicate
that intravenous drips are a common source for these infections. There are actions that health staff
should follow to reduce this risk; we need to support them to do so.

Same-day discharge for acute appendicectomy is safe:
experience from a tertiary New Zealand hospital

Stacey Caldwell, Mathew Morreau, Simon Richards

This study looked at whether patients who had keyhole surgery to remove their appendix could safely
go home on the same day instead of staying overnight in hospital. It found that patients discharged on
the same day did just as well as those who stayed longer, with no increase in serious complications or
return visits to the hospital. However, very few patients were actually sent home the same day, even
though it appears to be safe. The study also found that patients who had surgery earlier in the day were
more likely to go home the same day. Overall, sending suitable patients home on the same day could help
reduce hospital crowding and costs while still keeping patients safe.

Three decades of pelvic exenteration at Christchurch Hospital:
the evolution of an exenteration service

Greg Turner, Tamara Glyn, Chris Wakeman, Frank Frizelle and the
Christchurch Pelvic Exenteration Group (CPEG)

Pelvic exenteration is the surgical removal of all of the organs in the pelvis, typically done for advanced
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or recurrent rectal cancer invading into adjacent organs. It is a very complex procedure and comes with
the risk of major complications and long-term effects to the patient. It was first described many years
ago for gynaecological cancer, but had low success because of very high mortality and so fell out of
favour. In the 1990s a small group of colorectal surgeons at several centres around the world (including
Christchurch) began pushing the boundaries for what could be done, and this procedure is now standard
practice. This article describes the evolution of the Christchurch pelvic exenteration service over three
decades, both within New Zealand and its contribution to this field on a global scale.

Clinical complexities in diagnosing and managing leptospirosis
in New Zealand: a qualitative analysis

Tanya Quin, Shahista Nisa, Jackie Benschop, Gerard Prinsen, Polly Yeung,
Jackie Wright, Julie Marie Collins-Emerson, Michael G Baker

Leptospirosis is often described, nationally and internationally, as being a difficult diagnosis to make.
This paper analysed doctor notes from various areas in the North Island of New Zealand on patients
who were treated for leptospirosis in hospital and/or in general practice settings, resulting in a deeper
understanding of what problems doctors faced when trying to make the diagnosis and treat the patient
for leptospirosis. Contrary to the expectation, most of the doctors were confident in making the diagnosis
very early in the patient’s illness; these clinicians were familiar with the presence of the disease, taking
a prompt history of the risk the patient had to being exposed to leptospirosis, often having leptospirosis
at the top of their list of causes when the patient presented unwell. The difficulty for doctors not familiar
with the disease was expecting it to present similar to textbook descriptions, and they were unsure how
to manage the patient after the initial illness had improved. The most confusing area for doctors, and
this included the ones who had made an early and confident diagnosis, was lack of clarity about which
tests for definitively diagnosing the disease to use and how to interpret them. This paper has meant that
not only can we suggest further research ideas, we can advocate for ongoing education for doctors and
for standardisation guidance for tests specific for leptospirosis that will help clinicians diagnose and
treat it.

Changes in life expectancy in Aotearoa New Zealand: a cause-
specific decomposition analysis over 20 years

Mazin Ghafel, Michael Walsh, Karen Bartholomew, Corina Grey, Sue Crengle, Dale Bramley

Life expectancy increased for all major population groups in Aotearoa New Zealand between 2001 and
2022, with Maori experiencing the largest gains of around 5 years. This study examined which diseases
and health conditions were responsible for these improvements, finding that reductions in deaths from
heart disease and cancer were the biggest drivers of longer lives across all groups. Falling smoking
rates and better treatment and prevention of heart disease played an important role, and reductions in
deaths from diabetes also contributed meaningfully, particularly for Maori and Pacific peoples. Despite
these improvements, Maori and Pacific peoples still have considerably shorter life expectancies than
European and Asian New Zealanders, and closing this gap will take sustained effort over many decades.
Further progress is likely to depend on ensuring that all communities have fair access to prevention
programmes, cancer screening and timely treatment, as well as addressing the broader social and
economic conditions that shape people’s health across their lives.

Our health (data) is our wealth: improving primary healthcare
data access for research in Aotearoa New Zealand

Sharon Leitch, Alex Wang, Tania Moerenhout, Lisa Kremer, Colin Simpson, Tim Stokes

Primary healthcare data is not well used for research in Aotearoa New Zealand, because the data is
difficult to access. These data would help us understand population health and help plan healthcare
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delivery. Data can be safely shared for researchers in different ways, but this needs to be done in line
with Maori data governance and ethical stewardship principles. This topic needs more debate in New
Zealand; all data access models require investment to develop and maintain.

Bilateral cellulitis with lymphangitis, caused by Shewanella
algae, after travel to the Cook Islands

Joachim Tan, Richard Babor, Tim Cutfield

We discussed a case of a patient who had returned from the Cook Islands, who then developed fevers
and painful red legs, concerning for infection. This was unusual, as most soft tissue infections (cellulitis)
affect only one limb. Subsequently, he was found to have a bloodstream infection with a very unusual
bacteria, typically acquired from seawater, which was likely linked to some of the activities he carried
out prior to returning to New Zealand.

Anti-erythropoietin antibody-mediated pure red cell aplasia
in a patient with chronic kidney disease

Devon Lowyim, Matthew Stevenson

This case describes a patient with worsening chronic kidney disease (CKD) who developed severe anaemia
requiring regular blood transfusions. The usual treatment to stimulate red blood cell production stopped
working because the patient’s immune system developed antibodies against the medication. Testing
showed a rare condition called pure red cell aplasia, where the bone marrow stops producing red blood
cells. A bone marrow biopsy confirmed the absence of early red blood cell forms, and antibody tests
supported the diagnosis. Treatment involved stopping the original medication, continuing transfusions
and starting an alternative drug that stimulates red blood cell production through a different pathway:.
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Listening to patients and doctors:
how voice strengthens good medical

practice

Rachelle Love, Joan Simeon, Janette Deed

rust is the essential foundation of

I medical practice, anchoring the relationship

between doctors, patients and the public.

Doctors earn the trust of patients by being trust-

worthy—Dby practicing with the highest standards
of professionalism and ethical conduct.

As the regulator tasked with protecting public
safety, Te Kaunihera Rata o Aotearoa | Medical
Council of New Zealand recognises that the stan-
dards it sets for doctors must be both clinically
grounded and reflective of what patients, whanau
and communities expect when they seek care.
Patients’ expectations of their doctors are changing,
and we need to understand that change.

That is why the Council sought feedback
from both patients and doctors on the core
ethical standards expected of doctors, as
currently described in Good Medical Practice.!
The feedback gives us an important opportunity
to listen to the people who use, apply and experi-
ence those standards in different ways.

Patients and whanau bring an important
perspective of those who place trust in doctors,
often at times of uncertainty, vulnerability or
distress. Integrating this with doctors’ feedback
and the realities of clinical responsibility, profes-
sional judgement and the pressure of day-to-day
practice provides diverse perspectives. These
different perspectives can inform the standards
we set, ensuring they remain relevant, fostering
trust even in times of uncertainty and distress.

The patient feedback was striking in its
clarity. Patients consistently emphasised the
importance of being listened to, treated with
respect and involved in decisions about their care.
Trust, clear communication and cultural respect
were recurring areas of practice that patients
rated as most important. Respecting cultural
background and beliefs, and the role of whanau
in care, were other aspects that patients valued.?®

The doctor feedback brought a different, but
complementary, perspective. Doctors described
using Good Medical Practice to support ethical

decision making, professional boundaries and
supervision, reporting that it supports their
practice. They also identified areas where clearer
or more practical guidance would help, including
on topics such as cultural safety, technology,
workload pressures and team-based care.>*

Medicine has changed significantly over recent
years. Digital communication, telehealth, artificial
intelligence (AI), multidisciplinary models of care,
workforce pressures and resource constraints all
shape the environment in which doctors make
decisions. The feedback from doctors shows
that doctors want standards and guidance that
help them navigate complexity. In many areas of
practice, the challenge is knowing how to apply
professional obligations in situations where
clinical, cultural, organisational and technological
factors intersect. Core concerns for doctors were
resource constraints in the current environment,
burnout and the use of Al in clinical practice.*

Patients and doctors concur on several areas
of feedback. Patients want to be listened to and
involved. Doctors want guidance that helps them
communicate clearly, practice safely and make
sound decisions. Patients want respect, trust
and to receive culturally safe care. Doctors want
standards that help them maintain those values
in busy, pressured and increasingly complex envi-
ronments. Both groups are pointing to the same
foundation: good medical practice depends on
relationships of trust.

This feedback informs how we think about
standards and guidance and also about medical
education and how we communicate and engage.
It helps us test whether our expectations are clear.
It helps identify where guidance may need more
practical explanation. It helps us understand
where the public sees risk, and where doctors see
uncertainty. It also helps ensure that our work is
shaped by the lived experience of patients and the
professional experience of doctors.

This is particularly important because
standards do much more than set minimum
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EDITORIAL

expectations. They influence our professional
medical culture. They provide reference points
for education, supervision and reflection. They
are used by doctors, employers and educators.
They also help the public understand what they
can expect from doctors. For standards to serve
those functions well, they must be trusted by both
the profession and the public. The Council under-
takes this standards work within its statutory
role under the Health Practitioners Competence
Assurance Act 2003 to protect public safety.’

Feedback is most useful when it is considered
carefully and in context. Survey results, written
comments and engagement with patients and
doctors each offer different forms of insight. Some
responses show broad areas of agreement. Others
point to issues where expectations are changing,
where guidance may need to be clearer or where
standards are most tested in practice.

The value of hearing from both patients and
doctors is that each perspective helps complete
the picture. Patients describe what safe, respect-
ful and trustworthy care feels like. Doctors
describe the realities of providing that care across
increasingly complex clinical, cultural, technolog-
ical and organisational settings. Taken together,
these perspectives help the Council understand
not only what standards should say, but how they
are understood and applied.

That matters in the health environment.
Workload, workforce pressures and resource con-
straints affect both doctors and patients. They
shape the context in which care is delivered, but
they do not lessen the importance of honesty,
respect, communication, cultural safety and sound
professional judgement. Good guidance should
support doctors to uphold these obligations in
real-world settings while keeping the experience
and safety of patients, whanau and communities
at the centre.

The patient voice is especially important in
this work. Regulation can become overly inward-
looking if it is shaped only by professional systems
and institutional processes. Patients, whanau and
communities help keep the focus on what matters
at the point of care: being heard, being informed,
being treated with dignity and being able to trust
that the doctor is acting with competence, honesty
and respect. This aligns with broader expectations
in Aotearoa New Zealand, including the rights of
consumers to respect, effective communication,
information, informed choice and support.®’

The doctor voice is equally important.

11

Standards that are not understood or cannot be
applied well in practice are unlikely to achieve
their purpose. Doctors can tell the Council where
guidance is clear, where it is ambiguous and
where examples or practical explanation would
help. They can also identify emerging areas of
practice where ethical expectations need to be
considered before problems become entrenched.

This is why engagement with both patients and
doctors needs to be part of the Council’s ongoing
approach to standards work. It is not an optional
consultation exercise at the end of a process.
It is one of the ways the Council can maintain
accountability, support right-touch regulation and
promote standards that are meaningful in practice.
The Council’s strategic direction places emphasis
on accountability, equity, right-touch regulation
and using data to inform improvement.® The feed-
back received on Good Medical Practice sits within
that approach.

There is also an important equity dimension.
Patients’ comments about cultural respect, Te
Tiriti and whanau involvement reinforce that
good medical practice in Aotearoa New Zealand
must be understood in its local context. Cultural
safety is not an abstract regulatory concept.
Cultural safety is about how patients experience
their care. Standards and guidance have a role in
supporting doctors to reflect on their own practice,
understand the communities they serve, and
contribute to more equitable health outcomes.®

The publication of the patient and doctor
feedback reports is therefore not simply a record
of what people said. It is a reminder of how
standards should be developed, communicated
and used. Standards are strongest when they are
informed by the people most affected by them.
They need to be principled enough to support
accountability, practical enough to guide doctors
and clear enough to be understood by the public.

The core message from the feedback is
reassuring. The values that underpin good
medical practice remain sound: trust, respect,
honesty, competence, communication, cultural
safety and partnership. What changes is the
environment in which those values must be
applied. As medicine evolves, the Council’s
standards work must continue to draw on both
patient and doctor voice so that guidance remains
current, practical and trusted.

Good medical practice is demonstrated in
the quality of decisions doctors make, the way
patients and whanau are treated and the trust
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EDITORIAL

the public can place in the profession. Listening
carefully to both patients and doctors helps the
Council support that trust. It also reminds us
that professionalism and standards of ethical

12

conduct are written for the moments where care
is given, decisions are made and trustworthiness

is demonstrated.
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ARTICLE 14

Vibrio infections in Aotearoa New
Zealand (1998-2024) and the effect of
current disease reporting structures

Nicola King, Michael Addidle, Jackie Wright, Lucia Rivas, Liza Lopez, Jan Powell

ABSTRACT

AIM: We aimed to describe the occurrence and characteristics of vibriosis in Aotearoa New Zealand and the knowledge gaps caused by
current disease reporting structures.

METHOD: Data on infections involving Vibrio spp. (vibriosis) were collated from New Zealand databases recording notifiable diseases,
clinical diagnostic results, hospitalisations and deaths (1998-2024). These data were examined for trends and the effects of data
collection protocols.

RESULTS: V. parahaemolyticus, V. alginolyticus and non-01/non-0139 V. cholerae were the most common Vibrio spp. reported from
gastroenteritis cases and soft tissue infections. Some infections progressed to severe health conditions, including those due to V.
vulnificus. The results indicated demographic and clinical trends, but further insights were limited by the lack of comprehensive case
data (including exposure information), changes to data generation and collection over time and a decentralised reporting structure.
CONCLUSION: Surveillance that captures all infections involving Vibrio spp. and associated metadata would make it possible to

establish a baseline disease profile, prioritise health interventions and predict future epidemiological trends.

ibrio spp. are motile, curved Gram-

negative bacteria that naturally live

in aquatic environments. Four species
are important human pathogens because they
frequently cause infections and/or severe health
outcomes: V. cholerae, V. parahaemolyticus, V.
vulnificus and V. alginolyticus.! Humans can be
infected when they handle or consume shellfish
or other seafood that have accumulated Vibrio
Spp., or come into contact with water containing
these bacteria. Vibrio infections commonly pres-
ent as gastrointestinal or soft tissue infections, but
a range of factors, including host susceptibility
and the infecting Vibrio spp., influence the clinical
manifestation.’

Toxigenic V. cholerae (serotypes 01 and 0139),
which usually inhabit freshwater and cause
cholera,! are not endemic to Aotearoa New
Zealand.? Domestically acquired infections of
non-toxigenic V. cholerae have been reported in
New Zealand.3* V. parahaemolyticus is most often
associated with foodborne gastroenteritis but can
also infect soft tissues.! Internationally important
V. parahaemolyticus subtypes have caused illness
in New Zealand.® Gastrointestinal infections from
V. vulnificus can be self-limiting but can also rapidly
progress to septicaemia in susceptible individuals,
and half of these cases may die despite aggressive

medical treatment.! V. vulnificus wound infections
may require rapid debridement of necrotic tissue
and/or amputation, which may still be insuffi-
cient to prevent sepsis and mortality.® V. algino-
lyticus is commonly isolated from ear and wound
infections.”

Seasonally, vibrio infections, or “vibriosis”
(used here to describe non-cholera clinical man-
ifestations) tend to peak during summer and
early autumn months when the concentrations
of Vibrio spp. in the environment increase in
response to warmer waters.® Longer tempo-
ral trends present a more troubling picture of
climate change-driven sea temperature rise,
expansion of pathogenic Vibrio spp. into global
regions previously considered unsuitable for
these bacteria and a concurrent increase in
vibriosis incidence.®3'® The sea surface tem-
peratures along most of New Zealand’s coastal
regions are increasing at rates of >0.23 degrees
Celsius per decade, and since 2010 there has been
a significant increase in the frequency, dura-
tion and intensity of marine heatwaves.! New
Zealand studies have shown a positive correla-
tion between the concentrations of V. parahaemo-
lyticus and V. vulnificus in aquaculture shellfish
and sea surface temperatures.'>!3 Since 2019,
vibriosis outbreaks have been linked to seafood
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harvested from New Zealand’s coastal waters.!*

Infections from Vibrio spp. are only notifi-
able in New Zealand if an infected person has:
cholera, acute gastroenteritis (AG) caused by V.
parahaemolyticus, an occupation that puts others
at risk of AG or is part of an AG outbreak.' There
is no national reporting system for vibriosis that
does not fit these parameters. Here, we describe
vibriosis in New Zealand as revealed through
collating available data, and show how de-
centralised reporting constrains a cohesive public
health response.

Methods

Data related to human infections of Vibrio spp.
were collated from the following New Zealand
sources:

* The national notifiable disease surveillance
database, EpiSurv. Notified sporadic cases
for the period 1998-2022 were provided in
August 2023 by the New Zealand Institute
for Public Health and Forensic Science (PHF
Science).

o PHF Science’s Enteric Reference Laboratory
(ERL). Clinical isolates of Vibrio spp.
confirmed by the ERL during the period
2001-2022, from single-patient events, as of
May 2023.

¢ National datasets of hospital discharges
and mortalities. Health New Zealand
— Te Whatu Ora provided extracts for
the periods 2000-2024 (discharges) and
2000-2020 (mortalities) in February 2025
for the following International Statistical
Classification of Diseases and Related
Health Problems (ICD-10-AM/ACHI/ACS)
codes: A00.0 (cholera due to V. cholerae 01,
biovar cholerae/classical), A00.1 (cholera
due to V. cholerae 01, biovar El Tor), A00.9
(cholera unspecified), A05.3 (foodborne
V. parahaemolyticus intoxication) and
B96.82 (V. vulnificus as the cause of diseases
classified to other chapters).

* One regional diagnostic laboratory (RDL)
that receives hospital and community
clinical samples from a large North Island
region that includes inland and coastal
population centres. This laboratory collated
internal data on samples that tested positive
for Vibrio spp. during the period January
2008-December 2023, undertook their own
analyses then contributed the numbers and
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supporting information required for this
manuscript in April 2024.

o Publicly available reports describing V.
parahaemolyticus outbreaks during the
period 1998-2023.

Any changes made within these databases
since provision of the extracts are not reflected in
this report.

Ethics approval was not required from New
Zealand’s Health and Disability Ethics Committee
because identifiable data were not requested, and
no attempt was made to link individual records
between datasets. Access/use conditions set by the
data owners/custodians were adhered to.

Collated data were examined for trends and
data gaps, and how these were influenced by
the data collection systems and data sources.
Analysed data included the sex and prioritised
ethnicity of each individual, which may or may
not be self-reported and may or may not reflect an
individual’s gender or ethnic identity preference.
The ethnicity and regional distributions of the
New Zealand resident population were sourced
from the 2023 Census as reported by Stats NZ
Tatauranga Aotearoa.'s The prioritised dates used
to examine temporal trends were: EpiSurv, symp-
tom onset date (75% records) then report date;
ERL, sample collection date (96% records) then
isolate receipt date; hospital discharges, event
start date (100% records); RDL, sample receipt
date (100% records).

Results

Data overview

Figure 1 illustrates how the data collated for
this study were generated. Each database holds
data at a national level except for diagnostic
laboratories. The datasets overlap and,
potentially, one hospitalised patient’s infection
could be captured in all four databases. Resolving
the overlap between these datasets would require
access to personal data held by multiple agen-
cies. The retrieved data were sufficient to indicate
trends, and a decision was taken to proceed with-
out resolving this overlap.

Table 1 summarises key results. These data
demonstrate that people of all ages can be affected
by vibriosis. They also suggest that Pacific peoples
and Maori are disproportionately affected by
vibriosis compared with those identifying
as European (c.f. New Zealand 2023 resident
population 18% Maori, 9% Pacific peoples and
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Figure 1: Schematic showing the events that generate data on Vibrio spp. infections in New Zealand.

Vp = V. parahaemolyticus; Vc = V. cholerae.

(a) Only toxigenic 01/0139 Vc and acute gastroenteritis caused by Vp are notifiable.
(b) Vp and Vc are referred to the Enteric Reference Laboratory for confirmation and epidemiological typing.

Clinical diagnostic
laboratory database

Case Self No further
ilness — resolves - No data public_health
action
Clinical Non-gastroenteritis
= Pr(:lce;tnit?;iler = diagnostic » \p or other Vibrio
laboratory species®
i Vc or
|y Hospital || Hospital discharge e i
admission database vp(a,b)
—> | Beath Mortality database
No further
public health
action

(c) The EpiSurv case record is altered to “not a case” status.
(d) Not shown are the investigations linked to EpiSurv case records, carried out by the National Public Health Service, New

Zealand Institute for Public Health and Forensic Science Health Information and Surveillance and also New Zealand Food Safety
and food testing laboratories if food is a suspected vehicle of infection.

Table 1: Summary of the data collated to inform the profile of Vibrio spp. infections in New Zealand.
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Regional Ministry of
. PHF Science Enteric ) g . Health National
Data source EpiSurv? diagnostic . .
Reference Laboratory? Minimum
laboratory
Dataset
Public hospital
Notified sporadic cases Isolates confirmed as Clinical samples u \chosprta
Data of V. parahaemolyticus Vibrio spp. (sporadic and ositive for Vibrio discharges
collated ) .p' 4 Pp-15p P related to Vibrio
infection outbreak cases)® spp. . .
spp. infection
Period of Jan 2008-Dec Mar 2000-Jul
1998-Dec 2022 2001-Dec 2022
data Jan 1998-Dec 20 Jan 2001-Dec 20 2023 2024

No. records

126 cases (117 confirmed,
8 probable, 1 case status
unknown)

496 isolates

326 patient
episodes

94 discharges®

Overseas
travel!

0Of 92 cases with travel
information recorded, 20
(22%) cases reported
travelling overseas

Of 496 isolates, 92 (19%)
were from cases who
had reported travelling
overseas®

Information not
available

Information not
available
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Table 1 (continued): Summary of the data collated to inform the profile of Vibrio spp. infections in New Zealand.

17

(n=496)¢
i 0,
V. parahaemolyticus 45% (n=94)
s 10 (n=326)
V. vulnificus 1% v parahaemolyti-
V. cholerae non-01/non- V. parahaemolyti- | c;s 399
0 cus 23%
0139 32% V. vulnificus 22%
o iseni V. vulnificus 1%
Vibrio (n=126) V.ocholerae 01 (toxigenic) V. parahaemolyti-
species y . ticus 100% 2% V. cholerae 3% cus + V. vulnificus
isolated paranaemotics X551y, cholerae 01/0139 V alginolyticus | 2%
- i i 0,
(non-toxigenic) 1% 48% V. cholerae O1
V. alginolyticus 12% V. fluvialis 2% %
V. fluvialis 3% Vibrio spp. 23%' Cholera,
e o
V. mimicus 3% unspecified 29%
Other Vibrio spp. 1%®
(n=124) (n=485) (n=326) (n=94)
Sex M 51% M 58% M 65% M 62%
F 49% F 42% F 35% F 38%
(n=125) (n=488) (n=326) (n=94)
<1-192% <1-199% <1-1926% <1-194%
20-39 38% 20-39 22% 20-39 23% 20-3917%
Age (years)
40-59 30% 40-59 36% 40-59 27% 40-59 23%
60-79 26% 60-79 29% 60-7921% 60-79 49%
>80 5% >80 3% >80 4% >80 6%
(n=246)
(n=120) (n=94)
Asian 1%
Asian 4% Asian 11%
European 59%
Ethnicity® European or Other 42% Information not available European 26%
Hispanic 0.4%
Maori 26% Maori 31%
Maori 35%
Pacific peoples 28% Pacific 33%
Pacific 4%

2 There will be an overlap between the EpiSurv and Enteric Reference Laboratory (ERL) datasets. A request to link the datasets

was declined.

® The records do not indicate if an isolate is connected to an outbreak, although clusters in time and Vibrio spp. are evident. The
earliest date a sample was taken prior to ERL submission was December 2000, and the latest was December 2022.

¢Itis possible that one person can be admitted and discharged several times, including when transferred between hospitals.
Encrypted identifiers were used to identify and merge clearly related records.
4 Travel outside New Zealand during the incubation period.

¢ For each species, the proportions of isolates from non-travel cases (n=404) and from travel-associated cases (n=92) were,
respectively: V. parahaemolyticus (50%, 20%), V. vulnificus (1%, 1%), V. cholerae non-01/non-0139 (26%, 58%), V. cholerae O1
toxigenic (not detected, 10%), V. cholerae 01/0139 non-toxigenic (0.5%, 4%), V. alginolyticus (14%, not detected), V. fluvialis (3%,
4%), V. mimicus (3%, 3%). All remaining isolates were only detected in samples from non-travel cases at <1%; these were one
each of V. damsela (since reclassified as Photobacterium damsela), V. harveyi, V. hollisae and two non-speciated Vibrio spp.

fThe toxigenic status of the V. cholerae isolates is not reported (these are submitted to the ERL for further testing). Vibrio spp.
comprises 74 isolates that were not speciated.
& Ethnicity categories as applied by the data owners.
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Table 2: Outbreaks of Vibrio parahaemolyticus infection in New Zealand, 1998-2023.

Year Regi?n [SXBesEE No. cases (i Implicated foods Reference
location) hospitalised)

1999 Auckland 7(2) Raw seafood?
1999 Hutt Valley (home) 8 (0) Sea worms?
2000 Auckland (home) 3(1) Shellfish?
2000 Auckland (home) 5(0) Raw mussels?
2000 Auckland (home) 3(0) Raw seafood? 17
2007 Overseas, Thailand 11(3) Seafood, salad
2009 Auckland (home) 3(0) S::;«r:ejtacrab, raw

Raw seafood (clams,
2009 Auckland 4(0) cockles, fish in

coconut juice)?
2019 Multiple (multiple) 24 (2) Mussels® 18
2020 Multiple (multiple) 16 (7) Raw mussels® 19
2021 Multiple (multiple) 24 (7) Raw mussels® 20
2021-2022¢ Multiple (multiple) | 60 (25) Zii:fi;gge of 1421

2 Privately imported from a Pacific Island location.
® Commercially harvested in New Zealand.
¢ Mixture of commercially and non-commercially harvested.

d Case definition was any person with symptoms of acute gastroenteritis reported in New Zealand from 15 November 2021 to 31
May 2022 AND has laboratory confirmed Vibrio parahaemolyticus infection acquired in New Zealand associated with exposure to
New Zealand-sourced seafood. Implicated foods were predominantly non-commercially harvested seafood from New Zealand
coastal waters, including reports of these being consumed raw or partially cooked.

68% European), noting that ethnicity data are
reported differently in each database.

Table 2 summarises 12 V. parahaemolyticus
outbreaks reported in New Zealand between 1998
and 2022. Prior to 2019, there were no reported
outbreaks linked to seafood harvested from New
Zealand. Two outbreaks (2019, 2020) occurred
during the early winter months.

The range of Vibrio spp. causing
infections

Data provided by the ERL and RDL show that
V. parahaemolyticus, V. alginolyticus and non-
01/non-0139 V. cholerae were the species most
often identified from clinical samples, including

from cases who had not travelled outside New
Zealand during the incubation period. Other
Vibrio spp. were also isolated from people who did
not report travel, including V. mimicus, V. fluvialis,
V. vulnificus, V. harveyi and V. hollisae. Toxigenic
V. cholerae were infrequently confirmed, and
only from people who reported overseas travel.
The only relevant records obtained from the
mortalities database were for cholera (unspeci-
fied) contributing to three deaths.

Clinical trends

The RDL data indicate the range of adverse
health effects caused by Vibrio spp. Of the 326
vibrio-positive samples, the majority were
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indicative of ear infections (60% of samples were
ear swabs), followed by gastroenteritis (20% were
faecal samples) and other soft tissue infections
(18% were wound, tissue or eye samples). The
remaining 2% were blood cultures, suggestive of
septicaemia.

The hospitalisation data highlight the serious-
ness of some infections. Of the 117 sporadic V.
parahaemolyticus AG cases with known hospi-
talisation status reported to EpiSurv, 27% were
hospitalised (no deaths were reported). The
highest percentage hospitalised from the 12 V.
parahaemolyticus outbreaks (Table 2) was
44% (seven out of 16 cases, 2020 outbreak). By
hospital discharge data, V. vulnificus and V.
cholerae infections also contributed to, or resulted
in, 57 individuals being hospitalised. Of the 94
hospital discharge records, 35% included at least
one clinical diagnosis code indicating concurrent
diabetes mellitus as an underlying chronic health
condition, with eight of these patients also having
chronic kidney disease. Chronic viral hepatitis B
without delta-agent was reported for a further 5%
of records (three out of five included a V. vulnificus
diagnosis). Acute kidney failure was a common
presentation (reported in 37% of the records with
and without codes indicative of diabetes).

V. parahaemolyticus

The RDL data indicate that this pathogen has a
role in gastrointestinal, ear and soft tissue infec-
tions, since V. parahaemolyticus was confirmed in
faecal (61%), ear (20%), wound (16%) and blood
(3%) samples (n=75). Age data from EpiSurv,
the RDL and the hospital discharges produced
median ages of 47, 55 and 56 years, respectively,
showing higher prevalence among middle-aged
adults compared with other age groups. Of the
39 hospital discharge events associated with V.
parahaemolyticus, this condition was the primary
diagnosis in 69% of these events. Seven cases had
co-infections with non-vibrio bacteria. Of these,
three had wounds or lower limb cellulitis and,
other than the “foodborne’ code for V. parahae-
molyticus, no clinical coding suggestive of gastro-
enteritis. This suggests V. parahaemolyticus was
part of a mixed culture obtained from a wound
sample.

V. alginolyticus

RDL data show V. alginolyticus infections
(n=156) were common among children and
younger adults (72% were aged <40 years)
and males (72% of patient episodes), and that
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the majority (78%) of the samples yielding V.
alginolyticus were ear swabs (a further 21% were
wound swabs). Other bacterial species were also
identified from 54% of the ear swabs and 31%
of the wound swabs (commonly Staphylococcus
aureus); thus V. alginolyticus may not always be
the primary cause of ear or skin infections. The
ERL confirmed V. alginolyticus in 57 samples
from people who did not report overseas travel,
implying domestically acquired infections.

V. vulnificus

The hospital discharge dataset was most
informative for V. vulnificus infections, noting that
the relevant ICD-10 code (B96.82) was introduced
in January 2014 and is typically used to support
the primary diagnosis. Of the 23 discharge records
associated with B96.82, 78% were male. The
data indicate that 13 of the hospitalised patients
had wounds, ulcerations and/or cellulitis, with
some progressing to sepsis (seven patients) and/
or necrotising fasciitis (three patients). Another
six records suggest V. vulnificus was a cause of
gastrointestinal infections rather than wound
infections. The ERL confirmed V. vulnificus
isolates from blood (two samples), faeces (one
sample) and a leg ulcer sample (all four were from
male patients who did not report overseas travel).

Non-01/non-0139 V. cholerae

The ERL dataset was most informative for
providing insights into domestically acquired
infections, since 107/160 of the non-Ol1/non-
0139 V. cholerae isolates were from people who
had not reported travelling overseas during the
incubation period. These 107 implied domestic
cases were across a broad age range (5-86 years,
median 52 years), and of the 105 cases with sex
reported 61% were male. The majority (79%) of
isolates from domestic cases were from faecal
samples, suggesting gastrointestinal infection was
an important clinical presentation. Isolates were
also from ears (12%, 10/13 were male patients),
blood (7%) and wounds (2%).

Temporal and geographical trends

The way infectious disease data are recorded in
New Zealand did not allow for consistent adjust-
ments that would account for the delay between
patient exposure to Vibrio spp. or the appearance
of symptomatic illness and the initiation of an
entry into a database (see Methods). In the Epi-
Surv and ERL data, a patient’s symptom onset
date or sample collection date was compared to
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the report month, and these results indicated
that most reporting occurred within 1 month of
symptomatic illness or sample collection (data not
shown).

Based on the best dates available in each
dataset (see Methods), infections have occurred
throughout the year but there were more cases
during January-March compared to other
quarters. When excluding cases who had reported
travelling overseas, 43% of the V. parahaemolyt-
icus AG cases reported to EpiSurv became symp-
tomatic or were notified during January-March
(n=106), and 50% of the vibrio-positive samples
were received at the ERL during these months
(n=404). Of all RDL samples yielding Vibrio spp.
(n=326, Table 1), 61% were received during
January-March. Of the 94 hospital discharges,
45% had admission dates within this period.

Each dataset was examined for temporal trends
in the annual number of records over time but no
consistent trend was evident (data not shown).

EpiSurv location metadata shows that the
highest number of V. parahaemolyticus cases were
in the northern New Zealand regions of Auckland
(17%) and Counties Manukau (18%) (c.f. New
Zealand 2023 resident population 9% Auckland,
12% Counties Manukau). However, the location
where each case was potentially exposed to Vibrio
spp- may be different. The seafood collection sites
reported by cases from the 2021-2022 V. para-
haemolyticus outbreak (Table 2) were distributed
along the length of New Zealand.*

Sources of infection

Food was the implicated source of infection
for 71% (89/126) of the V. parahaemolyticus AG
cases reported in EpiSurv. Cases reported con-
suming a wide range of aquatic foods but most
commonly mussels and oysters, particularly in
their raw state. Unless an outbreak is declared,
or a specific food complaint is made to a relevant
authority, there is no attempt to test food items for
potential pathogens. There were 11 cases whose
information suggested they had not travelled but
had consumed seafood privately imported from
a Pacific island, including a cluster of nine cases
that occurred during the years 1999 and 2000.
Outbreaks associated with privately imported
seafood were also reported during this period
(Table 2).

All the hospital discharges for V. parahaemo-
lyticus infection were coded to A053 (foodborne
V. parahaemolyticus intoxication), although it is
not clear whether foodborne transmission was
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suspected, or the code was used because it is the
only specific code for V. parahaemolyticus (mixed
culture wound infections were evident in three
cases).

Recreational contact with coastal or river water
in New Zealand was the implicated cause of five
cases of V. parahaemolyticus infection reported
to EpiSurv (two cases appear to form an uniden-
tified household cluster). One additional case may
have been occupationally exposed through pro-
cessing fish. Two cases reported contact with sick
people but both cases also consumed foods that
were implicated as the source of their infection.
Drinking water was not an implicated source for
any of the V. parahaemolyticus cases.

Discussion

Vibriosis and cholera cases are recorded in
different New Zealand health databases that
support the national notifiable disease system
but have different purposes. Through examining
these data, a picture emerges of infections involv-
ing various Vibrio spp., primarily manifesting
as gastrointestinal, soft tissue or ear infections,
sometimes with severe health outcomes. We have
described some of the species-specific, regional
exposure and seasonal trends, which reflect
what is observed elsewhere.! It is apparent that
nationally there are unquantified numbers of soft
tissue infections and sepsis due to V. vulnificus and
V. parahaemolyticus, gastrointestinal illness due
to V. vulnificus and non-toxigenic V. cholerae and
ear infections involving Vibrio spp. The data on
V. alginolyticus infections suggest a common pat-
tern of ear infections among young males, likely
arising from recreational exposure to seawater.”
The ERL data show that people are being exposed
to non-O1/non-0139 V. cholerae within New
Zealand, with resultant illness, and potential
sources should be a focus of future research.
Almost one-third of the hospital discharge
records, and the only three vibrio-related deaths
in the mortality database, included the coding
“cholera, unspecified”. It is not known whether
these records related to infections from non-
toxigenic V. cholerae, but the findings signal the
need for deeper investigation.

The hospital discharge data show that V. vulnifi-
cus is a cause of serious infections in New Zealand,
particularly among males. These data highlight
diabetes mellitus and hepatitis B as comorbidities.
Haemochromatosis, liver disease including
alcoholic cirrhosis, diabetes mellitus and renal
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disease are recognised risk factors for V. vulnifi-
cus infection.?? In New Zealand, only one fatality
has been reported associated with V. vulnificus
infection, in 1990, as a result of a wound
infection.?® In 2008, there was a single New
Zealand case of fatal necrotising fasciitis and
associated fulminant sepsis in a 79-year-old male,
attributed to exposure of a skin wound to V.
parahaemolyticus in seawater.?* This fatality did
not emerge among the hospital mortality data,
most likely because this was not a foodborne case
and thus did not meet the description of the V.
parahaemolyticus ICD10 A05.3 code.

There are likely to be people groups more at
risk for infection or severe health outcomes due
to their daily activities and health status. Pacific
peoples and Maori appear to be over-represented
among vibriosis cases. However, further study is
needed to identify the factors that increase the
likelihood of any individual becoming infected
by Vibrio spp., with ethnicity data only providing
some direction for these enquiries.?> Case-
specific information about food and environ-
mental exposures (including their location and
timing) is required to better understand domes-
tically acquired vibriosis in New Zealand, and
is vital for risk management. For non-notifiable
vibriosis cases, exposure assumptions were made
in this study. For example, the hospital discharge
data show cases of V. vulnificus wound infection
and sepsis, but this does not prove the source
was environmental (marine or estuarine). While
case exposure information is lacking, this current
analysis does show that recreational exposure to
aquatic environments and consumption of sea-
food (particularly shellfish) are both important
transmission routes in New Zealand, which is in
keeping with the ecology of non-cholera Vibrio
spp.

Temporal trends are affected by changes to
data collection, laboratory protocols and outbreak
events, which mask any true changes to vibriosis
prevalence over time. Cases of V. parahaemolyti-
cus AG were specifically listed as being notifiable
under the disease classification “acute gastro-
enteritis” from 2012.* Thus, cases may have been
notified as AG without listing the causal pathogen,
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and therefore not captured in the EpiSurv data
extract used for this study.’* Conversely, the V.
parahaemolyticus outbreaks occurring from 2019
increased national efforts towards understanding
and minimising foodborne exposure, resulting in
improved case follow-up and recording of infor-
mation in EpiSurv. The V. vulnificus—specific ICD
code (B96.82) was introduced for use in New Zealand
from 2014. Information collected in 2005 shows
that only a small number (two out of 13) of New
Zealand diagnostic laboratories routinely tested
faecal specimens for Vibrio spp.?® Since 2015, the
increased use of culture-independent diagnostic
testing of faecal samples will have increased Vibrio
spp. detection.”

New Zealand’s current national communicable
disease reporting system captures cases of notifi-
able diseases as defined by the Health Act 1956.%
It is not designed to demonstrate the breadth of
vibriosis occurring in New Zealand. The decen-
tralised way that Vibrio spp. infections are
currently recorded limits the ability to measure
the national extent of morbidity and mortality
from domestically acquired infections and to
provide robust evidence that could underpin
public health interventions in higher-risk regions,
during higher-risk periods or among at-risk
people groups. It is also not currently possible to
provide an objective baseline to measure or pre-
dict future epidemiological changes in response
to local short- or long-term environmental events.

In the United States of America, vibriosis has
been nationally notifiable since 2007 and all cases
are reported to a dedicated system (COVIS).? The
most recent data available (2019) show that COVIS
captures infections from a range of Vibrio spp.,
including those rarely reported as human patho-
gens.?® COVIS has enabled recognition of changes in
vibriosis incidence over time and triggered further
investigations.’®® This surveillance system is a
useful model to consider for New Zealand. Sur-
veillance that captures all vibriosis and associated
metadata would provide valuable epidemiological
information and a baseline to monitor or predict
any changes. Such a system could direct risk
management activities and support health service
planning and resilience.
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Urban-rural disparities of all severity
trauma in a region of Aotearoa New
Zealand

Alastair Smith, Sheena Moosa, Grant Christey

ABSTRACT

AIM: This study aims to describe the urban-rural disparities in the incidence, demographic features and injury characteristics of trauma
admissions in the Te Manawa Taki (TMT) Region of Aotearoa New Zealand.

METHODS: A retrospective observational study of the TMT trauma cohort was conducted using the data from the TMT trauma registry,
which included all severities and all ages between 1 January 2013 and 31 December 2022. The Geographic Classification for Health
used in Aotearoa New Zealand was adopted based on the patient’s area of domicile into Urban 1, Urban 2, Rural 1, Rural 2 or Rural 3.
RESULTS: Rurality was associated with a higher relative risk of trauma, with the incidence rate ratio (IRR) highest for Rural 3 at 2.0
(p<0.01) and 2.7 for major injuries (p<0.05) compared with Urban 1. Falls, road traffic crashes and motorcycle crashes disproportionately
affected remote dwellers. Urban dwellers were more likely to sustain injuries from sharps/glass/knives/hand tools (p<0.01).
CONCLUSIONS: Urban-rural variations in trauma admissions mainly relate to specific causes of injury, suggesting the need to customise
injury prevention interventions for geographic areas. The underlying deprivation of rural areas and the socio-economic status of the

demographic need further exploration for their possible modulating role in injury incidence and outcomes.

raumatic injuries are public health concerns

of national significance in several coun-

tries, including Aotearoa New Zealand.'?
Rural-urban disparities exist in trauma incidence
and trauma characteristics.® Several studies across
countries have observed that people living in rural
areas may experience higher mortality rates
and lower life expectancies.** Studies evaluating
demographic and injury characteristics have shown
increased incidence related to rurality: younger
ages and social disadvantage, and there are higher
rates of traffic-related and intentional injuries.>®
Earlier studies in Aotearoa New Zealand have
shown that roads, homes and areas of recreation
and sports are the most common places of serious
injury, with significant socio-economic, ethnic and
gender disparities.”?

While trauma registries in Aotearoa New
Zealand capture information on geographical areas
and injury locations, there is limited exploration of
geographical disparities, to some extent driven by
emerging variations in the definitions of rurality.>'
National statistics indicate over 80% of the people
in Aotearoa New Zealand live in urban areas," yet
the incidence of major trauma is observed to be
higher among residents of rural areas.'? Gender
and ethnic disparities in injury incidence have
continued in Aotearoa New Zealand, with men

and Indigenous people, Maori, in rural areas
having a higher risk of injury®? and socio-
economic status and ethnicity have been identified
as contributing to the inequities in health out-
comes in patients with road traffic injuries.**

This study aims to extend the current knowledge
on geographic disparities of trauma, describing
differences in injury incidence, ethnicity varia-
tions and injury characteristics of trauma admis-
sions in the Te Manawa Taki (TMT) Region of
Aotearoa New Zealand, applying the urban-rural
definitions of Geographic Classification for Health
(GCH).* The TMT region is located in the middle
of the North Island of Aotearoa New Zealand,
stretching from Taranaki Maunga in the west to
Te Tairawhiti, and includes the major population
centres Tauranga, Rotorua, Gisborne, Hamilton
and New Plymouth. The TMT Region’s population
is approximately 1 million, representing 20%
of the Aotearoa New Zealand population,’s and
displays demographic characteristics reflective of
the country for median age (39 vs 37 years) and
gender (48 vs 50% male),’”® but a higher propor-
tion of Maori (26.5 vs 17.1%)' and areas with
most (Q5) deprivation (27 vs 21%).'7 This study
examines trauma patients of all injury severities,
the incidence by rurality classified with GCH and
ethnic variations, and the associations of causes
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of injury with levels of rurality that can inform
injury prevention interventions and trauma care
pathways.

Methods

The study is a retrospective observational
study of the cohort of trauma admissions in the
TMT Region.

Data sources

Trauma hospitalisation data collected from the
TMT trauma registry were analysed. The study
included patients of all Injury Severity Score (ISS),
all ages, and admitted to the hospitals in the TMT
Region during the 10 years between 1 January
2013 and 31 December 2022.

The trauma registry collects comprehensive data
on all patients across the TMT Region admitted to
the hospital with an injury, independent of over-
all severity or admitting speciality. For the trauma
registry, “admission” records are created for each
period during which a trauma patient occupies
an inpatient bed, or when treatment procedures
occur within an emergency department (ED) with-
out an inpatient stay at that facility, but the patient
is subsequently transferred to an inpatient bed at
another hospital or discharged home. Consistent
with trauma registries internationally, patients
were excluded from the registry if they sustained
insufficiency or periprosthetic fractures, exertional
injuries, hanging/drowning/asphyxiation without
evidence of external force, poisoning, ingested
foreign body, injury as a direct result of pre-
existing medical conditions or late effects of
injury, or the injury occurred more than 7 days
prior to admission.!®

In addition to injury characteristics, the TMT
trauma registry contains health data routinely
collected in hospitals, including patient demo-
graphic and injury event information from
prehospital records, hospital information
systems and, where required, directly from
patients. Ethnicity is recorded in the registry at
two levels: one as self-identified by the patient
and the second at a high-level classification of
Maori and non-Maori. Injury intent is defined in
the registry as unintentional, by other, and self-
inflicted, and cause and place of injury are
recorded using the International Classification
of Disease.’” Data for the trauma registry are
collected by the trauma clinical nurse specialists
and entered into the electronic trauma registry.
Data quality is set by the TMT trauma registry data

26

dictionary, and quarterly quality checks address
completeness, validity, sequence, logic, coding
accuracy, duplicate records and ethnicity coding.

The TMT trauma registry uses the Abbreviated
Injury Scale (AIS), an anatomical scoring system
used internationally to grade the severity of each
and every individual injury on a scale of 1 (minor)
to 6 (unsurvivable injury).?’ The ISSis calculated
from the sum of the squares of the highest AIS
grade in each of the three most severely injured
body regions.? This summation value thus
integrates and numerically describes the overall
severity of multiple injuries ranging from ISS 1 to
a maximum of 75. An ISS of 75 predicts the worst
prognosis. An ISS >12 or death (any ISS) is consid-
ered major trauma in the National Major Trauma
Registry and injury severity for this study is
classified as major (ISS >12 or died) and non-
major (ISS <13).2* The TMT trauma registry
employs AIS Version 2008 for all diagnoses,
thus ensuring the consistency of computed ISS
throughout the extracted dataset.?

Variables examined in this study included:
patient demographic characteristics (age, gender,
ethnicity and rurality of patient residence classi-
fied with GCH), injury event information (cause,
and place of injury) and outcome (died/survived)
at discharge from the hospital. Records with
missing data in the variable examined are
excluded from the analysis. Trauma data were
extracted from the TMT trauma registry using DI
Writer/Collector™,

Rurality

The patient’s home residence “rurality”
variable was developed via mapping to the GCH,
a rural-urban classification specifically devel-
oped and proposed for use in health research and
policy.'*722 The five-level GCH, a geographic
classification with two urban (Urban 1 [U1],
Urban 2 [U2]) and three rural categories (Rural
1 [R1], Rural 2 [R2], Rural 3 [R3]), was developed
for the purpose of monitoring rural-urban dif-
ferences in health outcomes.?> While the GCH
does not use access to specific services or rely
on health statistics to define rurality, travel time
to major population areas is a key determinant.
For the urban categories, it is accessibility to the
major urban areas within 25 (U1) and 20 minutes
(U2). For rural categories, it is accessibility to a
major urban area within 26 to 60 minutes (R1),
within 61 to 120 minutes (R2) and more than 120
minutes (R3)%22 (see references 10 and 22 for
detailed information on GCH). For this study,
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rurality was assigned based on patients’ residen-
tial addresses into the five GCH categories. While
differences in socio-economic profiles may exist
between the five GCH categories, including between
Ul and U2 GCH classified Statistical Areas (SA),
given the importance of travel time to trauma care,
and to focus on comparing rurality classifications,
we have not considered differences in socio-
economic profiles in this study.

Anonymised patient residence addresses
recorded in the TMT trauma registry were
geocoded using the “ggmap” package® within
R Studio. The resulting latitude and longitude
were then mapped to Statistical Area 2 (SA2) via a
spatial join using ArcGIS. Residence address SA2
was subsequently mapped to GCH classifications.
Population data for the TMT catchment area were
obtained from Stats NZ Tatauranga Aotearoa
(Stats NZ), the New Zealand national statistics
office, with a custom data extract at the SA2 level,
based on the 2018 usually resident census. The
SA2 area populations were subsequently mapped
and aggregated to the GCH classifications to
provide incidence population denominators. Due
to low population volumes in some SA2s, and to
protect privacy, the supplied population data for
SA2 was at a high-level classification of Maori and
non-Maori.

Statistical analysis

For the statistical analysis, age was classified
into 0-14 years, 15-44 years, 45-64 years and 64
years and above; gender as male and female; and
ethnicity as Maori and non-Maori. Annual inci-
dence per 100,000 population was calculated,
incorporating population figures drawn from
the custom data extract provided by Stats NZ at
the SA2 level. To calculate comparable rural and
urban incidence rate ratios (IRRs), the five GCH
classifications were used. The five classifications
were collapsed to two categories—Urban (by
collapsing U1 and U2) and Rural (by collapsing R1,
R2 and R3)—for inferential statistics, an approach
previously employed in similar rural health
studies in Aotearoa New Zealand.'®!222 JRRs—and,
when applicable, adjusted IRR (aIRR) corrected
for population characteristics such as ethnicity—
with associated p-values were calculated. IRR
and alRR were calculated with negative bino-
mial regression using mean annualised events
and population (at study midpoint) as offset,
and using the log link. Descriptive statistics were
produced, and Chi-squared tests were used for all
categorical variables between the GCH categories.

27

Odds ratio was calculated to analyse similarities
and differences in the causes of injury between
urban and rural classifications. Statistical signif-
icance was set at p< 0.05 for the statistical tests.

All statistical analyses were performed using
RStudio 2023.06.0% with “ggmap”?® and “MASS” %
packages.

Ethics

Ethical approval was deemed out of scope by
the New Zealand Health and Disability Ethics
Committee, and research approval was provided
under the locality authorisation process by the
Health New Zealand — Te Whatu Ora Waikato
Research Office and the Maori Research Review
Committee (RD023079).

Results

A total of 51,252 TMT trauma patient residence
addresses were geocoded, spatially joined to SA2
polygons and subsequently classified into the five
GCH categories of U1, U2, R1, R2 and R3 (Table
1). Approximately 69% of trauma patients were
classified as urban dwellers (U1 and U2) and 31%
as rural dwellers (R1, R2 and R3). The proportion
of males injured was higher in rural areas compared
with urban areas (¥°=166.1, p<0.01). The median
age was 34 years, with most patients in the age
group of 15-44 years in all areas. Compared with
the rural areas, there were more trauma patients
of the older life stage (65+ year-olds) in the urban
areas (¥?=294.2, p<0.01). The proportion of Maori
was higher in rural areas, and non-Maori were
highest in U1 (¥>=1,039.7, p<0.01). The proportions
remained relatively similar when comparing
injury severity, major (ISS >12 or died) and non-
major (ISS <13) trauma.

When adjusted by population, patients
dwelling in more rural areas (R2 and R3) were
at significantly higher risk of trauma (p<0.01)
compared with trauma patients in most urban
areas (U1), and so were people in U2 areas (Table
2). The IRR for trauma was highest among R3
dwellers, with rates of 2.0 for overall trauma
(p<0.01), 2.7 for major injuries (p<0.05) and 2.0
for non-major injuries (p<0.01) compared with
U1 dwellers. The risk of trauma in general, and
particularly non-major trauma, was also higher
among R2 (p<0.01) and U2 (p<0.01) dwellers
compared with Ul; however, this increased risk
was not observed for major trauma. There were
no significant differences in the risk of trauma
between Ul and R1 dwellers.
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Table 1: Characteristics of trauma events admitted to TMT Midland facilities by Geographic Classification for Health
classification of rurality, 2013-2022.

Major (ISS >12 or died) 1,625(7.2) | 863(6.6) 789 (7.9) 415 (8.3) 77(9.2) 3,769 (7.4)
. 20,873 12,136 9,159 4,559 756 47,483
Non-major (ISS <13) (92.8) (93.4) (92.1) (91.7) (90.8) (92.6)

Female 9,077 4,773 3,384 1,713 261 19,208
(40.3) (36.7) (34.0) (34.4) (31.3) (37.5)

Male 13,421 8,226 6,564 3,261 572 32,044
(59.7) (63.3) (66.0) (65.6) (68.7) (62.5)

014 vears 4,778 2,851 2,114 993 203 10,939
y (21.2) (21.9) (21.3) (20.0) (24.4) (21.3)
1544 vears 8,342 5,213 4,074 1,984 337 19,950
y (37.1) (40.1) (41.0) (39.9) (40.5) (38.9)
4564 venrs 4,475 2,663 2,230 1,134 200 10,702
Y (19.9) (20.5) (22.4) (22.8) (24.0) (20.9)
65+ vears 4,903 2,272 1,530 863 93 9,661
y (21.8) (17.5) (15.4) (17.4) (11.2) (18.8)

. 36 33 33 34 31 34
Age, median (IQR) (17,61) (16,57) (17,56) (17,58) (15,52) (17,58)

Mori 5,431 4,911 3,150 1,743 457 15,692
(24.1) (37.8) (31.7) (35.0) (54.9) (30.6)
Non-M3ori 17,067 8,088 6,798 3,231 376 35,560
(75.9) (62.2) (68.3) (65.0) (45.1) (69.4)

. . . 159 64 49 20 . 294
Died (excluding medical) (0.7) (0.5) (0.5) (0.4) (0.2) (0.6)

. . 51 23 . . . 86
Died (medical) 0.2) 0.2) (0.1) (0.1) (0.1) (0.2)
Survived 22,288 12,912 9,891 4,951 830 50,872

(99.1) (99.3) (99.4) (99.5) (99.6) (99.3)

*Values under 10 not reported for confidentiality considerations.

TMT = Te Manawa Taki; GCH = Geographic Classification for Health; ISS = Injury Severity Score; IQR = interquartile range.
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Table 2: Average annual trauma admissions to TMT Midland facilities, incidence per 100,000 population per year,
and IRR, 2013-2022.

Ul 2,250 493,104 456 Reference

U2 1,300 249,330 521 1.1(1.1-1.2) 0.01
R1 995 197,022 505 1.1(1.0-1.2) 0.08
R2 497 89,382 556 1.2 (1.1-1.4) 0.00
R3 83 8,946 931 2.0(1.3-3.1) 0.00

Ul 162 493,104 33 Reference

U2 86 249,330 35 1.1(0.8-1.3) 0.715
R1 79 197,022 40 1.2 (0.9-1.6) 0.146
R2 42 89,382 46 1.4(0.9-2.2) 0.038
R3 * 8,946 86 2.7 (0.4-17.9) 0.005

Ul 2,087 493,104 423 Reference

u2 1,214 249,330 487 1.2 (1.1-1.2) 0.000
R1 916 197,022 465 1.1(1.0-1.2) 0.019
R2 456 89,382 510 1.2(1.1-1.3) 0.000
R3 76 8,946 845 2.0(1.3-3.1) 0.000

Ul 944 493,104 191 Reference

U2 547 249,330 219 1.1(1.0-1.3) 0.011
R1 370 197,022 188 1.0 (0.9-1.1) 0.783
R2 204 89,382 228 1.2 (1.0-1.4) 0.024
R3 26 8,946 291 1.5(1.0-2.2) 0.039

Ul 16 2,250 0.7 Reference
U2 * 1,300 0.5 0.6 (0.3-1.7) 0.367
R1 * 995 0.5 0.7 (0.3-1.9) 0.498
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Table 2 (continued): Average annual trauma admissions to TMT Midland facilities, incidence per 100,000 population

per year, and IRR, 2013-2022.

t
Average annual Population Incidence per L value
events P 100,000/year (95% Cl) P
R2 * 497 0.4 0.6 (0.1-2.5) 0.448
R3 * 83 0.2 0.3 (0.0-4.8) 0.631

*Values under 10 not reported for confidentiality considerations.

T IRR calculated using negative binomial regression with population as an offset and employing a log link.
fCalculated using averages of non-medical deaths over the period. Incidence per 100 trauma patients.

TMT = Te Manawa Taki; IRR = incidence rate ratio; 95% Cl = 95% confidence interval; ISS = Injury Severity Score.

Figure 1: Trauma incidence (all severity) per 100,000 per year by GCH classification of the rurality of the patient

residence.
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Risk of injury occurring at home was not sig-
nificantly different across the GCH classifications.
The IRR of non-medical death due to trauma
was lower in all GCH classifications compared
to U1, but the differences were not statistically
significant (p>0.05) (Table 2).

The higher relative incidence of trauma among
persons residing in R3 has persisted over time.
The trend in the trauma incidence in all GCH
classifications has remained more or less
constant, with a gradual decrease since 2020 that
coincides with the COVID-19 pandemic control
interventions (Figure 1). This decrease continued

esseee R3

R1 R2

in 2022 in U1, U2, R1 and R2 but had started to
increase in R3.

Maori had a significantly higher risk of trauma
admission compared with non-Maori in U1, U2, R1
and R2 areas (p<0.01), but not in R3 (Table 3).

Those living in rural areas (R1, R2, R3) had a
significantly higher risk for motorcycle and road
traffic crashes compared with urban-dwelling
(U1, U2) persons, with almost double the risk for
motorcycle-related injury and 1.5 times the risk
for road traffic crashes for those living in rural/
remote rural areas (Table 4).

Rural dwellers have a lower risk of trauma
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Table 3: Trauma aIRR by ethnicity per GCH classification of trauma patient residence, admitted to TMT Midland
facilities, 2013-2022.

31

Non-Maori

1,707

400,692

426

Reference

Maori

Non-Maori

543

809

92,412

175,857

588

460

1.4 (1.3-1.5)

Reference

0.000

Maori

Non-Maori

491

680

73,473

148,140

668

459

1.5(1.3-1.6)

Reference

0.000

Maori

Non-Maori

315

323

48,882

65,499

644

493

1.4 (1.2-1.6)

Reference

0.000

Maori

Non-Maori

174

37

23,883

4,062

729

911

1.5(1.2-1.8)

Reference

0.000

Maori

46

4,884

941

1.0 (0.7-1.6)

0.880

T alRR calculated using negative binomial regression with population (population ethnicity standardised) as an offset and

employing a log link.
alRR = adjusted incidence rate ratio; GCH = Geographic Classification for Health; TMT = Te Manawa Taki; 95% CI = 95% confidence

interval.
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Table 4: Odds ratio for rural/remote rural versus urban resident trauma patients within the top five causes of injury,

TMT Midland trauma admissions, 2013-2022.

Rurality of patient
Cause of injury u. 1ty of pati 0Odds ratio 95% ClI p-value
residence
Urban Reference
Fall
Rural/remote rural 0.75 0.72-0.79 <0.001
Motorcycle crash Urban Reference
(including non-road) | Rural/remote rural 1.83 1.69-1.97 <0.001
Sharps/glass/knife/ Urban Reference
hand tool Rural/remote rural | 0.52 0.46-0.58 <0.001
Urban Reference
Road traffic crash
Rural/remote rural 1.49 1.39-1.59 <0.001
Urban Reference
Assault
Rural/remote rural 1.00 0.91-1.09 0.990

TMT = Te Manawa Taki; 95% Cl = 95% confidence interval.

from falls and with sharps/glass/knives/hand
tools. The risk of assault was similar irrespective
of the geographic area of residence.

Discussion

Significant inequities in trauma incidence by
rurality were observed in this study, with remote
dwellers at a higher relative risk of trauma
compared with urban trauma patients. This
corresponds with several studies across different
geographies, including Aotearoa New Zealand,
that have observed health disadvantages in rural
areas.>'*'7 Importantly, we observed that while
there was a gradual decrease in trauma incidence
across all GCH classifications since 2020 that
continued until 2022, the incidence in the most
rural areas (R3) had started to increase in 2022.
The reason for the continued decline across
other GCH classifications after the COVID-19
pandemic and the upward trend in R3 indicates
there are other factors at play that need further
investigation.

We observed variations in injury incidence by
injury severity, with dwellers in most rural areas
(R3) at a slightly increased risk of hospitalisation
for major trauma events, but not so in other areas.

This difference was not reflected in the survival
outcomes, and the risk of in-hospital non-medical
death was not significantly different across the
rurality classification. Existing knowledge from
other studies, however, suggests a higher mortality
for young rural males.’ The time to reach a hospital
providing trauma service may be a factor influ-
encing the findings, in that major trauma patients
in rural areas may not survive long-distance
transfers. The contributions of prehospital trans-
fer times, and possibly health-seeking behaviour
among urban, rural and remote rural dwellers for
different injury severities on survival and health
outcomes of trauma patients need further study.
Road trauma in rural areas of Australia and
Aotearoa New Zealand has been higher compared
with urban areas.?® The findings of this study
concur that the risk of motorcycle and road traffic
crashes is higher among rural and remote rural
dwellers compared to the urban, with almost
double the risk for non-road motorcycle-related
injury for those in remote areas. This could be
related to road conditions, such as unsealed
roads, and the use of off-road vehicles, which is
more likely in rural areas, but this aspect needs
further investigation. Work-related injury
research in Aotearoa New Zealand has shown
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that farm workers are the occupational group
commonly injured during work.?” Job and Brodie?
note that driving too fast for the conditions is one
of the main causes of head-on road traffic crashes,
and adherence to road-use safety standards is
noted to be essential for trauma prevention.

Urban dwellers are at a higher risk of injury
from falls and sharps/glass/knives/hand tools,
perhaps related to the design features of housing
and urban living environments, which need fur-
ther exploration to ascertain contributing factors.
Urban dwellers experience more pedal cycle injuries,
which may be due to higher use of pedal cycles in
urban areas.?

This study observed that Maori had a signifi-
cantly higher incidence of trauma compared with
non-Maori in four GCH classifications (U1, U2,
R1 and R2), and this is consistent with previous
studies of trauma in Aotearoa New Zealand that
show Maori have a significant disadvantage.*®
Although no ethnic variation was observed in the
most remote areas (R3) compared with U1, this
was not statistically significant, and needs further
exploration to draw conclusions. Notwithstanding
the lack of variation in incidence by ethnicity
across rural classifications, the study shows that
the major inequities in the incidence of trauma
affecting Maori are pervasive and reinforces the
need for urgent and specific attention to reduce
risks for Maori.

Rurality as a determinant of health disadvan-
tage may be contested on the premise that it is not
the rural area, per se, but rather the underlying
conditions, such as socio-economic disadvantages,
ethnic and demographic variations of residents,
availability and access to services, and environ-
mental conditions.'>* However, this study did
not observe a significantly higher risk of those
in R1 compared with Ul. Taking this premise,
the differences in trauma incidence by rurality

33

observed may be explained by the demographic
and socio-economic profile of the residents, in
addition to the level of deprivation of these areas.
Our study is constrained by a specific GCH
classification and cannot be compared with other
studies using different urban or rural classifi-
cations. Furthermore, the study explored only
ethnic variations of trauma by rurality and was
not able to explain the findings in relation to
socio-economic status that could have mediated
the outcomes. In defining admissions, this study
did not differentiate “staging” admissions, where
emergent treatment is provided in the ED before
onward transfer to a trauma service. It also did
not capture possible prehospital deaths. Further
studies are required to examine the extent and
nature of these aspects. Despite these limitations,
this study provides evidence on the observed
variations in the patterns of trauma in the
different urban and rural areas of the TMT Region
that can meaningfully inform trauma prevention
programmes in Aotearoa New Zealand.

Conclusion

Rurality was associated with a higher relative
risk of trauma admissions, particularly associated
with non-major traumatic injury. Maori showed
increased risk in all GCH categories except R3.
Falls were dominant as a cause across all classi-
fications, followed by road traffic crashes, which
disproportionately affected rural and remote
rural dwellers. Future research into rurality may
explore the role of socio-economic factors that
mediate the risk of trauma across the GCH areas.

The study reinforces the need for injury
prevention strategies that are customised to the
known variations in patterns of urban and rural
trauma.

New Zealand Medical Journal
Te ara tika o te hauora hapori

2026 Jun 12;139(1636).1SSN 1175-8716
https://www.nzmj.org.nz/ ©PMA



ARTICLE

COMPETING INTERESTS

GC served on the Trauma Quality Improvement
Programme 2025, Australia New Zealand Trauma
Society.

AUTHOR INFORMATION

Alastair Smith, PhD: Te Manawa Taki (Midland) Trauma
System, Health New Zealand - Te Whatu Ora Waikato,
Hamilton, Aotearoa New Zealand.

Sheena Moosa, PhD: Te Manawa Taki (Midland) Trauma
System, Health New Zealand - Te Whatu Ora Waikato,
Hamilton, Aotearoa New Zealand.

Grant Christey, FRACS: Te Manawa Taki (Midland)
Trauma System, Health New Zealand - Te Whatu Ora
Waikato, Hamilton, Aotearoa New Zealand; Waikato

Clinical School, The University of Auckland, Hamilton,

Aotearoa New Zealand.

CORRESPONDING AUTHOR

Prof Grant Christey: Clinical Director, Te Manawa Taki
(Midland) Trauma System, Health New Zealand - Te
Whatu Ora Waikato, 183 Pembroke Street, Waikato
Hospital, Hamilton 3204, Aotearoa New Zealand.
E: grant.christey@waikatodhb.health.nz

URL
https://nzmj.org.nz/journal/vol-139-no-1636/urban-
rural-disparities-of-all-severity-trauma-in-a-region-of-
aotearoa-new-zealand

CITATION

Smith A, Moosa S, Christey G. Urban-rural disparities
of all severity trauma in a region of Aotearoa New
Zealand. N Z Med J. 2026 Jun 12;139(1636):25-35. doi:
10.26635/6965.7277.

REFERENCES

1. GBD 2019 Diseases and Injuries Collaborators.
Global burden of 369 diseases and injuries in 204
countries and territories, 1990-2019: a systematic
analysis for the Global Burden of Disease Study
2019. Lancet. 2020; 396(10258):1204-1222. doi:
10.1016/S0140-6736(20)30925-9. Erratum in:
Lancet. 2020 Nov 14;396(10262):1562. doi: 10.1016/
S0140-6736(20)32226-1.

2. Rossiter ND. Trauma-the forgotten pandemic?

Int Orthop. 2022;46(1):3-11. doi: 10.1007/
s00264-021-05213-z.

3. James SL, Lucchesi LR, Bisignano C, et al. The
global burden of falls: global, regional and
national estimates of morbidity and mortality
from the Global Burden of Disease Study 2017.

Inj Prev. 2020;26(Suppl 2):i3-i11. doi: 10.1136/
injuryprev-2019-043286.

6.

10.

11.

12.

13.

34

Nixon G, Davie G, Whitehead J, et al. Comparison of
urban and rural mortality rates across the lifespan
in Aotearoa/New Zealand: a population-level study.
J Epidemiol Community Health. 2023;77(9):571-577.
doi: 10.1136/jech-2023-220337.

Mitchell RJ, Chong S. Comparison of injury-related
hospitalised morbidity and mortality in urban

and rural areas in Australia. Rural Remote Health.
2010;10(1):1326.

Haagsma JA, James SL, Castle CD, et al. Burden

of injury along the development spectrum:
associations between the Socio-demographic
Index and disability-adjusted life year estimates
from the Global Burden of Disease Study

2017. Inj Prev. 2020;26(Suppl 2):i12-i26. doi:
10.1136/injuryprev-2019-043296. Erratum in:

Inj Prev. 2020 Oct;26(Supp 1):i164. doi: 10.1136/
injuryprev-2019-043296corrl.

Heathcote K, Devlin A, McKie E, et al. Rural and
urban patterns of severe injuries and hospital
mortality in Australia: An analysis of the Australia
New Zealand Trauma Registry: 2015-2019.

Injury. 2022;53(6):1893-1903. doi: 10.1016/j.
injury.2022.03.044.

Christey G, Soysa I, Smith A. Characteristics

of low, moderate, and high severity trauma
hospitalisations in a health region of Aotearoa
New Zealand- 10-year review. N Z Med J.
2024;137(1599):37-48. doi: 10.26635/6965.6428.
Nelson KS, Nguyen TD, Brownstein NA, et al.
Definitions, measures, and uses of rurality: A
systematic review of the empirical and quantitative
literature. J Rural Stud. 2021;82:351-365. doi:
10.1016/j.jrurstud.2021.01.035.

Whitehead J, Davie G, de Graaf B, et al. Unmasking
hidden disparities: a comparative observational
study examining the impact of different rurality
classifications for health research in Aotearoa

New Zealand. BMJ Open. 2023;13(4):e067927. doi:
10.1136/bmjopen-2022-067927.

Massey University, Environmental Health
Intelligence New Zealand. Urban-rural profile
[Internet]. [cited 2024 Jun 1]. Available

from: https://www.ehinz.ac.nz/indicators/
population-vulnerability/urbanrural-profile
Health New Zealand - Te Whatu Ora. Annual Report
2022/23 [Internet]. Wellington; National Trauma
Network; 2024 [cited 2024 Jun 1]. Available from:
https://www.majortrauma.nz/assets/Annual-
reports/NTNAnnRep2022-23-d5-1.pdf

Christey G, Smith A, Bell A, et al. Rural, Semirural,
and Urban Trauma in the Midland Region of New
Zealand [Internet]. Hamilton; Waikato Medical
Research Foundation; 2018 [cited 2024 Jun 4].

New Zealand Medical Journal
Te ara tika o te hauora hapori

2026 Jun 12;139(1636).1SSN 1175-8716
https://www.nzmj.org.nz/ ©PMA



ARTICLE

14.

15.

16.

17.

18.

19.

20.

21.

Available from: https://wmrf.org.nz/projects/
rural-semirural-and-urban-trauma-in-the-midland-
region-of-new-zealand/

Hosking J, Ameratunga S, Exeter D, et al. Ethnic,
socioeconomic and geographical inequalities in
road traffic injury rates in the Auckland Region.
Aust N Z J Public Health. 2013;37(2):162-167. doi:
10.1111/1753-6405.12034.

Statistics New Zealand | Tatauranga Aotearoa.
Subnational population estimates: At 30 June 2023
[Internet]. [cited 2024 May 20]. Available from:
https://www.stats.govt.nz/information-releases/
subnational-population-estimates-at-30-june-2023/
Statistics New Zealand | Tatauranga Aotearoa.
Maori population estimates: At 30 June 2021
[Internet]. [cited 2024 May 20]. Available from:
https://www.stats.govt.nz/information-releases/
maori-population-estimates-at-30-june-2021/
Health New Zealand - Te Whatu Ora. Health

Status Report 2023 [Internet]. [cited 2025 Jan 20].
Available from: https://www.tewhatuora.govt.nz/
assets/Publications/Health-status-reports/HNZ-
TWO-Health-Status-Report_FULL.pdf

Te Manawa Taki Trauma System. Midland Trauma
Registry [Internet]. Hamilton; Te Manawa Taki
Trauma System; 2020.

National Centre for Classification in Health.
Diagnosis code (ICD-10-AM 6th edn) ANN{.N[N]}
[Internet]. 6 ed. Sydney: Australian Institute of
Health and Welfare; 2006 [cited 2024 May 25].
Available from: https://meteor.aihw.gov.au/
content/360929/Print?templateMode=Technical
The Association for the Advancement of Automotive
Medicine. Abbreviated Injury Scale (AlS): 2015
Revision [Internet]. Chicago; 2018 [cited 2024

May 25]. Available from: https://www.aaam.org/
abbreviated-injury-scale-ais/

Health New Zealand - Te Whatu Ora. New

Zealand Major Trauma National Minimum

Dataset [Internet]. Wellington; National Trauma

22.

23.

24,

25.

26.

27.

28.

29.

30.

35

Network; 2024 [cited 2024 May 25]. Available

from: https://www.majortrauma.nz/nz-mtr/
national-minimum-data-set-for-trauma/
Whitehead J, Atkinson J, Davie G, et al. Comparison
of the Sociodemographic Composition of Rural

and Urban Aotearoa New Zealand: Insights from
Applying the Geographic Classification for Health to
the 2018 Census. New Zealand Population Review.
2023;49:27-69.

Kahle DJ, Wickham H. ggmap: Spatial Visualization
with ggplot2. The R Journal. 2013:5(1);144-161.
Available from: https://journal.r-project.org/
articles/RJ-2013-014/RJ-2013-014.pdf

R Core Team. R: A language and environment for
statistical computing [Internet]. R Foundation for
Statistical Computing; 2021 [cited 2024 May 1].
Available from: https://www.R-project.org
Venables WN, Ripley BD. Modern Applied Statistics
with S. Fourth Edition. New York: Springer; 2002.
Peiris S, Berecki-Gisolf J, Chen B, Fildes B. Road
Trauma in Regional and Remote Australia and New
Zealand in Preparedness for ADAS Technologies
and Autonomous Vehicles. Sustainability.
2020;12(11):4347. doi: 10.3390/su12114347.

Lilley R, Maclennan B, McNoe BM, et al. Decade of
fatal injuries in workers in New Zealand: insights
from a comprehensive national observational
study. Inj Prev. 2021;27(2):124-130.

Job S, Brodie C. Understanding the Role of
Speeding and Speed in Serious Crash Trauma: A
Case Study of New Zealand. Journal of Road Safety.
2022;33(1):5-25. doi: 10.33492/JRS-D-21-00069.
Isles S, Keane M, Dipnall JF, Beck B. Temporal
trends of transport-related injuries on New Zealand
roads. N Z Med J. 2024:137(1592);43-53. doi:
10.26635/6965.6342.

Soysa I, Moosa S, Christey G. Ethnic variations in
traumatic injury hospitalisations in a health region
of Aotearoa New Zealand-10-year review. N Z Med J.
2024;137(1607):75-86. doi: 10.26635/6965.66509.

New Zealand Medical Journal
Te ara tika o te hauora hapori

2026 Jun 12;139(1636).1SSN 1175-8716
https://www.nzmj.org.nz/ ©PMA



ARTICLE 36

Variation in the use of electrical
cardioversion and catheter ablation
for atrial fibrillation/flutter according
to sex and ethnicity in Aotearoa New
Zealand

Karim M Mahawish, Rita Krishnamurthi, Valery Feigin, Harvey D White

ABSTRACT

AIM: The aim of this article was to examine clinical and demographic factors associated with receipt of rhythm control procedures
(electrical cardioversion [ECV] or ablation) in patients with atrial fibrillation or flutter (AF/AFL) in Auckland, Aotearoa New Zealand.
METHOD: We conducted a retrospective cross-sectional study of patients with AF/AFL, collecting data up to 31 August 2021. Descriptive
statistics were used to characterise procedural use, and associations between patient factors and rhythm control procedures were
assessed using multivariable logistic regression.

RESULTS: We identified 1,908 patients with AF/AFL (46.8% female), of whom 292 (15.3%) underwent rhythm control procedures (ablation
in 109, ECV only 183). In adjusted analysis, increasing age (adjusted odds ratio [aOR] per year 0.96 [95% confidence interval (CI) 0.95-
0.97]) and female sex (aOR 0.46 [95% Cl 0.34-0.63]) were associated with lower odds of receiving rhythm control procedures. Compared
with European patients (New Zealand/other European), Maori (aOR 0.52 [95% Cl 0.36-0.77]), Pacific peoples (aOR 0.41 [95% Cl 0.28-
0.60]) and other ethnicities (aOR 0.47 95% CI 0.28-0.79]) were less likely to undergo rhythm control procedures. The most common
indication for rhythm control procedures was symptomatic relief (76.7%) followed by heart failure optimisation (13.7%).
coNcLUsIoN: Rhythm control procedures are selectively applied and vary by demographic and clinical factors. Female sex and ethnicity-

based differences highlight the need to understand decision-making and access to rhythm control pathways.

trial fibrillation or flutter (AF/AFL) are the

most common sustained cardiac arrhyth-

mia and a major contributor to stroke, heart
failure and health system burden in Aotearoa New
Zealand.? Management strategies for AF/AFL
include rate control, rhythm control and stroke-
prevention strategies. Australasian guidelines
recommend rhythm control in younger, more
physically active and highly symptomatic patients;
those with paroxysmal or early persistent AF/AFL;
those with left ventricular dysfunction and no
severe left atrial enlargement; and those in whom
adequate control of the ventricular rate is difficult
to achieve.’

Rhythm control strategies include pharmacolog-
ical methods (e.g., flecainide, amiodarone, sotalol),
electrical cardioversion (ECV) and ablation; the lat-
ter may be surgical, but it is more often performed
by percutaneous catheter techniques. Studies have
shown significant reductions in cardiovascular
outcomes and mortality in patients with AF/AFL
who receive rhythm control strategies.*> New
Zealand data have also demonstrated that rhythm

control interventions delivered in routine hospital
care can be undertaken safely and are associated
with favourable clinical outcomes, reinforcing
their relevance in local practice.b

Previous studies have demonstrated variation
in rhythm control strategies according to sex and
ethnicity, with females, African Americans and
Hispanics less likely to undergo rhythm control
procedures (i.e., ECV or ablation).”® However,
contemporary national evidence describing pat-
terns of rhythm control use across demographic
groups, including ethnicity, remains limited. This
is particularly relevant in Aotearoa New Zealand,
where AF/AFL prevalence, comorbidity burden
and access to specialist care differ across popula-
tion sub-groups.® Local outcome data supporting
rhythm control strengthen the importance of
understanding which patients receive these inter-
ventions in clinical practice.

We therefore examined clinical and demo-
graphic factors associated with rhythm control
procedures in patients with AF/AFL managed
across Auckland.

New Zealand Medical Journal
Te ara tika o te hauora hapori

2026 Jun 12;139(1636).1SSN 1175-8716
https://www.nzmj.org.nz/ ©PMA



ARTICLE

Methods

We performed a cross-sectional analysis of
patients with AF/AFL identified from electronic
health records up to 31 August 2021. All available
historical data were used to ascertain prior diag-
noses and procedures, rather than defining a fixed
observation period. AF/AFL pattern was defined
based on clinical classification and was not nec-
essarily contemporaneous with rhythm control
procedures. The outcome was a documented
history of ECV or catheter ablation up to 31 August
2021. AF/AFL duration was defined as the time
from first documented AF/AFL diagnosis to this
date and was included as a continuous variable
(years) in the regression model.

Data sources

Patients were identified using administrative
coding from the Ministry of Health — Manata
Hauora National Minimum Dataset who presented
to one of Auckland’s three public hospitals (Health
New Zealand — Te Whatu Ora Te Toka Tumai
Auckland, Health New Zealand — Te Whatu Ora
Counties Manukau and Health New Zealand — Te
Whatu Ora Waitemata). Additional patients with
AF/AFL were identified from the fifth Auckland
Regional Community Stroke Study (ARCOS V).

Eligibility

Electronic clinical records, including elec-
trocardiograms, echocardiography reports and
clinician documentation, were reviewed to confirm
AF/AFL. Both incident and prevalent AF/AFL
cases were included. Patients with moderate-to-
severe mitral stenosis, mechanical heart valves
or transient AF/AFL occurring during a cardiac
procedure and resolving before discharge were
excluded.

Covariates

Data collected included demographics and
comorbidities (left ventricular failure, diabetes,
hypertension, prior ischaemic stroke [IS] or tran-
sient ischaemic attack [TIA], vascular disease, AF/
AFL pattern [i.e., paroxysmal vs non-paroxysmal]
and body mass index [BMI kg/m2]). Ethnicity was
based on self-identification and classified using
the Aotearoa New Zealand standard prioritised
ethnicity approach, whereby individuals reporting
multiple ethnicities were assigned to a single
group in the following order: Maori, Pacific peo-
ples (e.g., Samoan, Cook Island Maori), European
(including New Zealand European and other

37

European) and Other.?

Outcome

The outcome of interest was receipt of rhythm
control procedures, defined as completed ECV or
catheter ablation, with procedures identified up
to 31 August 2021.

We also performed a predefined sub-group
analysis comparing patients treated with ECV vs
ablation. Demographic and clinical characteristics,
AF/AFL pattern, comorbidities, BMI and documented
indication for rhythm control were recorded and
compared descriptively between groups.

This study was approved by the Health and
Disability Ethics Committee (HDEC) (ref: 2023 AM
9094) and the Auckland University of Technology
Ethics Committee AUTEC (24/4) and granted an
exemption from obtaining informed consent.

Statistical analysis

Continuous variables were non-parametrically
distributed and are presented as median (inter-
quartile range [IQR]); between-group differences
were assessed using the Wilcoxon Rank-Sum Test.
Categorical variables are presented as counts and
percentages, with differences assessed using the
Chi-squared test for association. Crude and mul-
tivariable logistic regression was used to estimate
associations with rhythm control procedures,
expressed as adjusted odds ratios (aORs) with 95%
confidence intervals (CIs). Ethnicity was modelled
as a categorical variable, with European ethnicity
as the reference category. Model diagnostics
focussed on assessment of model specification,
including linearity of continuous predictors in
the odds on logarithmic scale and evaluation of
multicollinearity.

For sensitivity analyses, the regression model
was repeated, restricting the cohort to patients
with paroxysmal AF/AFL. This study has been
reported in accordance with the Strengthening
the Reporting of Observational Studies in Epide-
miology (STROBE) recommendations for obser-
vational studies.!* All analyses were performed
using Stata version 17BE (StataCorp, College
Station, Texas, United States of America).

Results

Baseline characteristics

Among 1,908 patients with AF/AFL, 892
(46.8%) were female. Females were older than
males (median age 71.7 vs 67.8 years). Rhythm
control procedures were performed in 292

New Zealand Medical Journal
Te ara tika o te hauora hapori

2026 Jun 12;139(1636).1SSN 1175-8716
https://www.nzmj.org.nz/ ©PMA



ARTICLE

(15.3%). Patients in the rhythm control group were
younger than those in the non-rhythm control
group (median age 64.7 vs 71.6 years) and were
less likely to be female. European patients were
more commonly represented in the rhythm
control group than in the non-rhythm control
group (49.3 vs 37.5%), whereas Pacific peoples
(22.3 vs 29.8%) and patients from other ethnic
groups (7.2 vs 11.8%) were less commonly
represented (p<0.001). Patients with paroxysmal
AF/AFL were also more likely to undergo rhythm
control. Table 1 summarises baseline differences.

Comorbidity burden differed between patients
selected for rhythm control and non-rhythm con-
trol groups. Patients selected for rhythm control
procedures were less likely to have hypertension,
diabetes, prior IS or TIA, and vascular disease.
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Three hundred and forty-four had left ventricular
systolic dysfunction (defined as ejection fraction
<40%) and were more likely to undergo rhythm
control procedures than those without systolic
dysfunction. Median BMI did not differ between
groups. Total AF/AFL duration was greater in
patients receiving rhythm control compared with
those who did not (p=0.0001).

Factors associated with use of rhythm
control procedures

In multivariable logistic regression analysis,
increasing age was independently associated
with a lower aOR of receiving rhythm control
procedures (aOR 0.96 per year [95% CI 0.95-0.97],
p<0.001). Female sex was associated with sub-
stantially lower odds of receiving rhythm control

Table 1: Baseline clinical and demographic characteristics of patients with atrial fibrillation or flutter (AF/AFL),

stratified by rate versus procedural rhythm control strategy.

All No rhythm control Rhythm control

Variable n=1908 procedure procedure p-values

n=1616 n=292
Median age (IQR) years 70.3(61.2-79.2) 71.6 (62.2-80.3) 64.7 (56.6-73.2) <0.0001
Female n (%) 892 (46.8) 806 (49.9) 86 (29.5) <0.001
Ethnicity n (%)
European 747 (39.2) 606 (37.5) 144 (49.3)
Maori 403 (21.1) 339 (21.0) 62 (21.2) <0.001
Pacific peoples 547 (28.7) 482 (29.8) 65 (22.3)
Others 211(11.1) 190 (11.8) 21(7.2)
Median BMI (IQR) kg/m? 31.2 (26.1-37.2) 31.1(26.0-37.0) 32.2(26.8-37.6) 0.0667
Paroxysmal AF/AFL n (%) | 869 (45.6) 701 (43.4) 168 (57.5) <0.001
:;ee:::; AF/AFL duration | . ) o) 4(2-8) 6 (3-10) 0.0001
Comorbidities n (%)
Left ventricular failure 344 (18.0) 278 (17.2) 66 (22.6) 0.027
Hypertension 1215 (63.7) 1068 (66.1) 147 (50.3) <0.001
Diabetes 556 (29.1) 497 (30.8) 59 (20.2) <0.001
Prior IS or TIA 338 (17.7) 309 (19.1) 29 (10.0) <0.001
Vascular disease 565 (29.6) 503 (31.1) 62 (21.3) 0.001

Vascular disease = coronary artery disease/peripheral vascular disease. IS = ischaemic stroke. TIA = transient ischaemic attack.

IQR = interquartile range. BMI = body mass index.
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procedures compared with males (aOR 0.46 [95%
CI 0.34-0.63], p<0.001).

BMI demonstrated evidence of non-linearity
and was therefore modelled as a binary variable,
with obesity defined as >30kg/m2. After adjustment
for age, female sex, obesity, AF/AFL phenotype and
clinical covariates, ethnicity remained independently
associated with rhythm control strategy. Compared
with European patients, Maori (aOR 0.52 [95%
CI 0.36-0.77]), Pacific peoples (aOR 0.41 [95% CI
0.28-0.60]) and patients of other ethnicities (aOR
0.47 [95% CI 0.28-0.79]) were significantly less
likely to undergo rhythm control procedures.

Several comorbid conditions were associated
with lower odds of rhythm control, including dia-
betes, prior IS or TIA, and vascular disease. Left
ventricular failure was associated with higher
odds of rhythm control in unadjusted analysis, but
this association was attenuated after adjustment,
consistent with confounding.
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Paroxysmal AF/AFL was strongly associated
with rhythm control use (aOR 1.48 [95% CI 1.10-
1.97], p=0.009). Obesity was not independently
associated with rhythm control.

In sensitivity analyses restricted to patients
with paroxysmal AF/AFL, obesity (aOR 1.69 [95%
CI 1.09-2.61]) and heart failure (aOR 3.22 [95% CI
1.91-5.41]) were independently associated with
a higher likelihood of rhythm control. AF/AFL
duration was not significantly associated in this
sub-group.

Rhythm control strategies

Of 292 patients who underwent rhythm control
procedures, 183 received ECV only, 67 received
ablation only and 42 underwent ECV followed by
ablation. Comparing ECV vs ablation+ECV, there
were no statistically significant differences in age,
sex, ethnicity, BMI or comorbidities. Symptom
relief was the predominant indication for pursuing

Table 2: Clinical and demographic factors associated with rhythm control procedures in patients with atrial

fibrillation or flutter (AF/AFL).

Variable Crude OR (95% CI) Adjusted OR (95% Cl) p-value
Age per year 0.96 (0.95-0.97) 0.96 (0.95-0.97) <0.001
Female 0.42 (0.32-0.55) 0.46 (0.34-0.63) <0.001
Ethnicity

European Ref Ref

Maori 0.76 (0.55-1.06) 0.52 (0.36-0.77) 0.001
Pacific peoples 0.56 (0.41-0.78) 0.41 (0.28-0.60) <0.001
Others 0.46 (0.29-0.75) 0.47 (0.28-0.79) 0.005
Obesity 1.01 (1.0-1.02) 1.29 (0.94-1.77) 0.122
Comorbidities

Left ventricular failure 1.41(1.04-1.9) 1.41(1.0-2.0) 0.051
Hypertension 0.52 (0.41-0.67) 0.76 (0.57-1.018) 0.056
Diabetes 0.57 (0.42-0.77) 0.70 (0.50-0.98) 0.039
Previous IS or TIA 0.47 (0.31-0.70) 0.60 (0.39-0.92) 0.019
Vascular disease 0.60 (0.44-0.81) 0.68 (0.49-0.94) 0.019
Paroxysmal AF/AFL 1.77 (1.38-2.28) 1.48 (1.10-1.97) 0.009
AF/AFL duration per year 1.05(1.02-1.07) 1.05(1.02-1.08) 0.001

Adjusted odds ratios are from a multivariable logistic regression model including all variables shown.
OR = odds ratio. Cl = confidence interval. Vascular disease = coronary artery disease/peripheral vascular disease. IS = ischaemic
stroke. TIA = transient ischaemic attack. IQR = interquartile range. BMI = body mass index.
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rhythm control (76.7%), followed by heart failure
optimisation as part of guideline-directed medical
care (13.7%), and did not differ between groups.
Patients undergoing ablation were significantly
more likely to have paroxysmal AF/AFL compared
with those receiving ECV (68.8% vs 50.8%, p=0.003).
Data are summarised in Table 3.

Discussion

In this Aotearoa New Zealand-based cohort,
rhythm control procedures for AF/AFL were used
in a minority of patients and varied substantially
according to age, sex, AF/AFL phenotype, comor-
bidity burden and ethnicity. Symptom relief was
the most commonly documented indication for
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pursuing rhythm control.

Ethnicity remained independently associated
with receipt of rhythm control procedures after
adjustment for measured clinical factors. Maori,
Pacific peoples and patients of other ethnicities
were less likely to undergo ECV or ablation com-
pared with European patients. While this study
cannot determine whether these differences
reflect inequitable care, they were not fully
explained by measured clinical characteris-
tics. Potential contributors include unmeasured
comorbidity, referral pathways and patient
preferences. Given evidence that appropriately
selected patients can derive benefit from rhythm
control strategies, variation in procedure use
between population groups may have important

Table 3: Baseline clinical characteristics of patients undergoing electrical cardioversion (ECV) or ablation.

Variable ECV Ablation+ECV e
n=183 n=109

Median age (IQR) years 64.8 (57.0-73.3) 62.3 (56.1-73.2) 0.3791

Female n (%) 56 (30.6) 30(34.9) 0.577

Ethnicity n (%)

European 87 (47.5) 57 (52.3)

Maori 37(20.2) 25(22.9) 0.596

Pacific peoples 45 (24.6) 20 (18.4)

Others 14 (7.7) 7(6.4)

Paroxysmal AF/AFL n (%) 93 (50.8) 75 (68.8) 0.003

Median BMI (IQR) kg/m? 32.5(27.8-37.8) 31.2(26.3-37.2) 0.2386

Comorbidities n (%)

Left ventricular failure 40 (21.9) 26 (23.9) 0.693

Hypertension 97 (53.0) 50 (45.9) 0.238

Diabetes 38(20.8) 21(19.3) 0.758

Previous IS or TIA 19 (10.4) 10(9.2) 0.738

Vascular disease 38(20.8) 24 (22.0) 0.80

Rhythm control indication n (%)

Heart failure optimisation 22 (12.0) 18 (16.5)

Patient/clinician preference 18(9.8) 3(2.8) 0.093

Symptomatic relief 138 (75.4) 86 (78.9)

Unclear 5(2.7) 2(1.8)

IQR = interquartile range. AF/AFL = atrial fibrillation or flutter. Vascular disease = coronary artery disease/peripheral vascular disease.
IS = ischaemic stroke. TIA = transient ischaemic attack. IQR = interquartile range. BMI = body mass index.
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clinical implications.*5

AF/AFL phenotype was not temporally linked
to rhythm control procedures in this cross-
sectional analysis. Patients classified as having
paroxysmal AF/AFL may therefore have had
prior sustained episodes requiring ECV, which
may partly explain the presence of ECV in this
group. Patients undergoing rhythm control had
longer AF/AFL duration, likely reflecting greater
cumulative opportunity to receive intervention.
It may also reflect evolving clinical indications
over time, including persistent or symptomatic
disease, although these factors were not directly
measured. This supports the inclusion of AF/AFL
duration in the multivariable model to account
for differential exposure time.

Among patients selected for rhythm control,
there were no significant differences in age, sex,
ethnicity or comorbidity burden between those
undergoing ECV alone and those receiving abla-
tion. These findings suggest that once patients are
referred for rhythm control, procedural decision-
making appears to be driven primarily by clinical
factors rather than demographic characteristics.
In contrast, AF/AFL pattern remained an important
determinant, with patients undergoing ablation
more likely to have paroxysmal AF/AFL, consistent
with current guideline recommendations and the
higher likelihood of maintaining sinus rhythm in
this group.

Previous studies suggest that females with
AF report greater symptom burden, functional
impairment and lower quality of life than males.*?
Other studies have also reported higher rates of AF
recurrence following ablation/ECV among females
compared with males.'? In our study, females had
lower odds of receiving rhythm control proce-
dures after adjustment for age and comorbidities.
Similar sex-based differences in rhythm control
use have been reported internationally and may
reflect differences in referral patterns, clinician
perceptions of procedural benefit, symptom
reporting or patient preference.!? Together, these
findings indicate that sex-based variation in
rhythm control strategies remains evident in
contemporary practice.

Associations with age and AF/AFL subtype were
consistent with current guideline recommenda-
tions.* Rhythm control procedures were more
frequently used in younger patients and those
with paroxysmal AF/AFL, reflecting both a higher
likelihood of maintaining sinus rhythm and a
more favourable balance between anticipated
benefit and procedural risk. Lower use among
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patients with established vascular comorbidity
likely reflects reduced expected efficacy and
clinician preference for rate control strategies.

The strengths of this study include the use of
a large, ethnically diverse cohort with detailed
individual-level clinical data. AF/AFL and comor-
bidities were defined using clinician-documented
diagnoses and detailed record review rather than
administrative codes alone, reducing the risk of
misclassification. This enabled more accurate
characterisation of AF/AFL phenotype and its
association with rhythm control use in routine
clinical practice.

This study has several limitations. The observa-
tional, cross-sectional design is subject to residual
confounding and does not permit causal inference.
In addition, AF/AFL pattern and rhythm control
procedures were not temporally linked, which
may limit the interpretation of the relationship
between AF/AFL phenotype and treatment selec-
tion. Important clinical factors influencing
rhythm control decisions, including symptom bur-
den, response to antiarrhythmic therapy, left atrial
size and patient preference, were not captured.
Further, obstructive sleep apnoea, an important
risk factor for AF/AFL and its progression, was
not captured in this dataset.!® Its omission may
contribute to residual confounding, particularly
as it is associated with AF/AFL severity and
may influence selection for rhythm control
interventions.

Procedures performed in the private sector
were not systematically recorded; although a
small number were identified from clinical doc-
umentation, this information was incomplete and
inconsistently captured. As a result, procedural
rates may be under-estimated, and associations,
particularly by ethnicity, may be biased if access
to private care differs between groups.

Finally, AF/AFL were analysed together due to
coding limitations. Given differing management
pathways, particularly greater use of ablation in
AFL, this may have influenced observed associa-
tions, including sex differences.

In conclusion, rhythm control procedures for
AF/AFL in Aotearoa New Zealand are selectively
applied and vary substantially by demographic
and clinical characteristics. Persistent sex and
ethnicity-based differences highlight the need
for prospective studies to better understand how
clinical decision-making, access to care and
patient preferences shape the use of rhythm
control strategies.
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Mechanisms of ischaemic strokes and
transient ischaemic attacks despite
oral anticoagulation in patients with
atrial fibrillation

Karim M Mahawish, Valery Feigin, Rita Krishnamurthi, Harvey D White

ABSTRACT

AIMS: The aim of this article was to characterise the mechanisms underlying “breakthrough” ischaemic stroke (IS) or transient
ischaemic attack (TIA) despite oral anticoagulation in patients with atrial fibrillation (AF).

METHODS: We conducted a cross-sectional analysis of adults with non-valvular AF who experienced IS/TIA in the fifth Auckland
Regional Community Stroke Study (ARCOS V: September 2020 to August 2021). Using clinical records, we collected data on demographics,
comorbidities and peri-event anticoagulant dosing and intake. Anticoagulant adherence in the months preceding IS/TIA was
categorised as good control if proportion of days covered (PDC) 280% for direct oral anticoagulant users or time in therapeutic range
(TTR) 270% for warfarin users. IS/TIA mechanism was adjudicated using standardised criteria and classified as cardioembolic or
non-cardioembolic, and patient characteristics were compared.

RESULTS: Among 179 patients (76/179 [43%)] female), 138/179 events (77%) were adjudicated as cardioembolic, while the remainder
were attributed to competing mechanisms. Compared with non-cardioembolic events, cardioembolic aetiology was associated with
younger median age (72 vs 81 years), lower proportions with good anticoagulant control (87/138 [63%] vs 34/41 [83%)], p=0.017) and
higher rates of peri-event missed or under-dosing (90/138 [65%)] vs 18/41 [44%], p=0.014). In multivariable analysis, good control was
independently associated with higher odds of a non-cardioembolic mechanism (adjusted odds ratio 3.67 [95% confidence interval
1.35-9.99], p=0.011).

CONCLUSION: Most breakthrough IS/TIA events on oral anticoagulation were either associated with anticoagulant under-exposure (in
patients with a cardioembolic aetiology) or a competing mechanism rather than anticoagulant failure. These findings highlight the

importance of careful assessment to inform appropriate secondary prevention strategies.

ral anticoagulants substantially reduce

stroke risk due to atrial fibrillation (AF).

However, a residual risk of ischaemic stroke
(IS) or transient ischaemic attack (TIA) persists.
Such events are often labelled “breakthrough”
strokes or treatment failure. Increasingly, however,
evidence suggests that many of these events arise
from competing stroke mechanisms unrelated
to AF or from potentially preventable medication-
related factors, such as non-adherence or sub-
therapeutic anticoagulant exposure.? For New
Zealand, the relative contribution of competing
stroke mechanisms and potentially preventable
anticoagulant-related factors to IS/TIA occurring
despite oral anticoagulation remains poorly
characterised.

The Auckland Regional Community Stroke
(ARCOS) study is a long-running, population-based
registry that prospectively captures all stroke and
TIA events occurring over a 12-month period once

every decade within a well-defined geographical
region. The registry includes comprehensive data
on patient demographics, comorbidities and out-
comes, with near-complete case ascertainment
achieved through multiple overlapping sources.?

In this study, we identified patients with non-
valvular AF receiving oral anticoagulation with
IS/TIA in ARCOS V (fifth iteration of study). Events
were adjudicated and classified as cardioembolic
or non-cardioembolic based on clinical character-
istics and investigation findings.

The aims of this study were:

* to characterise the mechanisms underlying
IS/TIA occurring despite oral anticoagulation
in patients with AF;

* to compare clinical characteristics
and anticoagulant exposure between
cardioembolic and non-cardioembolic
events; and
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* to explore factors associated with non-
cardioembolic mechanisms.

This approach directly addresses the real-world
clinical challenge of interpreting and managing
IS/TIA occurring despite anticoagulation in a New
Zealand health system with a high burden of AF
and an ethnically diverse population.*

Methods

Data on IS/TIA cases were sampled from ARCOS
V (1 September 2020 to 31 August 2021). Demo-
graphic data, including self-identified ethnicity,
were collected using a simplified prioritised ethnic-
ity framework (Maori, Pacific peoples, European
and Others), consistent with standard New Zealand
reporting practices.’ Clinical records were reviewed
to extract vascular comorbidities (left ventricular
failure, hypertension, diabetes, prior IS/TIA, vas-
cular disease) to calculate CHA,DS,-VASc stroke
risk score (congestive heart failure, hypertension,
age >75 [doubled], diabetes, prior TIA/IS [doubled],
vascular disease, age 65 to 74 and female sex).

Anticoagulant adherence was assessed using
the proportion of days covered (PDC) for direct oral
anticoagulants (DOACs; dabigatran, rivaroxaban)
and time in therapeutic range (TTR) for warfarin
for the period leading up to the index event. PDC
was calculated using dispensed medication over
the relevant observation period, with >80% indi-
cating good control.5 TTR was calculated using
the Rosendaal linear interpolation method, with
>70% defining good control in accordance with
the European Society of Cardiology guidelines.”®
Adherence was assessed using patient-specific
look-back windows aligned to prescription refill
cycles.

IS/TIA admission records were reviewed for
documented missed anticoagulant doses in the
peri-event period. Where available, laboratory
coagulation tests were also reviewed to assess
anticoagulant exposure. Dilute thrombin clotting
time (dTCT) was used as a sensitive indicator of dab-
igatran exposure, recognising that values reported
as >80 seconds may still reflect subtherapeutic
anticoagulation. The international normalised
ratio (INR) was used to assess warfarin exposure.
Routine coagulation assays (prothrombin time
[PT] and activated partial thromboplastin time
[aPTT]) were not used to assess rivaroxaban
exposure due to known limitations in sensitivity
and specificity.’® DOAC levels were infrequently
measured but were recorded when available.
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Anticoagulant exposure was categorised into stan-
dard- and under-exposure; the latter was defined
as the composite of documented missed doses,
subtherapeutic dosing or low laboratory markers
of exposure (dTCT <80 seconds for dabigatran or
INR <2.0 for warfarin).

All IS/TIA events were independently adju-
dicated by stroke physicians within the ARCOS
Stroke Adjudication Committee using standardised
criteria, as previously described.! The mechanism
was classified according to the Trial of Org 10172
in Acute Stroke Treatment (TOAST) system follow-
ing review of clinical information, neuroimaging,
vascular imaging and cardiac investigations.'?
Discrepancies were resolved by consensus at
monthly adjudication meetings.

Statistical analysis

Continuous variables are presented as means
(standard deviation) if normally distributed, or
medians (interquartile range) if non-normally
distributed, based on visual inspection of histo-
grams. Group comparisons were performed using
Student’s t-tests for normally distributed variables
and Wilcoxon Rank-Sum Tests for non-normally
distributed variables. Categorical variables are
presented as frequencies (%) and compared using
Chi-squared or Fisher’s exact tests. A two-sided p-
value <0.05 was considered statistically significant.
A complete-case approach was used.

In addition, we performed a multivariable
logistic regression analysis to explore factors
associated with non-cardioembolic mechanisms
of IS/TIA, adjusting for age, sex, body mass index
(BMI), vascular comorbidities and anticoagulant
control. A pre-specified sensitivity analysis was
also performed restricting the cohort to patients
with IS only, excluding TIA, to assess the robustness
of findings to outcome definition.

The study was conducted and reported in
accordance with the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
guidelines.'* Analyses were conducted using Stata
BE version 17 (StataCorp, College Station, Texas,
United States of America).

Ethical approval: The study was approved
by the Health and Disability Ethics Committee
(HDEC) (ref: 2023 AM 9094) and the Auckland
University of Technology Ethics Committee (AUTEC)
(ref: 24/4), with a waiver of informed consent.

Data availability statement: Anonymised data
are available from the corresponding author on
reasonable request, subject to institutional and
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ethical approval.

Results

We identified 179 patients, (76/179 [43%]
female) with AF receiving oral anticoagulants who
presented with IS (130/179 [73%]) or TIA (49/179
[27%]). Following independent adjudication, 138/
179 (77%) patients were categorised as having
cardioembolic IS/TIA. Table 1 demonstrates the
breakdown by TOAST categorisation.

Patients with non-cardioembolic events were
older than those with cardioembolic events
(median age 81 [interquartile range (IQR) 73-85]
vs 72 [63-81] years; p=0.0013) (Table 2). Because
prescription refill intervals and patient adherence
patterns varied, the adherence assessment window
differed between individuals; the median obser-
vation period was 149 days (IQR 139-165). Good
anticoagulant control during this period was
more common among non-cardioembolic than
cardioembolic events (34/41 [83%] vs 87/138
[63%]; p=0.017). Conversely, cardioembolic events
were more often associated with anticoagulant
under-exposure in the immediate pre-event
period, including missed doses or subtherapeutic
dosing (90/138 [65%] vs 18/41 [44%]; p=0.014).

Obesity was more prevalent among patients
with cardioembolic events, with a higher pro-
portion of patients in the BMI >40kg/m?2 category
compared with non-cardioembolic events (23/138
[17%] vs 2/41 [5%]; p=0.001). Further, there were
significant ethnicity-based differences, with a
higher proportion of Pacific peoples and fewer
Europeans with cardioembolic strokes.

To explore factors associated with IS/TTIA mech-
anism among patients with breakthrough events,
we constructed a multivariable logistic regression
model with non-cardioembolic IS/TIA as the out-
come (Table 3). Good anticoagulant control was
independently associated with higher odds of a

46

non-cardioembolic mechanism (adjusted odds
ratio [aOR] 3.67 [95%CI 1.35-9.99], p=0.011). BMI
was inversely associated with non-cardioembolic
IS/TIA (aOR 0.94 [95%CI 0.88-0.99], p=0.037). Age,
sex, and comorbidities were not significantly
associated with IS/TIA mechanism.

In a sensitivity analysis restricted to IS events
(excluding TIA), results were broadly similar to the
primary analysis, with good anticoagulant control
remaining associated with a higher likelihood of a
non-cardioembolic mechanism (aOR 3.13 [95% CI
1.0-9.84], p=0.05).

Discussion

In this real-world cohort of patients presenting
with IS/TIA despite oral anticoagulation, we
observed two distinct patterns. Approximately two-
thirds of cardioembolic events were associated with
reduced anticoagulant exposure, including missed
doses, under-dosing or low laboratory markers of
anticoagulant effect. In contrast, non-cardioembolic
events accounted for nearly one-quarter of
presentations and occurred predominantly in
patients with good anticoagulant control in the
period leading up to the index event and better
anticoagulant exposure in the peri-event period.
Together, these findings suggest that many so-called
“breakthrough” events reflect either potentially
preventable under-exposure or competing stroke
mechanisms rather than intrinsic failure of antico-
agulation, emphasising the importance of careful
aetiologic evaluation rather than reflex escalation
of antithrombotic therapy.

In the multivariable analysis, patients with
good anticoagulant control were more likely to
have a non-cardioembolic mechanism. Findings
were unchanged in sensitivity analyses restricted
to patients with IS.

Higher BMI was more common among cardi-
oembolic breakthrough events, consistent with

Table 1: Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification of ischaemic stroke/transient ischaemic
attack mechanism in patients with atrial fibrillation receiving oral anticoagulation.

Mechanism N/N (%)
Cardioembolism 138/179 (77)
Large artery atherosclerosis 9/179 (5)
Small vessel occlusion 15/179 (8)
Other determined aetiology 2/179 (1)
Undetermined aetiology 15/179 (8)
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Table 2: Clinical characteristics and anticoagulant exposure in patients with IS/TIA on oral anticoagulation, stratified

by adjudicated mechanism.

All cases Non-cardioembolic | Cardioembolic p-value
Mean (SD) Mean (SD) Mean (SD)
Continuous data Median (IQR) Median (IQR) Median (IQR)
Range Range Range
73(12) 78 (11) 71(13)
Age (years) 75 (64-82) 81 (73-85) 72 (63-81) 0.0013
27-95 50-95 27-94
3.9(1.6) 42(1.2) 3.8(1.7)
CHA,DS -VASc score 4 (3-5) 4 (4-5) 4 (3-5) 0.107
0-9 2-7 0-9
11(8) 8(7) 11 (8)
Admission NIHSS score 7(4-17) 6(4-12) 9 (4.5-17.5) 0.276
0-30 2-25 0-30
47 (21) 42 (15) 49 (22)
HbALc (mmol/mol) 42 (37-51) 40 (36-47) 43 (38-53) 0.142
29-148 31-91 29-148
2.2 (1.0) 2.4(1.1) 2.1(0.9)
LDL mmol/L 2.1(1.6-2.6) 2.2 (1.7-2.6) 2.0 (1.5-2.6) 0.279
0.5-7.2 0.8-7.2 0.5-5.7
Categorical data N/N (%) N/N (%) N/N (%)
Female 76/179 (43) 17/41 (42) 59/138 (43) 0.883
Ethnicity
European T7/179 (43) 25/41 (61) 52/138 (38)
Maori 34/179 (19) 7/41 (17) 27/138 (20) 0.026
Pacific peoples 44/179 (25) 4/41 (10) 40/138 (29)
Others 24/179 (13) 5/41 (12) 19/138 (14)
BMI category (kg/m?)
<30 89/179 (51) 31/41 (76) 58/138 (43)
30-<40 62/179 (35) 8/41 (20) 54/138 (40) 0001
240 25/179 (14) 2/41 (5) 23/138 (17)
Current/ex-smoker n (%) 78/179 (44) 14/41 (34) 64/138 (46) 0.166
Persistent/permanent AF 136/179 (76) 32/41 (78) 104/138 (75) 0.724
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Table 2 (continued): Clinical characteristics and anticoagulant exposure in patients with IS/TIA on oral

anticoagulation, stratified by adjudicated mechanism.
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All cases Non-cardioembolic | Cardioembolic p-value

Comorbidities

Left ventricular failure 30/179 (17) 7/41 (17) 23/138(17) >0.99
Hypertension 124/179 (69) 30/41 (73) 94/138 (68) 0.076
Diabetes 55/179 (31) 8/41 (20) 47/138 (34) 0.085
Previous IS/TIA 62/179 (35) 16/41 (39) 46/138 (33) 0.501
Coronary artery disease 52/179 (29) 11/41 (27) 41/138 (30) 0.721
Anticoagulants

Warfarin 30/179 (17) 9/41 (22) 21/138 (15)

Rivaroxaban 35/179 (20) 9/41(22) 26/138 (19) 0468
Dabigatran 114/179 (64) 23/41 (56) 91/138 (66)

Good anticoagulant control 121/179 (68) 34/41 (83) 87/138 (63) 0.017
5 EZ;"::;;Z t;goag ulant 108/179 (60) 18/41 (44) 90/138 (65) 0.014

AF = atrial fibrillation. IS = ischaemic stroke. TIA = transient ischaemic attack. BMI = body mass index. NIHSS = National Institutes
of Health Stroke Scale. Good anticoagulant control = PDC=80% or TTR=70%. CHA,DS -VASc = AF stroke risk score (congestive heart

failure, hypertension, age 275 [doubled], diabetes, prior IS/TIA [doubled], vascular disease, age 65 to 74 and female sex). LDL =

low-density lipoprotein. SD = standard deviation. IQR = interquartile range.

Table 3: Multivariable logistic regression analysis of factors associated with a non-cardioembolic mechanism among
patients with breakthrough IS/TIA while receiving anticoagulation.

Variable Unadjusted OR (95% ClI) Adjusted OR (95% ClI) p-value
Age 1.05 (1.02-1.09) 1.04 (0.99-1.08) 0.119
Female 0.95 (0.47-1.92) 0.73 (0.33-1.61) 0.439
Comorbidities

Left ventricular failure 1.03(0.41-2.61) 2.19(0.76-6.37) 0.149
Hypertension 1.28 (0.59-2.80) 1.77(0.73-4.31) 0.208
Diabetes 0.47 (0.20-1.10) 0.74 (0.28-1.97) 0.548
Prior IS/TIA 1.28 (0.62-2.63) 1.24 (0.56-2.76) 0.590
Vascular disease 1.07 (0.51-2.24) 0.68 (0.29-1.57) 0.364
Good anticoagulant control 2.85(1.18-6.89) 3.67 (1.35-9.99) 0.011
BMI kg/m? 0.93 (0.88-0.97) 0.94 (0.88-0.99) 0.037

BMI = body mass index. IS = ischaemic stroke. TIA = transient ischaemic attack. OR = odds ratio. Cl = confidence interval.
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obesity as a marker of AF substrate rather than
differential anticoagulant effectiveness.'*'> Ethnic
variation should be interpreted cautiously and
likely reflects clustering of underlying differences
in AF burden, cardiometabolic risk factors, socio-
economic factors and residual confounding by
structural factors rather than intrinsic biological
differences. In New Zealand, Maori and Pacific
peoples experience AF at younger ages and have
a higher burden of cardioembolic stroke.!%'7
Detailed examination of the interrelationships
between ethnicity, obesity and TIA/IS risk is
beyond the scope of the present analysis and will
be addressed in separate future studies.

Underdosing has been reported in 7-40% of
anticoagulated patients with AF in retrospective
studies and is associated with increased mortality
without a reduction in bleeding risk.?®?! In our
cohort, underdosing was identified in 21/179
(12%) of patients, a frequency consistent with
prior reports and supporting the generalisability
of our findings.

For patients with true breakthrough cardio-
embolic IS/TIA despite adequate anticoagulation,
guidance from the literature is less clear. One study
demonstrated a reduction in stroke recurrence
with switching from warfarin to a DOAC; however,
switching DOACs was not beneficial.! Since many
thrombi originate in the left atrial appendage,
some authors advocate for appendage occlusion;
however, the benefit for this is uncertain.?

Key strengths of this study include the use of a
well-established, population-based stroke registry
and independent adjudication of IS and TIA
events. Detailed individual-level clinical data were
available, including antithrombotic prescriptions,
laboratory tests of coagulation and documented
clinical assessments, allowing classification of
anticoagulant exposure and identification of med-
ication-related factors at the time of presentation.
Although conducted within a New Zealand health
system, this study included a diverse ethnic popula-
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tion and demonstrated patterns of breakthrough
stroke mechanisms and anticoagulant under-
exposure consistent with prior international
reports, suggesting potential relevance beyond the
local setting.

There are several limitations to this study. This
post hoc analysis of registry data relied on retro-
spective assessment of anticoagulant exposure,
and residual confounding is possible. The absence
of a contemporaneous control group limits
inference to descriptive comparisons within
patients experiencing breakthrough events. In
addition, laboratory assessment of DOAC exposure
is imperfect, particularly for factor Xa inhibitors,
and some misclassification cannot be excluded.
Adjusted analyses were exploratory and should
be interpreted as supportive rather than causal.
Finally, our statistical analysis included the potential
for type I error inflation due to multiple statistical
testing, meaning that significant findings may be
spurious. Further, the modest sample size may
mean non-significant findings may represent type
II error.

Despite these limitations, our findings suggest
that many IS/TIA in anticoagulated patients may
reflect suboptimal anticoagulation or competing
mechanisms rather than true pharmacological fail-
ure. This distinction is important. As anticoagulant
uptake improves, the residual prevention challenge
shifts from whether patients are prescribed
therapy to how effectively it is delivered. Health-
system strategies such as improved monitoring of
DOAC dispensing continuity, support for treatment
persistence and optimisation of TTR in warfarin
users represent plausible, testable approaches
to reducing risk. Crucially, these efforts must
address inequities, particularly among Maori
and Pacific peoples, who face greater barriers to
optimal treatment. Future work should evaluate
whether such service-level interventions translate
into fewer breakthrough events.
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Mortality associated with healthcare-
associated Staphylococcus aureus
bacteraemia in Aotearoa New Zealand

Sally A Roberts, David Waddell, Sue Atkins, Arthur J Morris, Nikki Grae

ABSTRACT

AIM: Our aim was to determine the 30- and 90-day all-cause mortality of healthcare-associated Staphylococcus aureus bacteraemia
(HA-SAB) and determine mortality risk factors.

METHOD: We collected HA-SAB events from 1 July 2022 to 30 June 2024. Patient age, sex, ethnicity and source of HA-SAB were submitted
via a secure portal. Patients’ National Health Index numbers were matched to the National Minimum Dataset, and 30- and 90-day all-
cause mortality was determined. The mortality rate was calculated as a percentage of all HA-SAB events and by age, sex, ethnicity and
source.

RESULTS: There were 961 HA-SAB events: a rate of 0.15 cases per 1,000 inpatient bed days. Thirty- and 90-day all-cause mortality were
13.8% and 20.7%, respectively. There was no difference in mortality by sex or ethnicity. Mortality increased with age and increased
significantly for 275 years of age. Invasive medical devices were the source of 70% of HA-SAB events, organs were the source of 12% of
HA-SAB events, and surgical site infections were the source of 8% of HA-SAB events.

CONCLUSION: The 30- and 90-day all-cause mortality associated with HA-SAB is high. The most common sources are vascular access
devices. The use of a “care bundle” incorporating proven interventions, applied using a quality improvement framework, should

reduce patient harm from these events.

taphylococcus aureus is a common cause of

both community-acquired and healthcare-

associated bacteraemia.! The mortality
associated with S. aureus bacteraemia (SAB) is
high, with an all-cause 30-day mortality rate of
approximately 20% reported by most studies.>®

Healthcare-associated SAB (HA-SAB) has been
monitored in Aotearoa New Zealand for over
20 years. In 2017 the Health Quality & Safety
Commission Te Taht Hauora (HQSC) Infection
Prevention and Control (IPC) programme assessed
the accuracy of reporting of the HA-SAB rate.
Changes were made to improve the quality of the
data: bed days were provided from the National
Minimum Dataset (NMDS) and an implementation
guide was developed to support the IPC teams in
determining the source of the infection.!® From
June 2012 the rate was recalculated using the bed
days from the NMDS.!!

In 2021, because of increasing rates of HA-
SAB (Figure 1), the source of HA-SAB events was
investigated. IPC teams were asked to provide
the source of HA-SAB events occurring in their
hospital from 1 January 2017 until 30 June 2021.
There were 1,575 HA-SAB events reported during
the 54-month period and the source data were
provided for 1,369 (73%) events. Invasive medical

devices were the source for 65% of events.!? Since
July 2022 the source of HA-SAB events has been
collected and reported.

Mortality associated with SAB occurs across all
ages, but rates are lower in children.®"® Studies
looking at mortality tend to include all SAB events
and do not distinguish between healthcare-
associated and community-acquired infections.
Risk factors associated with mortality include
age, female sex, admission to intensive care, high
Charlson Comorbidity Index at presentation,
prior antibiotic exposure and unknown source of
infection.2358

We report the 30-day and 90-day all-cause
mortality associated with HA-SAB events reported
from all publicly funded hospitals in New Zealand
over a 2-year period. The aim was to identify risk
factors for HA-SAB associated with healthcare-
related interventions and determine those associ-
ated with increased mortality at 30 and 90 days to
inform prioritisation of quality improvement (QI)
initiatives to reduce harm caused by HA-SAB.

Methods

Data from the national surveillance pro-
gramme for HA-SAB, involving patients of all
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Figure 1: Median rate of healthcare-associated Staphylococcus aureus bacteraemia (HA-SAB) per 1,000 bed-days,

Aotearoa New Zealand, January 2012-June 2024.
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ages, with HA-SAB events between July 2022 and
June 2024, were provided by the HQSC.

The de-identified HA-SAB events were reported
quarterly to the HQSC by the IPC teams at each
Health New Zealand - Te Whatu Ora district
hospital. The case definition for HA-SAB and attri-
bution of the source data is standardised.'® The
IPC teams were asked to retrospectively provide
the National Health Index (NHI) number for each
patient. This allowed matching with the NMDS.

Age, sex, ethnicity, source of HA-SAB and meth-
icillin susceptibility were recorded, and 30- and
90-day all-cause mortality was determined. The
rate of HA-SAB was calculated per 1,000 bed
days. The bed days were provided by the Ministry
of Health — Manatd Hauora’s NMDS using the
monthly inpatient admission and discharge data.
The number of HA-SAB events associated with
each variable was reported as a percentage of all
HA-SAB events.

Ethical review was not required as this work is
part of a national quality improvement initiative.

Statistical analysis was performed using R
statistical software (version 4.5.0, R Core Team,
Vienna, Austria).

Results

Over the 24-month period there were 966
HA-SAB events reported to the HQSC, but only 961
HA-SAB events were matched with the NMDS. The

five excluded events were either duplicate cases
due to patients moving between districts or events
where the wrong NHI number was provided. The
date of extraction was 22 April 2025.

The national rate of HA-SAB events over this
2-year period was 0.15 HA-SAB per 1,000 patient
bed days. The age range was less than 1 year to
greater than 85 years. HA-SAB events were more
common in males: 608 (63.5%). The 30- and 90-day
all-cause mortality were 13.8% and 20.7%, respec-
tively (Table 1).

Both the 30- and 90-day mortality rate
increased with age (Figure 2 and Figure 3).
Using the 15-24-year-group as the reference, at
30 and 90 days this increase was significant for
patients >75 years of age; odds ratio (OR) 12.1 (95%
confidence intervals [CI] 1.6-90.3, P<0.005) and
OR 20.3 (95% CI 2.7-150.0, P<0.001), respectively.

The ethnicity of patients with HA-SAB and the
30- and 90-day all-cause mortality are shown in
Table 1. There was no difference in mortality by
ethnicity.

Seventy percent (n=673) of HA-SAB events
were associated with the use of invasive medical
devices, of which 324 (48.2%) were associated
with peripheral intravascular catheters (PIVC),
290 (43.1%) were due to central vascular catheters
(CVC) and 59 (8.7%) were due to other devices.
The other sources for HA-SAB events were: organ
source, 115 (12%); surgical site infection, 79 (8%);
unknown, 57 (6%); associated with neutropaenic
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Figure 2: The 30-day all-cause mortality rate (percentage with 95% confidence intervals) by age band.
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Table 1: Mortality rate overall and by sex, ethnicity, source of healthcare-associated Staphylococcus aureus bacteraemia

(HA-SAB) and methicillin susceptibility at 30 and 90 days.

30-day all-cause mortality,

90-day all-cause mortality,

No. with HA-SAB number (%, 95% number (%, 95%
confidence intervals) confidence intervals)

Overall mortality 133 (13.8%, 11.7-16.2) 199 (20.7%, 18.2-23.4)
Patient demographics
Sex?
. Male 608 81 (13.3%, 10.8-16.3) 130 (21.4%, 18.2-24.9)
. Female 350 52 (14.9%, 11.4-19.1) 69 (19.7%, 15.8-24.4)
Ethnicity®
«  Maori 200 16 (8.0%, 4.8-12.9) 25 (12.5%, 8.4-18.1)
«  Pacific peoples 111 10 (9.0%, 4.6-16.3) 17 (15.3%, 9.4-23.7)
. European/Other 588 102 (17.3%, 14.4-20.7) 149 (25.3%, 21.9-29.0)
«  Asian 58 5 (8.6%, 3.2-19.7) 8 (13.8%, 6.6-25.9)
Source of HA-SAB
Unknown 57 18 (31.6%, 20.3-45.4) 24 (42.1%, 29.4-55.9)
Organ source, not SSI° 115 24 (20.8%, 14.1-29.7) 31(27.0%, 19.3-36.2)
i?f:::\::;;gi‘i”re/ 7 0 1(14.3%, 0.7-58.0)
gg\iinc‘give medical 673 84 (12.5%, 10.1-15.2) 131 (19.5%, 16.6-22.7)
. PIvC 324 47 (14.5%, 10.9-18.9) 75 (23.2%, 18.7-28.2)
.o 290 29 (10.0%, 6.9-14.2) 45 (15.5%, 11.7-20.3)
ﬁ:i‘i:;t::i?ith febrile 14 1(7.1%, 0.3-35.8) 1(7.2%, 0.4-35.8)
Surgical site infection 79 3(3.8%, 1.0-11.4) 7(7.1%, 3.9-18.0)
Other source, not specified | 13 2 (15.4%, 2.7-46.3) 3(23.1%, 6.2-54.0)
Methicillin susceptibility
Methicillin susceptible 838 118 (14.1%, 11.8-16.7) 173 (20.6%, 18.0-23.6)
Methicillin resistant 119 15 (12.6%, 7.5-20.2) 26 (21.8%, 15.0-30.5)

2Sex not provided for three patients. "Ethnicity not specified for four patients. Surgical site infection. ¢Other procedure/intervention
refers to endoscopy procedure, temporary cardiac pacing wires or cardiac catheters, use of a body cavity probe or placement of a
body cavity drain, or other procedures or interventions not specified. PIVC = peripheral intravascular catheters; CVC = central vascular

catheters.
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sepsis, 14 (1.5%); and another source, or not
recorded, 23 (2.5%) (Table 1). Overall, 614 (64%) of
HA-SAB were due to intravascular catheters. The
30- and 90-day mortality are reported in Table 1.
There were 199 deaths (Table 1). Two-thirds of
the deaths occurred early, within 30 days of the
event (133 [67%]), and the highest mortality rate
at 30 days (32%) was seen when the source of the
HA-SAB was unknown. There is no difference in
mortality between PIVC and CVC (Table 1).
Almost 90% of S. aureus isolates, 842 (87.2%),
were susceptible to methicillin. The rate of HA-
SAB caused by methicillin-resistant S. aureus
(MRSA) was lower in the Te Ikaroa (Central) and
Te Waiponamu (South Island) health regions,
compared to the rate in the Te Tai Tokerau
(Northern) health region, OR (95% CI) 0.52
(0.31-0.89) P=0.023, and 0.23 (0.11-0.49) P<0.001,
respectively. HA-SAB caused by MRSA were not
associated with increased mortality (Table 1).

Discussion

The 30- and 90-day all-cause mortality for
patients with HA-SAB in New Zealand is 13.8%
and 20.7%, respectively. This rate is consistent
with that reported for both community-acquired
and healthcare-associated SAB in other countries
and previously reported in national and
Australasian data.>71419

A review of predictors of mortality associated
with SAB identified multiple factors that influence
mortality.? Age is one of the strongest predictors,
and this was seen in our study with a significantly
higher 30- and 90-day mortality rate in those
patients aged >75 years (Figure 2 and Figure 3).
Increased mortality is also seen in those with a
high Charlson Comorbidity Index, infection with
MRSA, admission to intensive care and prior anti-
microbial use.3® We did not assess these clinical
variables as the aim of this study was to focus on HA-
SAB events occurring while receiving healthcare
and the all-cause mortality associated with such
events regardless of other contributing factors.

The incidence of staphylococcal infections,
skin and soft tissue infections (SSTI), sepsis and
pneumonia is higher in males than females in
New Zealand, and the difference is most marked
for staphylococcal sepsis (relative risk 1.9; 95% CI
1.8-2.0).%° Other studies also report that SAB events
are more commonly seen in males. However,
the mortality rate has been reported to be higher
in females.>?? Two-thirds (64%) of HA-SAB
events occurred in males in our study; however,
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there was no difference in the 30- and 90-day
mortality between males and females (Table 1).

There was no difference in the mortality rate
by ethnicity (Table 1). A previous study looking
at the longitudinal trends over an 11-year period
for S. aureus disease across New Zealand showed
marked ethnic and socio-economic differences for
staphylococcal SSTI, staphylococcal pneumonia
and staphylococcal sepsis, with the incidence of
all disease types highest among Maori and Pacific
peoples. Maori were three times more likely and
Pacific people were almost five times more likely
to have S. aureus SSTI than Europeans.?’ Whether
Maori and Pacific people across all ages admitted
to hospital have higher rates of colonisation with
S. aureus, and therefore are at a greater risk of
healthcare-associated infections including HA-
SAB, is not known.

Invasive medical devices were the source for
70% of the events, with a 12.5% mortality rate
at 30 days. Importantly, the 30-day mortality for
PIVC and CVC were 14.5% and 10.0%, respectively.
This rate is similar to a previous local study
where approximately 10% of patients with HA-
SAB associated with the use of PIVC died.?

Up to 50% of HA-SAB may be preventable.!?
There are recently-updated evidence-informed
guidelines on best practice for the prevention
of bloodstream infections and other infections
associated with peripherally inserted vascular
catheters.?

The highest mortality rate was seen in patients
where the source for the HA-SAB was unknown.
This may have been because the patient died
before any investigations to determine the source
could be performed, the patient had significant
comorbidities and treatment was withdrawn
avoiding unnecessary investigations, or the
likely source was poorly recorded in the medical
notes. We did not investigate this further, but the
programme actively encouraged discussion of
such cases with the clinical team to best determine
a likely source for the HA-SAB.

The number of events caused by MRSA was
12.4%, with rates higher in the northern regions
of New Zealand. The reported rates of SAB caused
by MRSA vary between countries, with the rate
being less than five percent in the Netherlands,’
five percent in the United Kingdom,? less than one
percent to greater than 50 percent in European
countries,? 16.8% in Canada?” and approximately
50% in centres in the United States of America
(USA).828 A recent systematic review of mortality
associated with HA-SAB reported a higher
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1-month mortality associated with MRSA, adjusted
OR 1.04 (95% CI 1.02-1.06) per 10% increase in
MRSA proportion. A large retrospective study
looking at administrative readmission data
capturing 49.3% of all US hospital admissions in
2014, reported a higher mortality rate with MRSA
bacteraemia. The adjusted odds of in-hospital
death were 15% greater with MRSA bacteraemia
than methicillin-susceptible SAB (OR 1.15, 95% CI
1.07-1.23).% There was no difference in mortality
rates for cases of MRSA in our study, and this is
likely due to local MRSA strains being resistant to
beta-lactam antibiotics and one or two other classes
of antibiotic only—the so called “community
MRSA phenotype”.

The strength of this study is that it included all
inpatients with HA-SAB cared for in the 20 Health
New Zealand — Te Whatu Ora district hospitals over
a 2-year period. Other studies have been single-
centred, %13 USA state-wide,® or multi-centred but
with a maximum of eight hospitals,®*” and may
have been subject to selection bias.

Our study included almost 1,000 HA-SAB events.
This number may have been too small to show
statistical difference as the CIs for the mortality
related to the source of the HA-SAB were wide. It
may also have been underpowered to determine
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if there was a difference in mortality associated
with ethnicity. This programme is ongoing and
future analysis may provide a more accurate
assessment. We also chose to only look at a limited
number of variables and there may have been other
confounders such as pre-existing comorbidities,
type of recent surgical or medical interventions
and severity of illness at diagnosis, all contributing
to the mortality rate.

In summary, we once again draw attention to
the increasing number of HA-SAB events occurring
in our population and the high mortality rate
associated with HA-SAB, including those events
associated with PIVC and CVC use. HA-SAB events
are largely preventable, and implementation of
nationally led quality improvement initiatives,
guided by evidence-informed guidelines where
available, are required to reduce this level of
harm.? As over half of adult inpatients have a PIVC
and 10% have a CVC, preventing vascular device-
related HA-SAB should be a national priority.?
We also need to support local participation in
multinational or global clinical trials and networks,
to address some of the challenging unanswered
clinical questions associated with this devastating
infection.*
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Same-day discharge for acute
appendicectomy is safe: experience
from a tertiary New Zealand hospital

Stacey Caldwell, Mathew Morreau, Simon Richards

ABSTRACT

BACKGROUND: Same-day discharge (SDD) following laparoscopic appendicectomy is internationally recognised as safe and effective,
yet remains under-utilised in New Zealand. This study evaluates the safety and feasibility of SDD at Christchurch Hospital.

METHODS: A retrospective review of adults undergoing laparoscopic appendicectomy for uncomplicated appendicitis between June
2015 and March 2024 was conducted using data from the SCOPE management system. Patients were divided into SDD (discharged
before midnight) and delayed discharge (post-operative days 1-2) groups. The primary outcome was the complication rate (Clavien-
Dindo grade =3); the secondary outcome was 30-day readmission.

RESULTS: Of 2,258 patients, 213 (9.4%) were discharged the same day and 2,045 (90.6%) after at least 1 night. Baseline demographics
were similar except for age (32.2 vs 29.9 years, p=0.008) and sex (female 55.1% vs 37.6%, p<0.001). There were no significant differences
in complication (0% vs 0.6%, p=0.626) or readmission rates (7.0% vs 6.7%, p=0.775). Morning operations were significantly more likely
to result in SDD (74.6% vs 26.3%, p<0.0001).

CONCLUSION: SDD after laparoscopic appendicectomy for uncomplicated appendicitis is safe and effective without increasing

complications or readmissions. Implementing structured SDD protocols could enhance hospital efficiency and reduce costs.

he global lifetime incidence of appendicitis

is approximately 8%, making it one of the

most common reasons for acute surgical
admission.! As a result, appendicectomy remains a
frequent procedure in general surgery. The wide-
spread use of laparoscopic surgery has shown a
reduction in post-operative pain, shorter recovery
and reduced length of stay post-operatively over
open surgery. Despite these advantages, the major-
ity remain in hospital for at least 1 night post-
operatively? rather than same-day discharge
(SDD). This is significant because the estimated
cost of an overnight hospital stay in New Zealand
exceeds NZ$1,000 and impacts acute and planned
care workflows throughout the hospital, con-
tributing to the overall burden on healthcare
resources.

SDD following laparoscopic appendicectomy
is an established practice, proven to be safe
and effective in optimising bed availability and
improving patient flow in multiple international
studies.?® Despite this, uptake of SDD acute appen-
dicectomy locally remains selective, and there
is resistance to change. Furthermore, no studies
have specifically evaluated its safety within the
New Zealand population.? To maximise the efficient
use of our scarce healthcare resources, it is

essential to assess whether SDD is safe in our
population.

This study aims to compare complication and
readmission rates between patients discharged
on the day of their operation and those discharged
on days 1 and 2 post-operatively.

Methods

All patients undergoing laparoscopic appen-
dicectomy for uncomplicated appendicitis at
Christchurch Hospital between June 2015 and
March 2024 were retrospectively identified via
the Solution Committed to Operative Procedure
Excellence (SCOPE) surgical workflow programme.
Ethical approval was obtained from the Health
and Disability Ethics Committee (H24/0361).

The included patients were aged over 16 years
with uncomplicated appendicitis, defined as the
absence of suppuration, faecolith, perforation or
gangrenous changes, and who had an inpatient
stay of 0-2 days. Patients with suspected appen-
dicitis and those having a diagnostic laparoscopic
procedure in which the appendix was removed
were included. Exclusion criteria included
elective procedures, complicated appendicitis and
inpatient stay 3 days or longer.
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Patients were divided into two groups based on
post-operative length of stay. The SDD group was
discharged before midnight on the day of their
operation, and the delayed discharge group was
discharged on post-operative day 1 and 2. This
was chosen to compare only those patients with
an uncomplicated post-operative course.

The primary outcome of this review was
complication rate, defined as Clavien-Dindo grade
3 or higher (requiring surgical or procedural
intervention) within 30 days post-operatively. The
secondary outcome was the 30-day readmission
rate, defined as any admission to the Christchurch
Hospital general surgery department within 30
days of the operation. The data warehouse was
interrogated to capture patients readmitted to
the hospital for any reason, under any specialty,
within 30 days of appendicectomy.

SCOPE was used to obtain patient demographics,
operative details and post-operative data, including
complications. The first author validated data
integrity by reviewing a random sample of 40
patient records (1.7% of the total patients) to
confirm that complications and readmissions
were correctly captured. A high capture of
readmissions and complications was anticipated
due to the public structure of acute care surgery
in New Zealand.

Data collection and analysis were performed
using Microsoft Excel and GraphPad Prism. Qual-
itative data were reported as n (%). All statistical
comparisons were categorical and performed
using the Chi-squared test; a p-value of 0.05 was
set as statistical significance.

Results

A total of 2,258 patients underwent acute
laparoscopic appendicectomy for uncomplicated
appendicitis during the study period. Of these, 213
(9.4%) were discharged the same day and 2,045
(90.6%) after at least 1 night.

Baseline characteristics were similar between
groups for ethnicity, American Society of Anesthe-
siologists grade and Charlson Comorbidity Index
(inclusive or exclusive of age). The delayed dis-
charge group had a higher mean age (32.2 vs 29.9
years, p=0.008), a greater proportion of females
(55.1% vs 37.6%, p<0.001) and longer operative time
(54.2 vs 51.9 minutes, p=0.042). The mean time to
discharge was 7.9 hours for the SDD group com-
pared with 23.3 hours for the delayed discharge
group. Morning operations (those taking place
before mid-day) were significantly more common
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among patients discharged on day 0 than among
those with delayed discharge (74.6% vs 26.3%,
p<0.0001).

There was no significant difference in
complication rates between the SDD and delayed
discharge groups (0 [0%] vs 13 [0.6%], p=0.626).
Similarly, 30-day readmission rates were
comparable (15 [7%] vs 136 [6.7%], p=0.775).

Discussion

The results of this study demonstrate that
SDD following laparoscopic appendicectomy
for uncomplicated appendicitis is both safe and
effective, with no increased risk of post-operative
complications or readmissions. These results
align with existing international literature sup-
porting SDD following laparoscopic surgery.5’
The intentions behind performing this study
were also validated, as only 9% of patients in our
hospital with uncomplicated appendicectomy
were discharged the same day.

The findings also highlight that the time of
operation plays a significant role; morning
procedures are far more likely to result in SDD.
This is consistent with the findings by Scott et al.?
and likely reflects better peri-operative logistics
earlier in the day. Facilitating acute operative slots
early in the day will be important in ensuring the
success of a SDD protocol. Patients discharged
home on the day of their procedure tended to
be younger and had lower ASA scores, reflecting
a lower-risk cohort (Figure 1). The lack of ASA
3 or 4 patients included in our study means the
findings are unlikely to be generalisable to this
group. Women were also less likely to have
SDD after appendicectomy. This finding has not
been previously reported and warrants further
research.? Unfortunately, we did not collect data
on which patients were offered SDD, or domi-
ciliary data, which would have provided insight
into discharge decision making. Future research
should aim to identify and investigate factors
predictive of safe SDD.

Limitations of this review include the retro-
spective design, which may introduce selection
bias to those offered SDD. While not a clinically
relevant difference, the SDD appendicectomy
was approximately 2.5 minutes shorter, which
may reflect a less complicated procedure or a
more senior surgeon’s involvement. Secondly, the
complication rates observed in this review
are lower than the 3-5% rates reported in the
literature for uncomplicated appendicitis.*
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Table 1: Baseline characteristics.
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me- ischar; D ischar
Characteristics (S:=2:3t;ayd SiES (:::Y: :5()’ SRS p-value
Age
Age (mean + SD) 29.9+12.0 32.2+14.0 0.008
Sex
Male 133 (62.4%) 919 (44.9%)
Female 80 (37.6%) 1,126 (55.1%)
Sex overall <0.001
Ethnicity
European 118 (55.4%) 1,192 (58.3%)
Maori 23 (10.8%) 172 (8.4%)
Pacific peoples 0(0.0%) 26 (1.3%)
Asian 10 (4.7%) 142 (6.9%)
MELAA 2(0.9%) 26 (1.3%)
Other ethnicity 0(0.0%) 8 (0.4%)
Ethnicity overall 0.263
ASA grade
1 125 (58.7%) 1,235 (60.4%)
2 83 (39.0%) 753 (36.8%)
3 5(2.3%) 57 (2.8%)
4 0 (0.0%) 0 (0.0%)
ASA overall 0.791
Charlson Comorbidity Index (age exclusive)
iglson (exclusive)mean | o, 5 0.04£02 0.784
Charlson Comorbidity Index (age inclusive)
E:’;lso" (inclusive) mean | 1, o5 02+0.7 0.011
Surgery duration
;”erag:zlst:)me (minutes) 51.9+15.2 542+18.9 0.042
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Table 1 (continued): Baseline characteristics.

Characteristics (S::;i;;ay discharge ?I::Y: :s;ilscharge p-value
Time to discharge

221;110:5 charge (hours) | 79,35 233480 <0.001
Complications (any), Clavien-Dindo 3 or above

Complication yes 0(0.0%) 13 (0.6%)

Complication no 213(100.0%) 2,032 (99.4%)

Complications overall 0.626
Readmission within 30 days

Readmission yes 15 (7.0%) 136 (6.7%)

Readmission no 191 (89.7%) 1,827 (89.3%)

Readmission overall 0.775

SD = standard deviation; MELAA = Middle Eastern, Latin American and African; ASA = American Society of Anesthesiologists.

Figure 1: Outcomes comparing same-day discharge and delayed discharge.
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This discrepancy may exist because our review
focussed solely on uncomplicated appendicitis
in patients who were inpatients for fewer than
2 days, reflecting a population with straight-
forward recovery. Additionally, because complica-
tions within SCOPE require partially manual data
entry, there is a risk of under-reporting. Lastly, as
we could not capture grade 1-2 complications or
presentations that did not require admission, we
may have under-estimated minor complications.
The 30-day readmission rate (6.7-7%) may reflect
this or non-specific presentations unrelated to
the appendicectomy. Despite this limitation, it is
reassuring that there were no differences in
readmissions between the groups.

The pathway to improving efficiency for our
patients with uncomplicated appendicitis will
involve developing a hospital-wide SDD pathway.
Internationally, the implementation of a SDD pro-
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tocol after UA has demonstrated an 88% success
rate.5 Local factors must be considered, including
the significant proportion of our population living
in rural areas. Although we could not examine
patient-reported outcomes, it is reassuring that
the existing literature reports high satisfaction
rates.® Patient and caregiver education, both pre-
and post-operatively, will be key towards driving
change.’

In conclusion, these findings provide a strong
foundation for a shift in clinical practice, enabling
surgeons to recommend SDD for appropriate
patients. There is real potential for resource
saving, given the uptake of SDD appendicectomy
was only 9%. By supporting SDD, surgical teams
can help reduce the burden on inpatient hospi-
tal beds, decrease healthcare costs and improve
overall patient flow without compromising safety.
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Three decades of pelvic exenteration
at Christchurch Hospital: the
evolution of an exenteration service

Greg Turner, Tamara Glyn, Chris Wakeman, Frank Frizelle and the Christchurch Pelvic
Exenteration Group (CPEG)

ABSTRACT

BACKGROUND: Pelvic exenteration (PE) has evolved from a palliative “procedure of desperation” into a potentially curative operation
for selected patients with locally advanced or recurrent pelvic malignancy. Christchurch Hospital has delivered PE for more than three
decades and has been an active contributor to the international development of these procedures.

METHODS: Retrospective description of the Christchurch PE programme and its evolution since the mid-1990s, contextualised against
contemporary multicentre evidence, is provided. Service components evaluated include multidisciplinary governance, patient
selection, operative strategies for posterior and lateral compartment disease (including sacrectomy), peri-operative optimisation and
survivorship pathways.

RESULTS: Since 1995, Christchurch has undertaken over 520 multivisceral pelvic resections. Centralisation of complex patient care
supports operative volume, consistency of team performance and benchmarking against international standards. Prospective audits
with collaborative international research have strengthened the understanding of what drives good oncological outcomes (particularly
the impact of RO resection), as well as morbidity patterns in high-risk sub-groups, feasibility of repeat PE and patient-reported outcomes
including quality of life.

CONCLUSION: A centralised multidisciplinary programme can safely deliver ultra-complex pelvic oncology surgery. Continued
international collaboration and systematic capture of patient-reported outcomes will define the next phase of PE service development.

elvic exenteration (PE), first described
by Brunschwig in 1948, was initially
associated with high peri-operative mortal-
ity, prolonged hospitalisation, major functional
consequences and poor long-term outcomes.* For
decades it was regarded as a mutilating operation
offered only when all other options had failed.
Over the last 30 years, however, PE has been
transformed by advances in imaging, anaesthesia,
critical care, peri-operative optimisation and
reconstruction, together with the maturation of
multidisciplinary team (MDT) governance.?
Modern rectal cancer treatment (including total
mesorectal excision and neoadjuvant therapy)
has reduced local recurrence rates, yet locally
recurrent rectal cancer (LRRC) remains clinically
significant, often presenting with pain, bleeding,
fistulation or obstruction.? Historically, LRRC was
almost uniformly fatal; the emergence of extended
multivisceral resection strategies demonstrated
that cure is possible when complete tumour
clearance can be achieved.

Across PE indications, achievement of a

microscopically clear margin (RO resection)
has emerged as the dominant determinant of
long-term survival.*® This principle has reshaped
patient selection and intraoperative decision
making, particularly for posterior and lateral
compartment disease, where margins are threat-
ened by bone, vessels and nerves.” Consequently,
contemporary PE increasingly incorporates en
bloc bony resection (most commonly sacrectomy)
and complex reconstruction, delivered within
specialised high-volume programmes.
Christchurch Hospital has been one of the
Australasian sites central to this evolution. Since
the mid-1990s, a specialised pelvic oncology
service has been established. This initially served
the whole of New Zealand; more recently, with the
development of a North Shore-based (Auckland)
service, the Christchurch unit now mainly serves
the South Island and lower North Island. The
service has contributed to training across
Australasia and participates in international col-
laborative research, including the establishment
of the international PelvEx Collaborative Group.?°

New Zealand Medical Journal
Te ara tika o te hauora hapori

2026 Jun 12;139(1636).1SSN 1175-8716
https://www.nzmj.org.nz/ ©PMA



ARTICLE

The aim of this study is to describe the
development of the Christchurch PE programme
over three decades, highlight service and
operative evolution (including sacrectomy and
repeat PE) and summarise how PelvEx evidence
has informed selection, benchmarking and
survivorship care.

Methods

This article provides a retrospective descriptive
account of the Christchurch PE service, drawing
on institutional experience and published
outputs, and contextualises this experience
against contemporary international evidence,
particularly PelvEx studies. Key domains were
defined a priori: i) service organisation and MDT
governance; ii) patient selection and pre-operative
work-up; iii) operative strategies and reconstruc-
tive approaches; iv) peri-operative optimisation
and complication management; and v) survi-
vorship and patient-reported outcomes. Where
available, quantitative service metrics are
reported to illustrate programme scale.

Results

Service activity and case mix

The Christchurch PE programme developed
in the mid-1990s alongside early high-volume
centres internationally. Since 1995, Christchurch
Hospital has undertaken more than 520 extended
pelvic resections, with 89 involving bony
resection, predominantly sacrectomy. The case
mix includes primary locally advanced rectal
cancer (LARC), LRRC, recurrent and locally
advanced gynaecologic malignancies, anal
carcinoma and sarcoma. Data from the most
recent 5-year period demonstrate LRRC to be
the most common indication for surgery at 38%,
followed by LARC being 35% of the operative
workload, with other indications accounting for
the remaining 27%.

A substantial proportion (approximately 2/3)
of patients are referred from outside Canterbury,
reflecting the national centralisation of this
surgical capability.

Multidisciplinary delivery model

From inception, the service was structured
as a genuinely multidisciplinary programme.
Colorectal surgeons lead the overall pathway,
with embedded urology and gynaecologic oncol-
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ogy expertise for multivisceral resection; plastic
and reconstructive surgery for perineal closure
and dead-space management; and orthopaedic
collaboration for bony resections and
vascular surgeon input as needed. Anaesthesia/
intensive care unit (ICU), radiology, interventional
radiology, oncology, specialist nursing (stoma
and wound care), physiotherapy and nutrition,
and pathologists are integrated throughout the
pathway.

Peri-operative pathway development

Progressive adoption of structured MDT
decision making, enhanced recovery principles
and proactive complication management has
supported programme growth.

Service development and
multidisciplinary governance

A defining feature of the Christchurch
programme is the focus on governance and repro-
ducibility. Rather than an individual surgeon-
dependent model, PE is delivered by a stable team
with defined roles, agreed operative strategy
principles and standardised peri-operative path-
ways. This structure enables consistent out-
comes, facilitates training and provides resilience
in the face of workforce change—an important
consideration for a referral service.

The MDT philosophy in Christchurch reflected
an early shift in thinking: instead of asking why
such extensive operations should be performed,
the question became why potentially curative
surgery should not be considered for appropriately
selected patients. This reframing was supported
by improved radiologic prediction of resectability
and increasing evidence that extended resection
can achieve meaningful long-term survival when
RO is obtained.*®

Regular audit, morbidity and mortality review
and benchmarking against PelvExX outputs have
informed incremental improvements in selection,
technique and peri-operative pathways.

Patient selection and pre-operative
work-up

Good outcomes depend on appropriate patient
selection and are central to PE management.
Selection integrates anatomical resectability
(particularly the likelihood of RO), biological
behaviour (including absence of uncontrolled
extra-pelvic disease) and physiological capacity
to tolerate prolonged surgery and recovery. In
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Christchurch, selection is MDT-driven and
informed by high-quality pelvic magnetic
resonance imaging, contrast computed tomo-
graphy (CT) and positron emission tomography
(PET) CT.1o1t

Functional and psychosocial readiness are
explicitly assessed. Patients require counselling
regarding possible urinary diversion, permanent
stomas, sexual dysfunction, neuropathic pain risk
(particularly with sacrectomy) and prolonged
rehabilitation. Prehabilitation is tailored, with
emphasis on nutrition, sarcopenia risk, anaemia
management, smoking cessation and optimis-
ation of comorbidities. This approach reflects
the growing understanding that peri-operative
physiological reserve influences morbidity and
the ability to complete adjuvant therapies.

68

Operative evolution: contemporary PE
strategy

Modern PE is heterogeneous and includes
central, anterior, posterior and lateral com-
partment resections. Historically, exenteration
series were dominated by central disease. With
widespread adoption of total mesorectal excision
and neoadjuvant chemoradiotherapy, recurrence
patterns have shifted and LRRC is now frequently
posterior or lateral, often in previously irradiated
tissue.'>!® These tumours are technically challeng-
ing due to fibrosis, distorted anatomy and involve-
ment of the presacral fascia, sacrum, iliac vessels
or lumbosacral plexus.

The Christchurch operative strategy empha-
sises en bloc resection of involved compartments,
guided by the principle that piecemeal dissection

Figure 1: Kaplan-Meier survival curve of overall survival following pelvic exenteration for locally advanced primary

rectal cancer by margin status.

100
80 Log rank P < 0.001
3
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-1
1 "1.._.‘.__‘_‘_
207 -H_ —— R1
-L_~_1 i S
R2
0-—-
T T T T T T
0 12 24 6 48 /0
Time (months)
Number at Risk
RO 920 706 522 391 289 152
R1 162 m 70 45 30 14
R2 26 11 4 2 2 2

RO = microscopically clear (>1mm) resection margin; R1 = microscopically involved (<lmm) resection margin;
R2 = macroscopically involved resection margin. Reproduced with permission from the PelvEx Collaborative Group.®
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Figure 2: Kaplan-Meier survival curve for cancer-specific survival following pelvic exenteration for locally recurrent

rectal cancer by margin status, P<0.00001.

1":

Cumulative Survival

3 4 5

Time (years)

RO = microscopically clear (>1mm) resection margin; R1 = microscopically involved (<1mm) resection margin;
R2 = macroscopically involved resection margin. Reproduced with permission from Harris et al.*

increases margin positivity. Operative planning
includes vascular control, anticipated nerve
sacrifice and reconstruction. Intraoperative
reassessment may lead to modification or
abandonment of resection if RO cannot be
achieved safely.

Margin status as the dominant
determinant of outcome

International PelvEx data have consistently
shown that RO resection is the single most import-
ant predictor of long-term survival following PE
for LARC and LRRC (Figures 1 and 2).*® These
findings have shaped global practice by rein-
forcing that the principal aim of PE is complete
oncologic clearance, not simply debulking or

symptom relief. In practical terms, this means
that anatomical resectability and expected margin
status drive selection and operative strategy.

For tumour types other than primary or
recurrent rectal cancer, the need for RO resection
holds true. PelvEx outcome data for PE performed
for urological, gynaecological, anal and sarcoma
tumour types show 3-year overall survival in
the range of 40-59%, with multivariate analysis
consistently identifying RO resection as the key
factor associated with long-term survival.*

Margin risk varies by compartment. Central
pelvic disease is generally more amenable to
clear margins, whereas lateral compartment dis-
ease often threatens the iliac vessels and lum-
bosacral plexus. Posterior disease with sacral
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invasion requires consideration of sacrectomy to
avoid an R1/R2 outcome. The increasing focus on
RO has therefore driven willingness to undertake
complex bony resections and reconstruction
when required to facilitate margin clearance.

In Christchurch, margin probability is
explicitly discussed at MDT and communicated
to patients as part of consent. This includes
realistic discussion of the balance between
oncological intent and functional consequence, as
well as the possibility that intraoperative findings
may prevent achieving RO resection.

Sacrectomy and en bloc bony resection

Sacrectomy represents one of the most
demanding components of PE. It increases
technical complexity, blood loss risk and peri-
neal wound complications, and has functional
consequences related to sacral nerve root sacri-
fice.”® Nonetheless, for posterior compartment
disease, sacrectomy may be essential to achieve
RO resection and therefore offers the possibility
of cure.

PelvEx sub-group analyses have clarified
morbidity and oncological outcomes follow-
ing sacrectomy. Compared with soft tissue PE,
sacrectomy is associated with longer operative
time and higher wound complication rates, but
acceptable peri-operative mortality in specialist
centres.®'>7  Importantly, survival outcomes
improve when sacrectomy enables RO resection,
reinforcing its role as an oncological adjunct rather
than a technical flourish.® Further work compar-
ing high versus low sacrectomy demonstrates that
higher resections increase functional compromise,
but many patients adapt and report acceptable
global quality of life over time.!"18

In Christchurch, increasing sacrectomy
volume has been supported by close collaboration
with orthopaedic and selective neurosurgical
colleagues. Perineal reconstruction has evolved
with use of vascularised flap reconstruction and
alternative perineal closure strategies on a case-
by-case basis attempting to minimise the sequelae
of empty pelvis syndrome.*® Dead-space manage-
ment, careful drain strategies and early identifica-
tion of wound complications have been important
components of pathway refinement.

Repeat PE and re-resection strategies

Repeat PE and re-resection for intra-
pelvic re-recurrence were historically viewed as
contraindicated given cumulative surgical
trauma and morbidity. PelvEx studies have
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demonstrated that repeat PE is feasible in care-
fully selected patients, with morbidity higher
than primary PE but with survival outcomes
superior to purely palliative strategies when RO is
achieved.?*?! These data support consideration of
re-resection in patients with isolated recurrence,
biologically favourable disease and adequate
physiological reserve.

Christchurch practice has evolved accordingly.
Repeat PE is considered via MDT when cure is a
realistic objective and when functional trade-
offs are acceptable to the patient. The decision
requires careful judgement: the presence of prior
complications, baseline function and psycho-
social support strongly influence post-
operative recovery. The increasing evidence base
has enabled more nuanced counselling and shared
decision making for this high-risk sub-group.

Morbidity, complication management
and pathway optimisation

PE remains associated with substantial
morbidity and prolonged recovery, reflecting
operative duration, multivisceral resection, pelvic
dead-space and prior irradiation. Common com-
plications include pelvic sepsis, perineal wound
breakdown, urinary diversion complications,
thromboembolism and prolonged ileus. Sacrec-
tomy cases carry higher wound complication risk
and may be complicated by chronic presacral
infection.!>-1#

High-volume centres mitigate risk through
standardised care pathways and experienced
MDT. In Christchurch, peri-operative optimisa-
tion has progressively incorporated enhanced
recovery elements, including multimodal analge-
sia, early mobilisation, structured nutrition plans
and early physiotherapy. ICU/high dependency
unit utilisation is planned in advance, with
escalation triggers agreed. Proactive management
of pelvic collections with interventional radiology
has reduced the need for re-operation in carefully
selected patients.

Quality of life, patient-reported
outcomes and survivorship

While survival remains central, quality of life
has become a critical outcome in exenteration
research (see Table 1 for outcome results).

The historical perception that PE inevita-
bly results in unacceptable long-term quality of
life has been challenged by prospective patient-
reported outcome studies. PelvEx data
demonstrate an early post-operative decline in
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Table 1: Longitudinal quality of life scores according to cancer type (n=557), reproduced with permission from

Steffens et al.??
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. Other Other
. . Primary . Recurrent Non-
Time points primary recurrent . P-value
rectal . rectal . malignant
malignancy malignancy
Physical component scores
. 383(32.8- | 422(32.3- | 456(36.8- | 39.4(29.9- | 39.1 (29.5-
Baseline ( ( ( ( ( <0.001
45.4);N=158 | 51.6);N=76 | 53.2);N=215 | 50.3);N=98 | 50.1); N=10
¢ onthe 404(320- | 388(309- | 386(316- | 418(306- | 505(326- | .
443);N=89 | 52.0);N=47 | 46.1):N=150 | 47.0);N=50 | 55.1); N=4 :
413(36.6- | 45.6(36.7- | 412(333- | 40.1(32.5- | 50.6 (34.9-
12month 0.097
months 48.9);N=82 | 54.3);N=33 | 48.6);N=125 | 49.6);N=39 | 60.1); N=5
435(32.8- | 47.4(39.2- | 40.8(327- | 432(35.1- | 42.1
18 months 0.223
46.8);N=65 | 54.6);N=31 | 49.6);N=91 | 50.7);N=29 | (29.5---); N=2
40.5(344- | 51.0(42.7- | 433(33.6- | 42.7(345- | 335
24month 0.032
months 49.4);N=53 | 56.9);N=21 | 49.7;;N=72 | 45.9);N=24 | (32.3—); N=3
Mental component scores
444(35.6- | 455(33.6- | 473(374- | 41.2(32.9- | 42.9(31.9-
Saseline (35.6 5.5(33.6 33 (32.9 9(31.9 0001
52.7);N=158 | 53.3);N=75 | 55.4);N=215 | 52.0);N=98 | 57.7); N=10
49.4 (39.2- 3(41.8 3(40.7- 5(38.1- 0 (52.5-
6 months 9.4 (39.2 51.3(41.8 49.3 (40.7 47.5(38.1 58.0 (52.5 012
57.1);N=89 | 58.9);N=48 | 56.8);N=150 | 57.0);N=50 | 60.3); N=4
49.4(37.1- | 55.6(42.1- | 50.7(423- | 47.1(39.7- | 55.7 (48.6-
12month 0.076
months 56.9);N=82 | 61.3);N=33 | 57.2);N=125 | 55.3);N=39 | 59.8); N=5
49.1(40.6- | 56.1(43.7- | 50.6(41.4- | 53.1(442- | 564
18month 0.293
months 59.4):N=65 | 60.3);N=31 | 57.7);N=91 | 58.2):N=28 | (55.8—); N=2
51.4(40.0- | 57.6(48.3- | 51.8(41.0- | 47.2(41.3- | 54.4
24 months 0.275
58.2);N=53 | 60.2);N=21 | 57.8);N=72 | 57.3);N=24 | (29.0--);N=3
Functional assessment of cancer therapy—colorectal total scores
Saseline 88.8(75.3- | 97.0(782- | 96.0(820- | 830(63.0- | 99.0(780- | o
102.5);; N=144 | 111.8);N=72 | 113.0);N=203 | 106.1);N=94 | 117.3); N=10
20(755- | 107.0(77.7- 2(86.0- 8(84.0- | 115.0(83.5-
- 92.0 (75.5 07.0 ( 96.2 (86.0 93.8 (84.0 50(83.5- | (o0
112.1;N=85 | 117.1);N=42 | 111.5);N=145 | 111.5);N=47 | 116.5);N=5
96.3(79.0- | 111.4(963- | 99.8(86.0- | 100.6(81.8- | 115.0(100.3-
12 months 0.018
110.3); N=78 | 125.0);N=32 | 113.8);N=119 | 115.0);N=38 | 121.6); N=4
L8 monthe 98.4(79.7- | 112.0(96.8- | 100.2(85.0- | 110.0(90.0- | 103.6 0134
116.5); N=62 | 124.3);N=29 | 113.8);N=89 | 118.0);N=29 | (89.2—);N=2 | '
97.5(79.6- | 110.0(952- | 101.0(89.7- | 97.2(86.0- | 98.0
24month 0.077
months 109.6);N=52 | 126.0);N=21 | 112.7);N=71 | 120.0);N=25 | (61.0--); N=3

New Zealand Medical Journal

Te ara tika o te hauo

ra hapori

2026 Jun 12;139(1636).1SSN 1175-8716
https://www.nzmj.org.nz/

©PMA



ARTICLE

quality of life followed by gradual recovery, with
many survivors returning to baseline or near-
baseline global health status by 12-18 months.?>23
Adaptation is common even among patients living
with permanent dual stomas. 223
Sacrectomy-specific quality of life and
functional outcomes are particularly relevant
given risks of neuropathic pain, gait impairment
and bladder/bowel dysfunction.'” Available data
indicate that although functional compromise is
measurable—especially with high sacrectomy—
many patients adapt successfully and report
acceptable long-term wellbeing.'” These findings
allow counselling to move beyond morbidity

statistics towards survivorship trajectories,
supporting informed consent and realistic
expectations.

In Christchurch, survivorship is increasingly
embedded in the pathway through structured
rehabilitation, psychological support, compre-
hensive stoma care and long-term follow-up that
incorporates function as well as oncological
surveillance. Future priorities include routine
prospective capture of patient-reported outcomes
to refine counselling and benchmark survivor-
ship care.

Contribution to research, training and
system impact

Christchurch has contributed substantially to
the international evidence base through our own
and collaborative research, and more recently
through supporting the establishment of the
PelvEx Collaborative Group. This group now has
over 100 international centres contributing to
the dataset. This collaborative work has clarified
prognostic factors, characterised morbidity
patterns in high-risk sub-groups and advanced
understanding of survivorship after PE. Beyond
publications, the programme has influenced
training: Christchurch has served as a sought-
after colorectal fellowship site, and many regional
exenteration services in Australia and New
Zealand are staffed by surgeons who trained
in Christchurch, including Royal Prince Alfred,
Sydney, Peter MacCallum Cancer Centre,
Melbourne, and Royal Brisbhane and Women’s
Hospital.

At a system level, Christchurch supports equita-
ble access to PE for New Zealand patients through
referral pathways and national centralisation.
Centralised models are increasingly recognised as
essential for procedures requiring high operative
volume, complex reconstruction, multidisciplinary
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infrastructure and robust audit capacity.

Discussion

Over three decades, the Christchurch PE
programme has evolved from an early adopter
of extended pelvic resection into a mature,
centralised pelvic oncology service aligned with
international best practice. This experience
mirrors the broader transformation of PE from
a palliative “procedure of desperation” into a
potentially curative operation for carefully
selected patients with locally advanced or
recurrent pelvic malignancy. The present descrip-
tion highlights how sustained multidisciplinary
governance, rigorous patient selection and will-
ingness to undertake complex en bloc resections—
including sacrectomy—have underpinned this
evolution.

Across indications, the primacy of achieving
a microscopically clear margin (RO resection)
is unequivocal. Both single-centre series and
PelvEx data consistently demonstrate margin
status as the dominant determinant of long-term
survival following PE. This has reshaped not only
patient selection but also operative philosophy.
In Christchurch, margin probability rather than
tumour size or symptom burden has become the
key driver of decision making, particularly for
posterior and lateral compartment disease where
margins are threatened by bone, vessels and
neural structures. The acceptance that cure is
unlikely without RO resection has appropriately
narrowed indications while simultaneously
justifying more extensive en bloc resections when
margin clearance is anatomically feasible.

The increasing incorporation of sacrectomy
into contemporary PE reflects this shift. Histor-
ically regarded as prohibitively morbid, sacral
resection is now recognised as an oncological
adjunct that may be essential to achieve clear
posterior margins in LRRC. PelvEx analyses
demonstrate that while sacrectomy is associated
with higher operative complexity and wound
morbidity, peri-operative mortality remains
acceptable in specialist centres, and survival
outcomes are superior when RO resection is
achieved. Christchurch’s growing experience
with sacrectomy has been facilitated by close
collaboration with orthopaedic, plastic and
anaesthetic colleagues, as well as iterative
refinement of reconstruction and pelvic dead-
space management. These developments
underscore the importance of delivering PE
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within a stable, high-volume multidisciplinary
environment.

A defining feature of the Christchurch
programme has been its emphasis on gover-
nance and reproducibility. PE is delivered as a
team-based service rather than an individual
surgeon-dependent endeavour, with structured
multidisciplinary meetings, agreed operative
principles and standardised peri-operative path-
ways. This approach promotes consistency of out-
comes, supports training and provides resilience
in the face of workforce change—an important
consideration for a national referral service in a
geographically dispersed health system. Regular
audit and benchmarking against international
collaborative data have enabled incremental
improvements in selection, technique and peri-
operative care.

Patient selection remains central to good
outcomes. In Christchurch, selection integrates
anatomical resectability, biological behaviour
and physiological reserve, supported by high-
quality imaging and comprehensive MDT dis-
cussion. Increasing recognition of the role of
prehabilitation, sarcopenia and psychosocial
readiness reflects a broader shift in PE practice
towards optimisation of the whole patient rather
than a focus on technical resectability alone.
Explicit counselling regarding functional con-
sequences—including permanent stomas, uri-
nary diversion, sexual dysfunction and potential
neuropathic pain—is essential to informed
consent and shared decision making.

Repeat PE and re-resection for intrapelvic
re-recurrence represent another important
evolution in practice. Once considered contrain-
dicated, these strategies are now supported by
collaborative data demonstrating feasibility and
meaningful survival in carefully selected patients
when RO resection is achieved. Christchurch’s
selective adoption of repeat PE reflects a more
nuanced understanding of disease biology and
survivorship trade-offs, reinforcing the need for
individualised MDT assessment rather than rigid
exclusion criteria.

While oncological outcomes remain central,
quality of life and survivorship have emerged
as critical end points in contemporary PE
evaluation. Prospective patient-reported outcome
studies from PelvEx challenge the assumption
that PE inevitably results in unacceptable long-
term quality of life. Although an early post-
operative decline is common, many patients
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recover to baseline or near-baseline global health
status within 12-18 months, including those living
with permanent dual stomas. Sacrectomy-specific
data demonstrate measurable functional compro-
mise, particularly with higher resections, but also
highlight patient adaptation and acceptable long-
term wellbeing in many survivors. These findings
have materially improved the quality of pre-
operative counselling and reframed PE as a
survivorship-focussed intervention rather than
solely a life-prolonging one.

The Christchurch programme has
contributed substantially to this evolving evidence
base through publication off its results as well as
participation in PelvEx and related collaborative
initiatives. Beyond publication, this engagement
has influenced training and service develop-
ment across Australasia, with many regional PE
services staffed by surgeons trained in
Christchurch. At a system level, the programme
illustrates the value of centralisation for
ultra-complex cancer surgery, where volume,
multidisciplinary infrastructure and audit capa-
bility are essential to safety and quality.

Future challenges include improving pre-
diction of resectability in lateral compartment
disease, embedding routine prospective capture
of patient-reported outcomes, and integrating
emerging technologies such as advanced imag-
ing and navigation. Workforce and resource
constraints further strengthen the case for
national and international collaboration. Overall,
the Christchurch experience demonstrates that
PE can be safely and effectively delivered within
a centralised, governance-driven model, offer-
ing selected patients the possibility of cure with
acceptable long-term quality of life.

Conclusion

Christchurch Hospital has established a high-
volume PE programme that aligns with interna-
tional benchmarks and contributes meaningful
international collaborative research, including
the PelvEx evidence base. Through sustained
multidisciplinary collaboration and centralisa-
tion, PE has evolved from a last-resort procedure
to an operation offering cure and acceptable
long-term quality of life in selected patients.
Future progress will be driven by continued
collaboration, prospective capture of patient-
reported outcomes and refinement of selection
and reconstructive pathways.
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Clinical complexities in diagnosing
and managing leptospirosis in New
Zealand: a qualitative analysis

Tanya Quin, Shahista Nisa, Jackie Benschop, Gerard Prinsen, Polly Yeung, Jackie Wright,
Julie Marie Collins-Emerson, Michael G Baker

ABSTRACT

AIM: Leptospirosis is a bacterial zoonosis often under-diagnosed due to its presentation as an undifferentiated febrile illness. This study
aimed to explore the clinical complexities involved in diagnosing and managing leptospirosis cases in New Zealand.

METHOD: Qualitative content analysis of clinical notes from 42 leptospirosis cases used a dual deductive and inductive approach to
identify key themes.

RESULTS: Three key themes emerged, highlighting the critical role of clinician reasoning in early detection and appropriate clinical
response: 1) multiple factors contribute to delayed diagnosis, including incomplete exposure histories and deviation of symptoms
from textbook definitions, 2) there were challenges with diagnosis and the use of medication in post-acute care, and 3) interpretation
and use of confirmatory tests was inconsistent and complex. Clinicians were confident in suspecting leptospirosis when clinical
history taking also assessed relevant exposure.

CONCLUSION: Based on these findings, we have made recommendations to prevent delayed diagnosis. We advocate updating
clinical references to better reflect New Zealand-specific disease presentation and risk factors to support early diagnosis. National
standardisation of diagnostic test timing, selection and interpretation is recommended, alongside clearer notification pathways.

Further research could focus on early diagnostic markers to improve clinical decision making in practice.

eptospirosis is a globally under-diagnosed

neglected zoonotic disease that presents as

a mild to fulminant undifferentiated febrile
illness, which can be fatal.*? The World Health
Organization (WHO) guidelines include four
broad clinical categories: 1) mild, influenza-like
illness; 2) Weil’s syndrome, characterised by
jaundice, renal failure, haemorrhage and myo-
carditis with arrhythmias; 3) meningitis/menin-
goencephalitis; and 4) pulmonary haemorrhage
with respiratory failure.* The New Zealand
Ministry of Health — Manati Hauora describes
leptospirosis as an acute illness characterised
by fever, chills, headache, myalgia, nausea,
diarrhoea, abdominal pain, meningitis, cough
and conjunctival suffusion; manifestations
of severe disease can include jaundice, renal
failure, haemorrhage, pneumonitis and haemody-
namic collapse.* Leptospirosis’s clinical similarity
to other infectious diseases makes diagnosis
challenging, a difficulty further compounded by
the biphasic nature of the illness and the different
diagnostic tests, which vary in sensitivity depend-
ing on the disease stage.>*® In the acute stage
(leptospiraemia, 1-7 days post-disease onset),

diagnosis primarily relies on PCR testing of blood
and cerebrospinal fluid, whereas in the conva-
lescent stage (immune phase, >7 days), diagnosis
relies on serology and polymerase chain reaction
(PCR) testing of urine.? If the recommended test is
not used at the appropriate stage of the disease, it
may result in false negatives.

In New Zealand, 53% of notified leptospirosis
cases between 1999 and 2017 were hospitalised.”
Although the disease can be treated with
antibiotics, evidence suggests that some patients
experience long-term  sequelae following
infection, highlighting both the acute and long-
term burden.® Earl et al. demonstrated that one
in four patients in New Zealand with flu-like
symptoms and a relevant exposure history tested
positive for leptospirosis.® Similarly, Irwin et
al. identified that leptospirosis is likely under-
diagnosed in routine clinical practice in New
Zealand.’ These studies highlight that although
leptospirosis is often perceived as uncommon,
it may be more frequently encountered than
clinicians expect.

To date, few studies have examined the
clinical reasoning processes influencing
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diagnostic decisions for leptospirosis. One study
in Thailand explored clinicians’ use of laboratory
parameters,'! and one in New Zealand described
clinical presentation and severity through a
review of hospital records.’? Gaining insight
into clinicians’ diagnostic reasoning may help
identify opportunities to enhance early detection
and management. This study analysed clinical
notes of diagnosed leptospirosis cases to identify
patterns and themes, explore their implications
and develop recommendations to improve the
diagnosis and management of leptospirosis in
New Zealand.

Methods

Case selection

Leptospirosis cases in this study included a sub-
set of cases (42 of 95) from 2019 to 2022 that were
part of a nationwide case-control study.!* Cases
were selected if they had a clinically compatible
illness with one or more of the following labora-
tory evidence: 1) isolation of leptospires from a
clinical specimen, 2) detection of leptospiral DNA
from a clinical specimen using PCR, 3) detection of
a >4-fold rise in serology titres between acute and
convalescent sera using the microscopic agglutina-
tion test (MAT), 4) detection of a single raised titre
using MAT, and 5) immunoglobulin M—positive or
equivocal result. Full details of case selection were
published in a protocol paper.'*

Data source

This study acquired clinical notes of 42
leptospirosis cases from the general practitioners
(GP) of the cases. Clinical notes were securely
shared with the investigators and anonymised
before analysis. Notes included GP visits, phone
consultations in primary care, referrals to
secondary services, referrals between secondary
services, discharge summaries from the emer-
gency department and inpatient medical teams,
outpatient letters and diagnostic test results
from primary and secondary services. Data were
drawn from initial presentation to last follow-up
for the episode of leptospirosis.

Data analysis

This study used qualitative content analysis of
clinical notes from leptospirosis cases to identify
key themes using a dual deductive and inductive
approach.’®> The deductive analysis organised
clinical records into categories based on a medical
consultation framework including clinical history

I

and exposure assessment; presenting symptoms
and signs; formulation of differential diagnoses;
ordering and interpretation of diagnostic tests
and treatment, management and follow-up plans.
The inductive analysis focussed on summarising
each patient’s diagnostic and treatment journey
using narrative text. These narratives were coded
using a constant comparison method to identify
recurrent patterns and thematic issues across
cases. Findings from the deductive analysis were
integrated into inductive analysis to explore the
factors influencing decision making in practice.
Reflections and discrepancies were documented
throughout the analysis and informed the theme
development, illustrated by participant quotes.
Coding patterns and themes were developed
by the first author (a rural GP with an under-
standing of complexity in general practice)
and the last author (an epidemiologist with
expertise in zoonotic disease) through a
consensus approach to build interpretive rigor.

Ethics approval

This study received human ethics approval
from the Health and Disability Ethics Committee
(reference number 19/STH/80) as well as locality
agreements and local Maori consultations from 20
district health boards.

Results

Clinical data varied widely, reflecting the
unique journey of each patient’s illness and the
diversity of clinical processes. Individual records
ranged from 0 to 31 pages, including letters up to
400 words and laboratory results up to 16 pages.
Of the 42 clinical notes reviewed, 29 provided
biochemistry and haematology results, 32
provided diagnostic serology and/or PCR
results, 35 provided information on presenting
symptoms and signs, 34 had text on differential
diagnosis development, 34 contained manage-
ment information and 33 contained confirmatory
testing information. Three sets of notes contained
no information, and five cases had no data on
treatment. Approximately 60% (25/42) of the cases
were hospitalised (Table 1).

Three themes emerged from the analyses of
clinical notes.

Theme 1: multiple factors contribute to
delayed treatment

In 79% (27/34) of cases, clinicians considered
leptospirosis as a potential cause of undifferenti-
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Table 1: Demography and hospitalisation status of leptospirosis cases with reviewed clinical notes in New Zealand,

2019-2022.

‘I:’)ae::)gl:aphic Level No. of cases No. hospitalised :/; ;ngli; alised
Male 33 18 55 (38-70)

Sex
Female 9 7 78 (45-94)
Maori 7 5 71 (36-92)

Ethnicity European 28 16 57 (39-74)
Other ethnicities 7 4 57 (25-84)
16-29 4 3 75 (19-99)
30-39 9 4 44 (14-79
40-49 8 6 75 (35-97)

Age
50-59 9 5 56 (21-86)
60-69 7 5 71 (29-96)
70+ 2 2 100 (16-100)
Dairy farming 10 4 40 (17-69)
Dry stock 8 7 88 (53-98)

Occupational Meat works 6 3 50 (19-81)

sector Mixed stock 5 4 80 (44-97)
Not working/retired | 2 2 100 (34-100)
Other 9 7 78 (45-94)

95% Cl = 95% confidence interval.

ated fever and included it in their initial diagnostic
differential, often as the most likely diagnosis, and
sometimes the only diagnosis.

“PC [presenting complaint]: headaches
nausea and vomiting fevers, work
exposure—deer urine splashed in his
face over a week ago. Works in yards
at venison processing plant... IMP
[impression] leptospirosis.” (case_400)

However, diagnostic delays occurred when
occupational or environmental exposure histo-
ries were not collected, or when clinicians failed
to recognise the relevance of these exposures.
Exposure history affecting clinical reasoning is

demonstrated by case_360, where the primary
physician did not record exposure history, and
the patient was referred to the emergency depart-
ment with cholangitis and sepsis as the differen-
tial diagnosis. The subsequent clinician obtained
an exposure history and documented leptospirosis
at the top of the problem list.

“Farmer high risk factors for
leptospirosis.” (case_360)

In cases without the exposure history, a
diagnosis was eventually made, often as part of
a hepatitis screen, resulting in delayed treatment.
Records of patient- or family-initiated diagnostic
were rare, and were suggested by three cases.
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“Patient concerned might have
leptospirosis.” (case_303)

The presentation of severe symptoms,
combined with the reliance on narrow textbook
definitions, contributed to diagnostic uncertainty
and delayed treatment. Leptospirosis was seldom
described as a flu-like illness and often presented
with severe symptoms consistent with sepsis. This
resulted in the initiation of established sepsis
protocols.

“Sepsis? Source—possible
leptospirosis vs other.” (case_333)

“Blood cultures added, and
antibiotics charted as he meets
sepsis criteria.” (case_300)

In addition, the intensity of headaches
prompted some clinicians to initially investigate for
intracranial lesions using computed tomography
(CT) scans before considering leptospirosis.

“He was investigated for meningitis
with CT and LP [lumbar puncture] and
blood work ... His wife has asked if we
tested for leptospirosis.” (case_408)

Clinicians were also misled when textbook
features of leptospirosis—such as jaundice,
conjunctival suffusion or thrombocytopenia—
were absent.

“But patient has never had ... any
eye-related (jaundice or conjunctival
effusion).” (case_305)

In one case, leptospirosis was explicitly ruled
out based on the absence of these signs, even
when other clinical and exposure indicators were
present.

“Unexpected results on bloods: elevated
LFTs [liver function tests] showing
both cytolysis and congestion, but
normal WBC [white blood cells] so it is
more likely to be viral than bacterial?
High count (usually for lepto it is a
thrombocytopenia).” (case_393)

Theme 2: challenges with diagnosis and
use of medications

Clinical notes revealed acute laboratory
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biochemical and haematological patterns. These
included: renal impairment; hepatic impairment
of obstructive, hepatocellular and mixed type
without jaundice; normalising C-reactive protein
and improving renal function; sterile haematu-
ria in mid-stream urine samples; and subdued
neutrophils and low lymphocytes in the clinical
setting of a patient being investigated for
bacterial sepsis. This study also found that
mixed liver enzyme levels remained elevated,
and continued to rise, even as clinical symptoms
improved.

Most patients were treated on clinical
suspicion with oral doxycycline and rehydration.
In 35% (12/34) of cases, intravenous (IV) anti-
biotics (primarily cephalosporins) were adminis-
tered. Two of these were for clinically suspected
leptospirosis, the rest given as empiric stat dose
in accordance with sepsis protocols. IV anti-
biotics were not used for more than 24 hours.
One patient showed a clear clinical benefit; three
others had increased rigors and chills following
IV cephalosporin administration, suggestive of a
possible Jarisch-Herxheimer reaction; however,
this was not documented in any notes.

“Pt reviewed (following iv “empiric
ceftriaxone”) 1445: now rigoring, T38.5
[temperature], feeling awful but no
other new symptoms.” (case_333)

Comments on the effect of oral antibiotics
varied: some described improvement by the
following day while others indicated a slower
response, and many notes lacked follow-up detail.

“Wife left a message concerned ABs
aren’t working fast enough.” (case_356)

“Feels better still a bit of
headache.” (case_409)

In 26% (9/34) of cases with available manage-
ment information, clinical improvement was
clearly linked to IV fluids alone. One patient
continued to deteriorate despite antibiotic
treatment, which was thought to be driven by
dehydration and required intensive care unit
(ICU) admission.

“ICU impression was that the episode
was driven primarily by severe
dehydration, his antibiotics were
stopped at this point.” (case_377)
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Treatment complexities arose when antibiotics
were prescribed up to 6 weeks after symptom
onset, upon receipt of definitive test results and
after the acute phase illness had resolved. Clini-
cians offered antibiotics despite full resolution of
symptoms.

“But [patient] would feel more
comfortable covering with
antibiotic.” (case_370)

The lack of clarity of the post-acute antibiotic
role was also noted from public health services.

[Public Health offered antibiotics 6
weeks after onset of symptoms] “Patient
declined as felt better.” (case_342)

Theme 3: inconsistent use and
interpretation of confirmatory tests

This theme presented the most complexity, with
unexpected references related to test requests
within the text data. Of the 33 records with
confirmatory testing information, approaches to
the number and types of tests requested varied
widely (Figure 1).

The timing between acute and convalescent
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sampling was not well understood. For example,
a convalescent serology was requested 2 days
after the acute sample, and not all convalescent
serology requests were performed, leading to no
serovar identification.

“Patient did not get blood test for
second serology done.” (case_400)

“Spoke with Public Health and they
will follow up with [patient] and look
into whether strain identification

is required.” (case_302)

In addition, clinicians received inconsistent
advice from laboratories on the timing and inter-
pretation of testing. These examples offer slightly
different guidance on the timing of convalescent
serology testing.

“Please send follow-up sample at
least 10 days after first sample for
further testing.” (case_397)

“Collect samples <7 days and >14
days from onset and further samples
up to 90 days.” (case_405)

Figure 1: Number and combinations of tests requested by clinicians for suspected leptospirosis cases, as identified
from clinical notes in New Zealand. Acute serology was the most requested test (n=24), followed by convalescent
serology (n=20) and acute blood PCR (n=13). Fourteen cases were tested with both acute and convalescent serology.
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Further examples offered different recommen-
dation on the timing of PCR tests.

“PCR on blood and urine are
highly specific within the first 2
weeks of illness.” (case_353)

“Within 5 days of onset of
symptoms blood.” (case_300)

“In the immune phase’ 7-10 days
from onset, urine is the sample of
choice for PCR.” (case_300)

Test interpretation also affected decisions on
work clearance and compensation, with many
clinicians uncertain about infectiousness or
serovar relevance.

“Also does he need to be clear of the
infection before going back to work
to prevent transmission? I don’t
know much about this.” (case_350)

“Wondering if he should go to have
blood test now, work wants to know
the strain of lepto.” (case_356)

Employers and public health authorities
sometimes imposed restrictions or gave unclear/
inaccurate advice.

“..not allowed in dairy sheds
when has lepto.” (case_340)

“Public Health phd [phoned] stating
Pt [patient] needs a blood test around
the 1/9/20 to make sure he has
cleared lepto infection.” (case_353)

For case_353, the serology for Hardjo declined
from 1:3,200 to 1:1,600 over a month following the
acute presentation. This prompted the public health
nurse to contact the medical centre, questioning
if the results indicated a new infection or relapse.
Miscommunication around public health implica-
tions extended to hospital specialists.

“The microbiologist requested
convalescent sample to type and|
inform MPI [Ministry for Primary
Industries].” (case_304)

“I rang Public Health during consult,
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and they already have his name re:lepto
and they will contact WorkSafe for? ACC
[Accident Compensation Corporation]
and also will ring him as well.” (case_409)

Discussion

This study analysed clinical notes of diagnosed
leptospirosis cases to understand the complexities
surrounding clinical diagnosis and management.
Results indicate that local disease presentation
often diverged from global descriptions. Cases
in this study were predominantly moderate
to severely ill, even among those not requir-
ing hospitalisation, with approximately 60%
requiring hospitalisation. Few cases had their
illness described as flu-like, and jaundice and
conjunctival suffusion were also uncommon.
This contrasts with previous studies suggesting
that up to 90% of cases are mild and flu-like,!6"
which may reflect that milder, self-limiting
cases are less likely to seek medical attention.
Differences in clinical presentation may also
reflect variation in circulating serovars. In New
Zealand, serovars from Leptospira interrogans are
associated with more severe disease and higher
hospitalisation rates compared with Leptospira
borgpetersenii.** Similarly, an Australian study
attributed the absence of jaundice to the lack of
serovar Icterohaemorrhagiae,'® which is also not
present in New Zealand. Influenza was included
in the differential diagnosis in only three cases,
and in one case the clinician was misled due to
concurrent illness in the patient’s family. Notably,
the severity of headaches also separated leptospi-
rosis from influenza.'*!?

Clinicians  familiar = with  leptospirosis
epidemiology suspected leptospirosis early on,
based on key risk factors around occupational
exposure and rural settings,'* compared to those
who omitted exposure history. This supports prior
studies on the importance of exposure assess-
ment.51%20 However, patients presenting outside
traditionally recognised high-risk groups (e.g.,
urban population), or those exposed to newly
identified risk factors in New Zealand such as
flooding,** may be at risk of under-diagnosis if
these factors are not recognised by clinicians.
Guidelines should be revised to provide clinicians
with up-to-date risk factors.

Haake and Levett describe a septic process for
leptospirosis and this study supports that, with
most patients presenting signs resembling sepsis.
While conjunctival suffusion and jaundice were
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uncommon, consistent with previous studies in
New Zealand,*'? some clinicians sought textbook
presentations for leptospirosis. Rigid criteria may
create diagnostic distractions; thus, guidelines
should avoid describing leptospirosis as influ-
enza-like, reduce the emphasis on jaundice and
conjunctival suffusion and highlight leptospirosis
as an undifferentiated febrile illness ranging from
mild severity to sepsis. Earl et al.’s recommenda-
tion to perform PCR, and acute and convalescent
serology on all at-risk patients with a flu-like ill-
ness,’ should be extended to those presenting
with sepsis.

Acute investigations more readily available in
rural or resource-poor settings may have prog-
nostic uses to aid in early diagnosis of leptospi-
rosis, which is otherwise a clinical diagnosis.’??
While renal and hepatic impairment were com-
monly used indicators, others were not. This study
reinforces previous findings linking leptospiro-
sis with hyponatremia, lymphopenia, thrombo-
cytopenia and anaemia.>'*!! De Silva noted that
“neutrophil leukocytosis was not a prominent
feature” of leptospirosis.?® Our findings support
a subdued neutrophil acute response to a septic
process as an indicator of leptospirosis. This atyp-
ical haematological profile may help distinguish
it from other bacterial causes of sepsis. A novel
finding was transient liver function deterioration
despite clinical improvement. These indicators
may have prognostic value that warrants further
comparative studies.?*?

Once diagnosed, acute treatment followed
national guidelines of oral doxycycline and
rehydration,'® with few patients receiving IV
antibiotics after diagnosis. Suputtamongkol et
al. highlights the lack of consensus regarding
optimal treatment for severe leptospirosis,?
while Haake and Levett acknowledge limitations
in existing antibiotic studies and the reduced
likelihood of future placebo-controlled trials.?
While this study was not designed to evaluate if
clinical improvement was directly due to anti-
biotics or IV hydration, patient improvement
following IV hydration was observed, align-
ing with WHO advice of “aggressive supportive
care”;* however, evidence regarding optimal fluid
management in severe infection remains
uncertain.?’

Complexities for treatment arose with post-
acute diagnosis or prolonged symptoms with
clinicians often deferring to patient preference
for prescribing antibiotics. In one case, weeks
post-onset, the patient reported subjective
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improvement with oral antibiotics. Doxycycline’s
potential immunomodulatory effects may explain
this response;?® however, more research is needed.
Current New Zealand guidelines cite WHO
advice to offer antibiotics regardless of symptom
duration, which in this study was up to 6 weeks
and included asymptomatic patients.® The basis of
this recommendation requires further review.

Clinicians showed confidence diagnosing
leptospirosis but inconsistent knowledge around
diagnostic testing. This mirrors Irwin et al’s
findings that serological testing was often omit-
ted or limited to acute-phase samples, leading
to missed cases.’® Inconsistent communication
from laboratories to clinicians further compli-
cated diagnostic decision making, with variability
in guidance and result interpretation likely
contributing to wunderdiagnosis. Uncertainty
around definitive testing and clarity on test
timing relative to disease progression, appropri-
ate test selection, result interpretation and the
broader implications of test outcomes affected
clinical care as well as long-term management,
including decisions around compensation and
work clearance. Clearer guidance and alignment
of diagnostic criteria are needed to support both
clinical and occupational health decision making.
Standardising laboratory reporting and messaging
nationwide is recommended, both to improve
consistency and to support appropriate test use
and follow-up.

Case follow-up notes revealed limited under-
standing among clinicians and public health
advisers regarding their roles and responsibil-
ities in the notification of leptospirosis to other
authorities. Notably, some were unaware that
patient consent was required before notifying
WorkSafe New Zealand, and that the Ministry
for Primary Industries is only to be informed of
exotic serovars. These regulatory requirements
underscore the importance of accurate diag-
nostic testing and the need to protect patient
confidentiality to avoid deterring healthcare
engagement. Providing guidance around regulatory
obligations for managing human leptospirosis in
New Zealand is recommended.

Study limitations

This study is limited by varied and incomplete
clinical notes, which lacked serial, standardised
clinical enquiry and investigations, making
comparisons between patients difficult and
limiting the ability to draw conclusions about
antibiotic treatment outcomes.
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This study is also limited to patients who sought
medical care, were suspected of leptospirosis and
had a positive test, introducing selection bias. As
such, the findings may not be generalisable to
undiagnosed cases, including those who were not
tested, were treated empirically or experienced
mild illness and did not seek care.

Previous studies suggest infecting serovar can
influence clinical presentation;*!2'52° therefore,
the findings may be most applicable to the New
Zealand context or regions with similar serovars.

Conclusion

This paper provides insights into the clinical pre-
sentation, diagnostic challenges and management
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of human leptospirosis in New Zealand. While
clinicians demonstrated confidence in considering
leptospirosis when faced with an undifferentiated
fever case who had a positive exposure history,
complexities arose with definitive testing, result
interpretation and post-acute management.
Additionally, knowledge gaps were noted regarding
use of laboratory parameters in the acute setting
as well as the possibility that textbook descrip-
tions of leptospirosis could be misleading.
Based on the findings, this study makes several
recommendations to improve early diagnosis and
management of leptospirosis while addressing gaps
in clinician knowledge and public health response
(Table 2).
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Table 2: Recommendations to improve leptospirosis diagnosis and management in New Zealand.
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Recommendations

Details

Purpose

Advocate for updating clinical
reference tools, e.g.,
HealthPathways

Define leptospirosis as it presents in
New Zealand:

Emphasise that leptospirosisis a
febrile illness with a wide variety of
severities with potential for involve-
ment of specific organs, including
the liver, kidney or lung, and can
present as a septicillness

Move away from terms such as
“flu-like illness”

Reduce reliance on jaundice or red
eyes as key diagnostic markers

Provide up-to-date evidence on
current risk factors in New Zealand
to support clinicians in eliciting

an accurate exposure history in
patients presenting with an
undifferentiated fever

Improve clinical recognition and
reduce diagnostic delays

Improve knowledge of notification
pathways including public health
processes and clinician responsi-
bilities regarding employment and
compensation

Ensure proper case notification and
support patient rights

Standardise guidance on
leptospirosis tests across different
organisations in New Zealand

Develop nationally standardised
guidance for leptospirosis diag-
nosis, outlining appropriate test
selection by disease phase and con-
sistent interpretation of definitive
tests across clinicians, diagnostic
laboratories, public health and ACC

Improve clinical recognition,
reduce diagnostic delays, improve
surveillance, support patient rights
(compensation/work)

Advance research

Investigate the predictive value of
acute laboratory tests, suppressed
neutrophils and delayed hepatic
response with clinical improvement

Improve early detection

Interview doctors regarding their
experience of trying to make a
diagnosis of leptospirosis

Understand clinical reasoning

Review study design on working
with general practice systems to
obtain clinical notes and results

Improve data collection
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Changes in life expectancy in Aotearoa
New Zealand: a cause-specific
decomposition analysis over 20 years

Mazin Ghafel, Michael Walsh, Karen Bartholomew, Corina Grey, Sue Crengle, Dale
Bramley

ABSTRACT

AIMs: Life expectancy in Aotearoa New Zealand has increased over recent decades, but these increases have not been distributed
equally across population groups. Examining how changes in cause-specific mortality have contributed to changes in life expectancy
can improve understanding of evolving mortality patterns and persistent inequities. This study quantified the contribution of major
causes of death to changes in life expectancy over approximately two decades.

METHODS: Mortality data from the New Zealand Mortality Collection and population estimates from Statistics New Zealand were used
to calculate life expectancy at birth for Maori, Pacific, Asian, and European and Other populations for the periods 2001-2003 and 2020-
2022. Changes in life expectancy were decomposed by age and cause of death using the Arriaga method. Deaths were grouped into
major disease categories and selected individual causes to estimate their contribution to the change in life expectancy.

RESULTS: Life expectancy increased for all ethnic groups, with the largest absolute increases observed among Maori. Improvements
were driven primarily by reductions in mortality at adult and older ages. Across all ethnic and sex groups, declines in cardiovascular
disease and cancer mortality accounted for more than half of the total change in life expectancy. Reductions in mortality from diabetes
and smoking-related conditions also contributed to increases among Maori and Pacific peoples. Despite these improvements, substantial
ethnic inequities in life expectancy remain.

CONCLUSION: Increases in life expectancy in Aotearoa New Zealand between 2001-2003 and 2020-2022 were driven largely by
reductions in mortality from major non-communicable diseases, primarily cardiovascular disease and cancer. Maori experienced
some narrowing of the life expectancy gap relative to European and Other populations, whereas the gap for Pacific peoples
remained largely unchanged. Despite overall improvement, substantial inequities persist. Further increases are likely to depend on
strengthening primary prevention, particularly reductions in smoking and cardiovascular risk factors, alongside improved participation
in screening and early detection programmes, including the potential role of lung cancer screening, and ensuring equitable access

across care pathways.

n Aotearoa New Zealand, life expectancy, a

broad indicator of overall population health,

has increased over the past two decades.!
Between 2001 and 2023, life expectancy increased
by 4.3 years in New Zealand, exceeding the gains
observed in Australia, the United Kingdom (UK)
and the United States of America (USA). Over the
most recent decade, gains in life expectancy in New
Zealand (1.5 years) were larger than those seen in
Australia (0.8 years), while the UK and the USA
experienced small net declines.! More recently, in
the early years of the COVID-19 pandemic, New
Zealand was one of only a few countries where life
expectancy remained unchanged or increased.?
Examining how different health conditions have
contributed to gains in life expectancy across
population groups provides an opportunity to
understand changes in mortality patterns in a

more detailed and context-specific way. Previous
work has described ethnic-specific life expectancy
gaps, including potentially avoidable mortality and
smoking, and their contributions to ethnic gaps
in life expectancy.>* However, to our knowledge,
no study has applied a cause-specific decomposition
to estimate how changes in mortality from individual
causes have shaped overall life expectancy gains
by ethnic group in the New Zealand population.
Life expectancy decomposition methods provide
a structured approach for attributing changes in
life expectancy to age- and cause-specific mortality
patterns. The method developed by Arriaga sepa-
rates total change in life expectancy into additive
components representing the contribution of each
age group and cause of death.® This approach
enables identification of conditions where changes
in mortality have contributed most to increases
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or decreases in life expectancy and provides a
framework for interpreting how changes in risk
factors, prevention, diagnosis and treatment
may have shaped mortality trends over time.
The Arriaga method has been widely applied
in population health research examining life
expectancy change.3*68

This study applies Arriaga’s decomposition
method to national mortality data to quantify
the causes of death that have contributed to life
expectancy gains in New Zealand between the
periods 2001-2003 and 2020-2022. The aim is
to identify the major drivers of change in life
expectancy across ethnic and sex groups and to
improve understanding of the conditions con-
tributing to both population health gains and
persistent inequities.

Methods

Non-identifiable mortality data for all registered
deaths in New Zealand were obtained from the New
Zealand Mortality Collection® for the aggregated
periods of 2001-2003 and 2020-2022. Population
estimates for the corresponding periods, stratified
by age group, sex and prioritised ethnicity, were
sourced from Statistics New Zealand, with ethnicity
derived from the New Zealand census. Three-
year aggregated periods were used to stabilise
mortality rates, reduce the influence of year-to-
year variation and minimise potential impacts
arising from delayed coronial coding of deaths.
Ethnicity information in the Mortality Collection
was as recorded on the certificate of death and
allows multiple responses. For individuals with
more than one ethnicity, a prioritisation process
was applied to categorise each person into non-
overlapping categories. The process prioritised
ethnicity into Maori, Pacific peoples, Asian
peoples and European and Other groupings
following Health Information Standards Organi-
sation 10001:2017 protocols.’® While prioritisation
is helpful for categorising ethnicity into non-
overlapping groups, it can result in undercounting
and misclassification of some groups, which may
result in under-estimates of the mortality burden
of some populations, particularly Pacific peoples.'*'?

Two approaches to cause of death decomposition
were undertaken: a broad category approach and a
more detailed individual cause approach. For the
broad category approach, underlying causes of
death, coded using the International Classification
of Diseases (ICD), Tenth Revision (ICD-10), were
grouped into 10 broad and mutually exclusive
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cause categories for decomposition analyses. These
were defined as follows: cardiovascular diseases
(I00-199); cancers (C00-C97, D45-D47); endocrine,
metabolic and nutritional disorders (E00-E90);
respiratory diseases (J00-]J99); neurological and
mental disorders (FO0-F99, G00-G99); digestive
diseases (K00-K93); genitourinary diseases
(N0O0-N99); infections (A00-B99); external causes
(injuries; V00-Y89); and a residual category of
“other” causes. The residual “other” causes cate-
gory captured deaths not assigned to the specified
groupings, representing a heterogeneous set of
other and less-common causes. The second, more
detailed approach grouped deaths into the 50 most-
common causes, comprising specific conditions,
including individual cancers and cardiovascular
subtypes, as well as broader groupings across
neurological, renal, respiratory, infectious and
external causes, with residual categories within
major disease domains included to capture
heterogeneous causes not otherwise classified.

Life expectancy at birth was calculated for each
sex and ethnic group for the 3-year aggregated
periods of 2001-2003 and 2020-2022 using standard
abridged period life table methods. Age intervals
comprised age 0, 1 to 4 years, followed by five-year
age groups, with 90 years and older as the open-
ended final age group. Changes in life expectancy
between these two periods were disaggregated
into broad cause-of-death categories, as well as
more granular individual causes. Their specific
contributions to the overall change in life expec-
tancy were estimated using the method developed
by Arriaga.’ This approach expresses the total
change in life expectancy as the sum of contribu-
tions from changes in mortality by age and cause,
allowing identification of conditions and age
groups contributing to increases or decreases in
life expectancy.

Deaths attributed to COVID-19 were retained
within the cause-specific classification to ensure a
complete representation of mortality in the later
period. However, given the absence of COVID-19
in the baseline period and the focus of this study
on longer-term changes in major causes of mor-
tality, COVID-19 is not emphasised in the primary
results but is presented in tables for completeness.

This study was considered low risk and was out
of scope for Health and Disability Ethics Commit-
tee review as it used de-identified administrative
health data. Locality authorisation including
Maori research review was granted by Health
New Zealand — Te Whatu Ora Waitemata District,
Research & Knowledge Centre (approval code:
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WAI20538).

Results

Across all ethnic and sex groups, life expectancy
increased between the periods 2001-2003 and 2020-
2022. The largest absolute gains were observed
among Maori, while smaller increases were seen
among Asian and European and Other populations
where baseline life expectancy was already higher
(Figure 1). Improvements were driven primarily by
reductions in mortality at ages 45 years and older.
Across all populations, declines in cardiovascular
disease and cancer mortality contributed the largest
share of the gains in life expectancy.

Maori males

Life expectancy at birth for Maori males
increased from 69.4 years in 2001-2003 to 74.6
years in 2020-2022, an increase of 5.2 years. Gains
were primarily driven by reductions in mortality
among those aged 65 years and older, with addi-
tional contributions from ages 45-64 years (Figure
4). Reductions in cardiovascular disease mortality
contributed the largest share of gains (Figure
2), particularly from ischaemic heart disease,
which contributed approximately 1.9 years, and
cerebrovascular disease (Table 1). Reductions in
mortality from diabetes, lung cancer and chronic
obstructive pulmonary disease each contributed
to the increase in life expectancy of approximately
0.5 years. Smaller increases were observed from
reductions in mortality from other cancers and
motor vehicle accidents. In contrast, increases in
mortality from Alzheimer’s disease and related
dementias contributed to decreases in life
expectancy.

Maori females

Life expectancy at birth for Maori females
increased from approximately 73.9 years in 2001-
2003 to 78.6 years in 2020-2022, an increase of
around 4.7 years. Gains were primarily driven
by reductions in mortality among those aged 65
years and older, with additional contributions
from ages 45-64 years (Figure 5). Reductions in
cardiovascular disease mortality contributed the
largest share of gains (Figure 3), particularly
from ischaemic heart disease, which contributed
approximately 1.7 years, and cerebrovascular
disease, which contributed around 0.5 years.
Reductions in mortality from diabetes contributed
substantially to increases in life expectancy, at
approximately 0.6 years. Reductions in cancer
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mortality also contributed to increases in life
expectancy, particularly for lung cancer and
breast cancer, each contributing around 0.4
years. Additional increases were observed from
reductions in mortality from chronic obstructive
pulmonary disease. These increases were partly
offset by increases in mortality from Alzheimer’s
disease and related dementias, which contributed
to decreases in life expectancy.

Pacific males

Life expectancy at birth for Pacific males
increased from approximately 72.0 years in 2001-
2003 to 75.4 years in 2020-2022, an increase of
around 3.4 years. Gains were primarily driven
by reductions in mortality among those aged 65
years and older, with smaller contributions from
ages 45-64 years. Reductions in cardiovascular
disease mortality contributed the largest share of
gains, with ischaemic heart disease contributing
approximately 1.4 years and cerebrovascular
disease around 0.5 years (Table 2). Reductions in
chronic obstructive pulmonary disease mortality
contributed to the increase in life expectancy.
Smaller increases were observed for prostate can-
cer, motor vehicle accidents and lung cancer. In
contrast, increases in mortality from Alzheimer’s
disease and related dementias, and metabolic and
nutritional diseases, contributed to decreases in
life expectancy.

Pacific females

Life expectancy at birth for Pacific females
increased from approximately 76.6 years in 2001-
2003 to 79.1 years in 2020-2022, an increase of
around 2.5 years. Gains were primarily driven by
reductions in mortality among those aged 65 years
and older, with smaller contributions from ages
45-64 years. Reductions in cardiovascular disease
mortality contributed the largest share of gains,
particularly from ischaemic heart disease, which
contributed approximately 1.1 years, and cere-
brovascular disease, which contributed around
0.8 years. Additional contributions to the increase
in life expectancy were observed from reductions
in mortality from chronic obstructive pulmonary
disease and several cancers, including ovarian
cancer, non-Hodgkin lymphoma, brain and cen-
tral nervous system cancer and liver cancer. A
reduction in mortality and therefore increase in
life expectancy was observed for most cancers;
however, uterine cancer was an exception, with
increasing mortality contributing to a small net
decrease in life expectancy. Small net decreases

New Zealand Medical Journal
Te ara tika o te hauora hapori

2026 Jun 12;139(1636).1SSN 1175-8716
https://www.nzmj.org.nz/ ©PMA



ARTICLE

90

Table 1: Top 15 causes of mortality contributing to the change in life expectancy between the periods 2001-2003 and

2020-2022 for Maori.

Contribution Contribution

(years) (years)
Males Females
Ischaemic heart disease 1.9 Ischaemic heart disease 1.7
Diabetes 0.5 Diabetes 0.6
Lung cancer 0.5 Cerebrovascular disease (stroke) 0.5
gggrg)c obstructive pulmonary disease 05 Lung cancer 0.4
Cerebrovascular disease (stroke) 0.3 (Cch(;t:)gl)c obstructive pulmonary disease 0.4
Other cancers 0.3 Breast cancer 0.4
Motor vehicle accidents 0.2 Alzheimer’s and other dementia -0.2
Other causes 0.2 Motor vehicle accidents 0.2
Alzheimer’s and other dementia -0.1 COVID-19 -0.1
Other forms of heart disease 0.1 Heart failure 0.1
Stomach cancer 0.1 Rheumatic heart disease 0.1
Prostate cancer 0.1 Aortic aneurysm and dissection 0.1
COVID-19 -0.1 Other causes 0.1
Aortic aneurysm and dissection 0.1 Stomach cancer 0.1
Colorectal cancer 0.1 Suicide and self-harm -0.1

were also associated with increases in mortality
from Alzheimer’s disease and related dementias,
and the residual other causes category.

Asian males

Life expectancy at birth for Asian males
increased from approximately 83.6 years in 2001-
2003 to 86.5 years in 2020-2022, an increase of
around 2.9 years. Gains were primarily driven
by reductions in mortality among those aged 65
years and older, with smaller contributions from
ages 45-64 years. Reductions in cardiovascular
disease mortality contributed the largest share of
gains, with ischaemic heart disease contributing
approximately 1.2 years and cerebrovascular
disease around 0.4 years (Table 3). Reductions
in mortality from prostate cancer and chronic
obstructive pulmonary disease also contributed
to the increase in life expectancy, contributing
approximately 0.6 and 0.5 years, respectively.
Smaller increases were observed from declines in

mortality from diabetes, motor vehicle accidents,
lung cancer and liver cancer. In contrast, increases
in mortality from Alzheimer’s disease and related
dementias, other forms of heart disease, other
respiratory conditions and falls contributed to
decreases in life expectancy.

Asian females

Life expectancy at birth for Asian females
increased from approximately 86.1 years in 2001-
2003 to 89.2 years in 2020-2022, an increase of
around 3.1 years. Gains were primarily driven by
declines in mortality among those aged 65 years
and older, with smaller contributions from ages
45-64 years. Reductions in cardiovascular disease
mortality contributed the largest share of gains,
with ischaemic heart disease and cerebrovascular
disease contributing approximately 1.6 and 1.3
years, respectively. Additional contributions to the
increase in life expectancy were observed from
declines in mortality from chronic obstructive
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Table 2: Top 15 causes of mortality contributing to the change in life expectancy between the periods 2001-2003 and

2020-2022 for Pacific peoples.

Contribution Contribution

(years) (years)
Males Females
Ischaemic heart disease 1.4 Ischaemic heart disease 1.1
Cerebrovascular disease (stroke) 0.5 Cerebrovascular disease (stroke) 0.8
Chronic obstructive pulmonary disease 0.3 Chronic obstructive pulmonary disease 0.2
(COPD) (COPD)
COVID-19 -0.2 COVID-19 -0.2
Prostate cancer 0.2 Alzheimer’s and other dementia -0.2
Motor vehicle accidents 0.2 Diabetes 0.2
Lung cancer 0.2 Other causes -0.2
Alzheimer’s and other dementia -0.1 Uterine (uterus) cancer -0.2
Diabetes 0.1 Infectious disease 0.1
Stomach cancer 0.1 Non-Hodgkin lymphoma 0.1
Suicide and self-harm 0.1 Ovarian cancer 0.1
Metabolic and nutritional disorders -0.1 Aortic aneurysm and dissection 0.1
Asthma 0.1 S;:icr;?nd central nervous system 0.1
Rheumatic heart disease 0.1 Liver cancer 0.1
Infectious disease 0.1 Heart failure 0.1

pulmonary disease, pneumonia and diabetes.
Smaller increases were also observed from
reductions in mortality from motor vehicle acci-
dents, the residual other causes category and
selected cancers. These increases were partly offset
by increases in mortality from Alzheimer’s disease
and related dementias, which contributed approx-
imately a 0.7-year decrease in life expectancy,
as well as smaller decreases associated with
pancreatic cancer, falls and hypertensive diseases.

European and Other males

Life expectancy at birth for European and Other
males increased from approximately 77.5 years in
2001-2003 to 81.1 years in 2020-2022, an increase
of around 3.6 years. Gains were primarily driven
by reductions in mortality among those aged 65
years and older, with smaller contributions from
ages 45-64 years. Declines in cardiovascular
disease mortality contributed the largest share of
gains, with ischaemic heart disease contributing

approximately 1.4 years and cerebrovascular
disease around 0.4 years (Table 4). Additional
contributions to the increase in life expectancy
were observed from declines in mortality from
chronic obstructive pulmonary disease, lung can-
cer, colorectal cancer and other cancers. Smaller
increases were also observed from reductions
in mortality from motor vehicle accidents, the
residual other causes category, prostate cancer
and aortic aneurysm and dissection. In contrast,
increases in mortality from Alzheimer’s disease
and related dementias contributed to decreases
in life expectancy.

European and Other females

Life expectancy at birth for European and
Other females increased from approximately 82.0
years in 2001-2003 to 84.6 years in 2020-2022, an
increase of around 2.6 years. Gains were primarily
driven by declines in mortality among those aged
65 years and older, with smaller contributions
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Table 3: Top 15 causes of mortality contributing to the change in life expectancy between the periods 2001-2003 and

2020-2022 for Asian peoples.

Contribution Contribution

(years) (years)
Males Females
Ischaemic heart disease 1.2 Ischaemic heart disease 1.6
Prostate cancer 0.6 Cerebrovascular disease (stroke) 1.3
E:Chorzrg)c obstructive pulmonary disease 0.5 Alzheimer’s and other dementia -0.7
Alzheimer’s and other dementia -0.4 Chronic obstructive pulmonary disease 0.3

(COPD)

Cerebrovascular disease (stroke) 0.4 Pneumonia 0.3
Diabetes 0.2 Diabetes 0.3
COVID-19 -0.2 COVID-19 -0.2
Motor vehicle accidents 0.2 Motor vehicle accidents 0.2
Lung cancer 0.2 Other cancers 0.1
Other forms of heart disease -0.2 Heart failure 0.1
Aortic aneurysm and dissection 0.1 Other causes 0.1
Other respiratory conditions -0.1 Pancreatic cancer -0.1
Falls -0.1 Falls -0.1
Liver cancer 0.1 Hypertensive diseases -0.1
Suicide and self-harm 0.1 Neurological disorders 0.1

from ages 45-64 years. Reductions in cardiovascu-
lar disease mortality contributed the largest share
of gains, particularly from ischaemic heart disease,
which contributed approximately 1.2 years, and
cerebrovascular disease, which contributed around
0.6 years. Additional increases in life expectancy
were observed from declines in mortality from
breast cancer, chronic obstructive pulmonary
disease and colorectal cancer. Smaller increases
were also observed from declines in mortality
from motor vehicle accidents, the residual other
causes category, lung cancer, ovarian cancer,
pneumonia and heart failure. These increases
were partly offset by increases in mortality from
Alzheimer’s disease and related dementias, other
forms of heart disease and falls, which contributed
to decreases in life expectancy.

Discussion

Life expectancy improved for all ethnic and sex

groups over the study period. Maori experienced
larger gains than the European and Other popula-
tion, resulting in a narrowing of the life expectancy
gap for both males and females. Pacific peoples
also experienced improvements in life expectancy,
but these were similar to those for the European
and Other population, and the gap remained
largely unchanged.

Across all groups, reductions in cardiovascular
and cancer mortality accounted for more than
half of the total improvement in life expectancy,
reflecting their larger contribution to adult
mortality. Declines in cardiovascular mortality
likely reflect a combination of long-term declines
in smoking, improvements in population-level
cardiovascular risk factors, advances in primary
and secondary prevention, including wider
use of antihypertensive therapy, lipid-lowering
medications and improved acute and post-
acute management of ischaemic heart disease
and stroke.'*'* These factors are consistent with
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Table 4: Top 15 causes of mortality contributing to the change in life expectancy between the periods 2001-2003 and

2020-2022 for the European and Other population.

Contribution Contribution

(years) (years)
Males Females
Ischaemic heart disease 1.4 Ischaemic heart disease 1.2
Cerebrovascular disease (stroke) 0.4 Cerebrovascular disease (stroke) 0.6
Elclgc;rg)c obstructive pulmonary disease 0.4 Alzheimer’s and other dementia -0.4
Lung cancer 0.3 Breast cancer 0.2
Motor vehicle accidents 0.2 Elgorzrl;l)c obstructive pulmonary disease 0.2
Colorectal cancer 0.2 Colorectal cancer 0.2
Alzheimer’s and other dementia -0.2 COVID-19 -0.1
Other cancers 0.2 Motor vehicle accidents 0.1
Other causes 0.2 Other causes 0.1
Prostate cancer 0.1 Lung cancer 0.1
Aortic aneurysm and dissection 0.1 Ovarian cancer 0.1
COVID-19 -0.1 Pneumonia 0.1
Stomach cancer 0.1 Heart failure 0.1
Diabetes 0.1 Other forms of heart disease -0.1
Non-Hodgkin lymphoma 0.1 Falls -0.1

Figure 1: Change in life expectancy in years from 2001-2003 to 2020-2022 by ethnicity and sex.

Male
Asian % 29 years
European and Other i 36 years

Pacific — 34ycars

Maori —— 52 years

85 [:5 0
Life expectancy at birth, years
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Figure 2: Grouped causes of mortality contributing to the change in ethnic-specific life expectancy between the

periods 2001-2003 and 2020-2022, males.
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Figure 3: Grouped causes of mortality contributing to the change in ethnic-specific life expectancy between the

periods 2001-2003 and 2020-2022, females.
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Figure 4: Age group contribution to the change in ethnic-specific life expectancy between the periods 2001-2003 and
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Figure 5: Age group contribution to the change in ethnic-specific life expectancy between the periods 2001-2003 and

2020-2022, females.
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previously documented declines in cardiovascular
mortality in New Zealand and other high-income
countries over similar periods.'*'> However, there
are recent reports that these declines may have
stalled, and there is evidence of widening rates
of acute coronary syndrome among Maori and
Pacific peoples compared with Europeans.'®

Reductions in cancer mortality, particularly
lung cancer and breast cancer, were large con-
tributors to life expectancy gains among Maori.
The contribution from lung cancer likely reflects
declines in smoking prevalence over the past
decades, following the implementation of tobacco-
control policies, increased cessation support and
declining uptake of smoking among younger
cohorts.'”® New Zealand has experienced one of
the largest declines in smoking prevalence among
high-income countries,!® with adult daily smoking
falling from around 30% in 2000 to approximately
8% in 2024.* However, important inequities
remain. Smoking prevalence among Maori
remains about 17%, whereas prevalence among
European and Asian populations is now around
or below 6%.%0

The contribution of lung cancer to life expec-
tancy gains among Maori females is consistent
with historically higher smoking prevalence and
later peaks in tobacco-related mortality in this
group, reflecting well-described cohort effects in
smoking-related disease.>*'?? In contrast, lung can-
cer contributed less to life expectancy gains among
Asian populations, where smoking prevalence has
historically been lower and there are potentially
effects of different disease profiles, for example
non-smokers often have been shown to have
less invasive disease.*?*?* Future improvements
in early-stage diagnosis and survival for people
with lung cancer may come through lung cancer
screening.? Simulation modelling in New Zealand
has shown that it will likely be cost effective, as well

as providing improvements to overall population
health.?® Work is underway to directly inform the
development of an equitable lung cancer screening
programme and establish the parameters to plan
for the downstream impacts of the screening
pathway, including increasing early-stage diagnosis
and managing actionable incidental findings.”” In
parallel, recent expansion of access to systemic
therapies, including immunotherapy and targeted
treatments, would be expected to further improve
survival for people diagnosed with lung cancer.?
Ensuring equitable access to these treatments
across population groups will be important for
sustaining declines in lung cancer mortality and
avoiding widening existing inequities. Finally,
the emergence of nicotine products such as e-
cigarettes (vaping) and heated tobacco introduces
two related sources of uncertainty. First, their
health effects remain uncertain, with emerging
evidence suggesting potential associations of
vaping with adverse respiratory and cardiomet-
abolic outcomes, and some emerging evidence on
potential cancer risks, although evidence on longer-
term outcomes remains limited.?*3! Second, the
impact of nicotine products on future smoking
patterns and cessation behaviours is not yet
known and may influence trajectories in lung
cancer incidence as well as other smoking-
related conditions. Further uncertainties have also
been highlighted with changes to New Zealand’s
Smokefree legislation and recent data indicating
that declines in smoking prevalence may have
plateaued.3?-34

Some cancers have shown an increasing
incidence over recent times. In particular, the
rising incidence of uterine cancer, predominantly
endometrial cancer, has been reported in New
Zealand.* This increase is more pronounced
among Pacific women than other ethnic groups.3*
The contribution of uterine cancer to changes in
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life expectancy among Pacific females was one
of only a very small number of cancers across
all groups that resulted in a net loss in life expec-
tancy. Uterine cancer among Pacific females
may have implications for future life expectancy
trends if the rising incidence is not accompanied
by continued improvements in early detection
and survival.

Declining mortality rates for diabetes and other
endocrine and metabolic conditions made contri-
butions to life expectancy gains among Maori and
Pacific peoples, consistent with higher prevalence of
diabetes and related cardiovascular complications
in these populations.’’” Improvements may reflect
better detection and management among people
with diabetes, resulting in improved survival. The
continued prominence of these conditions indicates
their ongoing role in shaping ethnic inequities in
mortality and life expectancy and reflects long-
standing inequities in both the burden of disease
and in diabetes management.*3® With the prev-
alence of diabetes projected to continue to rise
over the coming decades,*® the immediate impact
of diabetes as well as the associated burden of
comorbidities, including cardiovascular and renal
disease, has the potential to influence mortality
patterns and future life expectancy trajectories.

Most gains in life expectancy were attributable
to declines in mortality at adult and older ages,
rather than changes in early life mortality. This
pattern is reflected in the contributions of cardio-
vascular diseases, cancer, diabetes and chronic
respiratory disease across all ethnic groups,
and in the greater sensitivity of life expectancy
estimates to mortality change at working and early
older ages. This finding should not be interpreted
as implying that population health gains are
best achieved through interventions focussed
predominantly on older adults. Maori and Pacific
populations have younger age structures, and
strategies centred on later-life alone may therefore
have limited equity impact. Interventions targeting
early life and younger age groups remain critical
because improvements in these periods influence
health trajectories across the life course and
support more equitable long-term gains in life
expectancy.

The broad improvements in life expectancy
between the periods 2001-2003 and 2020-2022 are
consistent with sustained declines in mortality
from major non-communicable diseases in New
Zealand over recent decades.'> The magnitude of
gains varied by ethnicity and sex, with Maori expe-
riencing the largest absolute increases. Despite
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overall progress, Maori and Pacific life expectancy
remained substantially lower than that of Asian and
European and Other populations in both periods,
indicating that long-standing ethnic inequities
in survival have persisted alongside population-
level health gains.

Based on current trajectories, closing the
remaining life expectancy gaps for both Maori
and Pacific peoples will require sustained effort
over several decades. Given the large contribution
of cardiovascular disease and cancer to life
expectancy change, and their role in driving per-
sistent inequities,* these conditions represent the
areas with the greatest potential for future gains,
particularly where reductions can be achieved
equitably across population groups. Achieving
further progress will require strengthening
prevention and risk-factor reduction, earlier
diagnosis, improved participation in screening and
early detection programmes and more equitable
access to timely and high-quality treatment. In the
cancer context, this includes continued attention to
stage at diagnosis, access to diagnostic pathways,
treatment timeliness and equity in survival
outcomes. For cardiovascular disease, earlier
identification and management of hypertension,
diabetes and other risk factors remains important.
Reducing inequities across both disease areas
will depend not only on improvements in overall
care, but on equitable access, quality, continuity
and outcomes across the care pathway. These
efforts will also need to be supported by action on
the structural determinants that shape patterns
of risk, access to services and continuity of care,
including income, housing, education, employment
and broader features of the social and policy
environment.

Analysing life expectancy by disease provides
useful insight into the drivers of mortality change,
but these findings should be interpreted within
the broader context of systemic factors and the
social determinants of health. Focussing only on
disease-specific outcomes risks overlooking the
wider structural conditions that shape patterns
of risk, access to services and continuity of care.
Interpretation of life expectancy trends therefore
needs to extend beyond individual-level interven-
tions to consider the broader health and social
systems in which these patterns occur, including
the role of primary prevention, equitable access
to screening and early detection programmes and
the structural determinants that influence expo-
sure to risk and engagement with health services.

These findings have implications for under-
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standing health equity in New Zealand. While
overall life expectancy increased for all groups,
persistent ethnic differences indicate that these
gains have not eliminated long-standing inequi-
ties, and convergence remains some way off. The
contribution of cardiovascular diseases, diabetes
and smoking-related conditions among Maori
and Pacific peoples suggests that inequities in
exposure to risk factors, access to preventive
care and outcomes following diagnosis remain
important drivers of mortality differences. These
results reinforce the continued importance of
equity-focussed approaches to prevention and
chronic disease management alongside broader
population-level strategies.

Strengths

This study has several strengths. It uses
national mortality data with near complete
population coverage, minimising selection bias
and supporting robust comparisons over time.
The application of a well-established life expec-
tancy decomposition method allows changes in
overall life expectancy to be attributed to cause-
specific mortality changes, providing greater
interpretability than analyses based solely on all-
cause mortality trends. The use of two time
periods widely spaced across two decades enables
assessment of long-term changes in mortality
patterns, rather than short-term fluctuations.

The ability to examine results by ethnicity
and sex provides a detailed description of how
mortality improvements have differed across
population groups. This approach supports equity-
focussed monitoring by identifying both shared
and divergent drivers of life expectancy change,
and by highlighting causes that have contributed
most to persistent differences in life expectancy.

Limitations

Several limitations should be acknowledged,
both in the underlying analysis and in life
expectancy as a measure. Life expectancy is a
widely used summary measure of population
health, but it has important limitations that
constrain its interpretation as a comprehensive
indicator of wellbeing. It captures length of
life rather than quality, and therefore does not
reflect time lived with disability, chronic illness
or reduced functioning, which are more directly
assessed using measures such as healthy life
expectancy, Disability-Adjusted Life Years or
Quality-Adjusted Life Years. Life expectancy is
also relatively insensitive to short-term changes
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in health systems or public health interventions,
as it reflects long-term mortality patterns that
evolve slowly over time. It does not directly
measure access to, or quality of, healthcare, nor
does it adequately capture the burden of non-fatal
conditions that substantially affect quality of life.
In addition, life expectancy is shaped by broader
social, economic and historical determinants,
including education, housing and discrimination,
which are not explicitly represented in the
metric itself. The individualistic framing of life
expectancy further limits its cultural relevance,
particularly in New Zealand, where Maori and
other Indigenous health perspectives emphasise
collective, holistic and relational dimensions of
wellbeing that extend beyond individual survival.

Cause-of-death data are subject to misclassifi-
cation and changes in coding practices over time,
which may affect the attribution of deaths to specific
causes and, in turn, the estimated contributions
to life expectancy change. The analysis relies on
the accuracy of the underlying (primary) cause of
death recorded on the death certificate and does
not account for contributing or multiple causes of
death. This is particularly relevant for conditions
such as diabetes, chronic respiratory disease
and cardiovascular diseases, which frequently
coexist and may act as contributing rather than
underlying causes, potentially leading to under-
estimation of their contribution to mortality change.

The use of prioritised ethnicity, while consis-
tent with national reporting standards for health
statistics, may obscure the experiences of people
who identify with multiple ethnic groups. This is
particularly relevant for Pacific peoples, where
prioritisation can under-estimate mortality com-
pared with a total response approach. In the present
analysis, the magnitude of this effect appears small
based on comparisons of mortality counts, with
approximately 3% of deaths involving a Pacific
ethnic group affected by prioritisation. In addition,
population denominator data corresponding to the
study periods were not available by total response
ethnicity, age group and sex, which limited the
ability to implement a total response approach in
this analysis.

The broad Level 1 ethnicity groupings used in
this analysis may mask important heterogeneity
within Asian and Pacific populations. More
detailed disaggregation, for example by Chinese,
Indian and other Asian groups, or by specific
Pacific sub-groups such as Samoan, Tongan and
Cook Islands Maori, would provide a clearer
understanding of potential differences in mortal-
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ity patterns. In addition, undercounting of certain
population groups is a recognised limitation in
health data in New Zealand, especially among
those who are Maori or who identify with multiple
ethnicities which has been shown to lead to
misclassification. 11240

The decomposition approach used here is
descriptive and based on underlying causes of
death. It does not independently quantify the con-
tribution of changes in socio-economic conditions,
access to or quality of health care, or risk-factor
exposures beyond those captured in observed
cause-specific mortality patterns. The analysis
is also limited to underlying causes of death and
therefore reflects only fatal disease burden. Data
gaps among certain groups further restrict the
scope of analysis, for example among disabled
populations.

The later comparison period includes the
COVID-19 pandemic, which may have influ-
enced cause-specific mortality patterns. Deaths
attributed to COVID-19 were included in the
decomposition as part of the observed mortality
experience in the later period. As COVID-19 was
not present in the baseline period, its contribution
reflects the emergence of a new cause of death
rather than a change in an existing cause. It is
retained to ensure a complete representation of
cause-specific mortality. In addition, at the time
of data extraction, a small number of 2022 deaths
remained subject to coronial investigation, which
may have affected cause-of-death classification,
most likely among deaths classified as external
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causes. The analysis used aggregated 3-year
periods to reduce the influence of short-term
fluctuations arising from the pandemic and from
deaths that were still under coronial investigation
in 2022.

Conclusion

Life expectancy at birth increased across all
ethnic and sex groups in Aotearoa New Zealand
between the periods 2001-2003 and 2020-2022,
largely driven by reductions in cardiovascular
and cancer mortality. Maori experienced larger
gains than the European and Other population,
resulting in some narrowing of the life expectancy
gap, whereas the gap for Pacific peoples remained
largely unchanged. However, substantial ethnic
inequities persist.

Further gains and closing of the gap are likely
to depend on strengthening primary prevention,
particularly continued reductions in smoking and
improved management of cardiovascular disease
risk factors. Screening and early detection pro-
grammes, including the potential implementation of
lung cancer screening, offer additional opportunity
to improve survival, particularly if delivered in
ways that reach populations at highest risk. Priori-
tising interventions where the potential for health
gain is greatest, and ensuring equitable access
across prevention, screening and treatment, will
be critical to reducing mortality and narrowing
remaining life expectancy gaps, alongside contin-
ued attention to the structural determinants that
shape exposure to risk and access to care.
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Our health (data) is our wealth:
improving primary healthcare data
access for research in Aotearoa New
Zealand

Sharon Leitch, Alex Wang, Tania Moerenhout, Lisa Kremer, Colin Simpson, Tim Stokes

ABSTRACT

Primary healthcare data can be used to conduct cost-effective research that improves understanding of population health and disease,
leading to more effective prevention, earlier diagnosis, better-informed health models and improved health equity. However, Aotearoa
New Zealand lacks a national primary healthcare data collection and has no national infrastructure to integrate and interrogate
routinely collected primary healthcare data.

This paper describes new technical approaches used internationally to improve researcher access to healthcare data and considers
how this may be applied in the New Zealand context using Maori data governance and ethical data stewardship principles.

Data access may be improved through platform-level, algorithm-level and data-level approaches. Maori data governance and ethical
data stewardship principles can be applied to these new technical approaches. A governance model requires strict management,
administration and oversight. An open-access model could provide easier access for researchers to develop and test models on
synthetic data within a trusted research environment.

Improving primary healthcare data access for research in New Zealand requires partnership that upholds Maori data governance
principles and ethical research standards. Debate of the advantages and disadvantages of these technical approaches and stewardship

models including patients and the public is welcomed.

outinely collected primary healthcare data

can be used to conduct cost-effective research

that provides real-world health insights and
health benefits. Such research has wide-ranging
potential to impact health, economic and socio-
cultural outcomes and health policy.! Health
researchers can use primary healthcare data to
identify which treatments work best for specific
patient groups.? Health outcomes can be improved
through better understanding of disease, leading
to more effective prevention strategies, earlier
diagnosis and better-informed models of health.
Research provides the necessary evidence to
support system-level health policy change. This
has the potential to increase equity, as well as the
alignment and influence of health priority goals.
Within an Aotearoa New Zealand context this is
especially important because of the impact that
colonisation and racism have on health outcomes
for Maori (Indigenous New Zealanders).® For mul-
tiple medical conditions, Maori are less likely to
receive timely diagnosis and treatment compared
to Pakeha (New Zealand Europeans).® Any research
that occurs through New Zealand primary

healthcare data analysis needs to benefit all New
Zealanders. Health improvements resulting from
the above can contribute to broader wellbeing,
social participation and workforce productivity.

Primary healthcare is the entry point to the New
Zealand health system, with around 75% of the
population visiting a general practice annually. All
clinical and administrative activities undertaken
in primary healthcare settings are recorded in the
electronic health record or patient management
system (PMS), for example clinician notes, diag-
noses, prescriptions and test results. These data
contribute to, and can be linked with, various
national datasets for research purposes.* Primary
healthcare records contain granular data across
the human lifespan: given the widespread early
use of PMS in New Zealand, up to several decades
of individual patient-level data are potentially
available, including whanau (family) history of
disease, past or current acute and chronic disease,
abnormal clinical events or measurements and
procedures, and prescribing and other summary
data.

Primary healthcare data offers considerable
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potential for understanding the aetiology and
sequelae of disease. However, there are some
major caveats to using these data; it is often stored
in free-text form or idiosyncratically coded, poten-
tially limiting its utility for research.**> Accessing
national-level data is difficult because there is no
single primary healthcare data repository in New
Zealand. Across the health system, health data are
separated by discipline and care setting. Primary
healthcare data are further siloed by various point-
of-care PMSs operating in individual practices.
Primary healthcare data are not well-linked to
other datasets. Collation of some health data
occurs via primary health organisations (PHOSs)
contracted by the government to provide regional
primary healthcare services, but this is principally
for funding and service allocation rather than
research. National health datasets are relied upon
for research and policy development, such as the
National Minimum Data Set (births, deaths, hospital
admissions and discharges) and the Pharmaceuti-
cal Collection (prescriptions). However, these data
provide only an incomplete understanding of
population health and service use. The largest
New Zealand research dataset, the Integrated Data
Infrastructure (IDI), includes general practice
enrolment and community prescribing data, but no
other primary healthcare data (see: https://www.
stats.govt.nz/integrated-data/integrated-data-
infrastructure/).

Primary healthcare research
networks

One solution to improve access is to develop a
research network which provides the infrastruc-
ture to collate and link health data for research
purposes.®” This concept underpins the regional
Southern Primary Care Research Network (SPCRN)
(Otago and Southland) and is used across the
South Island by Te Waipounamu data collective.*®
SPCRN data access is controlled by a governance
group, co-governed 50:50 with Maori; members
are clinicians, Pacific peoples, community and
academics. Data access is limited to accepted
researchers who have gained ethical approval for
a specific project.*

The research network approach has been
successfully used for decades internationally.® The
United Kingdom (UK) makes particularly good use
of primary healthcare data via numerous research
networks, including the Clinical Practice Research
Datalink (see: https://www.cprd.com), QResearch
(see: https://www.qresearch.org) and the Oxford-
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RCGP Research and Surveillance Centre (see:
https://www.rcgp.org.uk). The United States of
America (USA) also uses these routinely collected
data effectively via practice-based research
networks, supported by the Agency for Healthcare
Research and Quality (see: https://www.ahrq.
gov/ncepcr/communities/pbrn/index.html), as do
many other countries.®

Technical approaches to primary
healthcare data access

To overcome the current challenges of access-
ing primary healthcare data in New Zealand,
three new complementary methodological and
technical solution pathways are described here as
1) platform-level, 2) algorithm-level and 3) data-
level approaches, together with the advantages
and limitations of each (Box 1).

1. Platform-level approaches provide a
secure, auditable infrastructure which
allows accredited researchers to access
de-identified data within controlled settings,
as exemplified by the Trusted Research
Environment (TRE) in the UK.2°TRES can
support integration of primary healthcare
data with other national datasets, such as
hospitalisations, pharmaceutical dispensing
records or other clinical or research
data. This integration greatly facilitates
comprehensive health surveillance and
research endeavors. Approved researchers
can write and execute analysis code
within the TRE, avoiding the need for data
extraction and transfer. Outputs leave
the TRE in the form of aggregated non-
disclosive statistical results. However,

TREs require significant financial and
technical investment and may need to rely
on offshore cloud providers, raising data
sovereignty concerns.!® The New Zealand
context requires that development of a
similar TRE would need to be co-designed by
government, Maori stakeholders and other
interested parties. Governance structures
would need to include Te Tiriti o0 Waitangi,
Maori data sovereignty and Maori data
governance to facilitate community trust
and ethical stewardship.'*?

2. Algorithm-level approaches include
federated learning, which is a decentralised
machine learning technique that trains
models collaboratively across distributed
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Box 1: Technical approaches for healthcare data access.

Platform-level approaches

Provide a secure infrastructure allowing controlled access to de-identified data

Advantages

Code can be written and executed within the infrastructure, eliminating data extraction and transfer
Disadvantages

Requires substantial financial and technical investment

Algorithm-level approaches

Decentralised machine learning trains models collaboratively across distributed data holders without transferring raw
data outside its source

Advantages

Diverse modelling frameworks are supported; only encrypted model parameters are shared and aggregated, preserving
patient privacy

Disadvantages

Problems in the underlying data set (e.g., coding, data structure or quality) challenges model fairness, reliability and
generalisability, and risks perpetuating bias and racism

Data-level approaches

Synthetic data generation creates artificial datasets statistically representative of real-world data
Advantages

Privacy is protected; no data transfer is required. Complex artificial intelligence modelling can develop multimodal
synthetic datasets that reflect the complexity of real-world healthcare

Disadvantages

Problems in the underlying data set (e.g., coding, data structure or quality) challenges model fairness, reliability and
generalisability, and risks perpetuating bias and racism

data holders without transferring raw data
outside its source.'® Within this system,

only encrypted model parameters are
shared and aggregated, preserving patient
privacy. Federated learning supports diverse
modelling frameworks, from complex deep
neural networks to interpretable statistical
models, enhancing health research
applicability. However, federated learning is
based on an original dataset and therefore
carries the risk of perpetuating bias and
racism contained within that dataset.

Also, heterogeneity in coding standards,
data structure and variable patient

record quality challenges model fairness,
reliability and generalisability. Overcoming
these challenges requires investment

in harmonised data standards, robust

infrastructure and rigorous validation
protocols.'

Data-level approaches focus on synthetic
data generation, creating artificial datasets
that are statistically representative of real-
world data. A synthetic dataset mimics but
does not directly replicate patient data,
protecting confidentiality.'*'> Synthetic
data generation is considered best practice
internationally for accessing sensitive
health data. The UK has developed a
synthetic primary healthcare dataset,
OpenSAFELY (see: https://www.opensafely.
org). The original data remain in situ
within the general practices, and no data
transfer occurs (see: https://digital.nhs.uk/
services/artificial-data). Recent advances
in generative artificial intelligence (AI)
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have expanded the methods available for
synthetic health data generation. Early
models like generative adversarial networks
(GANSs) and variational autoencoders (VAES)
laid the groundwork for learning complex
data patterns; newer approaches such

as diffusion models and large language
models (LLMs) have significantly improved
the realism, diversity and scalability of
synthetic data.'¢ Diffusion models excel

at generating high-fidelity tabular and
longitudinal data, while LLMs, when fine-
tuned on clinical data, produce coherent and
contextually accurate clinical narratives.
When combined, these models enable
multimodal synthetic datasets that reflect
the complexity of real-world healthcare,
integrating structured data, like diagnoses
and prescriptions, with unstructured

text, such as progress notes.'” Moreover,
these models can be trained with privacy-
preserving techniques such as differential
privacy, allowing researchers to simulate
large-scale health data while minimising
re-identification risks.'® Synthetic data
generation can support research in settings
where access to real patient data is limited.
It offers a promising path for developing
tools and healthcare insights. Like the
algorithm-level, data-level approaches are
based on an original dataset which could
also perpetuate bias and racism within the
creation of a synthetic dataset, resulting in
harm.

Building on the strengths of these three
pathways, a practical and scalable solution could
centre on the generation of multimodal synthetic
datasets, where both clinical text and structured
tabular features are co-generated to reflect the
complexity of real-world patient records. This
approach provides a foundation for capacity
building and methodological development,
enabling research without exposing sensitive
patient information (e.g., where the original
identifiable or sensitive personal primary care
data can remain at source). While not essential,
federated learning offers a valuable option for
collaborative model training across institutions,
allowing the use of diverse datasets without
centralising raw data. Similarly, TREs can enhance
the approach by securely hosting synthetic
datasets and co-ordinating federated learning
activities, supporting governance, auditability
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and legal compliance. By prioritising data-level
innovation and optionally integrating platform-
level and algorithm-level enhancements, this
strategy offers a promising pathway to unlock
the potential of primary care data. However,
given the limitations of each individual approach
described above, robust discussion on the ethics
and safety of data-level approaches within a New
Zealand context is required.

Maori data governance

Maori data governance is a critical factor in
the New Zealand context. The Maori health data
governance model, based on the eight pou (pillars)
from Te Kahui Raraunga Maori data governance
model, provides a basis for discussion on the
technical approaches described above, particularly
relating to the development of a synthetic data-
set.!t12 This model incorporates the concept of
data sovereignty, which relates to the rights and
interests Maori have in relation to Maori data.'?
The first six pou are the most relevant, and some
discussion questions follow. The questions within
each pou are intended to be a starting point to
identify potential risks and benefits of a synthetic
data set. Answering these questions and discus-
sions with stakeholder groups, including Maori,
will need to occur prior to the development of a
national primary healthcare dataset, whatever
approach is taken.

e Pou 1: Data capacities and workforce
development. How will the synthetic dataset
centre iwi/hapti/whanau led solutions?
How will the synthetic dataset identify
who is experiencing privilege within the
health system? How will tikanga and/or
kaumatua and Maori health researchers be
able to be involved with the development
of a synthetic dataset and other technical
approaches?

e Pou 2: Data infrastructure. Who will “own”
the synthetic data? Where will it be stored?
Will the datasets have an “expiry” date?

e Pou 3: Data collection. What will be put
in place to ensure that the process of
creating a synthetic dataset will benefit
Maori (compared to creating harm)?

Will a memorandum of understanding
be established between iwi/hapt before
creating a synthetic dataset?

e Pou4: Data protection. Will there be any
financial gain from the development of new
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technical approaches to primary care data,
and who will benefit from this?

* Pou 5: Data access and sharing. How will
the goal of improving Maori health be
established prior to creating the synthetic
dataset? How will the synthetic dataset be
used for direct, tangible and meaningful
Maori health benefits? How will research
consultation and collaboration occur to
identify the potential for harm associated
with creating a synthetic dataset?

* Pou 6: Data use and reuse. Linking in with
other previously mentioned questions, how
will health equity for Maori be planned for
and built into the system, and processes be
put in place to prevent bias? How will Te Ao
Maori, tikanga and matauranga Maori be
part of the creation of the synthetic dataset
and other technical approaches? What
is the consultation process for creating a
synthetic dataset from Maori health data?
How will racist algorithms be identified and
prevented from being used?

Ethical considerations

The technical approaches described above raise
specific ethical concerns but should also direct
our attention to bigger philosophical questions;
the potential integration of synthetic datasets
requires consideration of value prioritisation
and paradigmatic differences in data sharing
approaches. The main specific ethical concerns
relate to re-identification, transparency, bias and
fairness. Privacy considerations and requirements
may limit the extent to which health data can be
shared for research.®® Although synthetic data
has the potential to address privacy concerns
that currently hinder data sharing, risks of re-
identification remain.?® This means that staying
close to the original data will need to be balanced
against privacy goals in these datasets. The lack
of understanding exactly how AI models generate
synthetic data further contributes to questions
of representation: can synthetic data represent
the realities of healthcare accurately?* Synthetic
datasets offer the potential to correct for certain
biases, but are also at risk of perpetuating or
amplifying biases that exist in the source data.?
Maori datasets are known to have errors, and if
used for the development of synthetic datasets
will both limit the benefit of synthetic datasets and
increase the potential for harm, further reducing
equity.?324
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The distance synthetic datasets create between
data and data subjects aims to protect privacy and
confidentiality; at the same time, this distance may
have unintended negative consequences in terms
of fairness and community engagement.?> The
distance makes it harder to ensure any benefits
derived from the data return to the data subjects.
Moreover, when researchers rely on synthetic
datasets, there is less incentive to engage with
communities, in particular underserved or under-
represented populations.? Overall, to be successful,
synthetic datasets will require robust governance,
monitoring of data quality, identification and
mitigation of potential bias and awareness of
potential group harm.?**.?> Consideration should
also be made that the original real-world data be
used to verify findings whenever possible.

Globally, two different stewardship models for
health data sharing can be discerned: an open-
access model and a governance model. The
differences in underlying values and methods
are significant enough to consider them as two
separate paradigms.

For the open-access model (e.g., TREs), accessi-
bility for researchers is the main priority.? Privacy
is protected through de-identification and new
avenues, such as the creation of synthetic datasets
as described above. Although there is no direct
link with patient data, reciprocity and community
governance remain important ethical principles.
To uphold these principles, UK health research
funders (e.g., the National Institute for Health and
Care Research and the Medical Research Council)
require researchers to include active participation
of patients and the public in their research.
This has led to research team development that
includes patients and the public as co-investigators
(e.g., to support study design, data and results
interpretation, and dissemination/knowledge
transfer). There is a minimum expectation that
some research funding is dedicated to help
facilitate public participation and a growing
expectation from journals such as the British
Medical Journal to include statements describing
public involvement.

In the governance model, access to data is
controlled or restricted. Researchers need to
present their plans to a governance group that
manages data access. There is less emphasis on
de-identification or anonymisation, as the fact that
data may be identifiable or that there is a risk of
re-identification is considered in the regulatory
process. Reciprocity and transparency are pri-
oritised: ensuring benefits from the research
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go back to the data subjects, understanding and
mitigating bias and carefully monitoring outputs
from the research are key attention points of the
governance work. In the latter model, there is a
closer relationship between the data subjects
and the researchers. One example of how this
governance model can be realised is provided
by the recently developed Rakeiora Genomics
Platform that is already being applied to whole-
genome DNA sequencing data.

The UK primary healthcare synthetic dataset
(OpenSAFELY) has been developed and constructed
within the open-access model. However, this does not
preclude the use of synthetic data in a governance
model. Synthetic data may be useful to help fill
data gaps and balance representation in data sets,
and communities could be involved in decision-
making around the use of synthetic datasets.?> A
synthetic national health dataset based on routinely
collected primary healthcare data, leveraging these
sophisticated methods of leaving data in situ and
providing improved access, could be an important
resource for “public good” research and public
policy creation.?”?® Encouraging more systematic
coding of disease within primary healthcare records
(for example using SNOMED-CT codes), would
permit more straightforward and robust analyses,
particularly for chronic conditions.

Primary healthcare data access in
Aotearoa New Zealand

The New Zealand public recognise there are
benefits to sharing their healthcare data and are
willing to share anonymised health information for
research purposes, with appropriate safeguards
in place.?*3® A discussion on how to best share
primary health data for research in New Zealand
is needed. Maori data governance frameworks
are ideally positioned to form the basis of such a
discussion and are easily adaptable to consider
new technological methods.!* In a governance
model, a national data infrastructure could be
created with strict governance over the data and
access. In an open-access model, datasets could be
de-identified or synthesised, with the aim of sharing
primary healthcare data as widely as possible for
research. These are different models that require
different infrastructures.

Regional networks with capacity to link primary
healthcare data for research are already opera-
tional in some parts of New Zealand, such as the
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SPCRN.* PHOs are well placed to access primary
healthcare data as they usually have some capacity
to do this already. A first step is to empower all
PHOs to permit health data access for research.
The next step is to collate regional primary
healthcare data into larger groupings, such as
the agreement made by the Te Waipounamu data
collective.® A national primary healthcare data—
sharing agreement between New Zealand PHOs
and a central organisation responsible for the
data governance and administration has potential
to improve the research capacity and capability of
primary health researchers. From here, consider-
ations may be given to consider whether following
the UK example of developing TREs and/or a
synthetic dataset is appropriate for New Zealand.

Conclusion

New Zealand lacks an integrated national pri-
mary care research approach that can interrogate
routinely collected primary healthcare data and is
missing out on the potential benefits of research
using these data. Some regions have taken steps
to improve data access for researchers; however,
access across New Zealand is patchy, and no
national collection exists. International experience
suggests various technical methods can be used to
improve researcher access to primary healthcare
data, be it platform-level, algorithm-level or data-
level, or using a combination of these.

We have described two stewardship models for
primary healthcare data. The governance model
requires strict control, governance and oversight.
The alternative is a more open-access, privacy-
preserving model which could use methods such
as the creation of synthetic datasets to provide
easier access for researchers to develop and test
models within a trusted research environment.

The advantages and disadvantages of these
technical approaches and stewardship models
need to be carefully considered in the New Zealand
context to ensure any action taken to widen pri-
mary healthcare data access for research includes
Maori data governance and upholds ethical
research standards. Broadening the conversation
to include patients and the public is needed to
understand the impact of developing a national
primary healthcare research network and the
use of new technical approaches to increase
researcher access to primary healthcare data.
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Bilateral cellulitis with lymphangitis,
caused by Shewanella algae, after
travel to the Cook Islands

Joachim Tan, Richard Babor, Tim Cutfield

68-year-old Cook Island Maori man pre-
Asented to the emergency department with

4 days of fevers, bilateral leg pain, swelling
and blistering, without preceding injury. He had
recently returned from the Cook Islands, where
he visited family.

His background included cardiomyopathy with
an implanted cardiac resynchronisation device
in situ, poorly controlled type 2 diabetes mellitus,
obesity, stage 4 chronic kidney disease, gout and
historic colonisation with extended-spectrum beta-
lactamase—producing Escherichia coli (E. coli).

At presentation, he was hypotensive
(90/56mmHg), febrile (38.2 degrees Celsius) and
tachypnoeic (20/min). There was markedly tender
bilateral erythema up to the proximal calves and
linear erythema tracking up to the groin, consistent
with cellulitis and lymphangitis. Chronic venous
changes were evident bilaterally. There was no
crepitus. He had generally poor skin quality in his
lower limbs, as well as areas of distal paraesthesia,
felt secondary to his diabetes.

Initial blood tests showed a marked inflam-
matory response with acute kidney injury (see
Appendix Table 1).

Three sets of peripheral blood cultures
were obtained pre-treatment. Broad-spectrum
antibiotics were commenced (ceftriaxone, clinda-
mycin and vancomycin) due to pain deemed out
of proportion with clinical findings. However,
further serial clinical review discounted the
likelihood of a necrotising soft tissue infection.
Overnight, all three sets of cultures isolated
Gram-negative bacilli. Subsequent review by the
infectious diseases team led to a recommendation
to change ceftriaxone to meropenem.

On further enquiry, he denied seawater immer-
sion or coral injury while in the Cook Islands,
though he had stayed in a coastal area of an outer
Cook Island. He had, however, consumed raw fish.

The blood culture isolates were subsequently
identified as Shewanella algae (S. algae), suscep-
tible to ceftazidime, ciprofloxacin, gentamicin,

trimethoprim-sulfamethoxazole and piperacillin-
tazobactam; antibiotic treatment was rationalised
thereafter (see Appendix Table 1). The patient
completed 10 days of treatment, with improving
symptoms, before being discharged. Unfortunately,
due to poor tissue healing in the setting of his
diabetes and residual infection in his left foot, he
was subsequently readmitted later that year with
polymicrobial osteomyelitis of his left foot and
ankle, leading to a left below-knee amputation.
Intraoperative bone samples had mixed growth,
including S. algae.

Discussion

Unlike non-infectious cellulitis mimics such as
stasis dermatitis or lipodermatosclerosis, which
commonly present bilaterally,® true bilateral cel-
lulitis remains an uncommonly described clinical
entity, with scattered case reports over the last
three decades.*

Local data'? describe unilateral involvement
in most cellulitis cases, though one retrospective
study noted 16% of cases were described as bilat-
eral;? how these were judged to be instances of
“true” bilateral cellulitis is not detailed. Prospective
diagnostic aids (the ALT-70 Score for Cellulitis and
the New HAVUN criteria) score against cellulitis if
there is bilateral limb involvement.>

Mechanistically, it is conceivable, although
unlikely, that bacterial invasion through a skin
breach, leading to cellulitis,® could occur near-
simultaneously in both limbs. A more commonly
implicated mechanism for bilateral cellulitis is
secondary to haematogenous spread to the lower
limbs from another primary site (i.e., after gastro-
intestinal invasion).*

Beta-haemolytic streptococci, primarily Strep-
tococcus dysgalactiae and Streptococcus pyogenes,
are the leading causes of non-purulent cellulitis.*¢ In
contrast, available literature on bilateral cellulitis
identifies a more diverse range of pathogens.*
Shewanella are Gram-negative bacteria found
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in aquatic environments.® Most infections are
caused by S. algae and Shewanella putrefaciens.”
Clinical syndromes caused by Shewanella overlap
with those of Vibrio—highlighted as a cause of
bilateral cellulitis*—and other environmental
Gram-negative bacteria,” including skin and soft
tissue infections and bacteraemia.

Locally acquired Shewanella infections have
only been reported twice in Aotearoa New
Zealand: a case from the Bay of Plenty describes
unilateral lower limb cellulitis'® after lacerations
were sustained from a fishing bin in local waters,
and another case from the Rotorua Lakes District!!
after freshwater exposure. International literature
regarding Shewanella infections in general—
including skin and soft-tissue, bacteraemia, and
visceral infections—describes preceding water
exposure across all infectious clinical syndromes,’
though recent studies from Northern Australia® and
Hong Kong® found this association less consistent,
with the caveat of retrospective determination
of water exposure from available documentation.
Interestingly, contaminated seafood ingestion was
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posited to be an explanation for the relatively
large number of cases seen in Hong Kong.®

It was thought that the likely route of infection
for our patient was gut translocation of S. algae
with subsequent haematogenous dissemination
to the lower limbs, secondary to ingestion of raw
fish. An alternative hypothesis was near-simulta-
neous inoculation of both lower limbs by sea or by
shower water.

Conclusion

True bilateral cellulitis is an uncommon
clinical entity, but it may occur via haematogenous
dissemination or near-simultaneous inoculation
of both limbs. Bilateral cellulitis should not be
discounted as a cellulitis “mimic” in the presence
of sepsis. Recent travel, aquatic exposure and
seafood ingestion should be routinely considered
risk factors for uncommon causes of cellulitis that
may be resistant to standard empiric antibiotic
treatment, such as Shewanella.
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Appendix

Appendix Table 1: Trend in the patient’s blood tests over the course of the admission, in days, alongside timing of rationalisation of antibiotic therapy.
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Day of admission Blood tests post-index admission
DO D1 D2 D4 D6 D7 D8 D10 25 days 39 days 103 days*
Blood tests
C-reactive protein
>350 >350 >350 308 230 200 225 50 14 63
(mg/L)
Whi
ite cell count |, £ 16.9 15.7 18.1 17.0 16.0 142 9.8 7.2 107
(x10°/L)
- No blood tests
Neutrophils 13.1 156 12.8 148 done 149 13.8 15.7 6.6 45 7.7
(x10%/L)
Serum
creatinine** 440 390 320 234 225 218 249 340 188 237
(micromole/L)

Antibiotic

Clindamycin (IV)
600mg Q6H

Meropenem (IV)
1g Q8H

Ciprofloxacin' (oral)

500mg PO BD

Trimethoprim-sulfamethoxazole (oral)
480mg PO BD*

Ceftriaxone (IV)
1g Q24H

Vancomycin (V)
2.5g STAT

* Date of readmission, when patient was found to have osteomyelitis of the left foot and ankle.
** The patient’s baseline serum creatinine was 200-220 micromole/L prior to admission.

T Ciprofloxacin had to be stopped after 48 hours after serial electrocardiograms showed unacceptable QT-interval prolongation.
* Dose adjusted for renal function.
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Anti-erythropoietin antibody-
mediated pure red cell aplasiain a
patient with chronic kidney disease

Devon Lowyim, Matthew Stevenson

ure red cell aplasia (PRCA) is a rare
P disorder characterised by normocytic,
normochromic anaemia, severe reticu-
locytopenia and selective absence of erythroid
precursors in the bone marrow, while myeloid
and megakaryocytic lineages remain unaffected.:
Acquired PRCA in adults may be idiopathic or
associated with autoimmune diseases, viral
infections (notably parvovirus B19), lymph-
oproliferative disorders, thymoma or certain
medications.>
In patients with chronic kidney disease (CKD),
a specific and rare form of PRCA is caused by the
development of neutralising anti-erythropoietin
(EPO) antibodies. We report the case of a patient
with progressive CKD and transfusion-dependent
anaemia who was investigated for PRCA in the
setting of EPO resistance and reticulocytopenia.

Casereport

Mrs B is a 79-year-old woman with a back-
ground of IgA nephropathy and progressive
CKD (stage G4A2) who presented with 3 days of
worsening nausea, vomiting, shortness of breath
on exertion and an acute kidney injury. Her
serum creatinine was 320umol/L, elevated from a
baseline of 200-220umol/L, and haemoglobin was
66g/L on admission. On examination, she was pale
but hemodynamically stable, with mild chronic
peripheral oedema and no focal signs of infection
or bleeding.

Mrs B had a long-standing microcytic, hypo-
chromic anaemia, with no identified cause despite
extensive evaluation. Gastroscopy and colonoscopy
revealed mild gastritis and polyps but no active
bleeding. Haematologic investigations showed
normal iron studies, B12, folate, liver function
tests and thyroid function. A haemolysis screen
and serum electrophoresis were negative. Retic-
ulocyte counts were persistently low (3x10%L),
suggesting suppressed erythropoiesis.

Notably, Mrs B had been started on recom-

binant erythropoietin (rHuEPO) in the form of
binocrit from Sandoz Novartis (biosimilar of
epoetin alfa) a year prior (November 2023)
when her haemoglobin fell below 100g/L. Since
then, she had required multiple admissions for
symptomatic anaemia and had been transfused
seven units of red blood cells throughout 2024
prior to the current admission. Her rHuUEPO
had been up-titrated to a maximal dose over the
course of the following year. Despite escalating
binocrit from 6,000 units/week to 30,000 units/
week (10,000 units three times weekly), there was
no improvement in haemoglobin levels.

Mrs B received two units of red blood cells with
only temporary symptomatic relief. Both haema-
tology and renal services were involved given
the presence of erythropoiesis-stimulating agent
(ESA) resistance and lack of clear explanation for
her anaemia. It was felt by the renal service that
the degree of anaemia and lack of response to
rHuEPO could not be explained by her CKD alone.
Possible differentials suggested by haematology
included sideroblastic anaemia or an underlying
myelodysplastic syndrome (MDS), as well as PRCA
due to her CKD history and Binocrit use.

Further investigations recommended by
haematology included parvovirus DNA and
ANA, both of which were negative. An erythro-
poietin assay was also conducted, with a level of
6.8mU/mL. A non-contrast computed tomography
abdomen/pelvis showed no intra-abdominal
pathology or malignancy to account for her anae-
mia. A bone marrow biopsy was subsequently
performed, which showed normocellular bone
marrow, containing no erythroid precursors. There
was no increase in blast cell numbers or abnor-
mal lymphoid population to suggest a lymphopro-
liferative disorder. The changes seen in the bone
marrow were thought to be consistent with PRCA,
with aetiology most likely to be secondary to
anti-EPO antibodies following Binocrit therapy.

Following provisional diagnosis, Mrs B was
discharged with outpatient renal follow-up. A
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sample for EPO antibodies was sent to Germany
(MVZ Labor PD Dr. Volkmann und Kollegen SE
& Co. eGbR, Germany in December), which later
returned a positive result. Mrs B was treated with
prednisone 40mg daily for 4 weeks but remained
transfusion dependent, requiring one unit of
red blood cells every 2 weeks. Given her lack
of improvement, she was started on a hypoxia-
inducible factor prolyl hydroxylase inhibitor (HIF-
PHI) in the form of roxadustat 50mg three times
weekly. Her haemoglobin has now remained
stable above 90g/L.

Discussion

Anaemia in CKD is primarily driven by inad-
equate EPO production from impaired renal
function, leading to insufficient stimulation of
erythroid precursors. While renal anaemia is a
common and expected complication of CKD, it
typically shows at least partial responsiveness to
iron supplementation and escalating ESA therapy.
Failure to respond to high-dose rHUEPO, combined
with profound reticulocytopenia and exclusion of
other common causes, should prompt consideration
of PRCA as a differential diagnosis.

EPO antibody-mediated PRCA secondary to ESA
use is rare, with the worldwide incidence being
just 0.02-0.03 per 10,000 patient-years.® A study
on the incidence of EPO antibody-mediated PRCA
found that out of 15,333 patients undergoing
ESA therapy, only five went on to develop PRCA
secondary to anti-EPO antibodies.* In New Zealand,
there have been 11 case reports of PRCA following
treatment with EPO as of 2018, according to the
Centre for Adverse Reactions Monitoring.’

In antibody-mediated PRCA, neutralising
anti-EPO antibodies are produced in response
to the presence of rHUEPO. These antibodies
inhibit both endogenous and exogenous EPO,
resulting in profound suppression of erythropoi-
esis and transfusion dependence.®’ Bone marrow
biopsy typically demonstrates selective absence
of erythroid precursors with preserved myeloid
and megakaryocytic lineages.! It is important to
exclude other causes of erythroid aplasia such
as parvovirus B19 infection and haematological
disorders including MDS and sideroblastic
anaemias.?

Management focusses on cessation of rHUEPO
to stop antigenic stimulation, combined with
immunosuppressive therapy to reduce antibody
production. Corticosteroids are often first-line
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treatment, although response may be incomplete
in some cases.® HIF-PHIs, such as roxadustat,
represent emerging therapies that may bypass
antibody-mediated EPO neutralisation. Roxadu-
stat works by inhibiting the HIF prolyl hydroxy-
lase enzyme, stabilising hypoxia-inducible factors
(HIFs), which in turn up-regulate endogenous EPO
production, enhance red blood cell synthesis and
improve iron metabolism, ultimately addressing
the multifactorial anaemia seen in CKD.>!°

In addition to stimulating endogenous EPO pro-
duction, roxadustat activation of hypoxia-inducible
factor pathways improves iron mobilisation by
suppressing hepcidin, which leads to increased
absorption and better utilisation of iron stores.!!
This leads to increased iron availability for eryth-
ropoiesis.’ HIF stabilisation also enhances eryth-
ropoiesis through effects on erythroid progenitor
survival, maturation and EPO receptor expression
in the bone marrow, independent of circulating
EPO.M

HIF stabilisation, via roxadustat or hypoxia,
enhances erythropoiesis via increasing the
motility of erythroid progenitor cells, leading to
enhanced contact with bone marrow stromal
cells.’? This inhibits apoptosis of erythroid
progenitor cells, resulting in increased absolute
numbers of these cells.?

A meta-analysis that compared the effective-
ness and acceptability of all available HIF-PHIs and
ESAs found that roxadustat achieved higher haemo-
globin levels than rHUEPO and reduced the risk of
red blood cell transfusion rate; however, it was asso-
ciated with a higher discontinuation rate secondary
to adverse effects.!®* Roxadustat has also been shown
to be superior to epoetin alfa in lowering low-
density lipoprotein and total cholesterol levels,'®
which may make this a better choice for CKD
patients at higher risk for cardiovascular disease.

In summary, recombinant EPO-associated PRCA
remains a rare but serious complication in the
treatment of anaemia, particularly in patients
with CKD. Its diagnosis poses a significant clinical
challenge, often requiring a high index of
suspicion and thorough exclusion of other causes.
While cessation of rHuEPO is the cornerstone of
management, therapeutic responses to immuno-
suppression vary, and evidence guiding optimal
treatment remains limited due to the rarity of the
condition. Ongoing research and case reporting
will be vital to improving recognition, diagnosis
and management strategies in the future.
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The Congress Museum

NZMJ, 1926

Committee, the Convenor of which is
Professor Gordon Bell, Medical School,
Great King St., Dunedin, to whom all communica-
tions and enquiries should be sent.
It is proposed to organise the collection of
specimens, skiagrams, apparatus, etc., the
suggested subjects including:—

T his will be under the control of a Museum

1. Public Health Display, including various
aspects of Goitre.
Various Aspects of Hydatid Disease.
Congenital Anatomical Abnormalities.
Casts of Anatomical Specimens.
Forensic Medical Specimens.
Diverticula of the Alimentary Tract.
Diseases of Bones.
Specimens of Special Individual Interest.
Casts Illustrating Plastic Surgery.

. Specimens of Ophthalmological Interest,
including many exhibited at the
Ophthalmological Congress in London, 1925.

e S G ol o
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o

The Regulations formulated by the Museum
Committee are as follows:—

1. Intending exhibitors must give full
information in regard to the exhibits
suggested for inclusion in the Museum on
forms supplied. Exhibitors are requested
to send in the forms by October 31st,
1926. Those received after this date will
not be considered, save under special
circumstances.

2. All forwarded exhibits must be received,
properly packed, at the Medical School,

Great King Street, Dunedin, by December
31st, 1926, in order that the Museum may be
arranged by January 25th, 1927.

3. Exhibitors intending to bring their exhibits
with them personally must give notification
when sending in their forms. It is essential
that such exhibits be handed in and
arranged not later than the opening day of
Congress, Wednesday, February 2nd, 1927.

4. The Committee has the absolute right of
acceptance or refusal of the exhibits.

5. The Committee reserves to itself the right of
arranging the exhibits.

6. The Committee shall be responsible for the
proper exhibition of the several exhibits,
and for their secure packing and dispatching
on return. All exhibits will be insured and
all claims for compensation for damage or
loss must be made within three months of
the closure of the Museum.

7. No exhibit of a commercial nature shall be
included in the Museum.

8. Any exhibitor making a communication to a
section may arrange with the Committee for
his specimens to be available at the Sectional
Meetings.

9. Exhibitors may demonstrate their specimens
in the Museum.

10. No specimen may be removed from
the Museum without the consent of the
Committee.

Intending exhibitors should apply to Professor
Bell at once for application forms with which will
be sent Instructions for Sending Specimens and a
copy of the Regulations.
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