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Impact of a national time target for ED length of stay on patient 
outcomes

Peter Jones, Susan Wells, Alana Harper, James Le Fevre, Joanna Stewart, Elana Curtis, 
Papaarangi Reid, Shanthi Ameratunga

The Shorter Stays in ED target was introduced to reduce ED crowding, which is known to have 
adverse effects on patient care. Although similar targets introduced overseas have not always 
resulted in the improved quality of care, this study shows that in New Zealand, people waited 
less time in the ED before they were admitted to hospital after the target. This was associated 
with a substantial reduction in ED crowding and a reduction in the number of deaths in 
the ED compared to what was predicted if pre-target trends had continued. Fewer people 
left the ED before their care was complete and admission rates to hospital did not change 
substantially. Overall, people spent an average of seven hours less in hospital after they were 
admitted to a ward, but there was a small (1%) increase in the number of readmissions to 
hospital at 30 days after the target.

Effect of the Shorter Stays in Emergency Departments time 
target policy on key indicators of quality of care

Peter Jones, James Le Fevre, Alana Harper, Susan Wells, Joanna Stewart, Elana Curtis, 
Papaarangi Reid, Shanthi Ameratunga

This study explored the association between the introduction of a mandatory national target 
for emergency department (ED) length of stay, which was introduced in New Zealand in 2009, 
and fi ve key indicators of quality of care. We did this study as there is some evidence from 
overseas that focusing on a process target for the time spent in the ED may divert attention 
away from other aspects of quality of care. Our study found that more people left the ED 
within six hours after introduction of the shorter stays in ED target. There was no difference 
in the quality of care for patients in pain, with severe infections, with heart attacks, with 
appendicitis and with fractured hips when comparing the outcomes for these conditions 
before and after the introduction of the target. 

New Zealand plastic surgeons’ life-time contribution to peer-
reviewed literature 

Tess Brian, Brandon Adams
The New Zealand Medical Association commits the New Zealand doctor to evidence-
based medicine, scholarship, teaching, collaboration and communication. To assess this 
commitment, one measure, contribution to the peer-reviewed literature, was examined for 
one group of New Zealand doctors: plastic surgeons. Based on this metric, as a group, but with 
exceptions and less so in later practice, New Zealand plastic surgeons would seem to demon-
strate this commitment.

Survival of Legionella in earthquake-induced soil disturbance 
(liquefaction) in residential areas, Christchurch, New Zealand: 

implications for disease 
Frances Graham, David Harte

Legionella bacteria is ubiquitous in the environment. This study set out to expand our under-
standing of the environmental exposure risks to Legionella and whether seemingly unrelated 
environmental factors, such as aerosolised liquefaction-affected soil resulting from the Christ-
church earthquakes had the potential to impact on disease prevalence. Liquefaction-affected 
soil could not contribute directly to the observed increase in legionellosis cases after the earth-
quakes due to its inability to support growth and survival of the Legionella bacteria. Chemical 
and size analysis of the liquefaction-affected soil showed it consisted of >65%.  Silica. The 
authors propose that inhalation of earthquake associated airborne liquefaction-affected soil 
can damage lung tissue and cause infl ammation. Infl ammation and damage could allow oppor-
tunistic pathogens, such as Legionella bacteria, to more successfully infect the human host.

SUMMARIES
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A walking stick in one hand and a chainsaw in the other: 
patients’ perspectives of living with multimorbidity

Louise Signal, Kelly Semper, Jeannine Stairmand, Cheryl Davies, Elinor Millar, Tony 
Dowell, Ross Lawrenson, Dee Mangin, Diana Sarfati

Living with multimorbidity (two or more long-term health conditions) is becoming more 
common in both young and older New Zealanders. It disrupts people’s 'normal' lives, posing 
challenges for many, yet people learn to cope by making changes to much of what they do (eg, 
eating, activity and employment). Dealing with the health care system for those with multi-
morbidity can be challenging and people value simple things like good communication and 
receiving care that is effective and respectful even when they are from a different cultural 
background to that of their health care provider. Health care system support is needed to 
help people with multimorbidity manage the challenge of dealing with multiple medications 
using simple aids such as blister packs. Improvements to the health care system are needed 
to better serve those people living with multimorbidity, their support people and health care 
providers, eg, longer consultation times with GP/primary care providers to discuss multiple 
health issues and medications.

Implementation and effects of Enhanced Recovery A� er 
Surgery for hip and knee replacements and fractured neck of 

femur in New Zealand orthopaedic services 
Suzanne Proudfoot, Brandon Bennett, Simon Du� , Julie Palmer

Eighteen district health boards (DHB) have introduced Enhanced Recovery After Surgery 
(ERAS), a new way of caring for people who need a hip or knee joint replacement or who have 
a fractured neck of femur (hip). ERAS is a patient-centred care pathway that aims to ensure 
people are in the best possible condition for surgery, have the best possible management during 
and after their operation and participate in the best possible rehabilitation after surgery. 
The National Orthopaedic ERAS Collaborative used collaborative quality improvement meth-
odology to implement ERAS in the DHBs. Compliance with the elements that make up ERAS 
increased from 33% to 75% for knee replacements, from 31% to 78% for hip replacements and 
from 29% to 51% for fractured neck of femur. The length of time patients spent in hospital for 
knee joint replacement fell from 5.4 days to 4.5 days, and for hip replacement from 5.1 days 
to 4.3 days. ERAS is known to signifi cantly improve surgical outcomes for patients and the 
cost-effectiveness of care. It has also been found to reduce the surgical death rate. 

Enhanced hip fracture management: use of statistical methods 
and dataset to evaluate a fractured neck of femur fast track 

pathway—pilot study
Nigel Gilchrist, Kristian Dalzell, Scott Pearson, Gary Hooper, Kit Hoeben, Jeremy 

Hickling, John McKie, Ma Yi, Sandra Chamberlain, Caroline McCullough, Marc 
Gutenstein

This paper demonstrates how integration of service components that are involved in frac-
tured neck of femur can be achieved. It also shows how the use of electronic data capture 
and analysis can give a very quick and easily interpretable data trend that will enable change 
in practise. Cooperation between health professionals and practitioners can signifi cantly 
improve the length of stay and the time in which patients can be returned home. Full inter-
disciplinary involvement was the key to this approach. The use of electronic data capture and 
analysis can be used in many other health pathways within the health system.

SUMMARIES
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Increased use of police and health-related services among 
those with heavy drinkers in their lives in New Zealand

Taisia Huckle, Khoon Ching Wong, Karl Parker, Sally Casswell
The fi ndings of this study are the fi rst to show the extent of service use because of others’ 
drinking among the general population in New Zealand. There are considerable numbers 
of New Zealanders requiring intervention from police or health-related services due to the 
effects of someone else’s drinking. Heavy drinkers place increased burden on police and 
health-related services, not only because of directly attributable effects but because they 
impact others.

The cost of major head and neck cancer surgery
Rahul Jayakar, Jenny Choi, Craig MacKinnon, Swee Tan

The cost of major head and neck cancer surgery is unknown. In this study, 245 patients 
underwent major head and neck cancer surgery over a fi ve-year period at the cost of 
NZ$5,130,639.00, averaging NZ$20,941.38 per patient. There are many different types of 
head and neck cancers. The cost of treatment varies depending on the type of cancer. Calcu-
lated hospital income merely covered the actual cost of major HNC surgery, which places 
substantial fi nancial burden on the hospital.

Is high-quality trauma care “business as usual” in New Zealand?
Ian Civil, Siobhan Isles

New Zealand is on the cusp of establishing a world-class trauma system. Many of the building 
blocks are in place with national and regional guidelines in both the pre-hospital and hospital 
phases of care established. A dedicated clinical workforce is available in all DHBs and national 
data is available through the Major Trauma Registry. The greatest threat to achieving high-
quality trauma care in New Zealand at this point is governance stability rather than clinical 
variability. Now is the time to lock the trauma system into a framework not subject to political 
or bureaucratic whims.

Rotorua, hydrogen sulphide and Parkinson’s disease—A 
possible bene� cial link?

Yusuf Ozgur Cakmak
Rotorua city (New Zealand) is known for its ‘rotten egg’ smell, due to high levels of hydrogen 
sulphide (H2S) concentrations emitted from local geothermal vents. Studies have shown H2S 
as potentially toxic if too high in concentration. However, research on H2S on health postu-
lates whether ambient air inhalation levels of H2S in Rotorua might have a therapeutic role in 
the management of motor symptoms in Parkinson’s disease (PD). An observed benefi cial link 
between chronic H2S inhalation in PD animal models and improved fi nger tapping scores in 
a sample of the Rotorua population, linked to dopaminergic nerve function, is worth investi-
gating further.

SUMMARIES
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A tale of two islands—
trauma care in New Zealand

Dominic Fleischer, Christopher Wakeman

It was the best of times, it was the worst 
of times, it was the age of wisdom, it was 
the age of foolishness, it was the epoch 

of belief, it was the epoch of incredulity, it 
was the season of Light, it was the season of 
Darkness, it was the spring of hope, it was the 
winter of despair, we had everything before 
us, we had nothing before us, …” so opens A 
Tale of Two Cities by Charles Dickens.1

The Major Trauma National Clinical 
Network has published its fi rst report 
based on data from the New Zealand Major 
Trauma Registry (NZMTR). However, it is 
not a report on the state of admitted major 
trauma across New Zealand. The report 
contains data only from the three regions 
that make up the North Island. It provides 
no insight into the South Island with a 
quarter of New Zealand’s population 
and more than half of this country’s 
landmass. Christchurch Hospital is the 
only tertiary level South Island centre to 
have collected major trauma data over the 
last year. Major trauma represents only a 
fraction of admitted trauma, but it has had 
no means, due to a lack of staff, to enter 
this data consistently onto the NZMTR. In 
contrast, every single North Island hospital 
that admits major trauma submitted data 
to the NZMTR. Data from Christchurch 
Hospital suggests that the South Island 
population have an even greater incidence 
of major trauma and higher mortality rates 
with equivalent injuries to those in the 
North Island.

The established trauma services of the 
north, especially Auckland and Hamilton 
with their specialist multidisciplinary 
trauma teams—including trauma surgical 
specialists and trauma fellows, trauma 
clinical nurse coordinators and trauma 
registry data entry and analysis personnel—
have no equivalence in the South Island. 
The superior trauma care in the north 
begins even prior to a patient’s arrival 
at hospital. Medically staffed helicopter 

retrieval services are able to transfuse blood 
prior to hospital arrival. Yet the greater 
distances of travel and high trauma inci-
dence suggests such pre-hospital care would 
be life-saving down south. There appears 
to be a wide gulf in trauma load, trauma 
systems, trauma funding and outcomes 
between the north and the south. The 
nearest equivalent to a North Island trauma 
service that a patient admitted with major 
trauma to a South Island hospital receives 
may be an encounter with a trauma clinical 
nurse specialist tasked with data collection, 
generally with no specifi c SMO oversight. 
In the south, patients with multi-system 
trauma are admitted into a ‘best-fi t’, ‘single-
organ’ surgical specialty or even a medical 
team. Despite the best of intentions, a lack 
of expertise in contemporary trauma care, 
challenges with coordinating multi-system 
trauma requiring multi-specialty care, diffi  -
culties associated with elderly patients with 
trauma and their medical comorbidities 
means that there are likely to be differ-
ences in the standards of care between the 
North and South Island centres. Without 
the commensurate North Island trauma 
services, their ability to collect all admitted 
trauma data and enter major trauma 
data onto the NZMTR, the South Island 
remains terra incognita on the national 
trauma registry. Possibly, conveniently 
veiling the wide separation in trauma care 
and outcomes between the North and South 
Islands.

In the provision of trauma care the South 
Island appears to be some 40 years behind 
the US,2 nearly 20 years behind Australia3 
and 10 years behind Auckland.4 In the 
1990’s, systemic errors in Australian trauma 
systems were identifi ed as resulting in signif-
icant preventable trauma patient deaths.5 
Since the establishment of a state-wide 
trauma system in Victoria, Australia, 
there has been a signifi cant reduction in 
mortality.6 Cameron concluded that “Such 
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inclusive systems of trauma care should be 
regarded as a minimum standard for health 
jurisdictions”.6 The South Island does not 
appear to be progressing towards achieving 
such a minimum standard. Data capture 
while nascent in the south needs to be 
swiftly followed by the fundamental compo-
nents of a trauma service. In the south, 
medical and nursing staff involved in the 
care of major trauma patients have waited 
for years for the local and national support 
required to enable us to progress to the 
standard of care available in Auckland and 
Hamilton. With our higher rates of trauma 
presentations the Mainland should be the 
leaders in trauma care in New Zealand. In 
the current climate of fi nancial frugality 
there seems little prospect of funding being 
made available for detailed data collection, 
data entry onto the NZMTR and trauma care 
in the south to equal what is available in 
the north. Despite the substantial evidence 
from the North Island, Australia and North 
America that formal trauma services reduce 
mortality, morbidity and length of stays, the 
funding defi cits faced by the southern and 
Canterbury DHBs seem insurmountable 

hurdles to matching the higher standards 
of trauma care available in the North Island 
tertiary level centres.

Incentive funding by ACC highlights the 
discrepancies in available trauma systems 
and exacerbates the gap between the north 
and south by disproportionately rewarding 
the established North Island Trauma 
Services.

In the South Island we do not feel we 
are on the cusp of establishing a world-
class trauma system nor do we seem to 
be progressing to a North Island class of 
trauma system. The fundamental building 
blocks for a trauma service, which the 
paper by Civil refers to, have yet to be 
laid in the south. Any long-term vision to 
improve trauma care in New Zealand needs 
to start with bringing the south up to the 
North Island standard, then together we 
should aim to match the achievements in 
trauma care Australians take for granted. 
But without signifi cant funding injections 
and high-level stewardship, trauma care in 
New Zealand will continue to be a tale of 
two islands, the haves in the north and the 
have-nots in the south.

Competing interests:
Nil.

Author information:
Co-Chairs of the Christchurch Hospital Trauma Committee—Dominic Fleischer, Emergency 
Consultant, Emergency Department, Christchurch Hospital; Christopher Wakeman, General 

Surgeon, Department of Surgery, University of Otago, Christchurch.
Corresponding author: 

Christopher Wakeman, University of Otago, 2 Riccarton Rd, PO Box 4345, Christchurch 8140. 
christopher.wakeman@cdhb.health.nz

URL:
http://www.nzma.org.nz/journal/read-the-journal/all-issues/2010-2019/2017/vol-130-no-1455-

12-may-2017/7236

REFERENCES:
1. Tale of Two Cities, 

Charles Dickens, 1859, 
London: Chapman & Hall.

2. West JG, Trunkey DD, 
Lim R. Systems of trauma 
care: A study of two 
counties. Arch Surg 
1979; 114:455–460.

3. McDerm ott FT, Cordner 
SM, Tremayne AB. Manage-
ment defi ciencies and 
death preventability in 120 

Victorian road fatalities 
(1993–1994). Aust N Z J 
Surg 1997; 67:611–618.

4. Civil I. A national trauma 
network: now or never 
for NZ. NZ Med J. 2010 
(1316). URL http://www.
nzma.org.nz/journal/
read-the-journal/all-is-
sues/2010-2019/2010/
vol-123-no-1316/
editorial-civil

5. McDermott FT, Cordner 
SM, Tremayne AB. Manage-
ment defi ciencies and 
death preventability in 120 
Victorian road fatalities 
(1993–1994). Aust N Z J 
Surg 1997; 67:611–618).

6. Cameron PA, Gabbe BJ, 
Cooper JD, et al. A state-
wide system of trauma 
care in Victoria: effect on 
patient survival. Med J 
Aust 2008; 189:546–550).

EDITORIAL



10 NZMJ 12 May 2017, Vol 130 No 1455
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

Improving outcomes in 
orthopaedic care

Gary Hooper 

Surgical practice is besieged by tradi-
tional methods, which, although they 
may have been intuitively sound, have 

not necessarily withstood critical analysis. 
Many of the surgical doctrines have failed 
the test of randomised clinical trials. Some 
of us will remember working as the junior 
doctor on a surgical attachment and know-
ing that patients needed to be nil by mouth 
from midnight for the following morning’s 
list, even if they were last on that list. The 
ramifi cations of patients being cancelled 
the next day because they had eaten were 
often profound and not an experience to be 
repeated! This surgical practice was “set in 
stone” and there was no reason to doubt it. 
It made sense. Brady et al1 challenged this 
concept and conducted a systematic review 
evaluating the effects of different preoper-
ative fasting protocols. They concluded that 
there was no evidence that this practice was 
helpful in eliminating the risk of aspiration 
pneumonitis and that regular sips of clear 
fl uid in fact reduced gastric volumes while 
improving the patient’s hydration. 

Enhanced Recovery After Surgery (ERAS) 
is an evidence-based strategy involving 
a paradigm shift in perioperative care. It 
involves preoperative education, enhanced 
nutrition, avoidance of fasting, restricted 
use of opioid analgesia, minimally invasive 
surgery and rapid postoperative mobili-
sation. This multimodal, multidisciplinary 
approach has resulted in reducing hospital 
stays by up to 50% with a similar reduction 
in complications and fewer readmissions.2 
Apart from the obvious advantage to the 
patient, this also results in reduced costs 
to the funder. Several branches of surgery 
have been active in adopting this practice, 
in particular colorectal surgery, but its 
translation to other branches of surgery has 
been slow.

There are many reasons for the delay in 
translating evidence-based medicine into 
surgical practice, but a major one is likely to 

be the lack of coordinated knowledge trans-
lation to the relevant interested providers. 
Barriers to this knowledge transfer are often 
centred on a lack of resource, in particular 
designated staff to ensure that the trans-
lation into practice occurs. Proudfoot et al3 
in “Implementation and effects of Enhanced 
Recovery After Surgery for hip and knee 
replacements and fractured neck of femur 
in New Zealand orthopaedic services” have 
been successful in engaging 18 out of 20 
of our district health boards (DHBs) to 
implement this perioperative process to 
improve outcomes and reduce the length 
of stay in hospital for some orthopaedic 
procedures. This has been supported by 
both the Ministry of Health and the National 
Orthopaedic ERAS Collaborative. They show, 
that for total hip and knee replacement, 
the average length of stay in hospital can 
be reduced by almost one day by imple-
menting ERAS strategies alone. Last year, 
approximately 11,000 joints were replaced 
in public hospitals throughout New Zealand. 
The national ERAS programme would have 
saved almost 11,000 hospital bed days with 
the potential to allow a further 2,444 hips 
and knees to be replaced; a major saving in 
a health system under signifi cant pressure. 
We have seen the projected increase 
in demand for joint replacement in the 
next 20 years,4 which is going to put even 
more stress on health care providers and 
hospitals, so any effi  ciency in the provision 
of this care needs to be carefully assessed 
and implemented. This initiative between 
the Ministry of Health and other health care 
organisations is to be applauded and should 
be the catalyst for future collaborations 
to translate evidence-based medicine into 
surgical and medical practice.

Unfortunately the same was not true of 
fracture neck of femur where their hospital 
stay was unchanged. This is likely to be due 
to several factors, including the unpredict-
ability of acute injuries and the diffi  culty to 
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weight bear these patients early, which is 
often a prerequisite for early discharge. Our 
ageing population means that fragility frac-
tures in the elderly will require increasing 
health resource, and we need to continue to 
develop strategies to improve the effi  ciency 
of this management. Involving multiple 
provider groups combined with funding 
agencies (Ministry of Health, ACC) and a 
collective approach across all DHBs appears 
to be the best approach for the future. 
The recent development of a hip fracture 
registry across New Zealand and Australia 
is an important initiative to provide patient 
and treatment data, which can then be used 
to improve outcomes. Like the successful 

and world renowned New Zealand Joint 
Registry, we are likely to see this combined 
database provide the evidence base 
required to improve outcomes for hip frac-
tures. As Proudfoot et al3 have shown, the 
implementation of change within major 
organisations, such as DHBs, is reliant on 
having adequately resourced and designated 
personnel to monitor, educate and manage 
improvement programmes. This ultimately 
means employing nationally based staff to 
coordinate such activities across all DHBs. 
We look forward to the future development 
of such initiatives to improve the care of 
these vulnerable patients.
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The ‘six hour target’ in New 
Zealand is associated with 

reduced mortality and 
greater ef� ciency

Mike Ardagh

The introduction of the Shorter Stays 
in the Emergency Department health 
target (the six hour target) in July 

2009 was a signifi cant development in New 
Zealand, being the fi rst and only high-level 
accountability measure for the care of acute 
(unplanned and urgent) illness and injury. 
It required district health boards (DHBs) 
aspire to admit, discharge or transfer 95% of 
emergency department (ED) patients within 
six hours of presentation. 

It came about after the advocation of clini-
cians for a meaningful solution to worsening 
ED and hospital overcrowding,1,2 eventually 
leading to a meeting to discuss possible 
solutions in Wellington in early 2008. When 
the participants of the meeting were asked 
what they wanted, a director of a large and 
troubled emergency department stood up 
and said, ‘I just want someone to give a shit.’ 
This laconic, colloquial quote summarised 
the consequent direction of travel. A 
major health target associated with acute 
care would require DHBs give attention 
to improving acute care in proportion to 
the attention they were giving to elective 
(planned) care.2

The consequent report to the Minister of 
Health called: The Report of the Working 
Group for Achieving Quality in Emergency 
Departments, provided a thorough exam-
ination of the problem and its causes, and 
made a number of recommendations, 
including the adoption of a high-level health 
target based around length of stay (LOS) for 
patients in EDs. 

The new government received the 
report and accepted this recommendation, 
appointed a National Clinical Director 
of ED services and endorsed the estab-
lishment of a National ED Advisory Group, 
consisting mostly of doctors and nurses 

from throughout New Zealand. There was 
awareness of the English National Health 
Service (NHS) experience with a four hour 
ED LOS target and mixed feelings about its 
utility. Experience in the UK suggested the 
target sometimes could be achieved without 
improving patient care, indeed potentially 
making patient care worse, by truncating 
care or moving patients through the system 
inappropriately—“hitting the target, but 
missing the point”. 

In New Zealand, all players—the Minister, 
the National Clinical Director, the Advisory 
Group members and clinicians around the 
country—were determined to use the target 
to drive improvements in care, and not 
allow ‘gaming’ of the target, or shifting of the 
clinical risk outside the ED to other parts of 
the system. It was to be a tool to encourage 
genuine, whole of system improvements in 
care—quality, not blinkered compliance. It 
was to be owned and policed by clinicians—
the clock should not trump good clinical 
decisions.3,4,5 

However, it is not easy creating the 
understanding that most of the necessary 
steps to achieving the target are outside the 
ED, consequently getting buy-in from all 
who need to contribute, and then changing 
complex, silos of disconnected care into 
joined up cooperatives of care, primarily 
honouring the patient travelling through 
them. Such change takes time, and there 
was some pressure for DHBs to achieve the 
target sooner rather than later. 

There is a narrow therapeutic window 
with an intervention of this sort, so that it is 
pushed hard enough to get movement but 
not so hard that it drives bad behaviour. To 
dose the target in this therapeutic window or 
keep it in the warm Goldilocks Zone of ample 
encouragement but not too much pressure, a 

EDITORIAL



13 NZMJ 12 May 2017, Vol 130 No 1455
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

six hour time period was chosen, rather than 
four hours. Similarly, it was stated at the 
beginning and repeatedly to anxious offi  cials 
that this would, and indeed should, take at 
least four years to achieve. Finally, it was 
explicitly owned and navigated by clinicians 
who preserved the centrality of the ‘quality 
not compliance’ principle. 

Did it work?
In this issue of the Journal, Peter Jones 

and colleagues publish two of the papers 
from their comprehensive Health Research 
Council funded ‘Shorter Stays in the ED 
National Research Project’. One paper6 
gives a before and after the target picture 
of process and clinical measures across the 
whole of New Zealand, and the other7 drills 
down to look at more specifi c measures at 
four DHBs. The papers have limitations, 
particularly regarding their abilities to 
attribute any changes to the target. The 
authors acknowledge this and other limita-
tions. However, we should acknowledge that 
their work represents the most signifi cant 
research into the utility of an ED LOS target 
ever undertaken. They should be thanked 
and congratulated for doing it.

The underlying question is whether the six 
hour target was good or bad. Did it result in 
delays to some care, because patients were 
moved promptly out of the ED before getting 
the care they should have? Did it result in 
more admissions to hospital wards because 
the ED did not take the time to enable a good 
discharge home? Did it result in greater 
mortality or increased re-presentation rates 
because patients were discharged from the 
ED too quickly?

Or, given the pre-target estimate that ED 
overcrowding was causing hundreds of 
deaths in New Zealand each year,2 would 
the improvements consequent to the target 
result in reduced mortality?

In their paper Effect of the Shorter Stays in 
Emergency Departments time target policy on 
key indicators of quality of care7 Jones and 
colleagues found that, in the four DHBs they 
studied, there were no differences to time 
to treatment for ST elevation myocardial 
infarction, antibiotics in severe sepsis, anal-
gesia for moderate or severe pain, theatre 
for fractured neck of femur and theatre for 
appendicitis. Nor were there any changes to 
the adequacy of treatment. 

However, it is their paper Impact of a 
national time target for ED length of stay on 
patient outcomes6 which is most impressive. 
This is a nationwide observational study of 
all DHBs able to provide the relevant data 
(18 out of 20) covering 90% of hospitals 
nationwide. Despite more presentations and 
a case mix which is older and with greater 
urgency (more urgent triage categories) in 
the post-target period, the improvement in 
outcomes was dramatic. Of course, there 
was better performance against the six 
hour target and ED LOS reduced in general, 
for all patient types and particularly for 
those being admitted to a hospital ward 
(nearly three hours reduction). However, 
in keeping with the intent of the target to 
drive whole of system changes, the inpatient 
LOS reduced also, freeing up an estimated 
145,000 bed days across the country in 2012. 

There was no signifi cant increase in rates 
of admission to hospital, suggesting the 
target was not being achieved by simply 
admitting more patients. There was no 
signifi cant change to re-presentation to the 
ED within 48 hours, suggesting the target 
was not being achieved by sending people 
home before they had received adequate 
care. Prior to the target there was an 
increasing trend in the proportion of people 
attending an ED who left before being seen 
by a clinician other than the triage nurse. 
There is appreciable clinical risk asso-
ciated with this group. After the target, the 
proportion who did not wait was falling 
again. 

Mortality was unchanged among those 
discharged home from the ED, or those 
admitted from the ED to a hospital ward, 
suggesting the target was not being achieved 
by ‘shifting the risk’ to areas other than the 
ED. Most dramatic among their fi ndings was 
that there was a signifi cant fall in mortality 
among ED patients, equating to 700 fewer 
deaths in 2012 than there would have been 
had pre-target trends continued. This is an 
extraordinary fi nding.

The Shorter Stays in the ED health 
target has been an important and useful 
intervention in New Zealand health care. 
However, it is an intervention for a problem 
which is chronic and progressive. Not only 
do we need to ensure we keep it in the ther-
apeutic window but we need to do it for life.
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Impact of a national time 
target for ED length of stay 

on patient outcomes
Peter Jones, Susan Wells, Alana Harper, James Le Fevre, Joanna Stewart, 

Elana Curtis, Papaarangi Reid, Shanthi Ameratunga

In May 2009, the Ministry of Health 
formally announced six national health 
targets for public hospitals in New Zea-

land.1 One of these was the ‘Shorter Stays in 
Emergency Departments’ target, stipulating 
that 95% of patients will be admitted, dis-
charged or transferred from an emergency 
department (ED) within six hours of arrival.2 
This policy was introduced on the basis of 
international evidence that suggested an as-
sociation between ED and hospital crowding 
and worse outcomes for patients, including 
an association with increased mortality.3–6 
The causes of ED crowding are multifac-
torial, but mostly due to delays in the fl ow 
of patients requiring admission to hospital 
acutely from the ED to hospital wards.7 Long 
waits for admission to hospital from ED 
are synonymously termed ‘Access’ or ‘Exit’ 
Block8 and are a marker of ED crowding.

Time-based ED targets were initially 
introduced in the UK’s National Health 
Service (NHS) in 20039 and have since been 
introduced both in New Zealand1 and in 
Australia.10 There is debate as to whether 
or not targets are helpful or harmful,11 and 
it is unclear what impact these have on 
patient care. Some studies suggest better 
outcomes for patients,12,13 and others suggest 
that focusing on a time target for sepa-
ration from ED has the potential to distort 
clinical or management priorities, diverting 
attention from other aspects of care within 
the system.14,15 

The Shorter Stays in ED (SSED) National 
Research Project is a mixed-methods study 
within public hospital EDs in New Zealand 
investigating the relationship between 
the introduction of a time target for the 
completion of care in ED and the quality 

ABSTRACT
AIM: The impact of national targets for emergency department (ED) length of stay (LOS) on patient care is 
unclear. This study aimed to determine the e� ect of New Zealand’s six-hour time target (95% of ED patients 
discharged or admitted to hospital within six hours) on a range of quality indicators.

METHODS: A nationwide observational study from 2006 to 2012 modelled di� erences in changes over 
time before and a� er target introduction in 2009. The observed model estimates in 2012 were compared 
to those predicted if pre-target trends had continued. Di� erences are absolute values except for morality, 
which is presented as a relative change.

RESULTS: There were 5,793,767 ED presentations and 2,082,374 elective admissions from 18 out of a possible 
20 district health boards included in the study. There were clinically important reductions in hospital LOS 
(-0.29 days), EDLOS (-1.1 hours), admitted patients EDLOS (-2.9 hours), ED crowding (-26.8%), ED mortality 
(-57.8%), elective inpatient mortality (-42.2%) and the proportion not waiting for assessment (-2.8%). Small 
changes were seen in time to assessment in the ED (-3.4 minutes), re-presentation to ED within 48 hours 
of the index ED discharge (-0.7%), re-presentation to ED within 48 hours from ward discharge (+0.4%) and 
acute admissions (+3.9%). An increase was observed in re-admission to a ward within 30 days of discharge 
(1.0%). These changes were all statistically significant (p<0.001).

CONCLUSION: Most outcomes we investigated either improved or were unchanged a� er the introduction of 
the time target policy in New Zealand. However, attention is required to ensure that reductions in hospital 
length of stay are not at the expense of subsequent re-admissions.
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of care in ED and the whole hospital.16 The 
project uses a Kaupapa Māori Research 
approach, with a lens on ensuring that the 
target did not widen inequities in health 
outcomes for ethnic groups, especially 
the indigenous population. There was 
involvement by Māori as integral members 
of the research team from the inception to 
the completion and reporting of the project.17 

Key research questions for this paper 
were: Is there any change in clinically 
relevant outcomes after the target was intro-
duced? And were there different impacts for 
at-risk ethnic and age groups? 

In order to answer these questions, quality 
indicators were identifi ed from a liter-
ature review and stakeholder analysis.18 
The indicators selected were a mixture of 
process and outcome measures to provide 
a balanced view of the infl uence of the 
target on the quality of care. The primary 
outcomes were ED and hospital length of 
stay (LOS) to refl ect effi  ciency of care, with 
re-presentation to ED and re-admission to 
hospital to refl ect effectiveness of care. For 
patients admitted to a hospital ward from 
the ED, the proportion of patients who had 
an ED LOS more than eight hours prior 
to admission (Access Block) was used as 
the measure of ED crowding. Secondary 
outcomes were mortality, the proportion 
not waiting to complete care, the time to 
assessment by a treating clinician in the 
ED and the rate of admission to hospital 
and short-stay wards. Other secondary 
outcomes relating to specifi c clinical condi-
tions described in the protocol16 are being 
analysed and addressed separately.19,20,21

Methods
Study design and setting

This was a cohort study in which the rate 
of change of selected quality of care markers 
over time was investigated at a national 
level in New Zealand for three years before 
and three years after the introduction of the 
target (the intervention) in July 2009. 

Study population
All ED visits and non-emergency (elective) 

hospital admissions from 1 January 2006 
to 31 December 2012 in New Zealand were 
identifi ed from the central database of the 
New Zealand Health Information Service 
(NZHIS). Hospitals without an ED were 
excluded. The visit date, demographic data 

and date of death were extracted from 
NZHIS and then linked to local district health 
board (DHB) databases holding times for 
the patient journey (presentation, triage, 
assessment, admission and discharge 
times) in each hospital for each event using 
a unique patient identifi er, the National 
Health Index (NHI) number. In New Zealand 
when more than one ethnicity for a person 
is recorded on arrival, ethnicity is defi ned 
by DHBs according to a national prioriti-
sation protocol for major ethnic groups in 
the following order; Māori, Pacifi c, Asian, 
New Zealand European and fi nally all other 
ethnicities.22 Duplicate events were iden-
tifi ed and removed prior to data analysis. 
The linked database was used to determine 
re-presentation and re-admission to any 
hospital in the country regardless of which 
hospital was the site of the index visit. A 
data dictionary was developed a-priori 
and contains a full description of the data 
collection process and defi nitions of all vari-
ables. This is available alongside the study 
protocol, which has been published previ-
ously.16 The defi nitions of outcomes pertinent 
to the current study are provided below. 

Intervention
The ‘Shorter Stays in Emergency Depart-

ments’ target is a mandatory target that 
all DHBs were expected to meet from 1 
July 2009. The target stipulates that 95% 
of patients will be admitted, discharged or 
transferred from an emergency department 
(ED) within six hours of arrival2 and was 
implemented through a wide variety of 
process, staffi  ng and structural changes at 
different hospitals from 2009.23 Although 
the target was not accompanied by extra 
funding to DHBs for implementation, it is 
estimated that changes made to facilitate 
meeting the target cost in the region of 52 
million New Zealand Dollars.23

Definitions
For each outcome, a clinically important 

difference was determined by consensus, 
as it was anticipated that due to the large 
number of participants in the study, small 
differences that may not be clinically 
important would be found to be statisti-
cally signifi cant. This is shown in Table 1 
and is an absolute change unless specifi ed 
otherwise. In the results section, differ-
ences are reported if they met the clinically 
important threshold for the outcome.
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Statistical analysis
The data for each of the outcomes was 

recorded by twelve-month period to avoid 
the need to model for seasonal changes. 
As we included all hospitals (rather than a 
sample of hospitals) and all their data for 
the time period of interest was included, 
hospital was included in the analyses as 
a fi xed rather than a random effect. To 
compare the rate of change in continuous 
measures pre- to post-target and whether 
any change was infl uenced by age or ethnic 
group, a general linear model was used. The 
length of time outcomes were transformed 
(log base e), and the explanatory variables 
were hospital, ethnic group (Māori, Pacifi c, 
Asian, European, Other), age group (cate-
gorised as under fi ve years, 5–14 years, 
15–24 years, 25–64 years and 65 years and 
older), deprivation score (NZDep, a standard 
measure of socioeconomic deprivation used 
in New Zealand based on small geographic 
areas of domicile24) entered as a continuous 
variable centred on NZDep 6, year (coded 
as 1 to 7 for 2006–2012 representing the 
pre-intervention change over time), whether 
pre or post the intervention (a binary 
variable coded as 0 pre 2009, 1 otherwise, 
representing the step at target introduction) 
and a variable to measure the change in 
slope from pre- to post-intervention (coded 
as 0 pre 2010, 1, 2 or 3 for 2010, 11 and 12 
respectively). As the target was a nationwide 
target, the fi rst interest was the infl uence on 
outcomes nationally. Therefore, changes in 
the total sample from pre to post the target 
were investigated fi rst. Estimates of the 
change over time in all of the outcomes of 
interest were modelled. The slope over time 
pre-target, the magnitude of the step change 
at 2009 when the target was introduced and 
the slope over time post-target were formed. 
The difference in the modelled estimate 
in 2012 from that which would have been 
obtained if the pre-target pattern had 
continued was determined. We also deter-
mined the difference between the modelled 
estimates for the year 2012 compared to the 
immediate pre-target year, 2008. 

To investigate if changes differed 
depending on specifi c demographic factors 
of interest, the analyses were also run 
including the two-way interactions of ethnic 
group or age, with year, pre-post and change 
in slope. Estimates as above within ethnic 

group and within age group were obtained. 
These estimates were for comparative use 
and were evaluated at the reference values 
for the covariates (European, age 15–64, 
NZDep 6 and Auckland hospital). For the 
binary outcomes, the analyses were the 
same with the exception that a generalised 
linear model was used with a binary distri-
bution and a log link. For some analyses 
where the outcome was rare, the number of 
age or ethnic groups needed to be reduced. 
Data were analysed using SAS/STAT version 
9·3 SAS Institute, Cary, NY, USA and SPSS 
version 22, IBM Corporation, Armonk, NY 
USA using PROC GLM for the continuous 
outcomes and PROC GENMOD for binary 
outcomes. The study funder, the Health 
Research Council of New Zealand, had no 
role in the conduct or reporting of the study.

Ethical approval for the study was granted 
by the Multi-regional ethics committee of 
New Zealand’s Health and Disabilities Ethics 
Committees MEC 10/06/60.

Results
Of 20 eligible DHBs, 18 participated in the 

study. One DHB did not reply to multiple 
requests to supply data and the other was 
unable to provide the required data due to 
problems with their database. The 18 DHBs 
manage 25 hospitals providing care for 3.88 
million people (91.7% of the population 
of New Zealand). Over the study period 
there were 5,793,767 ED presentations and 
2,082,374 elective admissions to the partici-
pating DHBs.

Table 2 shows the baseline character-
istics of the patients presenting to the 
participating EDs during the study period. 
There were more presentations over time 
with a trend towards increasing age and 
increasing urgency to be seen according the 
Australasian Triage Scale (ATS). The use of 
short stay units (SSU) also increased after 
the introduction of the target, with <5% 
of ED presentations placed in SSU prior to 
2009 compared to almost 13% in 2012. The 
proportion of inpatient ward admissions 
changed little, while target performance 
improved after 2009, although the target 
threshold of 95% was not met.

Table 3 shows the raw outcome data by 
year. Table 4 shows how the model esti-
mates of the indicators in 2012 differed 
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Table 1: Outcome defi nitions.

Outcome Clinically 
important 
di� erence

Definition

Emergency department 
length of stay (ED LOS)

30 minutes The interval between ED presentation time and ED departure 
time. The reported ED LOS does not include the time spent in 
an ED short stay unit (SSU) and is the time reported by DHBs to 
the MOH for target compliance. An ED SSU provides short-term 
(usually <24 hour) assessment and/or treatment for specific 
conditions in order to streamline the episode of care. This can 
be led by the emergency medicine or inpatient specialists or 
both. The total ED LOS includes the time spent in SSU. In this 
study we used total ED LOS as a balance measure to determine 
whether SSU were being used to ‘stop the clock’ for target 
compliance, in which case total ED LOS would not be expected 
to change (or may increase).

Access block 10% The proportion of patients who require hospital admission to 
an in-patient ward from the ED who have a total ED LOS >eight 
hours. An in-patient ward is an area of the hospital where ongo-
ing secondary care is provided by a named medical or surgical 
specialist, usually for more than 24 hours.

Hospital length of stay (LOS) 0.25 days For admitted patients, the interval between presentation to the 
hospital and discharge from the hospital.

Re-presentation 1% The proportion of patients who presented to any ED within 48 
hours of discharge from either an ED or a hospital ward, exclud-
ing arranged inter-hospital transfers.

Re-admission 1% The proportion of patients who were admitted to any hospital 
within 30 days of discharge from a hospital ward.

Mortality 10%
(relative 
change)

The proportion of patients who died: 
ED patients: either in the ED or within 10 days of ED discharge.
Admitted patients: those that died on the ward or within 30 days 
of ward discharge. 
Relative change was used for this outcome as the baseline mor-
tality was low and varied depending on whether patients were 
discharged (<0.5%) or admitted (≈5%).

Did not wait to be seen or to 
complete assessment in ED 
(DNW)

1% The proportion of patients who le�  prior to completion of their 
assessment in the ED.

Assess time 15 minutes The interval between ED presentation and first assessment by a 
treating clinician (doctor or nurse practitioner).

Admissions 5% The proportion of patients who were admitted to an inpatient 
ward.

For all 
outcomes

Observed 
2012 estimate 

- The model estimate of the outcome of interest in 2012 .

Predicted 
2012 estimate

- The model estimate that would have been obtained for 2012 if 
the pre-target trend had continued.
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Table 2: Baseline characteristics of emergency department presentations.

Year Pre-target Target Post-target

2006† 2007 2008 2009 2010 2011 2012

N 678,410 747,135 795,761 843,840 885,093 912,053 931,475

Age Mean (yr) 38·4 38.4 38.7 38.9 38.8 39.0 39.3

Gender Male 51.9% 51.9% 51.7% 51.4% 51.0% 50.6% 50.5%

Ethnic group Māori 18.5% 19.3% 19.4% 19.5% 19.4% 19.2% 19.0%

European 64.0% 63.5% 63.4% 63.4% 63.4% 63.0% 62.5%

Pacific 8.4% 8.2% 8.4% 8.6% 8.6% 8.9% 9.1%

Asian 5.2% 5.1% 5.2% 5.5% 5.9% 6.2% 6.7%

Other 1.6% 1.7% 1.7% 1.6% 1.5% 1.6% 1.6%

Unknown 2.3% 2.2% 1.9% 1.5% 1.4% 1.2% 1.2%

Deprivation*  1 12.2% 11.7% 11.7% 12.2% 12.2% 12.4% 12.6%

2 14.0% 13.6% 13.5% 13.9% 13.9% 14.1% 14.2%

3 17.2% 17.2% 17.7% 18.0% 18.1% 18.3% 18.3%

4 24.9% 25.6% 25.4% 24.9% 25.1% 25.1% 25.0%

5 30.5% 30.8% 30.6% 29.9% 29.6% 29.2% 29.0%

Unknown 1.1% 1.1% 1.1% 1.1% 1.0% 1.0% 0.9%

Mode of presentation Ambulance 25.1% 22.7% 22.8% 24.8% 26.9% 25.7% 23.4%

Self 57.2% 55.0% 53.7% 55.5% 58.4% 57.1% 57.1%

Other 13.1% 17.8% 19.3% 15.4% 10.6% 13.0% 15.4%

Unknown 4.5% 4.4% 4.3% 4.2% 4.2% 4.2% 4.2%

Referral by Self 62.2% 64.5% 66.8% 68.4% 68.2% 66.3% 65.3%

Health provider 31.2% 28.2% 27.4% 27.2% 25.1% 23.7% 23.0%

Unknown 6.6% 7.2% 5.8% 4.4% 6.7% 10.0% 11.7%

Australasian Triage 
Scale**

1 0.7% 0.6% 0.6% 0.6% 0.7% 0.7% 0.7%

2 9.8% 9.1% 9.2% 9.8% 9.7% 10.1% 10.3%

3 37.9% 37.4% 37.3% 38.1% 38.8% 40.3% 41.3%

4 39.6% 40.1% 40.1% 39.9% 39.8% 39.0% 39.0%

5 12.0% 12.8% 12.7% 11.6% 11.1% 9.9% 8.8%

Unknown 0.3% 0.3% 0.3% 0.2% 0.2% 0.1% 0.1%

Short stay unit admissions 3.6% 3.8% 4.7% 6.2% 7.4% 11.8% 12.9%

Ward admissions 31.9% 30.1% 30.1% 31.3% 31.5% 30.9% 31.4%

SSED target achievement† all patients 82.4% 81.6% 80.6% 81.9% 86.6% 90.9% 92.3%

SSED target achievement† admitted patients 70.7% 67.5% 64.9% 67.1% 74.9% 82% 85.1%

†One hospital was unable to supply data for 2006 so n is smaller for this year. *New Zealand deprivation quintiles by domicile: 1=least 
deprived, 5=most deprived, **Australasian Triage Scale 1=most urgent, 5=least urgent. Missing data is represented by the ‘unknown’ 
category for each variable. There were also 14 cases with age not recorded and 186 with gender not recorded over the study period. 
SSED=Shorter stays in emergency departments. SSED=Shorter stays in emergency departments. †Target achievement refers to the 
proportion of ED patients each year that were admitted to hospital or discharged from the ED within six hours of arrival in the 25 study 
hospitals. The target threshold for achievement was 95%.
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from that predicted for 2012 if the pre-target 
trend had continued and the difference 
between the estimates in 2012 and those 
in the year prior to the introduction of the 
target in 2008. These data are shown graphi-
cally in Figures 1A, 1B and 1C. The impact of 
the target on different ethnic and age groups 
is shown in Tables 5 and 6 and supple-
mentary material fi gures.

Hospital LOS
Hospital LOS reduced by 0.29 days (6.96 

hours) after the introduction of the target 
(Table 3). All ethnic and age groups had 
lower than predicted post-target estimates 
of hospital LOS than if the rate of change 
pre-intervention had continued (Tables 4 
and 5, supplementary material fi gures). 

Table 3: Raw unadjusted outcome data.

Outcome 2006
n=678,410

2007
n=747,135

2008
n=795,761

2009
n=843,840

2010
n=885,093

2011
n=912,053

2012
n=931,475

Hospital LOS (days†) 2.67
(1.2, 5.2)

2.74
(1.2, 5.5)

2.77
(1.2, 5.7)

2.65
(1.2, 5.3)

2.49
(1.1, 5.0)

2.40
(1.1, 5.0)

2.34
(1.1, 5.0)

Total ED LOS (hours†)
all patients

2.92
(1.5, 5.1)

3.02
(1.6, 5.3)

3·18
(1.7, 5.5)

3.23
(1.8, 5.5)

3.12
(1.7, 5.2)

3.12
(1.8, 5.1)

3.17
(1.8, 5.1)

Total ED LOS (hours†)
patients admitted to 
a ward

4.17
(2.42,6.85)

4.50
(2.67,7.28)

4.75
(2.87, 7.68)

4.68
(2.88, 7.48)

4.35
(2.67, 6.67)

4.33
(2.72, 6.28)

4.38
(2.78, 6.22)

Target reported ED 
LOS (hours†)

2.85
(1.5, 4.9)

2.95
(1.6, 5.0)

3.07
(1.6, 5.2)

3.07
(1.7, 5.1)

2.97
(1.6, 4.7)

2.83
(1.6, 4.4)

2.85
(1.6, 4.4)

Access block (%) 19.3% 21.3% 23.3% 22.3% 17.5% 16.0% 16.5%

Re-presentation 48 
hr (%)
from ED discharge
from ward discharge

7.8%
2.2%

8.1%
2.1%

8.0%
2.0%

8.0%
2.1%

8.1%
2.2%

7.5%
2.1%

7.0%
2.2%

Re-admission to ward 
at 30 days (%)

6.5% 6.1% 6.5% 7.2% 7.4% 7.4% 7.9%

Mortality (%) 
In ED
Acute admissions
Elective admissions
ED discharge
Ward discharge

0.124%
2.47%
0.527%
0.152%
1.63%

0.126%
2.40%
0.557%
0.137%
1.66%

0.130%
2.43%
0.512%
0.143%
1.65%

0.102%
2.36%
0.399%
0.118%
1.54%

0.088%
2.21%
0.365%
0.124%
1.50%

0.070%
2.26%
0.369%
0.133%
1.53%

0.068%
2.11%
0.358%
0.117%
1.49%

Time to assessment 
(minutes†)

33
(13, 74)

36
(14, 81)

37
(13, 86)

37
(13, 88)

37
(13, 88)

38
(14, 88)

40
(15, 91)

Did not wait for or 
to complete assess-
ment (%) 

3.7% 4.0% 4.5% 4.6% 4.7% 4.4% 4.0%

Admission to ward (%) 31.9% 30.1% 30.1% 31.3% 31.5% 30.9% 31.4%

LOS=Length of stay, ED=Emergency department. †Times are medians (interquartile ranges) due to the skewed underlying distributions.
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ED LOS
There was a 1.1 hour decrease in the 

modelled estimate of total ED LOS in 2012 
compared to that predicted for all patients 
and 2.9 for admitted patients (Table 4). All 
ethnic and age groups had lower estimates 
of total ED LOS in 2012 than those predicted 
from pre-target trends. Similarly, the model 
estimate of target reported ED LOS in 2012 
was 1.6 hours less than predicted from 
pre-target trends (Table 4), and this was also 
reduced for all ethnic and age groups (Tables 
5 and 6, supplementary material fi gures). 

Re-presentation to ED
There was no clinically important change 

in the rate of re-presentation to ED within 
48 hours of ED discharge overall pre- and 
post-the target (Table 4). The post-target 
trend was a reduction across all ethnic and 
age groups (Tables 5 and 6, supplementary 
material fi gures). Conversely, re-presentation 
to ED within 48 hours of inpatient ward 
discharge increased but also did not reach 
the clinically important threshold (Table 4). 

Re-admission to a ward
The model estimated that re-admissions 

to a ward within 30 days of discharge in 
2012 increased 1.1% over that predicted 
with continuation of pre-target trends 
(Table 4). All ethnic and age groups had 
higher estimates of re-admission at 30 days 
in 2012 than predicted from pre-target 
trends, although not all above the clinically 
important threshold (Tables 5 and 6, supple-
mentary material fi gures). 

 Access block (ED crowding)
Access block was increasing prior to the 

introduction of the target then reduced 
after the target was introduced (Table 4, 
Figure 1A). All ethnic and age groups had 
importantly lower than predicted post-
target estimates of access block (Tables 5 
and 6). The pattern of change was similar 
for different groups, although older people 
were more likely to be subject to access 
block than younger people (Table 6, supple-
mentary material fi gures). 

Hospital admissions
Admission rates were trending down-

wards slightly prior to the target, with a 
step up at the introduction of the target 
followed by a downward trend thereafter. 
The net effect was that the model estimate 
of admission rate in 2012 was higher than 

predicted. However, the clinically important 
threshold was not reached and the esti-
mated admission rate in 2012 was similar to 
that in 2008 (Table 4). The pattern of change 
post-target was similar across ethnic and age 
groups (Figure 1A). The difference between 
estimates of admission rates in 2012 and 
those predicted from pre-target trends for 
Pacifi c Peoples and the ‘Other’ ethnic group 
reached the clinically important threshold, 
while those for Asian, European and Māori 
ethnic groups did not (Table 5). The model 
estimates in 2012 were also importantly 
higher than predicted for adults as the 
pre-target trend was reducing and there 
was step-up at target introduction (Table 6, 
supplementary material fi gures). 

Mortality in the ED
The observed model estimate of mortality 

in the ED in 2012 was 57.8% lower than 
predicted by the pre-target trend. This 
translates to ≈700 fewer deaths in the study 
population than predicted if the pre-target 
trend had continued (Table 4). The model 
estimates were consistent with the raw 
data, which showed there were 395 fewer 
deaths in ED in 2012 compared to 2008, a 
47.3% relative decrease. The post-target 
pattern was consistent for all ethnic groups 
with no statistically signifi cant differences 
for the change between these groups (Table 
5, supplementary material fi gures). ED 
mortality also decreased importantly across 
all age groups, but more so for those under 
65 years (Table 6, supplementary material 
fi gures).

In-hospital mortality
In-hospital mortality was unchanged for 

acute admissions, with a downward trend 
pre-target which continued post-target 
(Table 4, Figure 1B). There was no difference 
in the step at target introduction for 
acute inpatient mortality by ethnic group. 
However, a difference in the change in slope 
from pre- to post-target was demonstrated 
due to variation in the pre-target trends for 
different ethnic groups (Table 5, supple-
mentary material fi gures). 

For elective admissions the difference 
between mortality estimated in 2012 
compared to that predicted if the pre-target 
trend had continued was 0.19% fewer. 
This was a 42.2% relative decrease, or ≈600 
fewer deaths than predicted in 2012 if the 
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pre-target trend had continued. The model 
estimates were consistent with the raw 
data, which showed that there were 351 
fewer deaths in 2012 vs 2008 (a 30% relative 
decrease). There was no difference by ethnic 
groups for this outcome, while there was 
a difference by various age groups with 
an increase in mortality for the 5–14 year 
group, due to a decreasing trend pre-target, 
which fl attened out post-target. This group 
had the lowest mortality of all groups. 
Mortality for all other age groups was lower 
than predicted post-target (Tables 5 and 6, 
supplementary material fi gures). 

Mortality for discharged patients
There was no detectable infl uence of the 

target in mortality for those discharged from 
ED (Table 4, supplementary material Figure 
5) and no difference by ethnic or age groups 
(Tables 5 and 6) for this outcome. For those 
discharged from the ward there was a statis-
tically signifi cant reduction in mortality 
at 30 days that did not reach the clinically 
important threshold (Table 4). There were 
differences in the change in slopes pre- and 
post-target by ethnic and age group. Pacifi c 
Peoples and those in the 15-24 year age 
group had relative increases in mortality 
post-ward discharge, while other groups 
decreased (Tables 5 and 6, supplementary 
material fi gures).

Time to assessment
Time to assessment did not change 

importantly in relation to the target, with 
a 3.4 minute decrease between predicted 
and observed estimates, with no clinically 
important differences for different ethnic 
or age groups (Tables 4–6, Figure 1C, supple-
mentary material fi gures). 

Did not wait
The DNW rate was increasing prior to 

the target, then dropped after target intro-
duction (Figure 1C). The difference between 
observed estimates in 2012 was 2.8% lower 
than predicted by the pre-target trend, 
which meant that the 2012 estimate was 
similar to that in 2008 (Table 4). All ethnic 
and age groups had reductions in estimated 
vs predicted DNW rates post-target (Tables 5 
and 6, supplementary material fi gures).

Limitations 
As this was an observational study, we 

are unable to attribute causality, and it is 
possible that factors other than the imple-
mentation of the ED target contributed 
to the observed changes in the outcomes 
measured, which is a weakness of our study. 
This is particularly relevant to the observed 
reduction in elective in-patient mortality as 
the introduction of two other health targets 
(improved access to elective surgery and 
faster cancer treatment) at the same time 
as the ED target in New Zealand may have 
impacted positively on this outcome.

Discussion
This study reports the impact of the intro-

duction of the shorter stays in emergency 
departments target in New Zealand on a 
balanced suite of quality indicators at a 
national level. Despite the target threshold 
not being achieved, we found clinically 
important reductions in hospital LOS, ED 
LOS, ED crowding, ED mortality, elective 
mortality and the proportion of people not 
waiting to be seen or to complete assessment 
in the ED. Clinically unimportant changes 
were seen in time to assessment in the ED, 
re-presentation to ED at 48 hours from ED 
or ward discharge, and ward admissions. 
No change was seen in mortality for acute 
admissions or patients discharged from 
either the ED or hospital wards. However, 
an important increase was observed in 
re-admission to a ward at 30 days. There 
were no consistent patterns of difference 
between major ethnic and age groups for 
these outcomes, suggesting that the SSED 
target did not systematically advantage or 
disadvantage any groups defi ned by these 
particular demographic categories. 

Although it may not be surprising that a 
mandatory government target for shorter 
ED stays resulted in the reduction in the 
reported ED LOS, the key question is 
whether such a reduction was also asso-
ciated with real changes to improve the 
quality of care. The use of SSU increased 
markedly after the target was introduced. 
As SSU admission was a potential ‘clock-
stopping’ device with respect to the target, 
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Table 4: Model estimates of change in quality of care indicators in association with the introduction of the 
shorter stays in ED target.†

Outcome Predicted model 
estimate in 2012†† 
compared to actual 
model estimate in 
2012

2012 model 
estimate 
compared to 
2008 model 
estimate

P value 
for change 
in slope 
post-target

P value
for step 
at target 
introduction

Clinically 
important 
di� erence

Hospital LOS (days) -0.29 -0.34 <0.001 <0.001 0.25

Total ED LOS (hr) -1.1 -0.2 <0.001 <0.001 0.5

Total ED LOS admitted 
patients (hr)

-2.9 -0.7 <0.001 <0.001 0.5

Target reported ED 
LOS (hr)

-1.6 -0.9 <0.001 <0.001 0.5

Access block (%) -26.8% -14.2% <0.001 <0.001 10%

Re-presents to ED at 
48 hr (%)
from ED discharge
from ward discharge

 
-0.7%
+0.4%

 
-0.8%
+0.1%

<0.001
<0.001

<0.001
<0.001

 
1%

Re-admission to ward 
at 30 Days (%)

+1.0% +1.1% <0.001 <0.001 1%

Mortality‡ (%)
In ED
Acute admissions
Elective admissions
ED discharges
Ward discharges

 
-57.8%
-4.1%
-42.2%
+6.4%
-7.4%

 
-51.0%
-10.6%
-29.5%
-12.2%
-8.9%

 
<0.001
0.33
<0.001
0.18
0.97

 
<0.001
0.77
<0.001
0.29
0.002

 
10%

Time to assessment 
(minutes)

-3.4 +1.8 <0.001 <0.001 15 

Did not wait for or 
to complete 
assessment (%) 

-2.8% -0.5% <0.001 <0.001 1%

Admission to ward (%) +3.9% +0.5% <0.001 <0.001 5%

ED=Emergency department. †=The target introduced in 2009 was that 95% of people should be either discharged from the 
ED or admitted to hospital within six hours of presentation to ED. ††The predicted model estimate is what would have been 
observed if the pre-target trend had continued. LOS=length of stay, Total=time in ED counting short stay unit time, Target 
Reported=reported time in ED not counting short stay unit time, ‡Relative di� erence for this outcome, all others are absolute 
di� erences, hr=hour.
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Table 5: Outcomes for different ethnic groups.

Outcome Predicted mod-
el estimate in 
2012 compared 
to actual model 
estimate in 
2012

2012 mod-
el estimate 
compared 
to 2008 
model 
estimate

P value for 
di� erence in 
step at target 
introduction 
for di� erent 
ethnicities

P value for 
di� erence in 
change of slope 
a� er target 
for di� erent 
ethnicities

Clinically 
important 
di� erence

Hospital LOS (days)
European
Māori
Pacific
Asian
Other

-0.32
-0.28
-0.25
-0.08
-0.22

-0.32
-0.31
-0.52
-0.35
-0.31

0.08 <0.001
0.25
(6 hours)

All total ED LOS (hr)*
European
Māori
Pacific
Asian
Other

-1.38
-1.00
-0.27
-0.67
-0.34

-0.20
-0.13
-0.35
-0.34
-0.21

<0.001 <0.001
0.50
(30 min)

Total ED LOS admitted patients (hr)*
European
Māori
Pacific
Asian
Other

-3.4
-2.2
-1.2
-1.9
-1.4

-0.74
-0.53
-0.64
-0.95
-0.49

<0.001 <0.001
0.50
(30 min)

Reported ED LOS (hr)**
European
Māori
Pacific
Asian
Other

-1.86
-1.19
-0.89
-1.33
-0.86

-0.90
-0.56
-1.03
-1.05
-0.81

<0.001 <0.001
0.50
(30 min)

Access block† (%)
European
Māori
Other

-28.7%
-29.4%
-17.4%

-14.7%
-13.4%
-11.9%

<0.001 <0.001 12%

Re-presentation to ED (%) 
within 48 hours 
from ED discharge
European
Māori
Pacific
Asian
Other
from ward discharge
European
Māori
Pacific
Asian
Other

-0.61%
-1.13%
-1.04%
0.72%
-0.09%

0.33%
0.18%
0.64%
0.46%
0.93%

-0.77%
-0.94%
-0.85%
-0.25%
-0.32%

0.12%
-0.12%
0.28%
0.34%
0.56%

0.30

<0.001

<0.001

<0.001

1%

Re-admission to ward (%)
within 30 days 
European
Māori
Pacific
Asian
Other

0.91%
0.77%
2.18%
4.24%
3.57%

0.98%
1.49%
1.67%
4.10%
2.97%

0.26 <0.001 1%
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Mortality‡ (%)
in ED
European
Māori
Pacific
Asian
Other
Acute admissions
European
Māori
Pacific
Asian
Other 
Elective admissions
European
Māori
Pacific
Asian
Other
ED discharges (10 day)
European
Māori
Pacific
Asian
Other 
Ward discharges (30 day) 
European
Māori
Pacific
Asian
Other

-63.51%
-43.90%
-63.65%
87.57%
125.24%

-4.11%
-11.66%
26.74%
-0.10%
-69.79%

-46.4%
-39.3%
-25.8%
13.8%
-38.4%

-4%
38%
39%
185%
4234%

-9.61%
-6.11%
77.54%
-26.95%
-74.99%

-53.6%
-49.8%
-40.3%
-21.3%
-50.7%

-11.1%
-4.7%
-6.1%
-8.1%
-61.1%

-32.6%
-30.4%
-2.7%
2.9%
-47.3%

-12.89%
-15.55%
-1.29%
7.25%
214.24%

-8.9%
-10.1%
15.3%
-20.9%
-70.9%

0.11

0.87

0.69

0.81

0.16

0.22

0.05

0.62

0.38

0.02

10% relative 
change

Time to assessment (minutes)
European
Māori
Pacific
Asian
Other

-6.6
-0.3
11.2
-1.0
-11.3

0.7
4.1
5.9
1.6
1.1

<0.001 <0.001 15 minutes

Did not wait (%)
European
Māori
Other

-2.9%
-2.1%
-4.4%

-0.5%
0.2%
-1.3%

0.61 <0.001 1%

Admission to ward (%)
European
Māori
Pacific
Asian
Other

3.4%
4.8%
6.2%
3.2%
5.8%

0.4%
1.0%
1.3%
0.9%
-0.6%

<0.001 <0.001 5%

ED=Emergency department, LOS=Length of stay, *Total ED LOS includes time spent in a short stay unit, **Reported ED LOS does not 
include time spent in a short stay unit, †Access block is a wait more than eight hours for ward admission from ED (categories collapsed to 
enable model to run), ‡Relative change for this outcome, all others are absolute change. Min=minutes.

Table 5: Outcomes for different ethnic groups (Continued).
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Table 6: Outcomes for different age groups.

Outcome Predicted 
vs 
estimated 
in 2012

2012 vs 
2008 
estimate

P value for 
di� erence in 
step at target 
introduction 
for di� erent 
ethnicities

P value for 
di� erence in 
change of slope 
a� er target 
for di� erent 
ethnicities

Clinically 
important 
di� erence

Hospital LOS (days)
<5
5–14
15–24
24–64
≥65

-0.16
-0.29
-0.13
-0.23
-0.73

-0.24
-0.23
-0.26
-0.31
-0.68

0.001 <0.001
0.25
(6 hours)

All total ED LOS (hr)*
<5
5–14
15–24
24–64
≥65

-0.48
-0.61
-0.66
-1.09
-2.52

0.05
0.03
-0.05
-0.25
-0.70

<0.001 <0.001
0.50
(30 min)

Total ED LOS admitted 
patients (hr)*
<5
5–14
15–24
24–64
≥65

-0.6
-0.8
-1.9
-2.9
-4.3

0.29
0.04
-0.63
-0.89
-1.13

<0.001 <0.001
0.50
(30 min)

Reported ED LOS (hr)**
<5
5–14
15–24
24–64
≥65

-0.61
-0.70
-0.94
-1.62
-3.42

-0.13
-0.08
-0.46
-0.97
-2.09

<0.001 <0.001
0.50
(30 min)

Access Block† (%)
<65
≥65

-25.1%
-64.2%

-14.4%
-18.9%

0.24 0.1 12%

Re-presentation to ED (%) 
within 48 hours
from ED discharge
<5
5–14
15–24
24–64
≥65
from ward discharge
<5
5–14
15–24
24–64
≥65

0.67%
-0.73%
-1.54%
-0.70%
-0.57%

0.37%
-0.20%
0.68%
0.36%
0.29%

-0.07%
-0.54%
-0.84%
-0.89%
-0.67%

0.30%
0.11%
0.21%
0.07%
0.02%

0.02

0.23

<0.001

0.05

1%

Re-admission to ward (%) 
within 30 days
<5
5–14
15–24
24–64
≥65

0.331%
-0.157%
2.184%
1.736%
0.900%

1.53%
1.07%
1.70%
1.45%
1.14%

<0.001 <0.001 1%
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Mortality‡ (%)
in ED
<5
5-14
15-24
24-64
≥65
Acute admissions
<5
5–14
15–24
24–64
≥65
Elective admissions
<5
5–14
15–24
24–64
≥65
ED discharges
<5
5–14
15–24
24–64
≥65
Ward discharges 
<5
5–14
15–24
24–64
≥65

-63.69%
-95.98%
-94.61%
-69.82%
-41.32%

-53.88%
-85.16%
-45.28%
-11.93%
-1.00%

-12.6%
122.8%
-53.2%
-15.9%
-53.9%

11%
-98%
189%
36%
-3%

-36.93%
-90.61%
312.47%
5.87%
-10.68%

-55.5%
-92.4%
-89.2%
-65.4%
-36.4%

-34.9%
-51.5%
-20.3%
-14.7%
-9.3%

5.9%
5.9%
-7.7%
-18.2%
-39.3%

-23.97%
-18.45%
20.32%
-10.60%
-12.89%

-36.9%
-50.6%
57.3%
-7.6%
-8.9%

0.05

0.18

0.02

0.69

0.09

0.001

0.43

0.18

0.26

0.04

10% relative 
change

Time to assessment 
(minutes)
<5
5–14
15–24
24–64
≥65

-3.9
-4.0
-6.1
-2.3
-2.7

0.3
0.7
2.3
2.7
1.1

<0.001 <0.001 15 minutes

Did not wait (%)
<5
5–14
15–24
24–64
≥65

-3.6%
-2.5%
-4.5%
-2.7%
-0.5%

-0.2%
-0.3%
-1.0%
-0.6%
0.0%

0.15 0.25 1%

Admission to ward (%)
<5
5–14
15–24
24–64
≥65

3.9%
3.0%
5.1%
5.3%
5.0%

0.5%
0.0%
1.7%
1.5%
-0.2%

<0.001 <0.001 5%

ED=Emergency department, LOS=Length of stay, *Total ED LOS includes time spent in a short stay unit, **Reported 
ED LOS does not include time spent in a short stay unit, †Access block is a wait more than eight hours for ward 
admission from ED (age categories collapsed to enable model to run), ‡Relative change for this outcome, all others 
are absolute change. Min=minutes.

Table 6: Outcomes for different age groups (Continued).
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Figure 1A: Model estimates of hospital and ED length of stay, admission rate and crowding (access block).

ED=Emergency department. All y-axes are logarithmic scale showing back transformed model estimates. †Total ED LOS includes time spent in a 
short stay unit. ††Access block is the proportion of patients admitted to a ward who spend more than eight hours in ED. 
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Figure 1B: Model estimates of mortality in ED, for those admitted to hospital and discharged patients.

ED=Emergency department. All y-axes are logarithmic scale showing back transformed model estimates.
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Figure 1C: Model estimates of assessment time, did not wait, re-presentation and re-admission

ED=Emergency department. All y-axes are logarithmic scale showing back transformed model estimates.
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we purposefully set out to measure ED LOS 
both when the time spent in a SSU was 
counted as ED time (total ED LOS) and when 
it was not (reported ED LOS). If SSU were 
used solely to ‘stop the clock’ for the target 
then we would expect either no change or 
an increase in total ED LOS. However, we 
observed a clinically important reduction 
in total ED LOS, which is consistent with 
real improvements in patient fl ow. Simi-
larly, if SSU was used as a ‘holding ward’ for 
patients eventually admitted to a hospital 
ward, with no real improvements in the 
effi  ciency of the admission process, we 
would expect no change in total ED LOS 
for admitted patients, however, this group 
showed the greatest difference between 
observed and predicted total ED LOS in our 
study. A reduction in hospital LOS alongside 
a reduction in ED crowding and marked 
reduction in ED LOS for admitted patients 
suggests that the reduction in both reported 
and total ED LOS we observed may have 
been due to system-wide changes that facili-
tated patient fl ow out of the ED. 

Reduced hospital LOS may be expected to 
result in increased capacity on the wards 
for admissions, which in turn should reduce 
ED crowding. Although the reduction in 
hospital LOS for admitted patients we 
observed was small for a given patient (≈7 
hours per patient admitted), we believe it 
was clinically important at a national level, 
as this translates to approximately 145,000 
extra bed days available nationally in the 
post-target period, which would plausibly 
account for the reduction in ED crowding 
we observed. This was offset by a small 
but important increase in re-admission to 
a ward within 30 days of discharge and a 
trend towards more ward admissions that 
was clinically important for adults. It is 
plausible that these changes may have been 
the result of early discharges from the ward 
as a result of pressure to create capacity for 
new admissions.25 

The changes in patient fl ow we observed 
were associated with a marked reduction 
in mortality in ED, with a trend towards 
reduced mortality for acute admissions, 
with no corresponding increase in mortality 
for those discharged from ED or a ward 
and fewer deaths for elective ward admis-
sions. This suggests that the improvement 
in ED mortality observed was not due 

to ‘shifting deaths’ to elsewhere in the 
system. Furthermore, the improvement in 
mortality occurred in the face of increasing 
triage acuity of ED presentations over time, 
which one would expect to attenuate any 
improvement in mortality in the post-
target period. Previously, it was estimated 
that ED crowding contributed to 300–500 
excess deaths per year in New Zealand26,27 
and size of the reduction in ED mortality in 
association with reduced ED crowding we 
observed are consistent with this. 

At the inception of this study there was 
a paucity of research on the benefi ts and 
harms of mandatory national targets for ED 
LOS.16,28 Subsequent research from the UK in 
2012 with respect to the ‘four-hour rule’ from 
15 purposefully selected hospitals showed 
that ED LOS for admitted patients increased 
rather than reduced,29 with no change in 
mortality within the ED.30 The authors did 
not explore whether mortality for those who 
left the ED (either discharged or admitted) 
changed in response to the target. The 
staggered introduction of the UK target in 
2004–05 meant that this study captured one 
true pre-target and one post-target year. 
Another study of six hospitals in one state 
of Australia published in 2012, compared 
the unadjusted mortality for acute admis-
sions in the year of the target introduction 
to the year after a ‘four hour rule’ intro-
duction and found a 13% relative reduction 
in mortality for acute admissions in three 
out of six hospitals. However, in the year 
after the target there was also a 10% increase 
in presentations, which may have diluted 
the denominator for this outcome. Again, 
the mortality elsewhere in the system was 
not reported in this study. In both of these 
studies the ability to attribute the observed 
changes to the respective targets is also 
limited by the short time-frames employed in 
relation to before and after the intervention, 
and their conclusions may not be general-
isable beyond the small selection of hospitals 
studied. In contrast, our study spanned seven 
years to account for secular trends before 
and after the introduction of the target and 
included 90% of hospitals nationwide, which 
are strengths of our study. 

Although encompassing a longer time 
interval (six hours vs four hours) than both 
the UK and Australian targets, the shorter 
stays in ED target in New Zealand may have 
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been more effective at achieving the goal of 
improved quality of care through reduced 
ED crowding, despite the target not being 
reached nationally.31 This might be due to a 
six-hour target being more achievable than 
a four-hour target. Similar to the UK, there 
was pressure on DHBs to meet the target, 
which was transferred to clinical staff.25,28 In 
New Zealand there was also strong clinical 
buy-in to the principle of using the target to 
reduce ED crowding and a determination 
to not ‘miss the point’, at least in the emer-
gency medicine community.26,31 

Conclusion
On the balance of the evidence from 

this study, the national policy of a six-hour 
time target of 95% of ED patients being 
discharged from ED or admitted to hospital 
did not result in worse care and most likely 
led to improved care in the emergency 
department. However, attention should 
be given to ensuring efforts to discharge 
patients from in-patient wards are not at the 
expense of subsequent re-admissions.
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Effect of the Shorter Stays 
in Emergency Departments 

time target policy on key 
indicators of quality of care

Peter Jones, James Le Fevre, Alana Harper, Susan Wells, Joanna Stewart, 

Elana Curtis, Papaarangi Reid, Shanthi Ameratunga

ABSTRACT
AIM: To determine whether implementation of a national health target called Shorter Stays in Emergency 
Departments impacted on clinical markers of quality of care.

METHOD: A retrospective pre- and post-intervention study from 2006 to 2012 examined quality of care 
metrics for five di� erent indicators at di� erent sites in relation to the implementation of the target using 
a general linear model for times to treatment. Explanatory variables included period (pre- or post-target), 
ethnicity, age, deprivation and severity of condition. Back transformed least square means were used to 
describe the outcomes.

RESULTS: The times to treatment for ST elevation myocardial infarction; 36.9 (28–49) vs 47.6 (36–63) 
minutes p=0.14, antibiotics for severe sepsis; 105.9 (73–153) vs 104.3 (70–155) minutes p=0.93, analgesia 
for moderate or severe pain; 48 (31–75) vs 46 (32–66) minutes p =0.77, theatre for fractured neck of femur; 
35.4 (32.1–39.1) vs 32.4 (29.2–36.1) hours, and to theatre for appendicitis; 14.1 (12–17) vs 16.4 (14–20) 
hours were unchanged a� er implementation of the target. Treatment adequacy was also unchanged for 
these indicators.

CONCLUSION: Introduction of the Shorter Stays in Emergency Departments target was not associated with 
any clinically important or statistically significant changes in the time to treatment and adequacy of care for 
five di� erent clinical indicators of quality of care in Aotearoa New Zealand. For those indicators measured 
at one site only, it is unknown whether these results can be generalised to other sites.

In May 2009 the Ministry of Health 
formally announced six national health 
targets for public hospitals in Aotearoa 

New Zealand.1 One of these was the Short-
er Stays in Emergency Departments target, 
which states that 95% of patients should be 
admitted, discharged or transferred from 
an emergency department (ED) within six 
hours of arrival.2 Performance against this 
target would be reported publicly according 
to district health board (DHB).

This policy was introduced on the basis 
of international evidence that suggested 
an association between ED and hospital 
overcrowding (refl ected by long waits for 
admission to hospital from ED) and poorer 
outcomes for patients.3–6 Time-based ED 
targets were initially introduced in the 
UK’s National Health Service in 2001,7 

and have since been introduced both in 
New Zealand2 and in Australia.8 There is 
debate as to whether or not ‘Targets’ are 
helpful or harmful,9 and the effect that 
time-based targets have upon patient care 
is uncertain. Some studies suggest better 
outcomes for patients when such targets 
were introduced,10,11 and other evidence 
suggests that targets may distort clinical and 
management priorities, diverting attention 
from clinical care.12 

The Shorter Stays in ED (SSED) National 
Research Project is a mixed methods study 
within New Zealand public hospital EDs, 
investigating the relationship between 
the introduction of a time target for the 
completion of care in ED and quality of 
care.13 An important goal was to under-
stand the effect that introducing a process 
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measure such as an ED length of stay (LOS) 
target had on other aspects of care for 
the healthcare consumer. A key research 
question for this broader project was: 
“Is there any change in clinically relevant 
outcomes after the target was introduced?”13 

To explore this research question, a 
number of clinical indicators of quality 
of care were identifi ed from a literature 
review, and a stakeholder analysis process 
was conducted.14 The indicators were chosen 
to cover both ED and hospital outcomes to 
determine whether target implementation 
had effects on care quality beyond the ED. 

The primary outcomes of interest in this 
study were the times to thrombolysis for ST 
elevation myocardial infarction (STEMI), 
time to antibiotics for severe sepsis, time 
to analgesia for moderate or severe pain, 
time to theatre for fractured neck of femur 
(NOF) and time to theatre for appendicitis. 
The secondary outcomes of interest were the 
adequacy of care with respect to each indi-
cator condition; appropriate thrombolysis 
for STEMI, appropriate antibiotics for the 
site of infection for sepsis, adequate anal-
gesia for pain, time to theatre <24 hours for 
NOF and perforated appendix at operation 
for appendicitis.

Methods
Study design and setting

The overall SSED study has previously 
been described in detail,13 and involved 
all emergency departments across New 
Zealand. This sub-study was a retrospective, 
pre- and post-intervention study, which 
linked administrative data with chart review 
using the National Health Index number, 
a number unique to each New Zealand 
citizen used to record health visits. Four case 
study site hospitals were selected based on 
a combination of factors, including: popu-
lations with a higher average proportion 
of Māori people, geographic diversity and 
initial target performance.13 There were two 
urban major referral academic hospitals, 
one urban district academic hospital and 
one major regional hospital, serving a 
combined population of 1.5 million people 
and a combined annual ED census of 
290,000 in 2010.

Selection of participants
All patient visits to the study sites that 

were recorded in the New Zealand Health 
Information Service (NZHIS) database from 
fi rst January 2006 to 31st December 2012 
were identifi ed, along with the visit date 
and demographic data. Data from 2009 were 
excluded as this was the year in which the 
target was introduced. Using the random 
number generator function in Microsoft 
Excel®, a random sample of visits suffi  -
cient to meet the required sample size for 
each outcome was taken for each of the 
time periods 2006–08 and 2010–12 (pre- and 
post-target introduction). For the ‘anal-
gesia’ outcome, we sample data from all ED 
presentations nationally. Due to a change in 
coding practice, NZHIS only supplied data 
from 1/7/2006 for this outcome. To evaluate 
the remaining condition specifi c outcomes 
the International Classifi cation of Diseases 
(ICD-10-AM) codes for STEMI, sepsis, frac-
tured neck of femur and appendicitis were 
used to identify potentially eligible cases at 
one of the case sites (Table 1). The randomly 
selected visits were linked to site-specifi c 
patient information management systems 
that included data on the times for each 
patient journey within a hospital from 
presentation, triage and assessment, to 
admission and discharge. Finally, the case 
notes of the selected visits were reviewed, 
and the relevant clinical data were extracted 
by researchers. Prior to data collection a 
data dictionary that defi ned each data fi eld 
and how to classify missing or incomplete 
data was developed. Smart electronic data 
extraction forms (Microsoft Excel®) were 
developed based on the data dictionary.15 
Built-in validation rules were set for cells 
in the data extraction form to prevent 
incorrect entries. To avoid bias in selecting 
and classifying cases, formulas based upon 
clinical, laboratory and radiological data 
were used where relevant to ascertain 
whether patients met the entry criteria. The 
data extraction forms were piloted prior to 
data collection, and 15–20% of the data for 
the specifi c condition outcomes were inde-
pendently checked for accuracy by a second 
data collector who was blinded to the initial 
data extract. Due to logistic issues, this step 
was not possible for the eligible records 
for the analgesia outcome, where data was 
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collected nationally. Patients were excluded 
from analysis if the clinical notes were not 
available or were incomplete, if the patient 
was transferred from another hospital, if 
the episode did not involve an ED stay or if 
the data relevant to the outcome of interest 
was missing. 

Sample size
We determined a clinically important 

difference in time to treatment for each 
condition, based on a literature review and 
expert opinion prior to starting the data 
collection for these outcomes. Sample sizes 
were calculated for each outcome to detect 
this difference, with a power of 90% and 
an alpha of 0.05, based on the mean and 
standard deviation (SD) of data piloted at a 
separate site prior to commencing the study 
(Table 1).

Analysis
Medians with interquartile range (IQR), 

means with 95% confi dence intervals 
(95%CI) and proportions (95%CI) were 
used to describe the data. To investigate 
changes in treatment times before and 
after target introduction, a general linear 
model was fi tted with the log of the time 
plus 0.5 as the outcome. The log trans-
formation was necessary, as treatment 
time data was skewed. The explanatory 
variables included were period (pre- or post-
target), ethnicity (Māori, Pacifi c or other), 
deprivation score (a standard measure of 
socioeconomic deprivation used in New 
Zealand based on small geographic areas 
of domicile16), age and severity of condition 
where appropriate (Pain outcome). Back 
transformed least square means (LSM) of 
time were used to describe the effect size. 

Table 1: Defi nitions of outcomes, clinically important differences and sample size requirements.

Outcome Definition Clinically 
important 
di� erence*

Total sample 
size required

Time to antibiotics in severe 
sepsis
ICD codes
A39 (0–5,8,9), A40 (0–3,8,9), 
A41 (0–5,8,9), A48 (0,3), A49.9, 
A42.9, A20.7, A21.7, A22.7, 
A22.7, A24.1, A26.7, A28.2, 
A54.8, A32.7, B00.7, B37.7, 
R57.8, T81 (1,4,42), P36 
(0–5,8,9), P37 (2,52)

First antibiotic administration time—presentation time to ED.

Severe sepsis = adults aged 18: clinical evidence of infection AND systemic inflammatory re-
sponse syndrome, AND any of evidence of end-organ dysfunction, hypo-perfusion or hypotension 
(Surviving Sepsis Campaign definitions17,18).
Children and adolescents under the age of 18: suspected or proven infection OR a clinical syn-
drome associated with a high probability of infection, and SIRS, and any of cardiovascular organ 
dysfunction, acute respiratory distress syndrome, or two or more other organ dysfunctions.19 

Appropriate antibiotics = antibiotic recommended in local guideline for presumed site of infection 
or cultured organism sensitive to antibiotic given in ED.

60 minutes 230

Time to reperfusion for STEMI
ICD codes 
I21 (0,1,2,3,9)

First thrombolytic time—presentation time to ED. 
STEMI = clinical evidence of myocardial ischaemia and ECG changes indicative of ischaemia: New 
>1mm ST elevation in two contiguous limb leads, new >2mm ST elevation in two contiguous 
chest leads, new Le�  Bundle Branch Block, development of pathologic Q waves, or a new regional 
wall motion abnormality.20 No age limit.
Appropriate thrombolysis = thrombolysis given for STEMI within 12 hours with no contraindica-
tion, or thrombolysis not given where contraindication exists.

15 minutes 50

Time to theatre for fractured 
neck of femur
ICD codes
S72 (00–05, 08, 10,11)

Operation start time—ED presentation time. 
No age limit.
Adequate time to theatre <24 hours.21 

6 hours 310

Time to theatre for appen-
dicitis
ICD codes
K35 (0,1,9), K36, K37

Operation start time—ED presentation time. 
Age >14 years.
Appropriateness = proportion of perforated appendix at operation.22 

12 hours 140

Time to analgesia for patients 
with moderate to severe pain
All ED presentations with pain

First analgesic time—ED presentation time.
No age limit.
Adequate analgesia = a reduction in pain by 2 points on a 100mm visual analogue scale (or one 
category on a 4 category scale) and reduced to mild or no pain.23

20 minutes 800

ICD = International Classification of Diseases version 10, ED=Emergency Department, STEMI=St Elevation Myocardial Infarction, CT=Computerised 
Tomography, GCS=Glasgow Coma Scale. SIRS=Systemic Inflammatory Response Syndrome *Based on a literature review and expert opinion.

ARTICLE



38 NZMJ 12 May 2017, Vol 130 No 1455
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

Figure 1: Case selection and reasons for exclusion.
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Figure 1 Continued: Reasons for exclusion.

Key: ED = Emergency Department, STEMI=ST Elevation Myocardial Infarction, NOF=Neck of Femur

*Due to a change in the way coding occurred at NZHIS in 2006, there were fewer visits eligible in the pre-target period 
for the pain outcome, which starts on 1/7/2006 rather than 1/1/2006. 

For the binary outcomes, the analyses were 
the same with the exception that a gener-
alised linear model was used with a binary 
distribution and a log link. The explanatory 
variables included were as above. Unad-
justed time-based and descriptive analysis 
was performed using SPSS v21, Armonk, 
New York, USA. Multivariable analysis was 
performed using SAS/STAT version 9.3 SAS 
Institute, Cary, NC, USA.

Ethics approval
The Shorter Stays in Emergency Depart-

ments National Research Project was 
approved by the Multiregional Ethics 
Committee (MEC 10/06/60).

Results
Site specifi c population samples, case 

selection and study inclusion are outlined in 
Figure 1. Fewer patients were available for 
selection in the pre-target period for the pain 
outcome due to the data that was supplied 
by NZHIS starting in July rather than 
January 2006 (see methods), and fewer visits 
being selected from 2007 compared to other 
years (168 compared to ≈269 in the years 
2008–2012), the reason for which is unclear. 
Similar proportions of screened visits were 
excluded for the pain, STEMI and appendi-
citis outcomes. More exclusions occurred in 
the pre-target period for the sepsis outcome 

ARTICLE



40 NZMJ 12 May 2017, Vol 130 No 1455
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

due to the initial data request inadvertently 
capturing cases of neo-natal sepsis, which 
were not ED visits. Once this was recognised 
during data collection, the data request for 
subsequent records was changed to exclude 
births. There were fewer notes available in 
the post-target period for the NOF outcome 
due to patients still under active treatment 
during the data collection phase in late 2012 
and early 2013, and more cases being incor-
rectly coded as fractured NOF (Figure 1).

The yearly SSED target performance is 
shown in Figure 2. All sites increased the 
proportion of patients who left ED within 
six hours after the target was introduced, 
although the target threshold was not 
reached by all hospitals. 

The unadjusted median times are 
reported in Table 2, and the modelled 
primary outcomes adjusting for the explan-
atory variables as described in the methods 
are shown in Table 3. There were no clin-
ically important or statistically signifi cant 
differences between the pre- and post-
target periods for any of the primary or 
secondary outcomes. 

Discussion
This study found that the implementation 

of the Shorter Stays in ED target was not 
associated with clinically important or statis-
tically signifi cant differences in the time to 
treatment or adequacy of care for fi ve acute 
clinical conditions refl ecting care in both the 
ED and inpatient surgical units in different 
hospitals. More people left ED within six 
hours overall, and the median time spent in 
ED by patients included in the current study 
either reduced or remained the same after 
the target was introduced.

Although introduced with a view to reduce 
unnecessary time patients spend in ED and 
hence to reduce ED crowding, time targets 
for ED length of stay have been criticised on 
the grounds that they may lead to unintended 
consequences or divert attention away from 
other aspects of quality of care.9 Concerns 
have also been raised by inpatient clinicians 
about the potential for inappropriate patients 
to be admitted under their care if suffi  cient 
time is not spent differentiating patients in 
the ED prior to admission. This may lead to 

Figure 2: Target performance over time.
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ineffi  cient care or unnecessary resource use 
on inpatient medical24 or surgical wards.25 

Prior research has reported mixed results 
with respect to ED time targets. New Zealand 
research using similar methods also found 
no change in the time to steroids in acute 
moderate to severe asthma in four hospitals, 
while the proportion of patients receiving 
steroids in ED increased.26 Another study 
from our group found improvements in the 
quality of discharge summaries from the ED 
to primary care in two other New Zealand 
hospitals.27 In two Australian hospitals, 
times to theatre for appendectomy were 
similar to those we found in their pre-Na-

tional Emergency Access Target (NEAT) 
period. However, in the subsequent year, 
the time to theatre increased to 26 hours in 
the Australian study.25 In Ontario, a further 
study compared the difference in outcomes 
one year before implementation of ED LOS 
targets with one year after in hospitals 
that succeeded in reducing ED LOS versus 
those that didn’t succeed or got worse. The 
authors reported no difference in the time to 
thrombolysis for STEMI, time to analgesia or 
splinting for patients with arm fractures and 
time to steroids in asthma.28 

The results from our study alongside 
others noted above indicate that there 

Table 2: Unadjusted primary and secondary outcomes.

Outcome Overall ED LOS at sites
median (IQR) hours

Time to treatment
median (IQR)

Treatment adequacy*
% (95%CI)

Pre Post Pre Post Pre Post

Sepsis
(†minutes)

4.6 (2.9–6.9) 3.8 (2.4–5.6) 136 (59–199)† 113 (52–217)† 92 (84–97) 90 (82–95)

ST elevation myocardial 
infarction (minutes)

3.5 (2.0–5.5) 3.1 (1.8–4.7) 27.5 (19–50)† 32 (21–52)† 91 (83–96) 88 (80–92)

Neck of femur fracture
(hours)

5.3 (3.1–9.4) 3.7 (1.8–5.6) 34.4 (22–57) 27.6 (20–51) 32 (26–39) 43 (35–51)

Appendicitis
(hours)

4.1 (2.7–6.27) 3.4 (2.3–4.8) 14.2 (11–22) 20.7 (10–28) 29 (20–40) 31 (21–43)

Pain
(†minutes)

3.0 (1.6–5.1) 2.9 (1.6–4.60) 57.5 (29–126)† 64 (30–138)† 36 (27–47) 44 (38–52)

*Adequacy was defined a-priori as appropriate antibiotics for the site of infection for Sepsis, either thrombolysed or not thrombolysed 
appropriately for ST elevation myocardial infarction, time to theatre <24 hours for neck of femur fracture, perforated appendix at 
operation for appendicitis, and adequate analgesia for pain. IQR = Interquartile Range, CI = Confidence Interval† indicates time in 
minutes (all other times are in hours).

Table 3: Adjusted primary outcomes.

Outcome Time to treatment
Back-transformed least square mean (95%CI)

Clinically important 
di� erence*

Pre Post p

Sepsis 
(minutes)

60 105.9 (73–153) 104.3 (70–155) 0.93

ST elevation myocardial infarction 
(minutes)

15 36.9 (28–49) 47.6 (35.7–63) 0.14

Neck of femur fracture
(hours)

6 35.4 (32.1–39.1) 32.4 (29.2–36.1) 0.24

Appendicitis
(hours)

12 14.1 (12–17) 16.4 (14–20) 0.21

Pain
(minutes)

20 48 (31–75) 46 (32–66) 0.77

CI = Confidence Interval *This was determined prior to commencing the study.
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is little evidence to suggest that targets 
focusing on ED length of stay have diverted 
attention away from other aspects of quality 
of care in the specifi c clinical conditions 
studied. However, whether this represents 
‘success’ with respect implementation 
of such targets is may depend on the 
perspective of an observer. An alternative 
view of this data is that despite apparent 
ED LOS target ‘success’, the quality of care 
did not improve substantially. One reason 
for this may be a ceiling effect, ie, given 
good quality of care pre-target, it is diffi  cult 
to demonstrate a clinically important 
improvement. This may be a relevant 
issue in our study, as the baseline times to 
treatment were reasonable for all outcomes. 
It is also possible that the reported improve-
ments in ED length of stay targets at our 
study sites may not have been suffi  cient to 
result in important reductions in crowding, 
as not all of the sites we studied achieved 
the 95% target threshold. In a secondary 
analysis, the authors of the Ontario study 
found that treatment times were faster in 
the least crowded ED shifts (average ED 
LOS <4 hours) compared to those in the 
most crowded ED shifts (average ED LOS 
>8 hours). This suggests that reductions of 
around one hour in median ED LOS from 
a baseline of four hours similar to those 
we observed may not necessarily result 
in reductions in ED crowding suffi  cient to 
accelerate treatment times. Further research 
is currently underway to explore how the 
implementation of the SSED target may have 
impacted on hospital length of stay, re-pre-
sentation to ED, re-admission to hospital, 
rates of leaving prior to being seen in ED 
and acute and elective mortality nationally.29 

Limitations
Due to the number of cases notes required 

for each outcome and logistic constraints 
for both the research team and the clinical 
records departments at the participating 
hospitals, it was not feasible to measure all 
outcomes at all sites. We therefore measured 
different outcomes at different sites so that 
collectively, we covered a range of quality 
of acute care indicators in relation to the 
target, both in the ED and the hospital. For 
‘pain’ and ‘sepsis’ the estimated sample size 
was not achieved, weakening the strength 
of conclusions around the results for these 
outcomes and increasing the risk of a type 

II error. However, the observed differences 
were small even though the estimates were 
imprecise. As the SSED target was intro-
duced rapidly by the Ministry of Health to 
all New Zealand public hospitals, we were 
limited to using a ‘pre and post’ design 
rather than a prospective study control 
sites. Consequently, a causal relationship 
between the introduction of the target and 
any differences in quality or lack thereof 
cannot be assumed because other variables 
not accounted for by the design may have 
infl uenced the outcomes. Retrospective data 
abstraction involving clinical notes may 
introduce both selection and measurement 
bias. In an attempt to minimise bias, notes 
were selected at random, and electronic 
data was used wherever possible. Elec-
tronic data extraction forms with automated 
logic checks on individual variables mini-
mised typographical errors. These forms 
also contained built-in validations, such as 
formulas which calculated whether or not 
a given patient met the entry criteria for 
respective outcomes and additional criteria 
for severity of condition to reduce subjec-
tivity in these assessments. However, data 
extractors were not blinded to the objectives 
of the study, and the collection of time vari-
ables meant blinding was not possible with 
respect to the pre- and post-intervention 
time periods. Finally, the study results for 
outcomes measured at single sites may not 
be generalisable to other settings where the 
baseline care may differ. It is also possible 
that quality of care for outcomes that we did 
not explore may have changed. Importantly, 
the investigations of these clinical indicators 
were not powered adequately to explore 
variations in quality of care between 
different groups, eg, ethnicity or socio-eco-
nomic status. This should be the focus of 
future research.

Conclusion
The introduction of the SSED target was 

not associated with clinically important 
or statistically signifi cant changes in the 
time to treatment and adequacy of care for 
fi ve clinical indicators of quality of care in 
Aotearoa New Zealand. For those indicators 
measured at one site only, it is unknown 
whether these results can be generalised to 
other sites.
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New Zealand plastic 
surgeons’ life-time 

contribution to peer-
reviewed literature 

Tess Brian, Brandon Adams

ABSTRACT
AIM: The New Zealand Medical Association commits the New Zealand doctor to evidence-based medicine, 
scholarship, teaching, collaboration and communication. To assess this commitment, one measure, 
contribution to the peer-reviewed literature, was examined for one group of New Zealand doctors: plastic 
surgeons.

METHOD: Plastic surgeons with a current practising certificate were identified on the New Zealand medical 
register (April 2016). Scopus database was searched for publications by each.

RESULTS: Sixty-five surgeons authored 541 unique items in 134 journals, generating 8,047 citations. Between 
medical graduation and specialty qualification, a mean 1.8 items were published per practitioner (range 
0–11). Twenty-three practitioners (35.4%) did not publish during this time. Between specialty qualification 
and the end of 2015, mean number of items published per surgeon was 7.3 (range 0–97). Thirteen (20.0%) 
surgeons had not published since specialist qualification. The general trend was for surgeons to become 
less productive with increasing time in practice. Mean surgeon h-index was 4.4 (range 0–26). Four surgeons 
(6.2%) had not published at any time.

CONCLUSION: As a group, but with exceptions and less so in later practice, New Zealand plastic surgeons 
would seem to demonstrate commitment to evidence-based medicine, scholarship, teaching, collaboration 
and communication expected of a New Zealand doctor, as evidenced by peer-review publication.

The 2011 “Consensus statement on the 
role of the doctor in New Zealand” 
expresses a commitment to evi-

dence-based medicine, scholarship, teach-
ing, collaboration and communication.1 This 
commitment may be demonstrated through 
development, application and translation 
of medical knowledge and practice, and 
by dissemination to colleagues and other 
professionals.

A desire to contribute evidence and under-
standing to professional practice is not the 
only motivation for medical publication,2 
and contribution to peer-reviewed liter-
ature is not the only measure of continuing 
commitment to scholarship, teaching and 
communication. However, as a lasting and 
accessible resource, this literature provides 
a signifi cant metric with which to examine 
the life-time commitment to these aspects of 
being a medical practitioner.

To that end, this paper considers the 
contribution to the peer-reviewed literature 
by one group of New Zealand medical practi-
tioners: plastic surgeons.

Method
The Medical Council of New Zealand’s 

medical register was used to identify prac-
titioners with vocational registration in 
plastic and reconstructive surgery and a 
current annual practising certifi cate as of 
April 2016.

The Scopus database (www.scopus.com) 
of peer-reviewed literature was searched for 
publications by each surgeon. Practitioner 
last names, including previous, current, 
hyphenated and multiple in combination 
and separately, were used with fi rst names 
and their variants (eg, Jonathan/Jon/John), 
and/or given name initials. When there was 
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uncertainty as to whether an author was 
the targeted surgeon, corroboration using 
ResearchGate (www.researchgate.net) and 
PubMed (www.ncbi.nlm.nih.gov/pubmed) 
was undertaken. Author qualifi cations, 
institutional affi  liation, article topic and 
publication date were used to adjudicate.

For each unique practitioner, all articles, 
reviews, case reports, editorials and letters 
were recorded. Non-peer-reviewed books, 
chapters and technical reports were 
excluded. Journal, year and citations were 
noted for every publication accepted.

Each surgeon’s h-index (a measure of both 
published productivity and citation impact 
of those publications: an author with an 
index of h has published h papers, each of 
which has been cited in other papers at least 
h times) was calculated.

These data were analysed to examine the 
professional life-time and pre- and post-spe-
cialist qualifi cation contribution of these 
New Zealand plastic surgeons to the peer-re-
viewed medical literature.

Results
There were 65 plastic and reconstructive 

surgeons registered to practise in New 
Zealand in April 2016 (Figure 1). Eleven 
(16.9%) were female.

From 1971 through to March 2016, these 
65 surgeons authored 541 unique items 
(Figure 2) in 134 unique journals. The 
10 (7.5%) most frequently used journals 
accounted for 62.3% (337) of the publica-
tions (Table 1). Single items appeared in 
a mix of 77 clinical, research and basic 
science journals.

Figure 1: Year practitioner qualifi cations conferred.

Figure 2: Peer-reviewed publications by year.
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Of all publications, 80.2% (434) were 
original articles and 5.5% (30) were subject 
reviews. The remaining 14.2% (77) were 
letters, case reports and editorials. Thir-
ty-two items (5.9%) had a single author. 
Of these, 14 (43.8%) were letters. Two or 
more of the 65 surgeons collaborated on 74 
(13.7%) publications, of which 60 (81.1%) 
were original articles or reviews.

The mean number of publications per 
practitioner was 9.7 (SD 14.3) and the 
median was six (range 0 to 104: Figure 
3). The nine most prolifi c authors (13.8%) 
produced 50.6% (274) of the publications. 
Four surgeons (6.2%) had not published.

During the years between medical gradu-
ation and specialty qualifi cation (Figure 1), 
a mean of 1.8 (SD 2.3) items were published 

Figure 3: Peer-reviewed publications per practitioner.

Table 1: Ten journals with most publications by New Zealand plastic surgeons.

Journal
Of 541 Publications

Number Percentage

Plastic and Reconstructive Surgery 75 13.9

British Journal of Plastic Surgery* 55 10.2

New Zealand Medical Journal 39 7.2

Australian and New Zealand Journal of Surgery 34 6.3

Journal of Plastic, Reconstructive and Aesthetic Surgery* 33 6.1

Journal of Craniofacial Surgery 29 5.4

Annals of Plastic Surgery 24 4.4

Journal of Hand Surgery 21 3.9

Burns 18 3.3

Journal of Clinical Pathology 9 1.7

* From 2006, British Journal of Plastic Surgery continues as Journal of Plastic, Reconstructive and Aesthetic Surgery.
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per practitioner (range 0 to 11: median 
1). Twenty-three surgeons (35.4%) did not 
publish during this time.

Between specialty qualifi cation and the 
last full year of consideration, 2015, the 
mean number of items published per prac-
titioner was 7.3 (SD 13.5), with range 0 to 
97, and median of two. Thirteen (20.0%) 
surgeons did not publish. Four of these had 
qualifi ed recently, in 2014 or 2015.

The mean number of papers per year per 
practitioner during surgical training was 
0.2 (SD 0.2: range 0.0 to 1.4: median 0.1). 
Following specialist registration, until the 
end of 2015, the mean number of publica-
tions per year per surgeon was 0.5 (SD 0.7: 
range 0.0 to 4.2: median 0.2). There was a 
low positive correlation (Figure 4: Pearson 
r=0.3, coeffi  cient of determination R2=0.1) 

between annual publication rate pre- and 
post-specialist qualifi cation.

Of all publications produced after 
specialist registration, 34.4% (175) and 
62.4% (317) appeared in the fi rst fi ve and 
10 years, respectively. Omitting the outlier 
practitioner who had a total of 104 publi-
cations (Figure 3), 97 of which post-dated 
specialist registration, the general trend 
was for surgeons to become less productive 
with increasing time in specialist practice 
(Figure 5).

By June 2016, the 541 publications had 
been cited 8,047 times. Eleven items (2.0%) 
were referenced on more than 100 occasions 
(total 1,356 [16.9%]). The most cited article 
(195 times) appeared in 1986 and described 
a non-clinical technique. Eighty-two publica-
tions (15.2%) were not cited at all.

Figure 4: Relationship of pre- and post-surgical qualifi cation publication rates.

Figure 5: Publication rate for all surgeons practising each year since specialist qualifi cation.
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All surgeons who had published (61 
[93.8%]) were cited at least twice. The fi ve 
most referenced authors (7.7%) accounted 
for 46.4% (3,731) of all citations.

The h-index for the entire 65-surgeon 
cohort was 44. The mean h-index per 
surgeon in the cohort was 4.4 (SD 4.2: range 
0 to 26: median 3).

Discussion
This paper uniquely examines the 

life-time contribution to the peer-reviewed 
literature by a New Zealand surgical craft 
group. Its completeness and accuracy are 
limited by the integrity of the available data-
bases. Errors such as those of author name 
and attribution, journal and date of publi-
cation, and article title and page numbers 
were common causes of duplication. This 
poor database entry was overcome as 
best able by considerable time spent data 
cleaning before interrogation. However, 
without approaching all surgeons for lists of 
publications, the omissions from these data-
bases are unquantifi able.

Another limitation of this study is that 
those surgeons who had practised over 
the last 45 years, but were no longer regis-
tered to do so in April 2016, were not 
included in the cohort examined. Therefore, 
this analysis does not represent the total 
contribution by New Zealand plastic and 
reconstructive surgeons to the literature 
over this period. Instead, it considers the 
publishing habits of a group of practi-
tioners—some mid-career, others near 
the beginning or end (Figure 1)—over the 
continuum of professional lives.

In part, this career distribution of 
surgeons explains the increasing number 
of publications per year since the 1970s 
(Figure 2). Likely other contributors are an 
increasing number of practising surgeons 
over this time; an increasing prevalence 
of research degrees among trainees and 
surgeons; greater productivity of later quali-
fying surgeons; the output of a single outlier 
(Figure 3); and the evolving need to publish 
to win selection for specialist training.

This cohort of New Zealand plastic 
surgeons, for whom publication as a trainee 
and specialist is not compulsory, produced 
541 publications. Of these, 434 were original 
articles. Collaboration resulted in 509 multi-
author publications. Their work appeared 

in 134 different journals, including the 
locally-infl uential non-specialty New 
Zealand Medical Journal (Table 1). There 
had been 8,047 citations, with 11 publica-
tions referenced more than 100 times. The 
mean h-index per surgeon was 4.4, with an 
h-index of 44 for the cohort. And so, as a 
group, these plastic surgeons would seem to 
demonstrate the commitment to evidence-
based medicine, scholarship, teaching, 
collaboration and communication outlined 
in the consensus statement on the role of the 
New Zealand doctor.1

However, four surgeons (6.2%) had not 
published at any time during their career 
(Figure 3). Perhaps more importantly, 13 
(20.0%) have not published since specialty 
qualifi cation. The three who qualifi ed in 
2015 may reasonably be exempted from 
the latter group, having had insuffi  cient 
time post-qualifi cation to publish during 
2015. But, for the remaining 10 surgeons 
(15.4%), all but two of whom fi rst registered 
specialist qualifi cations during 2000–2010, 
without specifi c enquiry of them, there is 
no explanation. Although the correlation 
between annual publication rate pre- and 
post-specialist qualifi cation was only low 
(Figure 4), it may be that more mentored 
publication during training would help 
improve subsequent participation.

The general trend is for surgeon publi-
cation rate to decline with increasing time 
in specialist practice (Figure 5). Perhaps a 
greater ongoing commitment to this aspect 
of scholarship, teaching, collaboration and 
communication would occur if continuing 
professional development programs more 
generously rewarded publication. This 
may be important, as the requirement for 
evidence of continuing professional devel-
opment increases and the move toward 
recurrent recertifi cation of medical practi-
tioners gathers pace. 

But do New Zealand medical practi-
tioners have an obligation to publish, and 
to continue to do so over their professional 
life-time? Surely not if they contribute 
observation and evidence by other means, 
such as conference presentation. The obli-
gation in the consensus statement on the 
role of the doctor is to observe, formulate 
ideas and hypotheses, test, refl ect and 
communicate, not in the method by which 
these are disseminated.
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Survival of Legionella in 
earthquake-induced soil 

disturbance (liquefaction) 
in residential areas, 

Christchurch, New Zealand: 
implications for disease 

Frances Graham, David Harte

ABSTRACT
AIM: To investigate a possible link between liquefaction dust exposure and the noticeable increase in 
legionellosis cases in response to major earthquakes in 2010 and 2011 that resulted in widespread soil 
disturbance (liquefaction) in parts of Christchurch, New Zealand. 

METHOD: We culture tested liquefaction-a� ected soil for Legionella spp. in the six months following the 
first earthquake in 2010. Thirty silt samples were collected randomly from locations within Christchurch’s 
metropolitan area that were a� ected by liquefaction. The samples were tested to determine the presence 
of Legionella using qualitative and quantitative methods. Liquefaction-a� ected soil samples from three 
sites were further subjected to particle size distribution analysis and determination of major oxides. A 
controlled field study was established using six silt samples and one control (commercial compost), seeded 
with a wild-type strain of Legionella bozemanae serogroup (sg) 1 and persistence monitored over a 60-day 
period by culturing for the presence of Legionella. Dry matter determinations were undertaken so that total 
Legionella could be calculated on a dry weight basis.

RESULTS: Legionella bacteria were undetectable a� er day one in the silt samples. However, L. bozemanae 
sg1 was detected in the control sample for the entire study period. 

CONCLUSION: This study showed that the liquefaction-a� ected soil could not contribute directly to the 
observed increase in legionellosis cases a� er the earthquakes due to its inability to support growth and 
survival of the Legionella bacteria. 

Legionellosis is an important notifi able 
disease often causing sporadic commu-
nity-acquired pneumonia in New Zea-

land.1 The predominant Legionella species 
responsible for disease are L. pneumophila 
and L. longbeachae; collectively contributing 
to greater than 80% of the laboratory-diag-
nosed cases each year.1 However, L. bozem-
anae is the second most prevalent Legionella 
species isolated from compost material after 
L. longbeachae in New Zealand, although it 
is rarely associated with human disease.1 
The Canterbury region (including Christ-
church) experiences a high rate of legionel-
losis relative to the rest of New Zealand.2

Active disease surveillance of legionel-
losis cases is reported annually and showed 
a step change in the numbers of laborato-
ry-proven cases between 2009 and 2010, 
with 76 in 2009 and 178 in 2010.3 Between 
September 2010 and March 2011, a combi-
nation of clinical testing, source tracing 
and case interviews identifi ed a noticeable 
increase in compost-associated Legionella 
cases in Christchurch. This was well above 
the previous 10-year average: in 2009, 13 
cases; 2010 52 cases, making a 300% year-
on-year increase.3 Elevated case numbers of 
legionellosis for the Canterbury region were 
again observed in 2011 (Figure 1A). 
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Since legionellosis occurs following 
environmental exposure and infection, a 
signifi cant environmental change that may 
have contributed to the observed increase 
in legionellosis cases may be the large 
increase in suspended particulate matter in 
the ambient air following the earthquakes. 
Between 4 September 2010 and 13 June 
2011, the city of Christchurch was shaken 
by a series of strong earthquakes, and in 
particular the devastating 22 February 
2011 earthquake, which resulted in 185 
fatalities and produced widespread soil 
disturbance (liquefaction). Several other 
smaller or more distant earthquakes also 

produced further liquefaction in parts of the 
city for the remainder of 2011.4 One of the 
most pervasive effects of the earthquakes 
was the widespread change in the below-
ground environment due to liquefaction, 
with 10 distinct liquefaction episodes 
occurring between 4 September 2010 and 23 
December 2011.5

The increased atmospheric PM2.5 and PM10 
(Particulate Matter smaller than 2.5 and 10 
micrometres) concentrations was the result 
of the presence of earthquake-induced soil 
disturbance (liquefaction) dispersed by the 
prevailing wind and vehicle movement 
(Figure 1B). In an attempt to explain the 

Figure 1A: Number of legionellosis cases in the Canterbury region.

Figure 1B: Daily concentrations of Particulate Matter (column height) comprising of PM2.5 and PM10.
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sudden increase in case numbers and 
in particular the increase in cases in the 
Canterbury region following the Canterbury 
earthquake series, we postulate that dust 
inhalation may have predisposed a case 
to an invasive infection/disease like legio-
nellosis when exposed to the organism 
via contact with compost or soil/silt due to 
damaged lung tissue causing infl ammation. 
Infl ammation could allow opportunistic 
pathogens such as Legionella bacteria, 
to more successfully infect the human 
host. The scant research in this area has 
tended to evaluate the potential rela-
tionship between dust inhalation and lung 
infl ammation in occupational settings and 
seasonal climatic events.6

Liquefaction was most severe in resi-
dential areas located to the east of 
Christchurch’s Central Business District 
(CBD) as a result of stronger ground shaking 
due to the proximity of the causative fault, a 
high groundwater table approximately 1m 
from the surface and soils with states of high 
susceptibility and potential for liquefaction.7 
Figure 2 shows areas of different lique-
faction severity, which include: (a) moderate 
to severe liquefaction including sand ejecta, 
large cracks and fi ssures in the ground and 
signifi cant liquefaction-induced impacts on 
buildings; (b) low to moderate liquefaction 
with generally similar features as for the 
severe liquefaction, but of lesser extent 
and intensity; and (c) minor liquefaction 
primarily affecting roads.7

The earthquakes in Canterbury provided a 
unique opportunity to investigate a possible 
causal effect peculiar to Legionella and 
its pathogenesis that we want to explore 
further. Overseas studies have shown that in 
the aftermath of a catastrophic earthquake, 
the immersion in tsunami waters is a risk 
factor for infection caused by Legionella 
spp.8 However, very little is known about 
the microbiological agents that may reside 
in liquefaction-affected soil or dust. Trials 
conducted overseas have shown that sterile 
soil was colonised by the Legionella bacteria 
from the atmosphere within 25 days (the 
fi rst sampling), however, to date this has 
never been replicated outside controlled 
conditions,9 so as yet it is unclear whether 
exposure to Legionella species in natural 
soil can lead to disease.10 Therefore, the 
key research questions were: (1) whether 

Legionella bacteria is present in the liquefac-
tion-affected soil and (2) if present, how long 
can Legionella survive in the liquefaction-af-
fected soil, following a major earthquake 
and in turn be a potential exposure route 
for this pathogen through the inhalation of 
aerosolised liquefaction-affected soil. The 
objective of answering these questions was 
to establish a possible direct link between 
exposure to the liquefaction soil and the 
observed elevation in legionellosis cases in 
the study area following the earthquakes in 
2010 and 2011.

Materials and 
methods 

Legionellosis case data collection
In New Zealand, infections caused by any 

Legionella species are notifi able under the 
Health Act 1956. All notifi ed laboratory-con-
fi rmed cases of legionellosis were obtained 
from the National Notifi able Disease Surveil-
lance system (EpiSurv), operated and 
managed since 1996 by the Institute of Envi-
ronmental Science and Research Ltd (ESR), 
under contract to the Ministry of Health. The 
data was accessed to obtain the residential 
location of all cases between 1 August 2010 
and 30 June 2011. Using a geographic infor-
mation system (GIS), the location of the 
residential locations were overlaid on the 
map of the study area (Figure 2).

Sample collection
On 22 November 2011, 30 samples of 

undisturbed liquefaction-affected soil were 
collected within the metropolitan area of 
Christchurch affected by soil disturbance 
(liquefaction), including areas where there 
were confi rmed cases of legionellosis 
reported (Figure 2). To ensure objectivity, 
digitised address points within the liquefac-
tion-affected areas were randomly selected. 
Using GIS, the location of the sampling sites 
were overlaid on areas of observed lique-
faction, which were based on drive-through 
reconnaissance that was conducted in the 
period from 23 February to 1 March 2011.11

Liquefaction-affected soil samples of about 
250g (dry weight) were obtained from undis-
turbed sites at a depth greater than 1cm to 
avoid inclusion of non-silt contaminants 
using a sterile spoon and placed in plastic 
bags. Samples were transported in an insu-
lated bin to ESR and stored in sealed plastic 
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bags at ambient temperature, in the dark. 
The material sampled was geographically 
representative of the liquefaction-affected 
soil. All 30 samples were cultured on a 
90mm diameter plate with Glycine-Vanco-
mycin-Polymyxin-Cycloheximide (GVPC) 
media by ESR for the presence of Legionella 
in accordance with Steele et al,12,13 who set 
out a qualitative test method for testing of 
potting mixes, composts and other solid 
matrices for Legionella species. A quanti-
tative approach was used measuring the 
total Legionella by plate count. A range of 
dilutions were plated after acid treatment.

Persistence modelling of Legionella 
in liquefaction soil

To establish if liquefaction soil could 
sustain the prolonged survival of Legio-
nella bacteria, the following experiment 
was carried out: six liquefaction-affected 
soil samples (transcending west to east 
sample—nos. 3, 10, 17, 21, 23 and 26) were 
randomly selected and seeded with the 
Legionella bozemanae for the persistence 
modelling experiment. This species is the 
second most prevalent Legionella species 
isolated from compost material after L. 
longbeachae in New Zealand, and has been 

Figure 2: Areas of liquefaction severity and location of notifi ed cases and sampling addresses within 
the liquefaction area of urban Christchurch. 

ARTICLE



55 NZMJ 12 May 2017, Vol 130 No 1455
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

demonstrated to survive in aerosol derived 
from composted material.1,14,15 L. bozemanae 
was chosen in the seeding experiment 
because unlike L. longbeachae and L. pneu-
mophila, it fl uoresces blue under ultra 
violet (black lamp) illumination. This assists 
with more accurate and quicker counting 
of the seeded Legionella colonies among 
mixed bacterial growth on plate culture. 
The seeded samples and controls were 
placed outside from 1 November 2012 until 
30 March 2013 to mimic ambient climatic 
conditions. This was because in New Zealand 
the peak incidence of legionellosis occurs 
from late spring (November) until autumn 
(March) and is possibly related to increased 
gardening activity and use of compost during 
this period.1 A compost sample obtained 
from a commercial supplier in Christchurch 
that was proven culture-negative for Legio-
nella was used as a comparator (control) in 
the persistence modelling experiment, as 
compost is known to support the growth and 
persistence of legionellae.

Due to the limited amount of liquefaction 
material available for the persistence 
modelling under fi eld conditions, approx-
imately 200g (wet weight) of sample was 
placed in free-draining plastic tubs with 
a diameter of 10cm and a depth of 15cm. 
The tubs were buried to the top in a gravel 
bed and placed outdoors at ESR’s research 
facility located at Porirua, Wellington 
to expose the liquefaction material to 
normal environmental conditions. At each 
sampling time point, the whole of the 
material in each tub was mixed thoroughly 
and a single 4–6g grab sample was taken for 
Legionella culture testing and dry matter 
determinations. The ‘Day O’ samples were 
collected immediately after the inoculum 
had been added and tested. Further 
samples for testing for Legionella culture 
and dry matter determinations were taken 
on Days 1, 7, 30 and 60. The dry weight 
measurement of the samples was used 
when determining the Legionella concen-
tration, as this was more accurate than 
using the wet weight since moisture levels 
varied signifi cantly between the samples 
and over the sampling period. Organic 
matter content (%OM) of the six samples 
was determined as weight loss on ignition 
(LOI)16 by ashing a representative sediment 
sub-sample at 400°C for four hours.

Silt characterisation: elemental 
composition and particle size 

Particle size distributions in disaggre-
gated samples from the bulk material 
were determined using a Beckman-Coulter 
laser diffraction particle size analyser. The 
samples from the bulk material were dried 
and sieved to exclude particles >2000µm 
(2mm) diameter prior to analysis. Gradistat 
V8,17 a Microsoft Excel format program, 
was used to analyse the grain-size data 
and to determine parameters, such as the 
percentage of sand, silt and clay, as well as 
mean and median grain-size, sorting and 
skewness.

Major oxides were determined using a 
Panalytical MiniPal-4 X-ray fl uorescence 
(XRF) spectrometer. A fused disk of each 
sample was made by mixing 1g of sample 
with 10g of Lithium-Borate fl ux and melting 
the powder in an induction furnace at 
1100°C. The melt was then poured into a 
cast and allowed to cool. Each disk was then 
analysed three times by XRF and an average 
of the results taken.

Meteorological investigation
For the fi eld experiment, meteoro-

logical data for 1 November 2012 to 31 
January 2013 was retrospectively accessed 
from CliFlo, a web-based system that 
provides access to the National Climate 
Database, New Zealand’s principal repos-
itory of meteorological data (http://clifl o.
niwa.co.nz/). This system is hosted by the 
National Institute of Water and Atmospheric 
Research, a crown research institute. Data 
(minimum and maximum) temperature, 
precipitation and relative humidity were 
sourced from a fi xed continuous monitoring 
station located in metropolitan Wellington.

Microbiological: Preparation of L. 
bozemanae serogroup 1 inoculum

The L. bozemanae serogroup 1 strain used 
in this study was a wild-type strain isolated 
from the same commercial compost brand 
as the control material. This strain was 
chosen to avoid using a laboratory-adapted 
strain. The strain was identifi ed by mip-gene 
sequence analysis and using commercial 
DFA reagents. The strain auto-fl uoresced 
bright blue when exposed to black light 
(UV 660 nm). The L. bozemanae strain 
was sub-cultured onto buffered charcoal 
yeast extract (BCYE) agar plates (Oxoid) 
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for three days at 36°C. The plate grown L. 
bozemanae was then used to seed a liquid 
culture of AYE medium supplemented with 
BSA (0.5%)18 and was grown for 48h at 
36°C (post-exponential growth phase). The 
concentration of L. bozemanae serogroup 
1 in the prepared inoculum was measured 
by a direct spread plate method: 100µL 
10-fold serial dilutions of the fi nal inoculum 
were cultured on BCYE agar plates and the 
colonies counted after three days growth 
at 36°C. The prepared liquid inoculum of L. 
bozemanae serogroup 1 was used to seed 
each of the liquefaction soil samples and 
also the ‘control compost’ material.

Seeding and sampling procedure 
All samples used in the study had been 

previously cultured for Legionellae and 
were found to be culture-negative. A total 
of 2.4mL of the L. bozemanae inoculum was 
slowly seeded into each soil sample while 
undergoing continual stirring to ensure 
even mixing. The concentration of the L. 
bozemanae sg1 inoculum was determined by 
10-fold dilution plating in triplicate from 103 
to 107 and calculated to be 4.08x106 colony 
forming units (cfu). The concentration 
of culturable L. bozemanae organisms 
inoculated into each liquefaction sample at 
time zero and at each subsequent sampling 
time point was determined by using dilution 
plating in triplicate at 100, 101, 102 and 
103. The ‘Day 0’ samples were collected 
immediately after the inoculum had been 
added by taking between 4–6g of the seeded 
material and cultured for the presence of 
Legionella using the method prescribed 
in Steele et al.12 Subsequent samples were 
collected from each sample on Day 1, Day 7, 
Day 30 and Day 60, and tested in the same 

manner. Dry matter determinations were 
carried out on each sample day so that total 
Legionella concentration could be calculated 
on a dry weight basis. The concentration of 
total Legionella isolated from each sample 
at each time point was expressed as the 
number of Legionella colonies growing 
by plate culture per gram of the original 
sample using the dry weight determination 
to correct for the varying moisture content 
of the sample material.

Results
Microbiological examination of 
liquefaction silt samples

All 30 liquefaction-affected soil samples 
were culture-negative for Legionellae. Table 
1 shows that a large proportion (80%) of 
the 30 samples tested had less than 200 
microbial (bacterial and fungal) colonies on 
the plate surface. This was unexpected as 
the soil samples generally contained high 
levels of culturable microfl ora.

Persistence study using Legionella-
seeded liquefaction-a� ected soil

The results for microbial persistence/
die-off of L. bozemanae in the controlled 
fi eld experiment are presented in Figures 
3A and B. L. bozemanae was detectable one 
day after seeding of liquefaction-affected 
soil with the bacteria (Figure 3A). For the 
fi eld samples the moisture content changes 
depending on precipitation, temperature 
and wind and varied over the course of 
the experiment, whereas the dry matter 
remains constant. The only sample in 
which the Legionella was detected over the 
full-time course of the fi eld experiment was 
the seeded commercial compost sample. 

Table 1: Microbial growth on GVPC plate medium.

Total (%) number of 
liquefaction samples 
(N=30)

Relative microbial growth on 
GVPC medium (cfu – colony 
forming unit)

Number of samples from which 
Legionella species isolated

43.3 Low: <50 cfu None—not detected

36.7 Medium: 51–200 cfu None—not detected

20 High: ≥201 cfu None—not detected
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Silt characterisation: elemental 
composition and particle size

Elemental composition of major oxides 
present in liquefaction-affected soil is 
summarised in Appendix 1. Of particular 
note are the concentrations of silica (SiO2), 
which were 72.6%, 76.2% and 76.3% on a 
mass basis. These results indicate that there 
is the potential for airborne particulate 
matter to contain a high proportion of crys-
talline silica. The analysis also found that 
11% of the liquefaction-affected soil was 
aluminium oxide, which occurs naturally 
in silicates.19 The loss-on-ignition results 
showed low levels of organic carbon in 
the liquefaction samples, indicating low 
organic matter.

Figure 4 shows the results of the particle 
size analysis for sample numbers 10, 21 and 
26. The particle size analysis indicated that 
the liquefaction ejecta were generally very 
similar to ejected sediment seen elsewhere 
in Christchurch. Sample No. 26 indicates 
that the liquefaction ejecta is fi ner grained 
than the sand it passes through. Samples 
Nos 10 and 21 show a well-sorted sand 
which is very similar to beach sand.

Meteorological investigation
When values for meteorological param-

eters for the fi eld experiment were 
compared with a 30-year historical mean, 
the key fi nding was that the total rainfall 
between 1 November 2012 to 31 January 
2013 was higher than average (Appendix 2).

Figure 3A: Persistence of L. bozemanae in seeded liquefaction-affected soil and compost.

Figure 3B: Comparative moisture content over time for the seeded liquefaction-affected soil and compost.
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Discussion
Diffi  culties in isolating legionellae directly 

from natural organic matter in soil and 
the focus on manufactured composts and 
potting mixes20 may account for the paucity 
of reported investigations of indigenous soil 
for Legionella spp.13 A series of damaging 
earthquakes near Christchurch, New 
Zealand during 2010 and 2011 provided a 
unique opportunity to study the survival 
of Legionella bacteria in the associated 
liquefaction silt generated by these seismic 
events. The interest in investigating lique-
faction silt for the presence and persistence 
of Legionella bacteria was an attempt to 
elucidate a cause for the observed large and 
sharp increase in the number of Legio-
nella infections in Christchurch following 
the earthquakes. The observed increase in 
Legionella infections closely aligned with an 
increase in atmospheric PM10 concentrations 
as a result of the aerosolisation of liquefac-
tion-affected silt, especially following the 
22 Feb 2011 quake. This points to environ-
mental dust particles being a likely risk 
factor for legionellosis.1,21 The increase in 
case numbers also coincided with a change 
in the testing algorithm for Legionella 
infection at Canterbury Health Laboratories 
(CHL) from August 2010 with the intro-
duction of Legionella polymerase chain 
reaction (PCR) testing.22 These cases dropped 
signifi cantly after February 2011 with no 
cases identifi ed between April and June 
2011. However, there has been no change in 
the testing protocol at CHL since September 
2010, suggesting the large spike in cases over 

the summer was related to seasonal factors, 
compost use or confounding factors such 
as weather and source material other than 
liquefaction-affected silt.

During the liquefaction process, subsoil 
was ejected vertically onto the existing 
soil surface. When designing our study, 
one of our primary goals was to develop a 
snapshot of the effects of earthquake-in-
duced disturbance on the survival of 
pathogenic bacteria such as Legionella. 
The methods used in this study, while they 
were capable of detecting 103 cfu of Legio-
nellae per gram of liquefaction-affected 
soil, did not detect any populations from 
the 30 random samples. A controlled fi eld 
investigation to demonstrate multiplication 
of Legionellae in liquefaction-affected soils 
also gave negative results after Day 1. The 
inability of the liquefaction-affected soil to 
retain moisture compared to the compost 
under the same weather conditions may 
have contributed to the rapid die-off in 
the Legionella seed (Figure 3B). Moisture 
retention ability is proportionately linked to 
the amount of organic matter in the sample. 
This infl uences the presence and make-up 
of the microfl ora in the silt, and these may 
be natural hosts for Legionella bacteria. It is 
possible that small numbers of Legionellae 
in some source material could multiply to 
form populations of detectable size given 
that samples were collected in areas where 
this disease was recorded. The nutritional 
requirements of the Legionellae dictate that 
they live communally with other species 
or as parasites. Indeed, when cultured, 

Figure 4: Laser particle size analysis results for three liquefaction samples.
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Legionella bacteria require a medium that 
supplies them with amino acids as their 
main carbon source as well as fulfi lling a 
specifi c need for L-cysteine and iron (Fe).23 
Decaying organic matter may support Legio-
nella growth, as suggested by earlier studies 
of aquatic bacterial utilisation of nutrients 
released by excretion and decomposition 
of algae.24 Our study showed that liquefac-
tion-affected soils had low organic matter 
content consistent with other fi ndings25 and 
was nutrient defi cient, having low concen-
trations of exchangeable bases (Fe, Ca, Mg, 
Na). A study of agricultural land affected 
by liquefaction following the 4 September 
2010 earthquake found the sandy textured 
soils to have low water-holding capacity.25 
In addition to the chemical limitations of 
the sandy sediment as a growing medium 
for supporting the growth of Legionellae, 
and the possibility of negatively impacting 
hydrology, there is speculation that soil 
aeration was also negatively impacted. 
Because liquefi ed soil has been known to 
compress as it dewaters, fi ne sand may 
have reduced aeration.26 This is signifi cant 
since as aerobes, Legionella also require 
oxygen, either ambient or supplied by the 
other organisms with which they are asso-
ciated, hence their preference for air-water 
surface bio-fi lms.27

The hypothesis was developed that lique-
faction-affected soil may contain Legionella. 
After all, the ability of Legionella to adapt 
and withstand stressful changes in their 
environment is well documented. Also, 
many studies that have demonstrated Legio-
nella bacteria can gain a large measure 
of environmental protection while living 
within host cells. For example, amoebae 
have been found to protect the intracellular 
Legionellae from temperature extremes, 
saline conditions, increased external 
osmopolarity,28 oxygen deprivation, biocides 
such as 50ppm chlorine from hypochlorite29 
and dehydration. Indeed, when conditions 
become too dry, the protozoan host cell will 
encyst and enter a dormant phase to await 
rehydration, protecting the Legionellae 
within host cells.30 It may explain how L. 
longbeachae or L. bozemanae (among other 
species) survives in the non-liquid medium 
of compost when it dries out. 

Amoebal life consists of cycles of 
encystment and excystment according to 

available moisture.31 When encysted, they 
can survive from months to years, and at 
any one time in the soil, a good proportion 
of the population will be encysted.31 The 
drier the soil environment, the higher the 
percentage in this dormant form. The drying 
out of liquefaction-affected soils may have 
allowed any Legionella present to survive 
and when the dried soil becomes airborne, 
pose an infection risk. A limitation of this 
paper is the lack of testing for the presence 
of amoebae in the liquefaction soil, which 
has resulted in a lack of evidence to support 
this argument. 

The low moisture content and the 
observed relatively low abundance of other 
culturable microorganisms detected on 
plate culture, along with the relatively low 
organic matter in the liquefaction-affected 
soil all contribute to it not harbouring 
Legionella bacteria and, it can be assumed, 
a lack of host organisms. In the fi eld exper-
iment where liquefaction-affected soil was 
deliberately contaminated (seeded) with a 
heavy inoculum of Legionella bacteria, it did 
not persist for more than one day, contrary 
to a seeded commercial compost sample 
exposed to the same conditions. This adds 
to the evidence that Legionella bacteria do 
not survive adverse environmental condi-
tions readily without the support of host 
organisms, such as those naturally present 
in organic material such as compost.

While the persistence of Legionella in 
some matrices can occur due to protection, 
the exposure of Legionella bacteria to 
sunlight, high temperature and low 
humidity is likely to inactivate them. The 
low to non-existent organic content in the 
liquefaction-affected soil is likely to decrease 
the presence of Legionella hosts. Collectively, 
this suggests that liquefaction-affected soil 
that becomes airborne as dust (liquefaction 
silt dust) is unlikely to represent a frequent 
exposure route to infectious organisms 
such as Legionella. This observation was 
consistent with this study’s fi ndings that all 
of the residential liquefaction-affected soil 
samples analysed did not show evidence of 
the Legionella bacteria.

Chemical and size analysis of the liquefac-
tion-affected soil shows it consisted of >65% 
silica and between 2–8% (w/w) is <10μm in 
diameter, of which 30% of the respirable 
dust was quartz that was less than 10μm 
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in size (Figure 4). This contributed to the 
increased number of high-pollution days.32,33 
It is also known that airborne particu-
lates can cause infl ammation and increase 
the risk of respiratory infections.34,35 We 
propose that inhalation of earthquake-as-
sociated airborne liquefaction-affected soil 
can damage lung tissue and cause infl am-
mation. Infl ammation and damage could 
allow opportunistic pathogens, such as 
Legionella bacteria, to more successfully 
infect the human host. Infl ammation of 
the lung epithelial cells results in an infl ux 
of macrophages to the site. This may be a 
similar mechanism resulting in the seasonal 
increase in meningococcal meningitis seen 
in sub-Saharan Africa (particles ranging 
from 0.55 to 7.9μm in size).6 The inhalation 
of silica dust is known to increase the risk 
of lung infections, including pulmonary 
tuberculosis.36 It is thought that the inha-
lation of crystalline silica in inorganic dust 
including quartz damages the ability of 
pulmonary macrophages to kill bacteria. 
This is because crystalline silica has sharp 
faces rather than the round edges of sedi-
mentary quartz, so the lungs cannot expel 
the sharp minute crystals and the silica 
(quartz) is retained in the lungs where it 
may eventually cause disease due to lung 
epithelial cell damage and even death.37 
Other studies found that the inhalation of 
inorganic dust (including quartz) increased 
mortality from infectious pneumonias, espe-
cially lobar pneumonia and pneumococcal 
pneumonia among construction workers.38 
These factors combine to suggest that dust 
inhalation could then predispose a case 
to an infection/disease like legionellosis 
when exposed to the organism. The scant 
research in this area has tended to evaluate 
the potential relationship in occupational 
settings and seasonal climatic events. Little 
is known about the relationship between 
Legionella infection and events that result 
in elevated levels of airborne dust such 
as aerosolised liquefaction-affected soil 
following a major earthquake.

Another plausible explanation for the 
increased notifi cations might be physical 
disturbance of the water systems. This 
may be caused by two different actions. 
Firstly, by physically shaken and movement 
of reticulated water lines. Recent studies 

have shown the presence of Legionella and 
other opportunists in disinfected water 
distribution systems.39 Disturbance of such 
pipelines might cause release of biofi lm, and 
surface attached microorganisms creating 
a ‘pseudo-bloom’ of Legionella at points of 
use. Secondly, the ingress of silica-based 
material such as that generated during 
the liquefaction event may have caused 
scouring of the reticulated water system 
and building water systems.27 This would 
also lead to elevated numbers of bacteria 
being released at point of use. Either or both 
of these events combined might explain an 
increase in the cases of water-associated 
legionellosis immediately subsequent to 
earthquake events. 

In conclusion, this study set out to expand 
our understanding of the environmental 
exposure risks to Legionella and whether 
seemingly unrelated environmental factors, 
such as aerosolised liquefaction-affected 
soil resulting from the Christchurch earth-
quakes had the potential to impact on 
disease prevalence. No direct causal link 
between exposure to liquefaction-affected 
soils/silt and legionellosis was established 
since no Legionellae were isolated from any 
samples tested and Legionella was shown 
not to survive in the seeded silt. This does 
not provide support for the notion that 
aerosolised liquefaction soil/silt (quartz 
silica, per se) could be a vector for Legionella 
infection with the methodology followed in 
this study. Disturbance of and infi ltration 
of liquefaction material into distributions 
lines cannot be discounted as a possible 
contributing factor. The contribution of an 
increased amount of airborne dust on the 
incidence of legionellosis as a predisposing 
factor for infection should exposure to the 
bacteria occur, is still unknown. In addition, 
the impact of respiratory tract epithelial 
injury from particulate matter on host 
susceptibility to opportunistic infections like 
Legionella should be considered. In other 
words, whether it may reduce immune-
system function leading to increased 
susceptibility to Legionella. With careful 
study design this could add considerably 
to our understanding of the interactions 
between environmental events and invasive 
diseases processes.
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Appendix 1: X-ray fl uorescence major oxide analyses.

 
 

ChCh 10 Ave of 3 ChCh 21 Ave of 3 ChCh 26 Ave of 3

Average 2sd% Average 2sd% Average 2sd%

SiO2 76.314 0.239 76.199 0.249 72.554 0.285

TiO2 0.398 2.527 0.406 1.706 0.482 1.726

Al2O3 11.596 0.926 11.716 0.558 13.193 0.523

Fe2O3 2.700 0.074 2.553 0.431 3.134 0.327

MnO 0.041 4.878 0.081 1.420 0.044 2.644

MgO 0.778 8.783 0.786 2.701 1.001 15.900

CaO 0.931 2.316 0.954 1.348 1.073 1.456

Na2O 2.936 2.264 2.876 6.331 3.051 2.503

K2O 2.394 0.720 2.346 0.323 2.711 0.777

P2O5 0.093 7.525 0.098 1.450 0.109 2.794

L.O.I. 1.924 19.545 1.998 17.004 2.745 10.139

LOI = loss on ignition at 1000◦C for one hour.
Results are expressed as weight % on oven dried (110◦C). 

Appendix 2: Comparison of meteorological parameters for October–December 2012 and January 2013 
with 30 years monthly means (1981–2010), using percentage of the mean.
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A walking stick in one hand 
and a chainsaw in the other: 

patients’ perspectives of 
living with multimorbidity

Louise Signal, Kelly Semper, Jeannine Stairmand, Cheryl Davies, Elinor 
Millar, Tony Dowell, Ross Lawrenson, Dee Mangin, Diana Sarfati

ABSTRACT
AIMS: Multimorbidity is common, yet there are major gaps in research, particularly among younger 
and indigenous populations. This research aimed to understand patients’ perspectives of living with 
multimorbidity. 

METHODS: A qualitative study of 61 people living with multimorbidity, 27 of whom were Māori and a third 
aged under 65, from urban and rural regions in New Zealand. Six focus groups and 14 interviews were 
conducted, recorded, transcribed and analysed. 

RESULTS: For many participants, living with multimorbidity disrupted their ‘normal’ lives, posing challenges 
in everyday activities such as eating and toileting, working and managing medications. Dealing with the 
health system posed challenges such as accessing appointments and having enough time in consultations. 
Cultural competency, good communication and continuity of care from healthcare providers were all 
valued. Participants had many recommendations to improve management, including a professional single 
point of contact to coordinate all specialist care.

CONCLUSIONS: Living with multimorbidity is o� en challenging requiring people to manage their conditions 
while continuing to live their lives. This research suggests changes are needed in the health system in New 
Zealand and elsewhere to better manage multimorbidity thus improving patient’s lives and reducing costs 
to the health sector and wider society.

Multimorbidity, the coexistence of 
two or more health conditions,1 is 
a common and growing problem 

worldwide.2 While the risk of multimor-
bidity is higher in those aged 65 years and 
older, a study of over two million people in 
Scotland found that the absolute number of 
those affected was greater in those under 
65.3 Multimorbidity is more frequent and 
occurs earlier among those living in socio-
economic deprivation, and disproportion-
ately impacts indigenous people.3,4 People 
with multimorbidity are the major users 
of health services, accounting for around 
two-thirds of healthcare spending.5 There 
is a large body of literature documenting 
the clear associations between multimor-
bidity and increased risk of hospitalisation, 
adverse effects of treatment, high healthcare 

costs, reduced quality of life and higher mor-
tality.3,5–9 Despite this, there are major gaps 
in research relating to nearly all aspects of 
multimorbidity, particularly among younger 
and indigenous populations. 

Research on multimorbidity from a patient 
perspective has been called for10,11 and is 
emerging.12,13 Patients have an important 
role in managing their own health needs; 
however, the ‘work’ for patients associated 
with chronic illness management increases 
signifi cantly with increasing comorbidities, 
and may exceed the patient’s capacity to 
cope.3,14 This can be even more challenging 
when patients’ priorities do not align with 
those of their doctor, with a recent study 
fi nding the main healthcare priority of 
the patient was not represented in the top 
three priorities of their physician. This 
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discordance increased with higher levels of 
patient complexity.14,15 It is becoming widely 
recognised that greater coordination of 
person-centred health services is needed, 
especially for patients with multimorbidity.16 
Increasing tailored information, education 
and training, as well as community support, 
should not be overlooked for this popu-
lation, with studies suggesting better 
outcomes for those individuals with the 
skills, knowledge and confi dence to manage 
their own conditions.17 A 2010 framework,18 
alongside a more recent education and 
training programme,19 suggests a need for 
more research and an improved evidence 
base for interventions to benefi t people 
with multiple chronic conditions.   This is 
supported by a recent Cochrane Review, 
which found only a small number of 
trials looking at interventions to improve 
outcomes for people with multimorbidity 
with mixed results.1 This research sought 
to understand patients’ perspectives on 
living with multimorbidity, their views on 
healthcare and support and what interven-
tions might improve their lives. 

The research was conducted in New 
Zealand where primary healthcare, the 
gateway to the health system, is largely 
subsidised by the government, though 
most adult patients make part-payments 
for consultations. Secondary services are 
provided at no direct cost to patients. While 
pharmaceuticals are heavily subsidized, 
there are still part-charges for prescrip-
tions. Additional subsidies are available for 
primary care and pharmaceuticals for those 
with low and middle incomes, disabilities or 
high healthcare use.20 

Methods
This qualitative study took a phenomeno-

logical perspective recording and analysing 
multimorbidity from patients’ perspec-
tives.21 We used a mix of focus groups (6) 
and interviews (14) to gather data from a 
large strategic sample, capturing various 
perspectives from a range of patients with 
multimorbidity. Focus groups enabled the 
large sample while interviews included 
hard-to-reach participants.

Participants
Participants with two or more long-term 

conditions were recruited through primary 

healthcare organisations from three regions 
in New Zealand, from urban and rural 
locations and a range of socioeconomic and 
ethnic groups. 

A total of 61 people participated in this 
study, 14 in interviews and 47 in focus 
groups, 27 of whom were Māori (indigenous). 
Half of the participants were living with 
four or more conditions. Similar numbers of 
men and women participated. Over a third 
were aged under 65 years. For participant 
demographics, see Table 1. 

Fourteen participants were unable to 
attend the focus groups due to poor health, 
diffi  culty accessing focus groups or avail-
ability. They were interviewed individually 
either at home or work. The focus groups 
and interviews were audio-recorded and 
fi eld notes taken. Focus groups lasted ≈90 
min and interviews ≈60 min. 

Table 1: Participant demographics.

Demographic Number (%)

Gender (n=61)

Women 28 (46%)

Men 33 (54%)

Age groups 

Under 50 5 (8%)

51–64 17 (28%)

65–74 20 (33%)

75+ 19 (31%)

Location

Urban 42 (69%)

Rural 19 (31%)

Number of conditions

2 13 (21%)

3 17 (28%)

4+ 31 (51%)

Ethnicity

Māori 27 (44%)

Pacific 12 (20%)

NZ European 21 (34%)

Other 1 (2%)

ARTICLE



67 NZMJ 12 May 2017, Vol 130 No 1455
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

Data collection
A semi-structured interview schedule 

was developed based on fi ndings from 
previous research9,22 and with input from 
both clinical and community Māori (CMOG) 
advisory groups. Participants were asked 
about the impact of multimorbidity on their 
lives, what healthcare and other support 
they had received, what was positive about 
it and where it could be improved. At least 
two researchers participated in each focus 
group. Audio-recordings were made and 
transcribed verbatim. 

Data analysis
Transcripts were entered into N-Vivo 10. 

Following careful reading by the research 
team, thematic analysis was used to 
identify emergent themes within the text 
and transcripts coded accordingly. Cross 
comparison occurred until a coding hier-
archy was developed outlining key themes 
and subthemes within the data. Data on key 
themes appeared to reach saturation. Initial 
fi ndings were reviewed by CMOG and were 
then discussed with the research team until 
a consensus was reached. Rigor was main-
tained by independent analysis and multiple 
coding, triangulation of data analysis and 
cross comparison of fi ndings. 

Ethics
Participants signed consent forms at 

the beginning of each focus group and 
interview. Participants agreed to keep the 
focus group discussions confi dential. Tran-
scriptions were numbered to guarantee 
confi dentiality and anonymity. The project 
was approved by the University of Otago 
Health Ethics Committee (H14/124)

Results
The results are presented according to the 

themes that emerged from the data. Partic-
ipants’ quotations are presented in Tables 2 
and 3 and briefl y in the text.

Living with multimorbidity
What is it like?

When participants were asked about their 
experience of living with multimorbidity, a 
wide range of responses were elicited. Some 
reported that their health conditions did not 
unduly affect their lives, but for others living 
with multimorbidity had “taken a lot of the 
joy of life”. For many, they managed their 

conditions and life simultaneously with, as 
one man said, “a walking stick in one hand 
and a chainsaw in the other”.

Disrupting normal life
For many, multimorbidity disrupted their 

‘normal’ everyday life and participants 
frequently reported times when managing 
their conditions was a struggle. The chal-
lenges they faced covered many domains 
both within the home and outside, including 
eating, sleeping, toileting and mobility. Some 
participants reported that their conditions 
left them feeling fearful of being alone. 
Participants who worked faced particular 
challenges and used a range of approaches 
to address them, including altering their 
employment conditions (eg, reducing hours) 
and changing employment. Others stopped 
working or retired. 

Even leaving the house was diffi  cult for 
some. Many participants reported needing 
to pre-arrange medications and food 
requirements, check access to toileting 
facilities and assess environmental condi-
tions (weather, stairs, safety and resting 
places) before going anywhere. Participants 
would also consider their physical ability 
to determine if they required additional 
assistance to undertake an activity (eg, a 
wheelchair). 

Coping strategies
While a number of participants described 

long periods of denying their multimor-
bidity, others integrated multiple coping 
strategies into their lives. A positive attitude 
was important to many. As one person said, 
“my mantra is every day above ground 
is a great day”. Learning to manage their 
conditions was important for the majority 
of participants, who felt their independence 
was vital.

Care and support
Nearly all participants reported the 

need for care and support to manage their 
long-term conditions and prevent further 
ill-health, identifying psychological, social, 
spiritual and physical care needs. Partici-
pants reported accessing care and support 
from an array of people, including family 
and friends, neighbours, the community, 
healthcare providers and agencies 
providing social support. Support was 
provided in a number of different ways, 
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including emotional, fi nancial and prac-
tical support such as transport, gardening 
and information on disease and treatment. 
Government support services were essential 
for many within the study; however, 
the majority of participants indicated 
that available services were never fully 
explained to them, and even if they were, 
seeking such help was often ‘frustrating’ 
with complex application processes. 

Managing medications
Managing medications was one of 

the greatest challenges for nearly all 
participants. First, remembering to take 
medications was a key issue, and often 
a measure of how well people felt they 
managed their conditions. A number of 
participants spoke about strategies they 
used to aid memory, with maintaining a 
strict routine and taking medications at 
the same time everyday being mentioned 
most commonly. Other strategies included 
writing the medications down, putting 
medications in an obvious place, setting 
reminders or alarms and using tools such 
as ‘pill boxes’. Those that used blister packs 
found them useful to aid memory; however, 
some participants stated they were not 
using them because of the additional cost or 
diffi  culty opening them. Some participants 
suggested that their medication became 
‘easier to forget’ when they were ‘feeling 
well’. Second, the number of medications 
being taken was problematic for many, 
with one participant saying they felt like 
a ‘chemist shop’ and another wishing to 
have ‘one pill for everything’. Some were 
concerned with the interacting side-effects 
of their medications. Third, a number spoke 
about needing to forego basic needs in 
order to afford their medications. 

Participants spoke of skipping medica-
tions, primarily due to side-effects and the 
subsequent disruption on their lives. For 
example, several participants reported not 
taking their diuretic when they knew they 
were leaving the house, as it caused them 
to be incontinent. Participants discussed 
stopping medication due to cost, with a few 
prioritising conditions based upon severity 
and paying for these medications fi rst. 
Others stopped medications due to negative 
side-effects, a lack of understanding about 
their health conditions and/or their medica-
tions, and occasionally distrusting doctors. 

Some participants expressed the view 
that they knew themselves and their own 
bodies better than their health professional 
did, which resulted in increased self-man-
agement through ‘trial and error’ either 
with or without the support of a doctor.

The health system
Travel to appointments

Organising travel to healthcare 
appointments frequently posed logistical 
challenges for participants, which were 
often amplifi ed for those living rurally. 
Participants who were able to drive 
reported how valuable this was. One partic-
ipant reported that driving was ‘essential’ 
and helped them ‘cope’. A small number 
of participants noted that ageing and their 
deteriorating health would eventually 
result in them not being able to drive, ulti-
mately leading to reduced independence 
and ability to access healthcare.

Participants who were not able to drive 
often relied on family and friends or the 
ambulance service, public transport, 
taxis and drivers from community health 
providers. For example, one participant 
reported feeling ‘panicked’ when organ-
ising transport and concerned that she may 
have ‘exhausted’ her friends as a source of 
assistance. Some rural participants talked 
about the extended journey they faced 
when trying to access specialist care; at 
times a whole day’s travel to attend a brief 
appointment. This was more likely to occur 
if using public transport options, which 
were reported as ‘limited’ and at times 
‘inconvenient’. Other factors such as heavy 
traffi  c, driving in unfamiliar areas, length 
of travel time, parking and the distance to 
travel from car-park to appointment venue 
were all raised as a source of frustration and 
anxiety for people. 

Appointments
There were three main issues identifi ed 

by participants in relation to appointments 
in primary and secondary care: timely 
access, provider continuity and duration. 
First, many participants expressed ‘frus-
tration’ at having to wait for appointments 
in their local primary care practice. One 
person was advised to go to the hospital 
emergency services if they required medical 
assistance that day. Another participant was 
more philosophical, stating “you have to put 
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up with it”, and others mentioned that the 
lengthy waiting times experienced at local 
practices were only an issue before you 
were ‘in the system’. 

Second, continuity was valued; many 
participants spoke of their desire to see the 
same health professional each appointment 
so that the practitioner knew their medical 
and personal history. However, this often 
resulted in increased waiting time for 
appointments, which in an emergency situ-
ation was not an option for many. 

Third, a number of participants reported 
that the time available in a consul-
tation was insuffi  cient. In New Zealand, 
standard primary care consultations are 
fi fteen minutes. Participants regularly 
commented that this was not long enough 
to discuss their complex conditions and 
their concerns around treatment options. 
A number of participants spoke about 
needing to make two appointments if they 
had multiple concerns to discuss; however, 
for some this was not a viable option due to 
the additional cost.

Cultural competence
Māori and Pacifi c participants’ reports 

of ‘mainstream services’ (as opposed to 
culturally specifi c services) were varied, 
from complimentary to concern regarding 
cultural competence. Many Māori partic-
ipants described their desire for health 
providers to take a holistic approach, 
including focusing on spirituality when 
managing their health. A large number of 
these participants described using a range of 
traditional, complementary and alternative 
medicines and approaches. Some partici-
pants stated that cultural differences were 
the main reason for a poor communication 
and a lack of rapport with health providers. 

Communication
Patient-practitioner communication, or a 

lack thereof, often infl uenced how partic-
ipants managed their multimorbidity. 
Many participants noted the importance 
of receiving clear information, or as one 
person said, “explaining everything”, 
regarding their conditions or medications. 
Being able to discuss treatment options with 
health providers and having a trusted prac-
titioner to talk to were highly valued.

Participants frequently mentioned 
that ‘feeling listened to’ was a necessary 
component in patient-practitioner rapport. 
Some participants felt consultations were 
‘a waste of time’ if their health provider 
did not appear to be fully engaged with 

them, for example if they were focused on 
their computer to write notes. Some partic-
ipants suggested that at times practitioners 
dealt with them as an illness rather than 
as a ‘whole person’, resulting in a poor 
relationship. 

Integration of care
Navigating through different depart-

ments within a seemingly ‘siloed’ healthcare 
system was diffi  cult for participants. One 
participant said she “felt like a jigsaw cut up 
into pieces”. Many spoke about needing to 
explain their conditions multiple times to 
different health professionals, and others 
were frustrated at the confl icting infor-
mation about medication and treatment 
options. Many participants valued seeing 
the same health professional, especially 
in primary care, where many felt they no 
longer had a ‘family doctor’ who knew their 
personal medical history. 

Recommended changes
Participants were asked what changes, if 

any, they would suggest to health and other 
services to best support people living with 
long-term illnesses. 

Managing medications: It was suggested 
by a small number of participants that either 
subsidised or free blister packs or pharmacy 
fi lled pill boxes would be valuable. In one 
focus group there was support for a wallet-
sized medication card recording patients’ 
prescriptions to assist patients to accurately 
relay their medical information, especially 
in an emergency situation. 

Travelling to appointments: A range 
of strategies were identifi ed to address the 
challenge of travelling to appointments, 
including services being co-located in the 
community, healthcare appointments being 
scheduled at convenient times for people 
travelling from out of town and home-based 
care, eg, prescriptions being fi lled and 
delivered by the pharmacy. 

Culturally responsive health workforce: 
Māori and Pacifi c participants reported 
the need for greater representation of 
Māori and Pacifi c health workers, with the 
majority suggesting the need for culturally 
specifi c services alongside cultural compe-
tency training for mainstream medical 
professionals. Many Māori also called for a 
more holistic approach to health. 

Better support information: A number 
of participants suggested that better infor-
mation regarding social and fi nancial 
support services was needed. 
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Consultations suited to those with 
multiple conditions: While generally the 
participants were satisfi ed with the service 
they received from their health providers, it 
was commonly suggested that appointment 
times be extended for people with multi-
morbidity to allow enough time to fully 
discuss their conditions. Furthermore, 
some suggested that health professionals 
could improve their practice by being seen 
to focus fully on their patient during the 
consultation and to attend to their needs as 
a ‘whole person’.

Single point of care: Some participants 
discussed their desire to have one health 
professional responsible for all their care, 
to avoid complications from treatment for 
their different conditions. 

Discussion
Multimorbidity has become ‘the most 

common chronic condition’5 and the major 
reason for healthcare expenditure in many 
countries.5,24 This qualitative research 
identifi ed patients’ perspectives on living 
with multimorbidity, and is one of the fi rst 
to focus on indigenous people. For many 
participants, multimorbidity disrupted 
their ‘normal’ life and created numerous 
new challenges that they had to learn to 
manage. Challenges included the activities 
of everyday life, managing work and, for 
some, leaving the house. Participants iden-
tifi ed multiple coping strategies. As found 
in other research, the most important for 
many was a positive attitude.25,26 Nearly 
all participants spoke of needing care and 
support from family and friends to manage 
their health, a key coping mechanism iden-
tifi ed in the literature.22,25,27,28 Managing 
multiple medications was a key concern for 
most, and remembering to take medication 
was a problem for which many participants 
identifi ed coping strategies. Participants 
were also concerned about the side-effects 
and cost of taking multiple medications, 
which lead to some participants skipping or 
stopping their medication in an attempt to 
self-manage their conditions. These fi ndings 
on medication concerns were a common 
theme in the literature.12,22 

In common with other evidence,29 partic-
ipants spoke about the healthcare system. 
Travelling to appointments was often 
diffi  cult, especially for those who did not 
drive and those who lived in rural areas, a 
fi nding in keeping with other international 
studies of chronic illness.30 The implication 
for health service planning is clearly to 

focus on providing the most appropriate 
number of consultations for effective care, 
and not to burden patients with multimor-
bidity with frequent episodic single-illness 
appointments. Similarly, consultation length 
and context have been debated in relation 
to chronic and long-term illness, with a 
number of responses suggesting including 
longer consultations.29,31 Health systems 
in many OECD countries have identifi ed 
potential changes in consultation structure 
to try and accommodate the needs of 
patients with multimorbidity, though their 
success will be dependent on the degree 
to which their structure and function can 
accommodate change. In New Zealand, 
primary care consultations usually require 
a patient co-payment. In recognition of the 
burden placed on patients with multiple 
conditions, the government introduced ‘Care 
Plus’ where patients get longer consulta-
tions with both a GP and practice nurse, 
free of charge, to provide more coordinated 
and integrated care.32 Important themes, 
including effective communication, longer 
consultation times and interpersonal conti-
nuity of care, are echoed in a recent BMJ 
editorial on better management of patients 
with multimorbidity.29 

Internationally, successful management of 
multimorbidity demands a specifi c response 
to the cultural needs of increasingly diverse 
populations. In this study, indigenous Māori 
and migrant participants expressed the need 
for holistic and culturally competent health 
services. This could be achieved through an 
increased focus on cultural competence in 
healthcare training, including immersion 
at an early stage and an increased indig-
enous workforce. A signifi cant increase 
in Māori medical graduates bodes well.33 

Participants had many recommendations 
to improve support for people living with 
multimorbidity. Suggestions for managing 
multiple medications are supported by a 
recent systematic review that suggests that 
fi xed-dose combination pills and unit-of-use 
packaging are likely to improve adherence.34 
Patient-held medication records were 
recommended, with Whyte35 fi nding that 
they are favoured by patients and effective 
in assisting recall. A similar study using 
pictures of medications alongside expla-
nations of their purpose and dose had 
a signifi cant effect on self-effi  cacy and 
adherence.36 More recently, studies focus on 
smartphone applications;37 however, while 
these applications had a positive effect on 
recall and enhanced adherence through 
reminder services, they are limited to those 
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with the correct types of phone. Better 
care coordination and home-based care 
were suggested to avoid the challenges of 
travel.38 There are calls for the development 
of new care coordination interventions for 
people with multimorbidity.18,19,22,38,39 Calls 
for culturally specifi c services, cultural 
competence training for staff and a holistic 
approach to healthcare are other aspects 
equally supported in the literature.40–43 
Requests for better information about 
support services need to be addressed, 
possibly through accessible lay guides and 
user-friendly application processes. Despite 
reported high levels of satisfaction, some 
participants called for changes to healthcare 
processes, such as more patient-focused 
care, longer appointment times and having 
a single health professional for all specialist 
care, as reported elsewhere.29,44,45 

The complexity of multimorbidity 
does not fi t naturally within a healthcare 
system siloed by single diseases. Patients 
often described feeling overwhelmed by 
having numerous health services to access, 
alongside different health professionals and 
multiple medications. A recent Cochrane 
review1 looked at multiple interventions 
targeted at improving the outcomes of 
patients with multimorbidity. Of the 18 
studies examined, 12 focused on changing 
the actual organisation of care delivery, 
either through case management or 
enhanced multidisciplinary teamwork. The 
remaining six centred on patient-oriented 
interventions such as increasing confi -
dence for self-management through various 
programmes and initiatives. 

This research suggests that changes are 
needed to the way in which healthcare is 
organised and delivered in order to meet the 
complex needs of multimorbid patients. 

Strengths and weaknesses
All phases of the investigation have been 

described, and the study followed criteria of 
quality in qualitative research. In preparing 
the manuscript, we followed the consol-
idated criteria for reporting qualitative 
research (COREQ).46 

While caution is needed in general-
ising these fi ndings to other nations, the 
New Zealand health system has much in 
common with health services in other 
OECD countries. Further, the study provides 
valuable perspectives on multimorbidity 
in indigenous people and those under 65, 

populations understudied in this arena. The 
study highlights the value of focusing on 
multimorbidity to capture the complexity 
of multiple, rather than single, condi-
tions. It provides further evidence from a 
patient perspective about the challenges of 
this condition and reminds policymakers, 
funders and providers of the value of 
gaining patients’ voices to identify solutions. 

Further research
Future areas of research include triangu-

lating the patients’ perspectives with those 
of health professionals, funders and poli-
cy-makers, and undertaking intervention 
and cost-effectiveness research. The fi ndings 
are currently being used to inform the 
development of a national survey, quanti-
fying patients’ perceptions of living with 
multimorbidity. 

Conclusions
For many participants, living with multi-

morbidity disrupted their ‘normal’ lives, 
posing challenges in many areas that they 
needed to learn to manage. These included: 
coping with everyday activities such as 
eating and toileting, coping with work and 
managing multiple medications. Dealing 
with the health system also poses chal-
lenges, such as accessing appointments and 
having enough time to discuss key issues. 
Cultural competency, good communication, 
clear information and continuity of care 
were all valued. With this in mind, changes 
to the health system are needed to meet the 
complex needs of multimorbid patients. 
Participants in this study have many recom-
mendations including: support to manage 
multiple medications, longer appointment 
times especially in primary care, culturally 
competent health services and one profes-
sional to coordinate all specialist care. 
Changing the siloed health system developed 
to address a single issue is essential if the 
challenge of multimorbidity is to be met. 
Urgent action is needed to reorganise the 
system in New Zealand and elsewhere so 
it is ‘fi t for purpose’ to manage multiple 
conditions effectively and effi  ciently. This 
has the potential to dramatically improve 
the lives of the many people living with 
multimorbidity, reduce inequity for those 
living in socioeconomic deprivation and for 
Māori, enhance the experience of clinicians 
working with multimorbid patients, and 
reduce the signifi cant costs to the health 
sector and wider society.
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Table 2: Participants’ quotes: living with multimorbidity.

Category Code Quote

What is it like? “I was in denial for several years.” (FG3)
“You’ve got to be this close to death before you think ‘oh shit, I’d better do something’.” (INT1)
“Oh we’ve managed very well. It’s the bad look with the walking stick in one hand and a chainsaw in the other, but I still 
get work done.” (FG2)
 “Sometimes I’m pretty good. Some other times I have trouble walking and pu� ing away.” (FG1)
 “…it’s taken a lot of the joy of life.” (FG4)

Disrupting normal life

Eating “So I might be at a marae [Māori community centre], and then I’ve got to leave whatever it is that I’m doing, to get some-
thing to eat.” (INT11)

Sleeping “And in the early days I found it very di� icult. Because I was told to take the medication in the morning, and I had a full-
time job at that stage, and I used to fall asleep—I was a postie—and I used to fall asleep on my run, because the medica-
tion would knock me out so much.” (FG3) 

Toileting “I might be doing a jig and holding on to everything, and crossing my legs, running ... it’s not uncommon for me to turn 
up at my mum and dad’s house, and run in the door and head straight for the toilet. Screaming while I do it.” (INT5)

Mobility  “And I’ve been stuck all sorts of places. And I’m terrified, because it’s not like I can ... because I’ve got walking sticks with 
me. You can’t get outside in the blowing wind and walk with a walking stick.” (INT12)

Employment “So it did really impact upon my work, to such an extent that I was o�  for considerable amounts of time. And I was mak-
ing significant mistakes. So then I had to basically leave that work.” (INT10)

Leaving home “And I went o�  my Furosemide for about three, four months, because I found them to be a nuisance when I go out. I can’t 
go out, and you know, have to stay indoors.” (FG1)

Coping strategies

Positive attitude “It doesn’t really worry me.” (FG2)“My mantra is every day above ground is a great day.” (FG4) 

Learning to manage “I’ve learnt to manage things.” (INT12) 
 “Once I got to grips with what I had, and how I needed to look a� er it, everything settled down for me again, back to 
normal.” (INT3) 
“I do try to manage as best as I can.” (FG1)
 “You live with it.” (FG3)

Independence “So I fight all I can to be independent.” (INT12) 
“But the idea is I think to help yourself while you can. Once you start relying on people, then you find … you fall through 
that gap.” (FG3)

Care & support “I think there are a number of things. There’s the old issue of WINZ [welfare services] not really explaining what’s avail-
able to people … If you don’t ask, then they won’t tell. So there’s still that. That’s always been a problem.” (INT9)
“… you got to get this piece of paper and that piece of paper and that piece of paper and that piece of paper. Then by the 
time you go, you don’t want ... you just go, ‘stu�  it’.” (FG5) 

Managing medications

Remembering 
medications

“Sometimes they’re a problem [medications] and I have trouble remembering. But yeah, it’s about trying to remember”. 
(INT7)
“What I would like to see is one pill for everything. No matter how big the pill is, one pill. Get it out the way.” (INT9) 

Keeping to routine “But I know pretty well, because I’ve been like this for fourteen years with the pain sort of thing, so I just know what to 
take. Sometimes I might be an hour out, but an hour’s nothing. But no, I know all about that.” (INT12)

Cost of medicines  “I used to live on noodles, home brand noodles. And my son would say; ‘where’s the food mum?’, and I’d say, ‘we have to 
live on noodles, I need my medication’.” (INT8) 
“I put my scripts in last week, but I could only a� ord to get two things out, which I really needed, but I always keep heaps 
anyway, just in case I can’t a� ord to get them.” (INT15) 

Self-management “So I’m continuing that way, not taking it (a tablet) every day, but I take it every other day. Because I believe that it does 
help ... I don’t feel any pain and that, so it must be working alright.” (FG3)

Knowing own body “Those doctors have got to listen to us because we know that body.” (FG4)

Trial and error “That’s about it, really. Just yeah, the mix and match, and the sort of chemistry of trying to get the right drugs.” (INT5)

FG= focus group
INT=interview
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Category Code Quote

Travel to appoint-
ments

“The main issue is our transportation there. Because we are not eligible to claim anything, 
actually.” (FG5)
“I think that those of us in the urban sense are far luckier than our whānau in the country 
areas, because they don’t have the services that we can access here.” (FG6)
“… if I wasn’t driving, I’d be a dead duck. I really wouldn’t be able to cope …. my driving—
they’re getting very, very tough …” (INT2)

Appointments

Having to wait for 
appointments

“The only thing I find coming here is that if you go and make an appointment, they keep ... 
oh not all the time, but they say oh, he can’t see anybody till next week.” (FG1)

Wanting to see same 
health professional 

I think there is a problem here … where we are today, we used to have doctors of our own. 
But going up to the doctor’s today, you go up to a di� erent doctor. There’s three di� erent 
doctors.” (FG5)

Length of 
appointments

“My wife had a couple of complaints and she said, ‘oh, we’re going to the doctor today. 
We’ll talk to him about it.’ And she started to talk to him; she said there’s this and that. And 
he said, ‘I’m sorry, you’ve only got fi� een minutes.’ (FG4)

Cultural 
competence

“I tend to discuss only the wee points with my doctor, so we don’t have a really good rela-
tionship. We’re from two di� erent cultures, and we don’t like each other.” (FG6)
“They were Pākehā and I don’t think … they were maybe culturally aware.” (INT7)

Communication

Explaining 
everything

“And for me I was very fortunate, because the people that looked a� er my diabetes were 
very good, explaining everything, every step, what was happening and also the medication 
and all that, which I was quite pleased about that.” (FG3)

Discussing options 
with health 
professional

 “No no, if I’m really happy I can say that to him (doctor). I know if I really don’t want to go 
that way, and I think they suck, I can say that to him. So he is like a bu� er.” (INT5)
“If I’ve got anything on my mind I’ve always got someone to talk to.” (INT15)

Feeling listened to “You can tell he’s not listening to you. You know, he’s either on his machine or doing some-
thing.” (FG1)
“You’d see him looking at his computer and you wonder whether he’s listening to you or 
not.” (FG4)

Understanding 
whole person

“What just keeps coming into my head is, seeing conditions or a person as a whole ... and 
I suppose they need to upskill, in terms of looking at a person and finding out where else 
they might be going for appointments or checkups or referrals.” (INT5)

Integration of care “Oh when I go to the GP, he goes ‘oh you’re seeing the asthma clinic next week. Tell them 
what’s going on’. Or I see the asthma clinic, [they say] ‘when are you seeing rheumatoid 
next?’” (INT4)
“… how each doctor has a di� erent opinion on how you should be treated.” (FG6)
“... everything is siloed, you feel like you’re a jigsaw cut up into pieces. The disconnect is 
the biggest problem.” (INT5) 

Receiving conflicting 
information

“And from that disconnect you’re getting conflicting bits of information about the same 
parts of your body, or your condition or your disease, from their interpretation.” (INT5) 
“... you’ve got the diabetes who are worried about the sugar, but they’re not too concerned 
about the fat intake. And then you have the [other] dietitian who comes in totally di� er-
ent.” (INT1)

FG= focus group
INT=interview

Table 3: Participants’ quotes: the health system.
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Implementation and effects 
of Enhanced Recovery 

A� er Surgery for hip and 
knee replacements and 

fractured neck of femur in 
New Zealand orthopaedic 

services 
Suzanne Proudfoot, Brandon Bennett, Simon Du� , Julie Palmer

ABSTRACT
AIM: The National Orthopaedic Enhanced Recovery A� er Surgery (ERAS) Collaborative was launched in 
November 2013 to implement ERAS protocols for hip and knee total joint arthroplasty (TJA) and fractured 
neck of femur (NOF) in participating district health boards (DHBs) by December 2014. This paper reports on 
the results. 

METHOD: ERAS protocols were developed for hip and knee TJA and fractured NOF. Breakthrough Series 
collaborative methodology was used to implement the ERAS protocols in 18 DHBs. We collected monthly 
data on compliance with protocols and average length of stay (ALOS). Data were analysed using run charts 
and Shewhart control charts. 

RESULTS: The national percentage of ERAS components achieved across all DHBs rose from 33% to 75% on 
the elective knee TJA pathway, from 31% to 78% on the elective hip TJA pathway and from 29% to 51% on 
the acute fractured NOF pathway. The ALOS for knee TJA reduced from 5.4 days to 4.5 days. The ALOS for hip 
TJA reduced from 5.1 days to 4.3 days. There was no change in the ALOS for fractured NOF.

CONCLUSION: The National Orthopaedic ERAS Collaborative increased uptake of ERAS protocols across 
all three pathways and decreased ALOS for the elective pathways among participating DHBs. There was 
no decrease in ALOS for the fractured NOF pathway. Collaborative improvement methodology can be used 
successfully to implement orthopaedic ERAS across New Zealand DHBs. 

Orthopaedic services in New Zealand 
traditionally struggle to achieve 
waiting time requirements set by the 

Ministry of Health.1 Furthermore, there is 
considerable variation among district health 
boards (DHBs) in intervention rates, length 
of stay and 28-day acute readmission rates 
associated with orthopaedic surgical proce-
dures.1 Demand for orthopaedic services is 
expected to rise as the population ages. 

In 2012, an orthopaedic expert advisory 
group convened by the Ministry of Health 
recommended developing a national 
programme to promote the adoption of 

Enhanced Recovery After Surgery (ERAS) for 
hip or knee total joint arthroplasty (TJA) and 
internal fi xation of fractured neck of femur 
(NOF) in New Zealand DHBs. The members 
of this group included orthopaedic surgeons, 
anaesthetists, clinical nurse leaders, ortho-
paedic nurse specialists and gerontologists.

ERAS comprises an evidence-based, 
multimodal, patient-centred rehabilitation 
programme that has been shown to reduce 
mortality and length of stay in patients 
having total hip or knee arthroplasty, as 
well as improving functional outcomes and 
cost-effectiveness.2–10 
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ERAS can be diffi  cult to implement 
because it requires all members of a multi-
disciplinary peri-operative team to adopt 
a high number of interventions.11 To our 
knowledge, there are few studies that 
describe a methodology for implementing 
ERAS protocols, and none that use collabo-
rative improvement methodology.11 

We report on the results of using 
collaborative improvement method-
ology to implement ERAS for hip or knee 
replacement and fractured neck of femur 
across New Zealand orthopaedic services 
in the National Orthopaedic Enhanced 
Recovery After Surgery Collaborative. 

Challenges
The New Zealand health system is 

confi gured into 20 DHBs. All DHBs deliver 
orthopaedic services. 

New Zealand DHBs had experience of 
cross-organisational collaborative learning 
through Target CLAB Zero, a national 
improvement collaborative to reduce the 
incidence of central line-associated bacte-
raemia in intensive care units.12 However, 
this experience did not extend to ortho-
paedic services. Orthopaedic services at 
each DHB functioned autonomously, and 
apart from professional development groups 
only a limited amount of knowledge sharing 
and process improvement occurred. 

In addition, there was no shared database 
suitable for capturing data on quality 
improvement measures. 

Methods 
The aim of the National Orthopaedic 

Enhanced Recovery After Surgery Collabo-
rative was for all patients needing hip and 
knee replacement, and all patients with 
acute neck of femur fracture, to be managed 
according to ERAS principles by December 
2014 in participating DHBs. 

The Ministry of Health established a 
project team and sought improvement 
advisor expertise from Ko Awatea, a health 
system improvement and innovation 
centre with experience in leading national 
improvement campaigns. 

The national project team included a 
project manager, information management 
expert, consumer advisor, communica-
tions advisor, improvement advisors and 
a clinical lead. This team managed and 
advised on the day-to-day operation of the 
National Orthopaedic ERAS Collaborative 

by conducting site visits, on-site meetings 
and teleconferences with local teams from 
participating DHBs. The national project 
team used these mechanisms to ensure local 
teams had adequate support, to mitigate 
challenges, to provide information and data, 
and to connect local teams with each other 
for sharing experiences and approaches 
to overcoming barriers. In addition, the 
team developed standardised information 
booklets and a video for local teams to 
provide to patients. 

Expert clinical faculty led the devel-
opment and delivery of improvement 
content, measurement strategies and 
resources that supported the transforma-
tional effort. Expert faculty comprised 
specialists in orthopaedic ERAS and experts 
in improvement methodology. 

Eighteen DHBs participated in the collabo-
rative and two opted out. Each participating 
DHB nominated an improvement team 
comprising a project manager, a clinical 
lead and frontline staff from disciplines 
involved in the ERAS care pathway (nurses, 
anaesthetists and physiotherapists). The 
two DHBs that opted out did so because 
they had received funding to adopt ERAS 
pathways from the Elective Services 
Productivity Programme prior to the collab-
orative being established, and were already 
implementing ERAS using internal quality 
improvement methods. 

The Ministry of Health recruited DHBs to 
participate through teleconferences and site 
visits with clinicians and service managers 
in orthopaedics services. The Ministry also 
provided partial funding for ERAS to partici-
pating DHBs as an incentive. 

The intervention
The orthopaedic expert advisory group 

developed protocols for elective total joint 
arthroplasty and acute fractured neck of 
femur. Primary sources of evidence for 
protocol development were advice from 
the expert faculty, the Australian and New 
Zealand Guideline for Hip Fracture Care 
and a how-to guide developed by the Welsh 
1,000 Lives Plus campaign.13,14 Additional 
secondary sources were also used.15–18 

For the elective total joint arthroplasty 
change package, drivers and interventions 
were grouped into protocols for: primary 
care; pre-admission; pre-operative; peri-op-
erative; post-operative; discharge and 
follow-up (Figure 1). 
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Figure 1: Driver diagram: elective primary total hip and knee joint arthroplasty.
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Figure 2: Driver diagram for acute fractured neck of femur.
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For the acute fractured neck of femur 
change package, they were grouped into: 
pre-hospital and emergency department; 
pre-operative; peri-operative; post-operative; 
discharge and follow-up (Figure 2).

We adopted Breakthrough Series Collab-
orative Model (BTS) methodology as an 
approach to implementing the change 
packages.19 The BTS was structured as 
learning sessions interspersed with action 
periods. Improvement teams attended 
learning sessions every four to six months. 

Teams learned how to use driver diagrams 
and the Model for Improvement at the 
learning sessions. Driver diagrams provide 
a visual representation of the factors needed 
for a system to achieve its aim.20 Teams used 
the diagrams as a framework to learn what 
did and did not improve care. Under the 
Model for Improvement, teams set specifi c 
aims and measures, then develop and test 
change ideas using plan, do, study, act 
(PDSA) cycles.21 Teams applied this model 
during action periods to adapt change ideas 
to their local setting. 

Learning sessions enabled teams to share 
experiences and learn from each other, to 
receive individual and team coaching, and 
to solve problems. 

In between learning sessions, the national 
project team made site visits and held 
teleconference calls with teams to monitor 
progress and provide clinical coaching and 
feedback. 

Measures
We measured practice change by 

compliance with seven identifi ed ERAS 
components on the elective hip and knee 
TJA pathway and fi ve identifi ed ERAS 
components on the acute fractured NOF 
pathway (Table 1). We collected and 
analysed data on compliance with each 
component. Overall compliance with all 
components was measured by percentage. 
Patients who had all components correctly 
completed were counted as managed 
according to the ERAS protocol.

Average length of stay was measured 
for patients undergoing all three types of 
procedure (Table 1). 

Data collection and analysis
Teams collected weekly data on the 

number of patients managed according 
to the ERAS protocols. Procedure type, 
total number of discharges, total length of 
stay and correct completion of criteria for 
compliance with the ERAS protocols were 
collected. 

The Ministry of Health commissioned a 
centralised database to collect and compile 
data. DHBs submitted data to the database 
monthly. DHBs were provided with data 
collection guidelines and were expected to 
submit their data 10–14 days after the end of 
each month.

Data were analysed using run charts to 
detect forms of non-random variation that 
might indicate a change in performance.22 
Ultimately, data for each individual DHB and 
all DHBs in aggregate were analysed using 
Shewhart control charts to further assess 
whether any improvements in compliance 
to the ERAS bundle components had been 
achieved, and the impact on ALOS.

Results 
All 18 DHBs reported data on all pathways 

from November 2013. The majority of DHBs 
worked on the elective TJA pathway fi rst. 
All 18 DHBs implemented protocols on the 
elective TJA pathways in November 2013. 
DHBs started work on the acute fractured 
NOF pathway at different times. Most DHBs 
started work on the NOF pathway after April 
2014, some as late as October 2014. 

Baseline data on compliance was 
measured at the start of the collaborative. 
However, we are able to present earlier data 
for ALOS because the Ministry of Health 
collects this data as a performance indicator. 

Elective hip and knee total joint 
arthroplasty

Overall DHB compliance to ERAS compo-
nents on the elective hip and knee TJA 
pathway increased for six components 
(Table 2). The seventh component, Day of 
Surgery Admission, was already well-es-
tablished before the collaborative and 
compliance remained between 90% and 
100% throughout the collaborative.
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 Table 1: Measures, measure defi nitions and data collection methods for ERAS protocols.

Measure Collection 
method

Measure definition

Percentage 
of patients 
managed 
according 
to the ERAS 
protocol

Manual Elective primary total hip and knee arthroplasty
1. Pre-op education – The patient received oral and written education 

regarding the enhanced recovery protocol prior to admission. 
2. Pre-op discharge planning – Prior to admission, a predicted date of 

discharge was given to the patient and discharge needs (such as support, 
equipment or home adaptations) were explicitly assessed and document-
ed in the patient record. 

3. Day of surgery admission – The elective patient was admitted on the day 
of surgery (ie, the procedure date is equal to the day of admission).

4. Standard anaesthetic and analgesic regimen – A locally agreed stan-
dardised anaesthetic and analgesic protocol has been agreed for the 
procedure that the patient has undergone and the protocol was followed 
and charted for this patient. 

5. Nausea and vomiting protocol – A locally agreed standardised protocol 
has been agreed for the procedure that the patient has undergone and 
the protocol was followed and charted for this patient. 

6. Mobilisation within 24 hours of surgery – patient was active weight bear-
ing (with appropriate walking aid) within 24 hours from the end of the 
operation.

7. Criteria based discharge – Standardised discharge criteria have been 
agreed for the procedure and the protocol was followed and charted for 
this patient.

Acute fractured neck of femur
1. Standard anaesthetic regimen – A standardised anaesthetic protocol has 

been agreed for the procedure that the patient has undergone and the 
protocol was followed and charted for this patient. 

2. Nausea and vomiting protocol – A standardised protocol has been agreed 
for the procedure that the patient has undergone and the protocol was 
followed (and charted) for this patient. 

3. Mobilisation within 24 hours of surgery – patient was active weight bear-
ing (with appropriate walking aid) within 24 hours from the end of the 
operation.

4. Criteria-based discharge – Standardised discharge criteria have been 
agreed for the procedure and the protocol was followed (and charted) for 
this patient.

5. Patient was operated on within 48 hours of presentation to hospital. 
Operation start time is within 48 hours of presentation to hospital.

Average 
length of stay 
in hospital 
system

DHB 
information 
system 
extract

Numerator – the total bed days from hospital admission to discharge from 
DHB-funded care in the reporting week. DHB funded care includes not just the 
hospital stay but also any DHB-funded rehabilitation facility or extended step-
down or residential care facility.
Denominator – the total number of discharges in the reporting week. 
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Table 2: Summary of compliance to ERAS components on the knee TJA pathway.

Component Mean percent compliance 
November 2013 to June 2014

Mean percent compliance 
July 2014 to November 2014

Percent 
increase

Standard anaesthetic regime 23% 42% 19%

Standard nausea protocol 0 63% 63%

Mobilisation within 24 hours 20% 70% 50%

Criteria-based discharge 20% 56% 36%

Pre-operative education 51% 65% 14%

Pre-operative discharge planning 40% 80% 40%

Table 3: Summary of compliance to ERAS components on the hip TJA pathway. 

Component Mean percent compliance 
November 2013 to June 2014

Mean percent compliance 
July 2014 to November 2014

Percent 
increase

Standard anaesthetic regime 25% 45% 19%

Standard nausea protocol 5% 62% 57%

Mobilisation within 24 hours 25% 72% 47%

Criteria-based discharge 29% 59% 30%

Pre-operative education 20% 63% 43%

Pre-operative discharge planning 40% 77% 37%

Figure 3: National percentage of ERAS components achieved for elective knee TJA: compliance by week.
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Figure 4: National percentage of ERAS components achieved for elective hip TJA: compliance by week.

The overall percentage of ERAS compo-
nents that patients received gradually rose 
to 80% for elective knee TJA (Figure 3). 

For hip TJA, the overall percentage of 
ERAS components that patients received 
increased to 75% (Figure 4). This is an 
increase of 44% over a 12-month period.

At baseline, the mean ALOS for knee TJA 
was 5.4 days. There was a special cause 
decrease in ALOS before the collaborative 
started. This can be attributed to burgeoning 

evidence in support of ERAS and efforts 
made during 2012 and 2013 to promote the 
ERAS model of care. This resulted in early 
adoption of some of the ERAS components 
by some DHBs. A second special cause 
decrease was noted for the period of the 
collaborative, November 2013 to December 
2014, indicating a special cause reduction of 
0.9 days, from a baseline mean of 5.4 days to 
4.5 days (Figure 5). The ALOS at September 
2015 was 4.2 days. 

Figure 5: Aggregated national ALOS for knee TJA.
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The number of patients who received knee 
TJA rose from 2,917 for the period January 
to September 2013, before the collaborative 
began, to 3,420 for January to September 
2014, an increase of 503 cases. From January 
to September 2015, 3,244 patients received 
knee TJA. This is less than the 2014 increase 
but still 327 more cases than in 2013. 

For hip TJA, the mean ALOS was 5.1 days 
at baseline. This reduced to a mean of 
4.3 days for the period November 2013 to 
December 2014, indicating a special cause 
reduction of 0.8 days. As with knee TJA, 
there was a special cause decrease in ALOS 
between April 2012 and September 2013, 
before the start of the collaborative. The 

collaborative enhanced the decrease. The 
downward trend continued after the collab-
orative ended to a mean of 4.1 days for 
September 2015 (Figure 6).

The number of patients who received hip 
TJA rose from 3,138 for the period January 
to September 2013 to 3,387 for January to 
September 2014, an increase of 277. There 
were 3,310 hip TJA patients for the same 
period in 2015—although less than in 
2014, this remains an increase of 172 cases 
compared with 2013. 

Acute fractured NOF
Overall DHB compliance to ERAS compo-

nents on the acute fractured NOF pathway 
increased for all fi ve components (Table 4). 

Figure 6: Aggregated national ALOS for hip TJA.

Table 4: Summary of compliance to ERAS components on the acute fractured NOF pathway. 

Component Mean percent compliance 
June 2014

Mean percent compliance 
July to December 2014

Mean 
percent 
increase

Standard anaesthetic regime 15% 30% 15%

Standard nausea protocol 19% 36% 17%

Mobilisation within 24 hours 23% 33% 11%

Criteria-based discharge 23% 37% 14%

Surgery within 48 hours of admission 72% 80% 8%
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The overall percentage of ERAS compo-
nents that patients received increased to 
about 50% (Figure 7). The lower overall 
percentage increase compared with the 
elective hip and knee TJA pathways is 
explained by most DHBs starting work on 
the NOF pathway after April 2014. 

There were no special cause changes 
detected in the mean ALOS for fractured 

neck of femur for the period that most 
participants focused on this acute pathway 
(April to December 2014). For the period 
of May to September 2015, the ALOS is 
below the mean but still does not show any 
special cause (Figure 8). The decrease in 
ALOS every January is probably related to 
reduction in the volume of cases during the 
holiday period.

Figure 7: National percentage of ERAS components achieved for fractured neck of femur: compliance 
by week.

Figure 8: Aggregated national ALOS for acute fractured neck of femur.
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Discussion 
The National Orthopaedic ERAS 

Collaborative shows that collaborative 
improvement methodology can be used to 
implement orthopaedic ERAS across New 
Zealand DHBs. 

The collaborative increased uptake of 
ERAS protocols among all participating 
DHBs. Overall, compliance increased to 
80% for knee TJA, 75% for hip TJA and 50% 
for fractured neck of femur. Putting these 
protocols in place increased standardisation 
across the country. Care became more 
consistent across DHBs, with less variation 
in the quality of care and education patients 
received. Consistent care underlies the 
improvement in patient outcomes described 
in the ERAS literature. Studies show that 
ERAS is associated with important benefi ts 
to patients, including better functional 
outcomes, reduced short-term complication 
and mortality rates, and reduced length of 
stay in hospital.6–8 

The greatest reductions in ALOS were in 
the elective knee and hip TJA pathways. 
This compares with results of a study by 
Christelis et al of patients undergoing 
elective hip or knee arthoplasty, which 
showed a reduction in mean length of stay 
from 5.3 days to 4.9 days for patients in the 
ERAS phase.9 Data from the Musculoskeletal 
Audit in Scotland also shows shorter 
post-operative length of stay with ERAS 
protocols.3 The reduced ALOS increased 
system capacity, enabling a greater volume 
of patients to be treated. Although this 
ALOS reduction of 0.9 days does result in a 
direct reduction in the number of bed days 
used for this group of patients, it would 
be diffi  cult to claim a reduction in bed 
days used overall for this time period. Bed 
days saved by this group of patients do not 
equate to actual bed days saved because the 
beds are used for patients on the waiting 
lists for these elective procedures. As noted, 
there was a volume increase of 780 cases 
for patients who underwent TJA for hips 
and knees. 

The reduction in ALOS on the elective 
pathways was sustained after the collabo-
rative ended. However, our fi ndings for the 
fractured NOF pathway concur with those 
of Macfi e et al, who found no signifi cant 
difference in length of hospital stay between 

patients undergoing conventional care and 
those undergoing care optimised by ERAS 
protocols.23 We saw no change in the ALOS 
for fractured NOF during the period that 
most DHBs focused on this pathway. 

The National Orthopaedic ERAS Collab-
orative reinforces existing evidence 
that BTS methodology can be used to 
implement quality improvement initiatives 
across multiple DHBs.12 In the National 
Orthopaedic ERAS Collaborative, BTS 
methodology provided a vehicle for change 
across 18 DHBs regardless of size, demo-
graphics of the population, socio-economic 
climate, organisational culture and previous 
experience in the implementation of ERAS 
protocols. DHB teams were able to learn 
from one another about the application of 
improvement science, and to share change 
ideas, clinical expertise and experience. 
Informal leaders emerged who were able 
to infl uence and support those who experi-
enced challenges implementing the protocol 
related to DHB size, demography, organi-
sational culture or geographical location. 
For example, the larger DHBs faced the 
challenge of spreading the protocol across 
all the required health professionals. 
In the case of one large DHB, 90 anaes-
thetists were involved in the agreement 
and implementation of their protocol. In 
contrast, the small DHBs were constrained 
by the number of people available to 
work on the project, as their absence from 
day-to-day work could not be covered by 
other personnel. The ability to share skills, 
knowledge and resources, and to access 
support and advice to solve problems, 
resulted in accelerated adoption, use and 
profi ciency in the protocol.

The National Orthopaedic ERAS Collab-
orative developed national measurement 
capability from a quality improvement 
perspective. Although volume-based data 
was already being collected by the Ministry 
of Health, the national database used in the 
National Orthopaedic ERAS Collaborative 
was a new database created for quality 
improvement measures. The database helped 
teams to stay on target, review their data and 
identify areas that needed more work.

Another implication of the collaborative 
is building capability within New Zealand 
DHBs to apply improvement methodology 
to address defi ciencies in healthcare. It 
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developed skills in improvement meth-
odology among diverse stakeholders: the 
improvement team at each DHB included 
a representative from each discipline 
involved in the ERAS care pathway, as well 
as a clinical lead and a project manager. 

The successful use of improvement collab-
oratives across multiple DHBs in differing 
clinical contexts suggests that the approach 
could generalise to address other defi -
ciencies in the quality of healthcare.12 In 
our experience, multi-DHB improvement 
collaboratives are feasible where there is an 
existing body of international evidence for 
best practice that has already been proven 
applicable to the New Zealand context 
through a local pilot at one or more DHBs. 

Limitations
In our results, we present ALOS data from 

before, during and after the collaborative 
period. ALOS data from the collaborative 

period was collected weekly. However, data 
from before and after the collaborative 
period was collected monthly. For this 
reason, our results represent all ALOS data 
monthly. This does not affect the validity of 
the data, as the monthly data refl ects cumu-
lative weekly data. 

This collaborative did not include any data 
collection or analysis on the impact of the 
day of the week that the surgery occurred. 

Conclusion 
The National Orthopaedic ERAS Collabo-

rative increased uptake of ERAS protocols 
among participating DHBs and decreased 
ALOS on the elective hip and knee TJA 
pathways. There was no decrease in ALOS 
for the fractured NOF pathway. Collabo-
rative improvement methodology can be 
used successfully to implement orthopaedic 
ERAS across New Zealand DHBs. 
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Enhanced hip fracture 
management: use of 

statistical methods and 
dataset to evaluate a 

fractured neck of femur fast 
track pathway—pilot study

Nigel Gilchrist, Kristian Dalzell, Scott Pearson, Gary Hooper, Kit Hoeben, 
Jeremy Hickling, John McKie, Ma Yi, Sandra Chamberlain, Caroline 

McCullough, Marc Gutenstein

In New Zealand, approximately 3,500 
people over the age of 50 were hospi-
talised with a hip fracture in 2013 with 

the majority being related to falls.1 The rate 
of hip fracture increases signifi cantly with 

age with nearly half of the hip fractures 
occurring in those aged 85 years or older.2 
Although the incidence appears to be falling, 
the absolute number of hip fractures is in-
creasing with longer life expectancy.3

ABSTRACT
The increasing elderly population and subsequent rise in total hip fracture(s) in this group means more 
e� ective management strategies are necessary to improve e� iciency. We have changed our patient care 
strategy from the emergency department (ED), acute orthopaedic wards, operating theatre, post-operation 
and rehabilitation, and called it Fracture Neck of Femur Fast Track Pathway. All clinical data and actions 
were captured, integrated and displayed on a weekly basis using ‘signalfromnoise’ (SFN) so� ware. The 
initial four months analysis of this project showed significant improvement in patient flow within the 
hospitals. The overall length of stay was reduced by four days. Time in ED was reduced by 30 minutes, 
and the wait for rehabilitation reduced by three days. Overall time in rehabilitation reduced by 3–7 days 
depending on facility. On average, fast track patients spent 95 less hours in hospital, resulting in 631 bed 
days saved in this period, with projected savings of NZD700,000. No adverse e� ects were seen in mortality, 
readmission and functional improvement status. 

Fractured neck of femur has increasing clinical demand in a busy tertiary hospital. Length of stay, 
co-morbidities and waiting time for theatres are seen as major barriers to treatment for these conditions. 
Wait for rehabilitation can significantly lengthen hospital stay; also poor communication between the 
individual hospital management facets of this condition has been an ongoing issue. Lack of instant and 
available electronic information on this patient group has also been seen as a major barrier to improvement.

This paper demonstrates how integration of service components that are involved in fractured neck of 
femur can be achieved. It also shows how the use of electronic data capture and analysis can give a very 
quick and easily interpretable data trend that will enable change in practice.

This paper indicates that cooperation between health professionals and practitioners can significantly 
improve the length of stay and the time in which patients can be returned home. Full interdisciplinary 
involvement was the key to this approach. The use of electronic data capture and analysis can be used in 
many other health pathways within the health system. 
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It appears that the fracture rate is at 
least 25–50% higher in Europeans than in 
Pacifi c Islanders or Māori, but this rate is 
predicted to equalise with the increasing 
life span of the Māori and Polynesian popu-
lation.4 The care of these patients varies 
both nationally and internationally.4 Service 
provision was initially surgically managed, 
but has evolved into a shared care model 
with Health Care of the Elderly Physicians.5,6 

In our centre we established a Fractured 
Neck of Femur Pathway in 2007,7 which 
has signifi cantly improved the outcomes 
of such patients.7 Recently, guidelines have 
been established for both Australia and New 
Zealand, outlining the standard of care from 
admission to the emergency department, 
peri-operative care, operative optimisation, 
rehabilitation and appropriate discharge 
from hospital.1 Experience has shown 
that this model reduces length of stay and 
improves cost effi  ciency.8 Another recent 
improvement has been the establishment 
of a hip fracture registry, which will be able 
to identify all hip fractures in Australia and 
New Zealand, to accurately classify them 
and provide an integrated database for this 
complex group of patients.9 Our hospital 
admits the largest number of hip fractures 
(>500/year) for a single hospital in New 
Zealand10 and has been a leader in the fi eld 
of innovative management of hip fracture 
patients. As a tertiary hospital with a large 
number of acute orthopaedic admissions 
(4,748 in 2014), evaluation of an effective 
treatment pathway for these patients 
has become important to use the fi nite 
resources effi  ciently.

The introduction of a weekly analytical 
dataset, ‘signalfromnoise’ (SFN) within our 
district health board is introducing a new 
way in which clinical staff working within 
the patient pathway can clearly and quickly 
understand the implications of any change 
in patient management. SFN (proprietary 
software from Lightfoot Solutions)11 helps 
to identify variations, trends and patterns, 
which allows the assessment of the intro-
duction of change in clinical practice from 
admission to the emergency department 
(ED), peri-operative management, reha-
bilitation and discharge. Previous patient 

management was independently managed 
with some information shared between 
services.

This study presents the initial results of 
this clinically-led pilot study in the change 
of the clinical management of hip fracture 
patients. 

Methods
This fast track pathway was designed to 

improve the patient journey throughout 
all phases of their hospital admission 
from emergency department (ED), the 
peri-operative process, rehabilitation and 
planned discharge home. This involved all 
departments and staff from emergency, 
acute orthopaedic ward staff, anaes-
thetic department, surgeons, orthopaedic 
medicine/rehabilitation service and rehabil-
itation wards.

The elements of this pathway were 
mutually agreed by all parties in the 
period leading up to the introduction of the 
pathway. Measurement of the effectiveness 
of this pathway was enabled through the 
introduction of SFN data visualisation 
and analysis template that enabled quick 
and effi  cient evaluation of all parts of the 
pathway.11 

SFN uses the principles of Statistical 
Process Control (SPC) to analyse and dissem-
inate information about patient fl ow across 
the whole healthcare system. It includes 
a web-based interface that provides users 
with an ‘at a glance’ understanding of 
processes and improvement initiatives 
(Lightfoot, 2015).11 SFN uses routine infor-
mation collected in the district health 
board (DHB) patient management systems, 
including ED, operating theatres and 
inpatients wards. This new information is 
present in a dashboard format with weekly 
update and a drop down analysis feature 
that enables in depth analysis of elements 
of individual department activities across 
ED, inpatient wards, operating theatres 
and rehabilitation wards. Figure 1 shows 
some of the elements within ED that can be 
analysed on a week by week basis, giving the 
ability to quickly change or alter elements of 
the pathway. 
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Patients with hip fracture are usually 
transported to the ED by ambulance where 
the ambulance staff often identify the 
possibility of hip fracture on their arrival in 
the ED. These patients are rapidly assessed 
by medical and nursing staff, comorbid 
conditions identifi ed and treated, analgesia 
initiated, blood tests performed and x-rays 
requested. It was observed at an early stage 
that some patients arrived into a busy ED 
and concurrent nursing/medical responsi-
bilities could delay care of those patients 
with hip fracture. The pathway empowered 
and enabled nursing staff to initiate care 
and signifi cantly progress the ED phase of 
the care. Once the hip fracture is identifi ed 
on x-ray, the orthopaedic team are notifi ed, 
but further orthopaedic assessment of the 
patient is carried out once admitted directly 
to an orthopaedic ward bed. Education was 
provided early in the course of the new 
approach and all staff were motivated to 
provide care according to the pathway and 
expedite transfer to the orthopaedic ward 
bed. Fundamental to this improvement was 
to encourage orthopaedic assessment of the 
patient on the orthopaedic ward rather than 
in ED. On admission to the acute ortho-
paedic ward, every possible attempt was 
made for the patient to be operated on that 
day or the subsequent morning. 

A system was put in place where the 
Charge Nurse on the admitting orthopaedic 
ward would text page the duty anaesthetist 
as soon as a fast track admission arrived on 
the ward. For those admissions before 4:00 
pm an anaesthetic assessment of the patient 
would be made regarding suitability for 
operating theatre fi rst thing the following 
morning. This enabled any outstanding 
investigations such as blood tests, chest 
x-ray, cardiac echocardiography or coagu-
lation studies to be arranged, consultation 
referrals to be made and medications 
such as anticoagulants to be stopped (and 
possibly reversed) in a timely manner. This 
would then ensure the patient was ready 
for theatre the next morning, preventing 
unnecessary fasting of patients and reduced 
last-minute cancellations with a signif-
icant impact on theatre room utilisation. If 
there were problems identifi ed that would 
preclude operation the next morning then 
this information was communicated to the 
acute orthopaedic team so they could adjust 
the operating schedule accordingly. 

Anaesthesia was provided by an anaes-
thetic consultant or senior registrar 
wherever possible, with the technique 
chosen dependent on both patient factors 
and anaesthetist’s personal preference. 

Figure 1: SFN process analysis capabilities.
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The patients are admitted to an ortho-
paedic ward that specialises in the 
management of neck of femur fractures and 
has dedicated beds for this purpose. Nursing 
cares are instituted in a standardised 
fashion. 

Registrar assessment (orthopaedic, 
orthopaedic medicine and anaesthetic) is 
then undertaken. The confi rmation of the 
diagnosis and exclusion of other injuries or 
active comorbidities is made, and if present, 
these are also dealt with at the time of 
initial admission. Patients are placed on the 
booking system, ‘Scope’, and depending on 
the time on the day of admission, a decision 
is made regarding fasting status. Generally, 
the patients receive their surgery in the 
ensuing day(s) and therefore they are not 
kept nil by mouth and high-carbohydrate 
fl uids and food commenced.

Pre-operative anaesthetic review and 
orthopaedic medical reviews are under-
taken and any peri-operative risk is 
identifi ed and mitigated with proactive 
intervention.

Dedicated time within an acute oper-
ating theatre is utilised for neck of femur 
fractures and priority is given whenever 
possible to this patient group.

The surgical procedure involves the 
administration of an anaesthetic, IV antibi-
otics and patient positioning, and depending 
on the confi guration of the fracture pattern 
the position varies. For a hemiarthroplasty 
or total hip replacement, patients are posi-
tioned in the lateral decubitus position and 
generally a lateral approach to the hip is 
undertaken. This approach is felt to reduce 
the risk of dislocation by preserving the 
posterior capsule and careful attention is 
paid to repairing the vertical incision in the 
capsule and the gluteal muscles. 

For intertrochanteric and subcapital 
neck of femur fractures treated with closed 
reduction and internal fi xation, a supine 
position is utilised with the use of a traction 
table and image-intensifi er navigation. A 
direct lateral approach is made, preser-
vation of the vastus lateralis is attempted 
and metalware is placed in a fl uoroscop-
ic-guided fashion. A drain may be placed 
and generally, subcuticular dissolvable 
sutures are used to repair the incision site. 
Dressings are then applied. 

The patients are then transferred to the 
orthopaedic ward following transfer from 
recovery, and antibiotics (Cefazolin 2gms) 
are instituted for two further doses post-op-
eratively. DVT prophylaxis is undertaken 
and the patients are mobilised early with 
the assistance of the physiotherapy team. 
X-rays are taken post-operatively and this 
is repeated at six weeks to ensure that 
fracture union is satisfactory and alignment 
remains acceptable. Patients are reviewed if 
problems arise in the post-operative period 
after discharge from hospital. 

Rehabilitation
It was agreed that all patients should 

be suitable for rehabilitation and weight 
bearing at 48 hours post-operatively. This 
meant implicitly that these patients would 
be well enough both medically and surgi-
cally to be transferred to the appropriate 
rehabilitation facility. In Canterbury there 
are two rehabilitation facilities. The fi rst is a 
dedicated orthopaedic rehabilitation facility, 
which manages most of the older people 
with orthopaedic conditions that require 
rehabilitation. This unit is situated at 
another hospital and is integrated within the 
Department of Orthopaedic Surgery (Ortho-
paedic Rehabilitation Unit (ORU)). The more 
medically and cognitively compromised 
are mostly transferred to another hospital 
because of the more complex nature of their 
ongoing medical and social issues and the 
availability of medical/nursing staff and 
intensive diagnostic facilities (Older Person’s 
Rehabilitation). The decision as to which 
institution they are transferred to is made 
pre-operatively or immediately post-oper-
atively. The rehabilitation process is very 
similar to those previously described5 and 
involves a multi-disciplinary team, which 
includes nursing, medical, occupational 
therapists, physiotherapists and social 
workers. The aim is to get people as inde-
pendently mobile as possible and return 
them to their home and facilities or to 
fi nd appropriate placement should this be 
needed. 

There is small group (<5%) of patients 
that, because of the complex nature of their 
fracture and subsequent surgery, are unable 
to weight bear for mechanical implant and 
healing reasons. These patients are trans-
ferred to another hospital (88kms from 
our facility) for a period of between two to 
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six weeks when they undergo orthopaedic 
review and a decision made to weight bear 
and then transferred to ORU for rehabili-
tation but are not included here for analysis. 
Those who were not fast tracked because 
of medical/surgical unsuitability were not 
subject to this analysis but will be in future.

Fast Track study
The Fast Track pilot study began in 

November 2014 and continued to the end 
of April 2015. A similar group of patients 
from the previous three years were used for 
comparison. All patients admitted with a 
fracture neck of femur were included except 
those patients who were younger than 65 
years old, had operation times longer than 
three hours or who ended up in conva-
lescent care or unknown discharge facilities.

The pathway patient fl ow data were then 
compared for the following indicators: time 
spent in the ED, waiting time for theatre, 
waiting time for rehabilitation, time spent 
in acute service and time spent in reha-
bilitation as well as total length of stay. 
Sub-group analysis was then performed for 
eligible discharge and/or rehabilitation facil-
ities. Data was also collected on discharge 
destination, readmissions and functional 
status, and compared with the pre-pilot 
study group Australian Rehabilitation 
Outcome Centre (AROC data).12 This includes 
the standardised use of the Functional 
Independence Measurement tool (FIM™). 
FIM™ measures 18 items of function, (13 
motor and fi ve cognitive). It is scaled from 
one to seven, with seven being completely 
independent with a specifi c activity and one 
indicating that full assistance is required. It 
is based on activity over a 24-hour period 
and guided by observations made by staff 
over different shifts. Some of the activities 
include toileting, continence and mobility, 
etc. The activities are scored giving a func-
tional independence measure (FIM™), which 
can be used at any stage of the hospital 
admission to determine progress, discharge 
destination and goal setting. 

Estimated cost per bed day using Total 
Absorption costing13 was assessed in the 
acute and rehabilitation setting. The func-
tional status at discharge was available from 
AROC data set in only 403 (40%) patients 
before and 80 (50%) during the trial.

Statistical analysis
Data analysed using SAS 9.3. Wilcoxon 

Rank Sum test was carried out to assess 
differences between the two groups. Statis-
tical signifi cance was determined with 
p-value less than 0.05. Operation types were 
also compared using Chi-square test. Figures 
are presented using SPS, which has been 
adjusted for trend and cyclical variation. 
Projections of expected volume based on the 
previous 12-month trends are made from 
the point of the pilot intervention.

Results
The demography of the patient groups are 

shown in Table 2, including fracture type 
and operative intervention. 
Table 1: Age, gender, fracture and operation type in before 
and after fast track patients.

Before
N/989 (%)

A� er
N/161 (%)

Age

Mean (SD) 84 (7.6) 85 (7.5)

Median (IQR) 85 (79 to 89) 85 (80 to 91)

Range 65 to 103 66 to 104

Gender

Male 266 (26.9) 38 (23.6)

Female 723 (73.1) 123 (76.4)

Fracture type

NOF, part unspecified 17 (1.7) 1 (0.6)

Intracapsular section of femur 22 (2.2%) 1 (0.6)

Subcaptial section of femur 445 (45.0) 65 (40.4)

Midcervical section of femur 31 (3.1) 4 (2.5)

Base of neck of femur 17 (1.7) 4 (2.5)

Other parts of neck of femur 9 (0.9%) 1 (0.6)

Trochanteric section of femur 22 (2.2%) 4 (2.5)

Intertrochanteric section of femur 35 (3.5) 4 (2.5)

Subtrochanteric 5 (0.5) 2 (1.2)

Sha�  of femur 1 (0.1) 0 (0)

Supracondylar 2 (0.2) 0 (0)

Unspecified 361 (36.5) 68 (42.2)

Procedure performed*

Internal fixation 583 (58.9) 113 (70.2)

Hemiarthroplasty 323 (32.7) 42 (26.1)

Total arthroplasty 83 (8.4) 6 (3.7)

P-values for comparison * <0.05 ** <0.01 *** <0.001
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Eighty-four percent of patients were fast 
tracked from the emergency department to 
the acute surgical wards, 77% went to a ward 
designated for these injuries and another 
18% were transferred to other orthopaedic 
beds. A small percentage were transferred 
to the orthopaedic trauma unit because of 
co-existing medical/surgical issues. 

Sixteen percent were not fast tracked 
because they were either inter-hospital 
transfers, young patients with hip frac-
tures and thus treated differently, medically 
unwell or had been wrongly classifi ed and 
had peri-prosthetic or sub-trochanteric or 
pathological fractures. This group was not 
included in the analysis. 

Anaesthetic procedure was not signifi -
cantly different between pre- and post-fast 
track groups. General anaesthetic was 
performed in 68% of the fast track group 
and 59% of the pre-fast track group, spinal 
anaesthetic 21% (31% pre) and regional 
anaesthetic block 3% (4% pre). There 
were a small number of other anaesthetic 
procedures that did not signifi cantly differ 
between groups (ie, femoral/sciatic lumbar 
plexus blocks). 

Emergency department
As demonstrated in Figure 2, the average 

time in the ED compared with the previous 
year decreased by half an hour (p=0.0001). 
All facets of the ED process appeared to 
contribute to this time reduction. 

The average wait for theatre decreased 
by 3.6 hours (p=0.044) and the average time 
in theatre decreased by approximately 15 
minutes (p<0.0001). The comorbidities that 
affected the wait for theatre are listed in 
Table 2 and were not different from the 
pre-study group. The most common was the 
use of “anti-coagulant like agents” in 17.5% 
of patients. Only Clopidogrel signifi cantly 
delayed the time to theatre with an average 
of 3.35 days. Warfarin was ceased pre-op 
with a delay of 1.8 days and other agents 
such as Dabigatran and Dipyridamole had no 
effect. Aspirin was continued in most patients 
unless post-operation bleeding was an issue. 

The average time to rehabilitation 
decreased by almost three days (p<0.0001) 
and was seen in both ORU 21/2 days 
(p<0.0001) and Older Person’s Rehabilitation 
31/2 days (p<0.0001). The overall total reha-
bilitation time decreased by almost seven 

Figure 2: Average time in emergency department pre- and post-fast track process.
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Table 2: Co-morbidities of before and after fast track hip fracture patients. 

ICD Before
N/989 (%)

A� er
N/161 (%)

G45 – Transient cerebral ischaemic attacks and related syndromes 3 (0.3) 0 (0)

I21 – Acute myocardial infarction 74 (7.5) 11 (6.8)

I26 – Pulmonary embolism 17 (1.7) 0 (0)

I46 – Cardiac arrest 3 (0.3) 0 (0)

I48 – Atrial fibrillation and flutter 106 (10.7) 12 (7.5)

I50 – Heart failure ** 73 (7.4) 3 (1.9)

I61 – Intracerebral haemorrhage 2 (0.2) 0 (0)

I62 – Other nontraumatic intracranial haemorrhage 1 (0.1) 0 (0)

I63 – Cerebral infarction 9 (0.9) 1 (0.6)

I80 – Phlebitis and thrombophlebitis 6 (0.6) 1 (0.6)

I82 – Other venous embolism and thrombosis 1 (0.1) 0 (0)

J12 - Viral pneumonia, not elsewhere classified 1 (0.1) 0 (0)

J13 – Pneumonia due to Streptococcus pneumoniae 0 (0) 1 (0.6)

J14 – Pneumonia due to Haemophilus influenzae 2 (0.2) 0 (0)

J15 – Bacterial pneumonia, not elsewhere classified 2 (0.2) 0 (0)

J18 – Pneumonia organism unspecified 65 (6.6) 8 (5.0)

K92 – Other diseases of digestive system 12 (1.2) 2 (1.2)

N17 – Acute kidney failure 60 (6.1) 16 (9.9)

P-values for comparison * <0.05 ** <0.01 *** <0.001

Table 3: Comparison in pathway activities between the before intervention group (n=989, 01/12 → 11/14) 
and the after intervention group (n=161, 11/14 → 04/15).

Before A� er

Mean (SD) 95% Confidence 
Interval

Mean (SD) 95% Confidence 
Interval

Average time in ED (hrs) *** 3.46 (1.46) 3.37 to 3.55 2.87 (1.33) 2.66 to 3.07

Average wait for theatre (days) * 1.62 (1.53) 1.52 to 1.71 1.47 (1.42) 1.24 to 1.69

Average wait for rehab (days) *** 7.13 (4.49) 6.85 to 7.41 4.29 (2.63) 3.88 to 4.70 

LOS CHCH Hospital (days) ** 10.44 (8.39) 9.34 to 11.54 7.13 (4.40) 5.59 to 8.67

Time to rehab ORU (days) *** 6.27 (3.90) 5.88 to 6.66 3.61 (1.90) 3.15 to 4.07

Time to rehab OPH (days) *** 7.84 (4.67) 7.35 to 8.34 4.22 (2.17) 3.66 to 4.79

LOS rehab ORU (days) *** 24.24 (12.41) 22.99 to 25.49 17.46 (6.68) 15.67 to 19.25

LOS rehab OPH (days) * 33.71 (14.20) 32.20 to 35.23 30.43 (14.07) 26.76 to 34.10

Overall LOS ** 24.40 (15.06) 23.46 to 25.35 20.48 (13.59) 18.29 to 22.66

P-values for comparison * <0.05 ** <0.01 *** <0.001 
Average times in components of pathway—ED = Emergency Department LOS = Length of Stay, ORU = Orthopaedic 
Rehabilitation Unit, OPH = Older Person’s Health, with time related variable and significance. 
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Figure 3: Functional improvement at discharge so far. 

Note: AROC data at time of writing only available for patients discharged from rehabilitation facilities between 1 July 
2013 to 23 February 2015 (n=483).

days (p<0.0001) in ORU but only three days 
(p=0.048) in Older Person’s Rehabilitation. 
The overall length of stay during the fast 
track pathway decreased by approximately 
four days (p=0.0001). Table 3 shows data on 
wait times and LOS.

The total readmission rate and total ortho-
paedic admissions remained the same over 
the course of the study. 

Functional status pre- and post-
fast track 

The average FIM gain was unchanged 
compared with before (n=403) at 28.9% and 
during the trial (n=80) at 29.0% (see Figure 
3). The missing data was due to incorrect 
coding status. 

On average, fast track patients spent 95 
less hours in hospital, resulting in 631 bed 
days saved (467 acute bed days and 164 
rehabilitation bed days) with a projected 
annual bed days saving of 1,564 bed days. 
Using Total Absorption Costing (TAC)13 the 
estimated cost per bed day in the acute 
setting is NZD1,200 and NZD850 in the reha-
bilitation setting (CDHB, 2015). Therefore, 
over the trial period the bed days stay 
equate to a projected saving of NZD699,800 
across the whole of care pathway. 

Discussion
We have shown that by altering the 

clinical management of fractured neck of 
femur patients that present to the ED can 
be admitted, operated on and undergo 
rehabilitation prior to discharge resulting 
in signifi cant reduction in length of stay 
without compromising the patient. 

In the ED, the average time reduced 
from 3.46 hours to 2.9 hours and although 
our target was 90 minutes, this is clearly a 
change in the right direction. This enabled 
the patient to get to the ward quicker, to be 
assessed, rehydrated, renourished and if 
necessary, additional medical and surgical 
co-morbidities addressed prior to theatre. 
The average wait for theatre has changed 
little from 1.62 days down to 1.47 days, and 
although this is statistically signifi cant, the 
overall distribution would indicate that this 
is not clinically signifi cant. This has led to a 
careful examination into the wait for theatre, 
including operating theatre assignment 
and use. Eligibility for transfer to rehabili-
tation 48 hours after their surgery reduced 
the time people wait for rehabilitation from 
6.27 days to 3.61 days, and of greater impor-
tance was the reduced overall rehabilitation 
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length of stay (from 24.24 to 17.46 days) 
when patients undergo focused orthopaedic 
rehabilitation. Although time to transfer to 
an Older Person’s Rehabilitation institution 
had decreased from 7.84 days to 4.2 days, 
the overall length stay at this institution 
continued to be long at 30.43 days (previously 
33.71 days p=0.048). Although this study 
compares a historical group with the current 
fast track patients, we believe that the groups 
were comparable as during this pilot study 
period there was no signifi cant increases 
in readmissions (<1%), the mortality rate 
remained stable (6%) and there was also no 
signifi cant difference in co-morbidities or 
fracture types, and the functional gains expe-
rienced by patients were similar. 

By using a statistically-based approach 
to analysing, interpreting and visually 
presenting the data, SFN helped to quickly 
identify that the changes in clinical 
management were effective. SFN was able to 
be viewed by staff on a weekly basis, using 
quantitative clinical measures. In addition, 
SFN’s powerful ‘point and click’ analytics 
enabled the users to follow through an 
assessment into any aspect of the patient 
pathway in real time using patient data 
(Lightfoot, 2015).11 This analysis is a key 
feature that enabled cross-functional 
teams to explore the root causes of process 
issues and to agree on the actions required 
to improve patient outcomes, therefore 
creating a high level of engagement with all 
clinical and non-clinical staff.

The benefi cial effects of integration and 
co-operation through all departments 
involved in the management of fractured 
neck of femur was key to the implemen-
tation of the process and the results that 
were obtained. We have used accepted 
methods of management of hip fracture 
patients that are laid down by the Australian 
and New Zealand Guidelines.1 The clinical 
management of the patients is not signifi -
cantly different from previously published 
work.1,5 The surgical procedures and anaes-
thetic methods are not signifi cantly different 
and are in line with a recent published 
review on the orthopaedic medical 
management of the frail older patient.6,13,15 

To our knowledge this is the only study 
to have used data integration coupled 
with signifi cant change in the clinical 
management of hip fracture patients. Our 

total length of stay is comparable to other 
models of care, but ours is a joint model of 
care with a management of patients that is 
shared between surgeons and physicians. 
We have shown, however, that the length of 
stay of the fast track neck of femur patients 
can be substantially reduced. We fi rst 
trialled these models of care in the 1990’s5 
and they have been shown by others to be 
effective in reducing the length of stay15,16 
and post-operative complication rates.16 
The approach to clinician-led hip fracture 
management, audit and databases has led 
to substantial improvements in care and 
survival of older people with hip fractures.17

The importance of this pilot study shows 
that co-operation between departments 
with the aim of maintaining and improving 
clinical care but also trying to reduce the 
length of stay has been benefi cial. The key to 
this outcome has been the rapid acquisition 
of data via the SFN system that enables early 
and robust measurement of the effects of 
change in practice. 

The strength of this pilot study shows 
that the changes can be driven by weekly 
analysis of routinely collected data, which 
did not require manual collection of data 
and did not impact upon clinical time. The 
acquisition of data enabled the pathway to 
be monitored and protocols to be changed 
appropriately. During this pilot study 
there were no negative indicators, such as 
increased readmissions, mortality rates, 
different co-morbidities or change in func-
tional improvement post-operatively. For the 
patient it meant that they spent an average 
of 95 hours less in hospital and co-operation 
between the acute and the rehabilitation 
setting was clearly benefi cial. 

The limitations of this study are that it 
is a pilot study over a 5-month period. The 
pathway has yet to be tested with larger 
numbers of patients and the impact of 
winter. Our work fl ow is not subject to 
seasonal change but overall numbers of 
NOF patients seem to be increasing along 
with the complexity of fractures and co-mor-
bidities. Our hospital is a large tertiary 
hospital and the demands on its theatres 
are considerable. We were unable to make 
a signifi cant impact in the wait for theatre 
and this is a limitation of this pilot study. 
Another limitation is that just under 20% of 
patients who were not fast tracked have not 
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been analysed as part of this analysis, and 
this may impact on the results and conclu-
sions reached. We have not addressed in this 
paper the impact of community rehabili-
tation programmes in this group of patients.

The clinical relevance of this paper is 
obvious. Patients spend less time in hospital, 
with a reduction in bed days and subsequent 
fi nancial savings. The integration of the SFN 
system and the ability to interpret this data 
quickly and modify the pathway is a signif-
icant improvement to patient management. 

Of importance, focused orthopaedic reha-
bilitation produced the greatest reduction 
in the length of stay and possible benefi t 
to patients, whereas non-orthopaedic 
focused rehabilitation in another hospital 
did not show signifi cant reduction in the 
length of stay. There are many reasons for 
this, including frailty, co-morbidities and 
cognitive impairment, but this does signal 
that targeted orthopaedic rehabilitation 
should be the focus of any changes to the 
current system. Better understanding of the 
impact of frailty on hip fracture patients 
may help us manage these patients better 
by focusing our efforts on treating frailty.18 

The longer waiting list and time for OPH 
refl ected the more complex nature of 
patients and co-morbidities. This hospital 
now contributes to the Australian and New 
Zealand Hip Fracture Registry.

Conclusions
This study has shown with meaningful 

inter-departmental co-operation and modi-
fi cation of existing guidelines on fractured 
neck of femur patient treatment resulted 
in signifi cant reduction in length of stay 
in all areas. The ED time was signifi cantly 
reduced, (p<0.0001) time to theatre was not 
improved (p=0.044) and time patients had 
to wait to go the rehabilitation (p<0.0001) 
as well as the time in rehabilitation overall 
was signifi cantly reduced (p<0.0001). Of 
interest, focused orthopaedic rehabilitation 
was far more effective than non-focused 
orthopaedic rehabilitation. The use of the 
SFN tool to acquire and analyse data has 
enabled signifi cant improvements to the 
monitoring on a week by week basis. This is 
currently undergoing modifi cations and is 
an ongoing project. 
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Increased use of police 
and health-related services 

among those with heavy 
drinkers in their lives in 

New Zealand
Taisia Huckle, Khoon Ching Wong, Karl Parker, Sally Casswell

The New Zealand context 
New Zealand is a high-income country 

with over 4.2 million residents and a per 
capita alcohol consumption, for those 15 
years of age and above, of 9.5 litres of 
absolute alcohol in 2008.1 Analysis has 
suggested that in New Zealand, as else-
where, alcohol is one of the most important 
risk factors for avoidable injury and 
mortality in early and middle adulthood, 
and contributes substantially across the life 
course.2 The contribution of alcohol to the 
burden on health services in New Zealand, 
such as the emergency department, is high.3 

In 2008, an estimate of the monetary costs of 
alcohol in New Zealand showed that alcohol 
cost New Zealand between 3.6 and 4.5 
billion dollars.4 

Consumption differs by age and socio-
economic status and contributes to the 
inequalities found in New Zealand society.5,6 
The impacts of heavy alcohol use go beyond 
the drinker to those in the drinkers’ envi-
ronment; the health and wellbeing of New 
Zealanders is lower in those most exposed 
to heavy drinkers compared to those not 
exposed.7 

Alcohol’s harm to others
The importance of measuring alcohol’s 

harm to others has received increasing 
emphasis in the research literature; not only 
because it’s an important way in which the 
health and wellbeing of individuals may be 
reduced, but because estimates of alcohol’s 
harm to others is likely to be important 

ABSTRACT
AIMS: To report population estimates of service use because of someone else’s drinking in New Zealand, 
investigate whether greater exposure to heavy drinkers relates to greater service use and examine 
demographic predictors of such service use.

METHODS: A general population survey of respondents aged 12–80 years was conducted in New Zealand. 
The sample size was 3,068 and response rate 64%. Respondents’ use of police and health-related services 
because of someone else’s drinking were measured along with self-reports of heavy drinkers in their lives, 
demographic variables and own drinking.

RESULTS: Ten percent of New Zealanders reported having called the police at least once in the past 12 
months because of someone else’s drinking—corresponding to 378,843 New Zealanders making at least 
one call to police. Almost 7% of the sample, representing 257,613 New Zealanders, reported requiring 
health-related services at least once for the same reason.

CONCLUSIONS: There are considerable numbers of New Zealanders requiring intervention from police or 
health-related services due to the e� ects of someone else’s drinking. Further, increased exposure to heavy 
drinkers among respondents predicted increased service use. Heavy drinkers place increased burden 
on police and health-related services, not only because of directly attributable e� ects but because they 
impact others.
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for informing Global Burden of Disease 
and Injury estimates. Currently, alcohol-at-
tributable fractions measure harm caused 
to the drinker while estimates of harm to 
others are excluded, meaning these statistics 
are underestimates of the total impact of 
alcohol. A fi rst step is to begin to quantify 
alcohol’s harm to others; effects otherwise 
described as the “collateral damage”, 
“second-hand effects” or “negative external-
ities” of drinking.8 

A number of specifi c studies have now 
been conducted assessing alcohol’s harm 
to others. Studies from New Zealand and 
Australia reported that those with a heavy 
drinker in their life experienced reduced 
health and wellbeing.7,9 In the European 
Union (EU), very conservative estimates 
of harm to others (based mainly on drink-
driving, homicides and fetal alcohol 
syndrome) fi nd that between 3% and 4% of 
the overall alcohol-attributable deaths in 
the EU are caused by harm to others.10 In 
six European countries—Denmark, Finland, 
Iceland, Norway, Sweden and Scotland—the 
proportion of the survey respondents expe-
riencing physical harm by a drunken person 
ranged from 2.6% in Denmark through to 
5.7% in Finland.11 

Service use by those with heavy 
drinkers in their lives

While some impacts of alcohol’s harm to 
others are known, there are other areas that 
have been less well investigated, including 
the burden placed on services because 
of another’s drinking. Where studies are 
available they have mainly assessed the 
use of services among those affected by 
dependent substance users—drug as well 
as alcohol users12,13—and have generally 
found that family members of dependent 
substance users utilise health practitioners 
more frequently or are more frequently 
hospitalised compared to families without a 
dependent substance user. A meta-analysis 
of 24 emergency department studies across 
14 countries reported that the perpetrator 
was suspected to have been drinking in 
52.5% of assaults presenting to emergency 
departments and in 23% in cases had defi -
nitely done so.14 A study in New Zealand by 
Connor et al15 showed that more than 62,000 
physical assaults and 10,000 sexual assaults 
occur every year, which involve a perpe-
trator who has been drinking. Of these, 

10,500 incidents required medical attention 
and 17,000 involved police. 

In New Zealand, approximately 30% 
of police work is alcohol-related.16 The 
proportion who have been drinking is 
similar for those treated for injury in urban 
hospital emergency departments.3 However, 
the burden placed on such services related 
to another’s drinking has not been reported. 
There are data on those who seek help from 
health providers to reduce their alcohol use; 
primary healthcare physicians—general 
practitioners and counsellors—are those 
most commonly approached.17 However, 
again, how many of those affected by 
another’s drinking who seek help from these 
sources in New Zealand is not known. 

An Australian study assessed service use 
among those with a heavy drinker in their 
life among a general population survey 
sample. This study reported proportions 
accessing help and the demographic factors 
and level of harm from others drinking 
that predicted accessing help in the general 
Australian population. This study reported 
that 13% of respondents had called the 
police because of someone else’s drinking 
and 4.5% had used a health related service 
in the previous 12 months. Key factors that 
predicted service use were the level of harm 
experienced from a drinker (as reported by 
the respondent), not having a partner and 
place of residence.18 

Several factors may play a part in whether 
people seek help because of someone 
else’s drinking or how often they do so, 
such as how many heavy drinkers they 
have in their life or whether they cohab-
itate with a heavy drinker or not. As such, 
this study will predict the use of services 
due to someone else’s drinking among the 
general population based on an exposure 
to heavy drinkers index. This index has 
been used previously in work by Casswell 
et al 2011, and was created to examine the 
impact of exposure to heavy drinking and 
is based on an overall measure of numbers 
of heavy drinkers in the respondents’ lives 
and household. This index has previously 
appeared to capture aspects relevant to the 
respondents’ lives and/or households,7 and 
the value of using it in the current analyses 
is that it allows for cumulative effects of 
exposure to heavy drinkers, if any, to be 
estimated in a respondent’s life. Other 
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factors which may affect service use due to 
others drinkers may be related to the person 
affected, such as demographic character-
istics or their own consumption of alcohol. 

This study, then, reports population esti-
mates of service use because of someone 
else’s drinking in New Zealand, examines 
demographic predictors of such service use 
and investigates whether greater exposure to 
heavy drinkers relates to greater service use.

Methods
Data were collected using an in-house 

Computer Assisted Telephone Interviewing 
(CATI) System during 2008/9. Randomly 
generated landline phone numbers were 
generated to cover the whole country, 
and sampled in proportion to the usually 
resident population aged 12–80 years in the 
number’s area. Telephone coverage in New 
Zealand was fairly high in 2008: approx-
imately 92% of households had landline 
telephones. Certain sectors of the population 
are under-represented among those with 
access to a landline telephone and these 
are Māori (the indigenous people of New 
Zealand), Pasifi ka and single-parent house-
holds.19,20All eligible people in the household 
were enumerated, and one respondent was 
randomly selected by computer algorithm. 
Once a phone line had been recognised as a 
residential line, at least 10 calls were made 
at different times of the day and days of 
the week to attempt to reach a respondent. 
A high level of quality control is ensured 
by means of interviewer training, ongoing 
quality checks and supervision to ensure 
consistency of data collection (for further 
details see Casswell et al, 200221).

The sample size was 3,068 and response 
rate 64%. This response rate was calcu-
lated using the formula: number of 
eligible responding/(the number of eligible 
responding + number of eligible non-re-
sponding + estimated numbers of eligible 
from the unknowns) x 100. Our method 
of calculating the estimated numbers of 
eligible from the unknowns is comparable to 
the AAOPR #3 response rate method (which 
uses the proportional allocation method to 
estimate the eligibles from the unknowns). 
Respondents were eligible if they were aged 
12–80 years and had lived in New Zealand 
for at least 12 months. 

The unweighted sample was reasonably 
representative of the New Zealand popu-
lation aged 12–80 (Census 2006, see for 
example22,23,24). Weighting was applied to 
correct for respondent selection probabil-
ities, to weight one of our area strata and to 
match the survey weights to New Zealand 
2006 Census population distributions using 
Rim Weighting, for groups based on gender, 
age and ethnicity. Lastly, standardisation to 
match the weighted sample size back to the 
initial survey size was undertaken. Mean 
weight was 0.99 with standard deviation 
of 0.56.

Full ethical approval for this project was 
given by the Massey University Human 
Ethics Committee.

Measures
All measures were asked concerning the 

previous 12 months.
Heavy drinking associates: Respondents 

were asked: ‘are there any people in your 
life whom you consider to be a fairly heavy 
drinker or someone who drinks a lot?’ If 
they said “yes”, they were asked to think 
about the fi rst ‘heavy drinker’ in their life 
and state their relationship to that person, 
and how much of the last 12 months they 
had lived in the same household as the 
person. The respondents were then asked to 
think about the next heavy drinker in their 
lives. Respondents could report up to 10 
heavy drinkers. 

Service use because of someone else’s 
drinking: Respondents were asked about 
use of services because of someone else’s 
drinking, including calling the police and 
using health services specifi cally; requiring 
medical treatment at a general practitioner 
(GP) or after hours doctor, at a hospital/
emergency department or requiring coun-
selling/professional advice. The number of 
times respondents used these services was 
asked about; response options ranged from 
never to daily. 

Demographic variables: age, quadratic 
age (refl ecting the non-linear relationship 
found), gender, ethnicity (European 
origin; Māori; Pasifi ka; Asian), marital 
status (married/partner; divorced; single), 
employment status (full time; part time; 
students; unemployed/sick; retired; 
parenting), educational achievement 
(University degree; postgraduate degree; 
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professional certifi cate; diploma; trade/
technical certifi cate; secondary certifi cate; 
non-secondary certifi cate) and income (no 
income; less than NZ$15,000; NZ$15,000–
30,000; NZ$30,000–50,000; NZ$50,000–70,000; 
NZ$70,000 plus).

Respondent’s own drinking: was 
assessed using a within-location bever-
age-specifi c measure, which achieves a high 
coverage of population-level consumption.21 
This obtains frequency and typical quan-
tities consumed in a number of mutually 
exclusive locations.

Analysis
All statistical analysis was undertaken 

using SAS (Version 9.2) and signifi cance was 
declared at p<0.05. 

Index of exposure to heavy drinkers 
An index of respondent’s exposure to 

heavy drinker(s) was derived in order 
to account for the cumulative effect of 
exposure where respondents had multiple 
drinkers in their lives and, if relevant, 
the time the heavy drinker lived in the 
household, as previous research has found 
that heavier drinkers can have greater 
impacts on others when they live in the 
same household.25 Weights were used only 
to categorise respondents; they were not 
used in the model itself. For each heavy 
drinker, weights were assigned 1: not/
occasionally living in same household: 1.5: 
sometimes; 3: half of the time; 4.5: most of 
the time; 6: all of the time. Weights were 
summed across all heavy drinkers reported 
by the respondent and scores were cate-
gorised into three groups for analysis. 
Testing revealed that the weights showed 
consistency.

Level 0 = No heavy drinkers in life 
(n=2,173); Level 1 (Weight 1) (n=500); Level 
2 = (Weight 1.1–3) (n=237); Level 3 = (Weight 
3.1–6) (n=158). Due to lower numbers in 
Level 3, Level 2 and 3 were combined for 
analysis. 

Analyses of service use
Descriptive analysis was undertaken 

to determine proportion of respondents 
who reported using each of the services 
in the past 12 months at least once. Addi-
tionally, the three health services asked 
about were combined to give an overall 
proportion of respondents using any of 

these (at least once). Logistic regression was 
conducted to predict respondent demo-
graphics against any service use in the past 
12 months because of another’s drinking 
(yes/no). Respondent’s own consumption 
was also included (typical quantity in 
a drinking occasion and frequency). A 
proportional odds model for a univariate 
ordinal response was used to predict the 
relationship of exposure to heavy drinkers. 
Each model controlled for all demographics 
and the respondent’s own consumption 
(covariates).26,27

Results
Proportion of New Zealand 
population using types of services 

Ten percent of New Zealanders reported 
having called the police at least once in the 
past 12 months because of someone else’s 
drinking, corresponding to 378,843 New 
Zealanders making at least one call to police 
(when converted to a proportion of the 
total population in 2008 aged 12–80 years). 
Almost 7% of the sample, representing 
257,613 New Zealanders, reported requiring 
health services at least once for the same 
reason. Specifi cally, around 2% required 
medical treatment from a general practi-
tioner or after-hours doctor, around 2% 
went to a hospital/emergency department 
and around 2.5% received counselling/
professional advice because of someone 
else’s drinking (Table 1, fi rst column).

Index of exposure to heavy drinkers 
The estimates in Table 1 (2nd–4th columns) 

show that, while controlling for a range 
of demographic factors and respondents’ 
own consumption, lower exposure to heavy 
drinkers was not related to “getting medical 
treatment at a general practitioner or after-
hours doctor” or for “getting counselling/
professional advice (because of someone 
else’s drinking)”, but signifi cant relation-
ships were found for calling the police and 
going to a hospital/emergency department. 
Those with lower exposure were 1.4 times 
more likely to call the police or 1.9 times 
more likely to have gone to a hospital/emer-
gency department than those with no heavy 
drinkers in their life because of someone 
else’s drinking. 

Signifi cant relationships were found for 
those exposed to higher levels of heavy 
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drinkers for all variables investigated. Those 
with higher exposure to heavy drinkers 
were 2.9 times more likely to have called 
the police; 3.8 times more likely to have 
received treatment at a GP or after-hours 
doctor, 3.7 times more likely to have gone 
to a hospital or ED and 8.5 times more likely 
to have received counselling or professional 
advice because of someone else’s drinking 
(compared to those with no heavy drinkers 
in their life). 

Respondents’ own characteristics 
predicting service use

Table 2 shows how respondents’ own 
characteristics predict whether or not they 
had used any service (yes/no) because 
of someone else’s drinking in the past 12 
months. The fi ndings show that older age, 
being Māori or Pasifi ka predicted using 
services because of someone else’s drinking. 
With regard to income, being in the 
middle income groups, relatively speaking, 
predicted service use. Respondent’s 
own drinking—including whether they 
consumed alcohol in the past 12 months—
did not predict ever using a service because 
of someone else’s drinking. Living with a 
partner also did not predict ever using a 
service because of someone else’s drinking.

Discussion
The fi ndings of this study are the fi rst to 

show the extent of service use because of 
others’ drinking in New Zealand. In 2008, 
when the survey was conducted, an esti-
mated 378,843 (or 10%) of New Zealanders 
made at least one call to the police, and 

257,613 (or 6.8%) required a health-re-
lated service because of someone else’s 
drinking. These population estimates found 
in this study are in line with those found in 
Australia, which is New Zealand’s nearest 
neighbour and which had a relatively 
similar level of per capita consumption 
in 2008 (10.32 litres absolute alcohol in 
Australia compared to 9.5 litres in New 
Zealand).1,28 In Australia in 2008, 13% of the 
population had to call the police at least 
once in a 12-month period, and 4.5% used a 
health-related service because of someone 
else’s drinking.18 

The index we created to examine the 
impact of exposure to heavy drinking 
provided an overall measure of numbers 
of heavy drinkers and co-habitation and 
appeared to capture aspects relevant to 
the respondents’ lives. This was evidenced 
by the relationships found in the data, 
which generally showed that the extent 
of exposure to heavy drinkers in respon-
dents’ lives was related to increased odds of 
services being utilised because of someone 
else’s drinking. 

In this study, those with greater exposure 
to heavy drinkers (which included cohabi-
tation as one factor) had increased odds of 
service use. In some cases the odds were 
relatively large, including for “had to get 
medical treatment at a general practitioner 
or after-hours doctor” or “an emergency 
department/hospital”, where respondents 
were almost four times more likely to have 
done so compared to those who had no 
exposure to heavy drinkers in their lives, 

Table 1: Prevalence of service use because of other’s drinking, and its prediction by index of exposure to 
heavy drinkers.

Services % Exposure to heavy 
drinker (level 1) 
odds ratio

Exposure to heavy 
drinker (level 2) 
odds ratio

Linear contrast
p-value

Had to call police 10 1.41 (1.01, 1.98 )* 2.89 (2.12, 3.93 )* <0.0001

Had to get medical 
treatment at GP or 
a� er-hours doctor

1.8 1.35 (0.64, 2.86 ) 3.78 (2.08, 6.89 )* <0.0001

Went to a hospital/
emergency department

2.4 1.99 (1.02, 3.88)* 3.74 (2.09, 6.70)* <0.0001

Got counselling/profes-
sional advice

2.6 2.08 (0.93, 4.67 ) 8.53 (4.65, 15.65 )* <0.0001
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Table 2: Logistic regression: respondents’ own demographic characteristics and consumption predict-
ing service use. 

Parameter Odds ratios LCI UCI P-value§

Age 1.06 1.01 1.12 0.020

Age in quadratic 0.99 0.998 1.00 0.003

Gender

Female B      

Male 0.92     0.494

Ethnicity   0.72 1.17  

European B      

Asian 0.78 0.51 1.21 0.270

Māori 1.50 1.11 2.04 0.009

Pasifika 1.98 1.34 2.91 0.001

Marital status

Partner (married/de facto) B      

Single 0.94 0.70 1.27 0.690

Widowed/divorced/separated 1.29 0.85 1.95 0.230

Current employment status

Full-time employee B      

Part-time employee 0.99 0.66 1.47 0.954

Student 1.01 0.60 1.69 0.981

Unemployment or sick/on invalid 1.51 0.85 2.66 0.157

Retired 0.99 0.48 2.05 0.980

Parenting 1.19 0.72 1.95 0.495

Education level

Did not complete secondary school 0.94 0.59 1.48 0.775

Completed secondary school 1.10 0.75 1.61 0.626

Trade or technical certificate 1.17 0.76 1.79 0.473

Diploma 1.20 0.75 1.92 0.441

Professional qualification 0.69 0.32 1.48 0.338

University degree B      

Postgraduate degree 1.44 0.92 2.24 0.111

Personal income 

No income 1.26 0.65 2.44 0.495

<$15,001 1.50 0.82 2.72 0.185

$15,001–$30,000 2.11 1.29 3.44 0.003

$30,001–$50,000 1.61 1.02 2.53 0.039

$50,001–$70,000 1.54 0.98 2.43 0.061

$70,001+ B      

Own drinking

Log of occasion quantity (ml) 1.04 0.88 1.23 0.631

Log of annual frequency 1.04 0.95 1.13 0.417

Drinker 

No B      

Yes 0.93 0.45 1.90 0.833

B: reference category LCI: confidence interval—lower limit; UCI: confidence interval—upper limit.
§P-value at the 5% level of significance.
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“received counselling/professional advice”, 
where those exposed to heavy drinkers 
were over eight times more likely to have 
received counselling/professional advice. 
These fi ndings are consistent with the wider 
literature showing that co-habitation with 
a heavy drinker is associated with greater 
impact.7,25 

With respect to the respondent’s own 
demographic characteristics: older age, 
being Māori or Pasifi ka, and having a higher 
income predicted using each of the services 
because of someone else’s drinking. Living 
with a partner did not predict using a 
service because of someone else’s drinking, 
even though those most exposed to heavy 
drinkers, as measured by the exposure 
index that included cohabitation as one 
aspect, had increased odds of frequency of 
using each of the services. This could mean 
that exposure to a greater number of heavy 
drinkers was more important than the 
cohabitation aspect of the exposure index. 
Another possibility is that those harmed by 
another drinker who is their partner may be 
less likely to report this.18 

There is little provision of services directly 
for family members of others affected by 
a heavy drinker in New Zealand. Some 
specialised treatment and harm reduction 
services are family-inclusive, but there is 
generally a lack of assessment or inter-
vention for those affected by the drinker.29 
Further, since most heavy drinkers do not 
receive treatment, only a small proportion 
of family members and signifi cant others 
affected are likely reached through 
specialised treatment services. There are 
12-step fellowships for those affected by 
the heavy drinking of another, eg, Al-Anon 
and helplines (eg, Alcohol Drug Helpline/
Youthline). These were not, however, asked 
about in the current study. 

Exposure to heavy drinkers is related to 
increased service use by those affected, and 

this contributes to the cost of running police 
and health services (which dominate public 
spending in New Zealand).8 The cost of 
alcohol’s harm to others to services remains 
largely hidden, however, as these data are 
not routinely collected or, if are collected, 
to the best of our knowledge these have not 
been utilised to estimate the costs to services 
in New Zealand. Routine measurement 
that documents the numbers of those that 
seek or receive help at services because of 
the effects of another’s drinking, and the 
service provided, would allow costings in 
terms of dollars spent by services, and this 
information would contribute to the policy 
debate on the extent of alcohol’s harm to 
others and could be taken into account in 
the alcohol policy making process, ie, trans-
lation into practical policy, service delivery 
and to inform interventions. The study 
has several limitations. The survey design 
was cross-sectional, which is a limitation 
in terms of drawing conclusions about 
causality. The measure of heavy drinkers 
was limited to the respondents’ self-reports. 
Not all factors known to be associated with 
service use could be controlled for. Survey 
data usually suffer from under-represen-
tation of the members of the community 
most affected due to non-response biases.30 

Conclusion 
There are considerable numbers of New 

Zealanders requiring intervention from 
police or health-related services due to the 
effects of someone else’s drinking. Heavy 
drinkers place increased burden on police 
and health-related services in New Zealand, 
not only because of directly attributable 
effects but because they impact others. 
Routine measurement of the numbers of 
those that seek or receive help at services 
because of the effects of another’s drinking, 
and of the type of service provided, would 
provide useful data to contribute to the 
policy debate in the future.
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The cost of major head and 
neck cancer surgery

Rahul Jayakar, Jenny Choi, Craig MacKinnon, Swee Tan

Head and neck cancer (HNC) includes 
cancer arising from the upper 
aerodigestive tract (UADT; eg, oral 

cavity, oropharynx and larynx), major sali-
vary glands, nasal cavity, paranasal sinuses, 
skull base and locally advanced and/or met-
astatic skin cancer.1 New Zealand has the 4th 
highest incidence of oral cavity cancer (OCC) 
after Melanesia, South-Central Asia and 
Central and Eastern Europe,2 and has one of 
the highest incidence of skin cancer in the 
world.3 Metastatic cutaneous squamous cell 
carcinoma (cSCC) is the most common can-
cer affecting the parotid in New Zealand and 
Australia.4 The incidence of HNC is greater 
in men, but the delayed and ongoing female 
smoking epidemic has led to an increased 
incidence of UADT cancer in women, espe-
cially in developing countries.2

Mucosal SCC (mSCC) is the commonest 
UADT cancer.5 The major risk factors for 
UADT mSCC are tobacco use and alcohol 
abuse, which act synergistically.6,7 They 

are responsible for 75% of all UADT mSCC 
in the US.6 Betel quid chewing remains an 
important risk factor for oral cavity mSCC in 
South Asia,8 while HPV infection has more 
recently emerged as an important cause 
of mSCC in the oropharynx, especially in 
younger patients.9 Sun exposure in a high 
risk, predominantly fair-skinned population 
is the main risk factor for cutaneous malig-
nancies in New Zealand and Australia.3,10 

Treatment of HNC necessitates a multidis-
ciplinary approach, often involving surgery, 
radiotherapy (RT) and chemotherapy (ChT). 
Apart from cancer in the oropharynx, naso-
pharynx and larynx, surgery remains the 
mainstay treatment for many types of HNC. 
It is technically challenging as attempts to 
attain clear surgical margins often neces-
sitates anatomical and functional loss that 
affects the quality of life of the patient.11 

The heterogeneous nature of HNC, its 
relative rarity and over-lapping involvement 
of various disciplines in its management 

ABSTRACT 
AIM: This study quantified the cost of major head and neck cancer (HNC) surgery. 

METHODS: Consecutive patients undergoing major HNC surgery between July 2007 and June 2012 were 
identified from our head and neck database. Patient demographics, tumour type, site, stage and types 
of resection and reconstruction, length of stay and surgical complications occurring within six months 
of initial surgery were retrospectively analysed. The actual cost of initial surgical treatment and hospital 
income were calculated.

RESULTS: Two hundred and forty-five patients underwent major HNC surgery, most commonly for 
mucosal squamous cell carcinoma (SCC) and metastatic and/or locally advanced cutaneous SCC. Neck 
dissection and parotidectomy were the commonest resection procedures and free flaps the commonest 
reconstructive procedures performed. Forty-two patients developed surgical complications within six 
months of the initial major HNC surgery. Over the five-year period, surgery cost a total of NZ$5,130,639.00, 
averaging NZ$20,941.38 per patient, not including costs such as incidentals, while the hospital received 
NZ$4,976,559.61 averaging NZ$20,229.91/patient. On average, oral cavity cancer, metastatic and/or 
locally advanced skin cancer, and skull base cancer cost NZ$22,694.72/patient, NZ$17,373.64/patient and 
NZ$47,295.95/patient, respectively.

CONCLUSION: Calculated hospital income marginally covered the actual cost of major HNC surgery, which 
places substantial financial burden on the hospital. The anatomic site of the tumour determines the cost 
of treatment.
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have led to the term ‘orphan cancer’. The 
patient and disease characteristics of HNC 
in New Zealand have not been well defi ned. 
Furthermore, there is a paucity of infor-
mation on the cost of treatment and the 
resources needed for the management of 
HNC, worldwide and especially in New 
Zealand.11 Limited information is available 
on the cost of RT and ChT for HNC.11 
However, no information is available on 
the cost and resources needed for surgical 
treatment of HNC in New Zealand. 

We retrospectively analysed patient and 
tumour characteristics using prospectively 
collected data of patients undergoing major 
HNC surgery and quantifi ed the cost for 
surgical treatment. 

Methods
Patients 

All patients who underwent major HNC 
surgery at our regional Head and Neck & 
Skull Base Surgery Service, June 2007–June 
2012, were identifi ed from our prospec-
tively maintained head and neck database. 
Major HNC surgery was defi ned as local 
excision of a primary malignancy with neck 
dissection and/or parotidectomy and/or 
reconstruction with a regional fl ap or free 
fl ap and/or immediate facial reanimation. 
Patients who underwent surgery for benign 
tumours of the head and neck (eg, amelo-
blastoma of the mandible and pleomorphic 
adenoma of the salivary glands, and benign 
orbital or skull base tumours) and/or recon-
structive surgery not performed at the time 
of primary HNC surgery (eg, HNC patients 
referred for secondary facial reanimation) 
or for conditions not related to HNC (eg, 
facial reanimation for Bells’ palsy or head 
and neck reconstruction for congenital 
anomalies) were excluded. 

Data culled from the head and neck 
database included patient demographics, 
tumour type, site, stage and resection and 
reconstructive procedures, the length of stay 
(LOS), complications that occurred within 
six months of the initial major HNC surgery 
and their management including re-ad-
mission and return to theatre. Data were 
supplemented by information collated from 
patients’ electronic records to document 
the resources needed for their surgical 
treatment.

Costing methodology 
The actual cost of major HNC surgery was 

estimated by calculating the surgeons’ and 
assistants’ time in theatre, theatre time, 
intensive care unit (ICU) and/or high depen-
dency unit (HDU) hours and inpatient LOS. 
It excluded all other costs of treatment, such 
as incidentals (eg, medications and dressing 
materials) during the inpatient stay, clinic 
visits, family doctor visits and nursing and 
allied health support in the community. 

In-patient days
An inpatient ‘day’ was defi ned as a 

24-hour period including an overnight stay. 
Day surgery was considered to be half an 
inpatient day. During the admission, the 
patient’s stay in the ICU and/or HDU were 
also noted and calculated separately. An ICU 
admission was required for patients who 
needed ventilation. 

Theatre time and surgeons’ time
Theatre time was defi ned as the time 

between the patient entering and leaving 
the operating theatre. Surgeons’ and assis-
tants’ time were quantifi ed as the same as 
theatre time. Participating surgeons were 
categorised by specialty and seniority 
(consultant or registrar).

Our hospital’s costing system quantifi ed 
a bed day in the inpatient ward and ICU/
HDU as NZ$502.00 and NZ$2,754.00, respec-
tively. ICU and HDU are an integrated 
facility within our hospital. The cost for 
HDU and ICU bed days were considered 
to be the same according to our costing 
system. The theatre overhead cost was 
calculated at NZ$30/minute covering anaes-
thetic consultant, registrar, technician and 
equipment, theatre nurses and post-anaes-
thetic care. The surgeon’s time was valued 
at NZ$2.09/minute, and registrar’s time at 
NZ$1.44/minute. The actual cost of in-patient 
surgical treatment of HNC was calcu-
lated based on the above costing system, 
excluding other costs such as incidentals. 

Surgical complications
All surgical complications that occurred 

within six months of the initial major HNC 
surgery and their management, including 
return to theatre, were recorded. Additional 
inpatient days to manage these complica-
tions were included in the total inpatient 
days. The costs of treating surgical compli-
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cations occurring during the initial surgical 
admission were included in the total cost of 
the initial admission. The costs for re-ad-
mission were calculated separately. The 
costs of planned second-stage procedures 
and treatment of recurrence were also 
calculated separately.

Hospital income
Patient National Health Identifi er and 

admission date obtained from our head 
and neck database were provided to our 
hospital’s data analyst, who extracted the 
individual Diagnosis Related Group per 
patient from a complex coding system. 
The coding system provided a Case Weight 
Disease (CWD) value for each episode and 
each CWD was multiplied by the 2013 
fi nancial year indicator of NZ$4,614.36. 
This provided the income received by the 
hospital. 

Results
Patients 

Two hundred and forty-fi ve patients 
underwent major HNC surgery during 
the study period, mostly New Zealand 
European males (Table 1). The incidence 
of HNC increased with age peaking in the 
8th decade of life (Figure 1). Their smoking 
status at diagnosis is shown in Table 1. 

mSCC with or without metastasis was 
most common (n=91, 37.1%), followed by 
locally advanced and/or metastatic cSCC 
(n=87, 35.5%). There were 20 (8.2%) cases 
of metastatic malignant melanoma (MM) 
with or without the presence of a primary 
tumour at presentation, and nine (3.7%) 
cases of salivary gland cancer. There were 
11 (4.5%) cases of locally advanced basal cell 
carcinoma (BCC) and two cases of metastatic 
SCC with unknown primary. The remaining 
25 (10.2%) cases consisted a heterogeneous 
group of rare malignancies (Table 2). 

Surgical treatment 
HNC resection procedures

Two hundred and sixty-fi ve major HNC 
resection procedures were performed in 245 
patients (Table 3) with curative resection 
in 240 (98%) patients, including 17 (7%) 
salvage cases, and palliative resection in fi ve 
(2%) patients. One hundred and ninety neck 
dissections (165 patients) were performed, 
followed by parotidectomy (n=73), glos-
sectomy (n=31), hemi-maxillectomy (n=28), 
other wide local excision of OCC (n=28), and 
marginal or segmental mandibulectomy 
(n=25). These and other resection proce-
dures are listed in Table 3. Thirty-six (14.6%) 
patients also underwent dental extraction 
during major HNC surgery and 36 (14.6%) 
had an elective tracheostomy for resection 
of oral cavity (n=33), laryngeal (n=1), 
mandibular (n=1) and maxillary sinus (n=1) 
cancers. 

Major HNC surgery involved plastic and 
cranio-maxillofacial surgeon in all (100%), 
dentist or oral and maxillofacial surgeon 
in 43 (17%), otolaryngologist in 22 (9%), 
neurosurgeon in 10 (4%), general surgeon in 
two (1%) and vascular surgeon in one (0.5%) 
cases. 

HNC reconstructive procedures
Free (n=88), regional (n=21) or local 

(n=80) fl aps and/or skin grafting (n=6) were 
performed following major HNC resection 
in 172 patients. Direct closure was achieved 
in 73 patients and immediate facial rean-
imation was performed in 42 patients 
following sacrifi ce of facial nerve or its 
branches. 

Theatre time
The average theatre time for major HNC 

surgery was 357 (range, 58–1,867; median, 
318) minutes. The procedure that took 

Table 1: Demographics of patients undergoing 
major head and neck cancer surgery.

 Age: median (range) in years 70 (11–94)

 Sex: number (%) 

 Male 170 (69)

 Female 75 (31)

 Smoking status: number (%)

 Smoker 32 (13)

 Ex-smoker 101 (41)

 Non-smoker 109 (44)

 Unknown 3 (1)

 Ethnicity: number (%)

 NZ European 200 (82)

 Other European 24 (10)

 NZ Māori 11 (4)

 Other 10 (4) 
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Figure 1: Number and age of patients undergoing major head and neck cancer surgery.

Table 2: Types of head and neck cancer in 245 patients.

Histology Number of patients

Mucosal SCC +/- neck metastasis
Locally advanced and/or metastatic cutaneous SCC 
Metastatic melanoma +/- primary melanoma
Locally advanced BCC
Metastatic SCC with unknown primary
Other mucosal cancer +/- metastasis
Salivary gland cancer
Sarcoma
Lymphoma
Metastases from non-HNC 
Other cancers

91
87
20
11
2
10
9
6
2
2
5

SCC, squamous cell carcinoma; MM, malignant melanoma; BCC, basal cell carcinoma; HNC, head and neck cancer.

58 minutes was for excision of a locally 
advanced cSCC on the cheek, including 
partial parotidectomy and cervicofacial fl ap 
repair.

Length of stay
Following surgery, ventilated patients 

were admitted to ICU, non-ventilated 
patients requiring intensive nursing care 
were admitted to HDU, with the remainder 
admitted directly to the inpatient ward. 
Average LOS following surgery was eight 

(range, 1–48; median, 7) days, including ICU/
HDU admissions for 112 patients who stayed 
for a mean of 32.4 (range, 2.1–149.2; median, 
23.2) hours. 

A 45-year-old female who underwent 
resection of a retromolar trigone mSCC, 
including marginal mandibulectomy, ipsi-
lateral levels I-IV neck dissection, free fl ap 
reconstruction and elective tracheostomy, 
became delirious three days post-opera-
tively with deranged liver function tests 
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due to choledocholithiasis. This patient 
had a history of poorly controlled epilepsy 
and type 1 diabetes, suffered a seizure 
during the admission with persistently 
low Phenytoin levels and poor diabetic 
control, and a minor oral wound dehis-
cence managed conservatively. An ERCP was 
deferred by the attending gastroenterologist 
and she was discharged to the Rehabilitation 
Service and remained in hospital for 48 
days. 

Patients with mSCC had the longest mean 
LOS (9.8 days), compared with locally 
advanced and/or metastatic cSCC (7.6 days). 
Patients with metastatic MM with or without 
a primary tumour at presentation had a 
mean LOS of 5.8 days while those with 
locally advanced BCC had the shortest mean 
LOS (4.3 days). 

Patients with OCC had a mean LOS of 
9.6 days compared to those with skull 
base tumours (10.2 days). Patients with 
OCC or skull base cancer had a mean LOS 
in the ICU/HDU of 37.5 and 42.5 hours, 
respectively. 

Additional in-patient days for patients 
with surgical complications during the 
initial admission were included in the LOS 
of the primary event. 

Surgical complications and re-
operations

Forty-two (17%) of the 245 patients 
developed 59 complications within six 
months of surgery. Of these 38 underwent 
51 re-operations acutely during the primary 
event. There were 14 re-admissions for 
complications in 13 patients who underwent 
eight re-operations (Table 4). The total 
LOS for patients re-admitted with surgical 
complications was 65 days with a mean of 
4.6 days/re-admission.

Second-stage operations and 
treatment for recurrence 

Twenty-fi ve patients underwent 38 
second-stage procedures with a total inpa-
tient LOS of 81 (mean, 3.2) days (Table 5). 
Fifty-eight of the 245 patients developed a 
recurrence with 32 patients undergoing 39 
salvage operations. The total LOS following 
surgery was 158 days with an average LOS 
of 4.9 (range, 1–7) days per procedure. 
Surgical cost estimates for second-stage 
procedures and for recurrence were calcu-
lated separately. 

Calculated costs for major HNC 
surgery

Our surgical costing methodology calcu-
lated the total cost during the initial 

Table 3: Two hundred and sixty-fi ve major head 
and neck cancer resection procedures in 245 
patients.

Resection procedures No. of pro-
cedures

Neck dissection 
Parotidectomy
Superficial
Radical
Partial
Glossectomy 
Subtotal
Hemi
Partial 
Hemi-maxillectomy
Radical
Partial/Subtotal
Mandibulectomy
Segmental
Marginal
Other wide local excision of oral 
cavity cancer
Floor of mouth 
Retromolar trigone
Hard palate
Buccal mucosal
Pharyngectomy
Lateral wall
So�  palate
Tonsillectomy
Laryngectomy
Orbital eesection
Orbital exenteration
Orbital wall resection
Enucleation
Resection zygomatic arch
Lateral skull base
Lateral temporal bone resection
Mastoidectomy
Resection infratemporal fossa
Resection anterior skull base
Skull resection
Full thickness
Outer table 
Submandibular gland resection
Rhinectomy
Pinnectomy
Carotid endarterectomy

190†

73
54‡

17
2
31
1§

14
16
28
2
26
25
12||

13

28
14
8
4
2
14
9
5
3
2¶

14
9
4
1
4
12
8
3
1
9
13
9
4
2
3
2
1

†Unilateral in 140 patients and bilateral in 25 patients; 
‡25 patients had sacrifice of a branch(es) of the facial 
nerve; §As a salvage procedure for recurrent base of 
tongue SCC following chemo-radiotherapy; ||Mandibular 
condyle was excised in two patients; ¶One case was of 
base of tongue SCC extending into the glottis.

ARTICLE



116 NZMJ 12 May 2017, Vol 130 No 1455
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

Table 4: Fifty-nine re-operations for 42 patients who developed complications. 

Procedures Primary admission Re-admission

Evacuation of haematoma 20 1

Free flap salvage 9 0

Revision of flap (for flap failure) 5 1

Drainage of seroma 11 1

Debridement of flap/wound 2 5

Change of dressing under GA 2 0

Closure of lymphatic leak 1 0

Debulking of flap 1† 0

†Acute debulking of flap to reduce pressure on orbital apex for orbital apex syndrome.

Table 5: Second-stage procedures in 23 patients.

Types of procedures Number of procedures

Division of flap 10

Thinning of flap 21

Brow li�  1

Exchange of gold weight on upper eyelid 1

Insertion of gold weight to upper eyelid 1

Correction of ectropion† 4

†With insertion of a cartilage gra�  (n=2) and a fascial gra�  (n=2).

admission for major HNC surgery at 
NZ$4,567,310.46 over the study period, aver-
aging NZ$18,642.08/ patient. The total cost 
of second-stage procedures was calculated 
at NZ$200,873.69, averaging NZ$8,034.94/
patient. The total cost for re-admissions 
for surgical complications was calculated 
at NZ$96,126.42, averaging NZ$6,866.17/
patient. The total cost of surgery for recur-
rence was calculated at NZ$266,328.43, 
averaging NZ$8,332.71/patient. The total 
cost for major HNC surgery for this cohort 
of patients was NZ$5,130,639.00, averaging 
$20,941.38/patient.

mSCC was the most costly subset with 
a total cost of NZ$2,139,096.16 (mean, 
NZ$23,506.57) while cSCC had a total cost 
of NZ$1,643,242.30 (mean, $18,673.21). 
These were followed by cutaneous MM 
(total, NZ$234,112.34; mean, NZ$13,006.24) 
and BCC (total, NZ$155,361.34; mean, 
NZ$14,123.76). 

OCC had the highest total cost of 
NZ$2,042,524.51, averaging $22,694.72/

patient. This was followed by cutaneous 
malignancies (SCC, BCC and MM) with a 
total cost of NZ$2,032,715.98, averaging 
NZ$17,373.64/patient. Skull base cancer had 
the highest average cost of NZ$47,295.95/
patient (total, NZD$425,663.55) (Table 6).

The above calculated costs excluded all 
other costs of treatment of HNC, such as 
incidentals (eg, medications and dressing 
materials) during the inpatient stay, pre-op-
erative work-up, clinic visits, family doctor 
visits and nursing and allied health support 
in the community.

Hospital income
In this study only total income from 

major HNC surgery for the initial admission 
for the 245 patients was calculated to 
compare with the actual calculated cost 
of the surgical treatment accounting for 
theatre time, surgeons’ time, in-patient stay 
including ICU/HDU admissions. Over this 
period the hospital income for this cohort 
of patients was NZ$4,976,559.61, averaging 
NZ$20,229.91/patient.
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Table 6: Cost of surgical treatment for major head and neck cancer by sub-sites.

Sub-sites Total cost (NZ$) No. of patients Ave. cost (NZ$)/patient

Skin cancer
cSCC
cMM
BCC
Oral cavity
Lip 
Oral tongue 
Floor of mouth
Retromolar trigone
Buccal mucosa
Mandibular alveolus
Maxillary alveolus
Hard palate
Tonsillar fossa
Base of tongue†

Salivary gland
Skull base
Nasal cavity
Others

2,032,715.98
1,643,242.30
234,112.34
155,361.34
2,042,524.51
205,587.63
530,898.06
371,239.04
228,191.21
86,207.41
134,737.92
145,149.12
156,584.50
149,221.42
34,708.20
141,316.57
425,663.55
194,537.29
293,881.10

117
88
18
11
90
14
22
16
9
6
6
6
5
5
1
8
9
6
15

17,373.64
18,673.21
13,006.24
14,123.76
22,694.72
14,684.83
24,131.73
23,202.44
25,354.58
14,367.90
22,546.32
24,191.52
31,370.90
29,884.28
34,708.20
17,664.57
47,295.95
32,422.88
19,592.08

†Salvage procedure for management of recurrent base of tongue and supraglottic SCC.

Discussion
HNC are a heterogeneous group of malig-

nancies affecting different anatomical 
sub-sites comprising different histopatho-
logical sub-types with different risk factors. 
Treatment of HNC requires a multidis-
ciplinary approach and multi-modality 
treatment are often necessary depending on 
the location, stage and histological type of 
the tumour, and the patient’s general health. 
Surgery remains the mainstay of treatment 
for many types of HNC, often requiring 
adjuvant RT and sometimes ChT.12 

In 2011,  there were 379 cases of OCC and 
123 cases of nasal cavity, middle ear and 
laryngeal cancer in New Zealand.13 The esti-
mated incidence of cSCC in New Zealand is 
118/100,000 with 75–80% affecting the head 
and neck region3 and an estimated meta-
static rate of 1.9%.14 

Five-year all-cause mortality for head and 
neck SCC in the US is estimated at 51.3% 
with disease-specifi c mortality of 23.8%.15 In 
New Zealand, UADT cancer accounted for 
169 deaths in 2011.13 Smoking and alcohol, 
that act synergistically, are the main risk 
factors for UADT cancer.6,7 Eighteen percent 
of the New Zealand population currently 
smoke and 26% consume alcohol 3–4 times 
weekly.16,17 Our study identifi ed mSCC as the 

commonest malignancy refl ecting the high 
rate of UADT cancer in New Zealand.2,13 New 
Zealand also has one of the highest inci-
dence of NMSC in the world with cSCC being 
the second most common.3 As 75–80% of 
NMSC affect the head and neck region,18,19 it 
is not surprising that locally advanced and/
or metastatic cSCC constitutes the second 
most common HNC in our series. 

Elderly New Zealand Europeans are at 
greatest risk of HNC and we show a peak 
incidence in the 8th decade of life. Māori 
have a lower incidence of OCC but higher 
mortality rates due to poorer access to 
healthcare and social determinants of 
health (death adjusted life years of 1.22 cf 
NZ Europeans).20,21Quantifying the cost of 
surgical treatment for HNC is challenging as 
the management is a continuum spanning 
in-patient, out-patient and community care 
involving medical, nursing and allied health 
components. Many of these patients also 
require RT and/or ChT. Fully estimating the 
cost of treatment would require inclusion of 
the cost of outpatient reviews and inves-
tigations, follow-up visits, post-operative 
surveillance, adjuvant RT and ChT, and 
hospice care for many patients. Invariably, 
patients requiring adjuvant RT and/or ChT 
would incur overlapping costs resulting in 
diffi  cult cost estimates.
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We elected to calculate the cost of surgical 
treatment during the initial admission and 
compare this with the income received by 
the hospital. Most of the cost of major HNC 
surgery consists of the personnel cost for the 
operative team, theatre infrastructure and 
LOS. These variables can be more accurately 
calculated while the costs of incidentals 
such as radiology, blood tests, medica-
tions and allied health input are diffi  cult to 
quantify. The calculated hospital income of 
NZ$20,229.91/patient undergoing major HNC 
surgery appears to only marginally cover 
the calculated actual cost of NZ$18,642.08/
patient, assuming that the incidentals and 
other costs are covered by the difference. 

The average cost of primary surgical 
treatment for a HNC was calculated at 
NZ$18,642.08. If the cost of second-stage 
procedures, treatment of complications 
and recurrence are included, the estimated 
average cost increases to $20,941.38/patient. 

Skull base cancer is most costly to treat 
while metastatic and/or locally advanced 
skin cancers, especially BCC, are the least 
costly. The location of the cancer indirectly 

affected ICU/HDU and inpatient LOS, thereby 
infl uencing the overall cost of treatment. 
Patients with mSCC had the longest LOS 
and hence the highest average cost, eg, 
OCC patients were more likely to require 
a tracheostomy, resulting in ICU/HDU 
admission and longer LOS. 

A French study analyses hospital data of 
36,628 HNC patients treated in the public 
sector over one year and attributes 23% of 
the annual treatment cost of £6,151–7,673 
(NZ$11,164.99–13,927.65) to surgical treat-
ment.22Using a micro-costing method based 
on unit costs determined by resources used 
for surgery, RT and ChT, a Dutch study of 
854 patients analyses the economic burden 
of HNC, including diagnosis and treatment 
cost and a two-year follow-up, estimates an 
average total weighted cost of €21,858.00 
(NZ$33,488.20)/patient.23

Our analysis of a cross section of patients 
undergoing major HNC surgery in Central 
New Zealand, their tumour characteristics 
and their resection and reconstructive 
surgical procedures shows that HNC 
involves substantial fi nancial resources. 
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Is high-quality trauma care 
“business as usual” in New 

Zealand?
Ian Civil, Siobhan Isles

ABSTRACT
New Zealand is on the cusp of establishing a world-class trauma system. Many of the building blocks 
are in place with national and regional guidelines in both the pre-hospital and hospital phases of care 
established. A dedicated clinical workforce is available in all DHBs and national data available through the 
Major Trauma Registry. The greatest threat to achieving high-quality trauma care in New Zealand at this 
point is governance stability rather than clinical variability. Now is the time to lock the trauma system into 
a framework not subject to political or bureaucratic whims.

Physical injuries represent a signifi cant 
burden to society, the healthcare sys-
tem and the patient. In New Zealand, 

injury accounts for as much as 8% of total 
health loss from all causes.1 Much of this 
health loss could be prevented or mitigated. 
The difference in outcomes between optimal 
and suboptimal care can impact on survival, 
total cost of care and quality of life in the 
months and years that follow.

In the early 90’s, New Zealand had no 
effective trauma system, but as a result of 
a sentinel case and with the input of the 
Ministry of Health and the Royal Austral-
asian College of Surgeons, a set of national 
guidelines was developed2 that had the 
potential to revolutionise the care of the 
injured and to ensure best practice was 
evident throughout the country. Further, 
the Accident Compensation Corporation 
(ACC) determined to establish a trauma care 
pilot in the Central Region to test the basic 
principles embodied in the national guide-
lines and see what effect they might have on 
injury outcomes. Optimism about progress 
was expressed in a leading article published 
in the NZMJ at that time.3

Despite these promising initiatives, 
progress was not made. The recommen-
dations of the national guidelines were 
never enacted in health policy and the ACC 
Trauma Pilot folded before any outcome 
could be determined. Our failure to progress 

the 1990’s initiatives was highlighted in 
another publication in this journal,4 and 
ongoing lack of progress brought the issue to 
a head in 2010.5

In 2011, the then National Health Board 
initiated the development of the Major 
Trauma National Clinical Network, spon-
sored by both the ACC and MOH, with the 
intent to establish a contemporary trauma 
system in New Zealand. The three initial 
work streams were to establish a formal 
trauma structure and system across New 
Zealand, to establish the New Zealand Major 
Trauma Registry and to develop consistent 
guidelines and plans for managing trauma 
in New Zealand.

The Network has just published its fi rst 
annual report,6 which includes data from 
the three North Island regions, and provides 
important insights into the overall care of 
patients and their hospital outcomes. In 
particular, it shows that the incidence of 
life-threatening (major) trauma is similar 
or slightly greater than most of the states 
in Australia (>40/100,000/year) and that 
the in-hospital mortality is acceptable (9%) 
but not as good as contemporary results 
in both Victoria and NSW. Other initial 
fi ndings include the fact that over 20% of 
patients have to be transferred from one 
hospital to another in the fi rst 72 hours after 
injury to receive defi nitive care, and not all 
hospitals consistently measure blood alcohol 
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on injured patients, missing an important 
opportunity to provide injury prevention 
information.

The activities of the Major Trauma National 
Clinical Network are providing a window 
into the quality of trauma care in New 
Zealand, and in large part the information is 
reassuring while at the same time showing 
where trauma care could be improved.

The Major Trauma National Clinical 
Network has been working to reduce vari-
ability within trauma care. The greatest 
threat to quality in any organisation is 
variability. The work of the Health Quality 
and Safety Commission has highlighted 
this in their promotion of the surgical 
safety checklist in the operating room and 
with their other work on hand hygiene 
and surgical site infection. In trauma 
care, guidelines are being developed and 
a national pre-hospital destination policy 
has been implemented. These will support 
the delivery of high-quality trauma care by 
reducing random variation and we hope to 
see outcome metrics improve.

While clinicians strive to provide high-
quality care using best practice guidelines 
that not only ensure the right patients get 
to the right hospitals at the right time but 
also progress through agreed treatment 
pathways, they are inevitably infl uenced 
by the healthcare structure in which they 
work. The greatest threat to achieving 
high-quality trauma care in New Zealand 
at this point is governance rather than 

clinical variability. As will be evident from 
the history of trauma system development 
in New Zealand outlined above, there have 
been many false starts simply because indi-
viduals or structures have changed. Over 
the last 20 years, various individuals from 
ministers down to hospital managers have 
expressed great enthusiasm for trauma 
care initiatives and have often taken them 
a way down the track. Sadly, when these 
individuals change their positions the 
momentum is lost and new starts have to 
be engineered. Within large bureaucracies, 
internal reorganisations are common and 
the visions developed under previous struc-
tures often lost. In Victoria, the trauma care 
system is defi ned by legislature and as such 
is much less prone to changes of direction at 
political or bureaucratic whims.

New Zealand is on the cusp of achieving a 
world--class trauma system. We have made 
signifi cant progress in the last fi ve years 
to reassure healthcare providers that the 
quality of trauma care in most situations 
is good or excellent, but progress has been 
made before and the momentum lost. It is 
now time to lock the trauma care system 
into a structure that is not subject to changes 
of position or departmental reorganisation.

High-quality trauma care is “business as 
usual” in most hospitals in New Zealand, but 
a long-term vision of the system of trauma 
care and its sponsorship need to be insti-
tuted without delay so that the advances 
made over the last fi ve years are not lost. 
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Rotorua, hydrogen sulphide 
and Parkinson’s disease—A 

possible bene� cial link?
Yusuf Ozgur Cakmak

High exposure of hydrogen sulfi de 
(H2S) gas is toxic to the human 
nervous system, and effects such as 

necrosis of the cerebral cortex in addition to 
the basal ganglia have been demonstrated.1 
In ambient air, the respiratory system is the 
main path for absorption.2 Toxication re-
ports underline the relationship between H2S 
concentrations and related different organ 
system problems: 1,000,000–2,000,000ppb of 
H2S exposure results in immediate respi-
ratory paralysis, 530,000–1,000,000ppb 
of H2S causes respiratory arrest, 320,000–
530,000ppb of H2S exposure includes a risk 
of death as a result of pulmonary oedema, 
150,000–250,000ppb of H2S blocks the olfac-
tory sense and 50,000–100,000ppb can cause 
serious eye damage. Concentrations of H2S 
for eye and respiratory irritation are report-
ed in the range of 10,000–50,000ppb.1–3

Hydrogen sulfi de intoxications are most 
often caused by occupational exposure 
events, up to 100,000ppb. Industrial sites 

with high risk for potential exposure and 
associated health problems include Kraft 
mills and viscose rayon plants, where 
concentrations are within the range of 
3,000–20,000ppb. An accidental release of 
H2S in Mexico, Poza Rica, exposed people to 
concentrations of 1,000,000–2,000,000ppb, 
and was claimed to be the cause of deaths 
and hospitalisations.1,2 The concentration of 
H2S occurring naturally in nature is much 
lower. Most likely, locations for naturally 
occurring H2S gas concentrations in ambient 
air are those near sulfur springs and lakes in 
geothermally active areas. In a geothermal 
area, mean concentrations of up to 1,400ppb 
have been reported.2 In contrast, maximum 
clean air concentrations in cities like London 
are dramatically lower at 0.1ppb.1,2

Rotorua city is within an active geothermal 
region in New Zealand. Exposure analysis 
in a Rotorua population group demon-
strated H2S concentrations to be only 
20.8ppb (mean) for residences and 27ppb 

ABSTRACT
AIM: Rotorua city (New Zealand) is known for its ‘rotten egg’ smell, due to high levels of hydrogen sulphide 
(H2S) concentrations emitted from local geothermal vents. Studies have shown H2S as potentially toxic if 
too high in concentration. However, some health benefits have been observed at lower concentrations. 
This article summarises what is known about e� ects of H2S on health and postulates whether ambient air 
inhalation levels of H2S in Rotorua might have a therapeutic role in the management of motor symptoms 
in Parkinson’s disease (PD). 

RESULTS: Chronic H2S inhalation has been shown to have a protective factor on dopaminergic neurons of 
animal models of PD. A large-scale survey of long-term Rotorua residents showed no evidence of health 
detriment nor impairment of cognitive functions. Intriguingly, however, participants in higher H2S exposures 
showed a tendency for faster motor response times in a finger tapping test. One of the PD Motor Rating 
Scale examination tests for PD is finger tapping speed, as this is associated with motor performance. Might 
it be that relatively high, but safe, H2S levels in Rotorua could help protect the degradation of dopaminergic 
neurons associated with PD? 

CONCLUSION: An observed beneficial link between chronic H2S inhalation in PD animal models and 
improved finger tapping scores in a sample of the Rotorua population, linked to dopaminergic nerve 
function, is worth investigating further. 
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(mean) in workplaces.4 The highest concen-
tration obtained, 64 ppb, is too low for 
intoxication levels, but certainly rela-
tively high compared to non–geothermal 
regions like London (0.1ppb).1 Overall, 
ambient air chronic exposure levels in the 
Rotorua region where 80,000 people live are 
measured as among the highest in the world.

These relatively high H2S concentrations 
in the Rotorua region have been a focus of 
toxicology research in recent years. One 
study focused on examining links between 
asthma and chronic obstructive pulmonary 
disease (COPD) and H2S concentrations for 
1,204 participants. No evidence of reduction 
in lung functions or increased risk of COPD 
was found.5 Another study surveyed 1,637 
long-term adult residents and undertook 
neuropsychological tests, including visual 
and verbal episodic memory, attention, fi ne 
motor skills, psychomotor speed and mood.4 

Results showed no association between H2S 
exposure and cognition. However, a small 
association was observed between higher 
H2S exposure and improved simple reaction 
time, including fi nger tapping scores.

Two other observations were made 
regarding fi nger tapping scores. Firstly, that 
better performance was associated with 
higher H2S exposure defi ned as the long-term 
exposure metric based on maximum expo-
sures at home or work, and secondly that 
“there was some evidence of an interaction 
between age and the H2S exposure metric for 
tapping with the non-dominant hand and 
this was in the direction of improved perfor-
mance by older people associated with 
higher H2S exposures”.4

These associations could have been due 
to a positive bias effect of multiple testing 
as suggested by Reed et al, however, other 
research fi ndings in the literature suggest 
they might be worth further investigating. 
There is no data in the published literature 
that chronic exposure to safe concentrations 
of H2S is benefi cial to cognitive function of 
the human brain, but examination of animal 
studies using PD models as well as indirect 
evidence in humans, including microbiota 
differences in PD patients, suggests there 
may be a biological basis for health benefi ts 
related to the prevention of degradation of 
dopaminergic neurons, associated with PD. 

The number of dopaminergic neurons in 
the brain decreases as Parkinson’s disease 
progresses and in PD animal models, H2S 
as a gaseous neurotransmitter has been 
proven to have protective effects on dopa-
minergic neuron loss when inhaled.6 In 
addition, it has been demonstrated that 
H2S as a neuromodulator regulates striatal 
neurotransmission.7 In humans, naturally 
low levels of H2S gas occur in the body. This 
gas is synthesized by gut microbiota fl ora as 
well by enzymes in tissues where L-cysteine 
is metabolised, derived from alimentary 
sources or liberated from proteins in 
addition to synthesisation from L-methi-
onine.8 These enzymes are predominantly 
in nervous system, liver and kidney tissue.8 
Hydrogen sulphide functions as a gaseous 
neurotransmitter and helps maintain 
homeostasis of cellular energetics, vascular 
and anti-infl ammatory processes. If certain 
levels of H2S are necessary for healthy 
homeostasis of dopaminergic neurons, it 
may be that fi ndings from a study on the 
abundance of a particular H2S secreting 
Prevotellaceae, which showed that, rela-
tively, abundance in gut microbiota of PD 
patients presents an interesting link.9,10 

It may be that the observation of a small 
positive association between higher H2S 
exposure and improved simple reaction 
time, including fi nger tapping scores, 
was not due to multiple testing (which all 
participants were subject to) but due to a 
higher concentration of H2S in dopaminergic 
neurons. This is a speculative but tanta-
lising idea that is worth further examining. 
Presently there is no normalised report for 
PD diagnosis and progression in Rotorua. 
Detailed and normalised (including ethnicity, 
smoking habits, age ) survey studies are 
needed to investigate if there is a statisti-
cally signifi cant difference of PD rates and 
symptom severities of Rotorua residents in 
comparison to other regions of New Zealand. 
This research question needs to be carefully 
developed. Improved fi nger tapping reports 
obtained in Rotorua residents exposed to 
higher chronic levels of H2S give no clarity 
to potential benefi cal effects of H2S exposure 
on Parkinson’s disease. The PD animal 
models studies, where eight days of H2S 
inhalation showed prevention of neurode-
generation,6 showed results for acute rather 

VIEWPOINT



125 NZMJ 12 May 2017, Vol 130 No 1455
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

than chronic exposure, so are limited in 
relevance to the chronic exposure model 
that Rotorua provides. However, available 
knowledge that chronic exposure levels of 
H2S inhalation in Rotorua are not harmful 
and possibly benefi cial to motor functions 
is positive for any further studies that might 
be proposed to focus on the potential bene-
fi cial effects of H2S on PD. In addition, the 
potential bottleneck of future studies is to 
determine the optimal inhalation dosages 

of H2S for human PD studies. The H2S levels 
in Rotorua (20.8–27ppb) would be the key to 
overcome the underlined bottleneck of the 
future human PD studies.

In conclusion, Rotorua with its unique, 
safe and relatively high concentration of 
ambient H2S warrants closer examination to 
clarify whether there is a defi nite, positive 
correlation of inhalation of H2S on human 
PD symptoms and pathophysiology. 
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Acute calci� c tendinitis of 
the longus colli muscle

Michael Plunkett, Hugh De Lautour, Adam Worthington

A 35-year-old female presented with a 
two-day history of severe neck pain 
and stiffness—particularly on the 

left—and moderate odynophagia. She had 
no history of fevers or trauma. She had ten-
derness on palpation of left cervical paraspi-
nal tissue posteriorly, and marked limitation 
of cervical spine motion. White blood cell 
count was 15.5x10^9/L and C-reactive pro-
tein was 88mg/L (0–5mg/L). Cervical spine 
radiograph showed an area of calcifi cation 
measuring 13x6mm within the prevertebral 
tissue anterior to C2 (Panel A, arrow) and 
prevertebral soft tissue swelling superior-
ly. Computed tomography (CT) of the neck 
revealed an amorphous focus of calcifi cation 
within the left longus coli muscle anterior 
to the C2 vertebral body (Panels B and C, 
arrows), with associated simple fl uid within 
the prevertebral space (Panel D, arrow). 

Acute calcifi c tendinitis of the longus colli 
muscle was diagnosed. An oral non-ste-
roidal anti-infl ammatory was started and 
symptoms resolved within 10 days. Acute 
calcifi c tendinitis of the longus colli muscle 
results from asceptic infl ammation of the 
longus colli muscle in the cervical prever-
tebral space, due to calcium hydroxyapatite 
crystal deposition.1 It is benign and self-lim-
iting and presents classically with acute 
severe neck pain, neck stiffness and odyno-
phagia.2,3 Infl ammatory markers may be 
raised. Diagnosis may be made on imaging, 
with CT being the gold standard, showing 
pre-vertebral soft tissue swelling and amor-
phous calcifi cation in the longus colli muscle 
anterior to C1–C2.2 Treatment is usually with 
non-steroidal anti-infl ammatory medica-
tions, with symptoms generally resolving 
within 1–2 weeks.3
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Figure 1: 

Panel A, lateral radiograph showing calcification anterior to C2 (arrow) with prevertebral so�  tissue swelling. 
Panels B and C, CT in bone windows showing amorphous calcification within the le�  longus colli muscle anterior to the C2 vertebral body (arrow). 
Panel D, CT in so�  tissue window showing simple fluid in the prevertebral space anterior to the C2 vertebral body (arrow).
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A case of con� rmed primary 
hyperaldosteronism 

diagnosed despite normal 
screening investigations

Richard Carroll, Alana Gould, Joe Feltham, Simon Harper

Mr B (63m) presented with resistant 
hypertension, diagnosed aged 46, 
associated with signifi cant hy-

pokalaemia over the past four years. He 
remained hypertensive (150/90mmHg) de-
spite controlled release metoprolol 47.5mg, 
felodipine 10mg, losartan 25mg, terazosin 
5mg and spironolactone 25mg (all once 
daily). Serum potassium concentration was 
3.9mmol/L (normal range 3.5–5.3) on four 
tablets of potassium daily (10 tablets per day 
before spironolactone). After withdrawing 
spironolactone for six weeks, the plasma 
aldosterone concentration was 283pmol/L 
with a plasma renin activity of 0.7nmol/L/
hour, giving an Aldosterone Renin ratio 

(ARR) of 441(normal <750). Other endocrine 
causes of hypertension were excluded.

An abdominal CT scan excluded 
reno-vascular causes of hypertension 
and demonstrated a likely adenomatous 
9x12mm left adrenal nodule (Figure 1). On 
the basis of a signifi cant pre-test probability 
of hyperaldosteronism (clinical presen-
tation and adrenal nodule), we proceeded 
to a saline infusion test (SIT) having fi rst 
withdrawn spironolactone (six weeks), 
Losartan (four weeks) and metoprolol (two 
weeks). This test demonstrated an abnormal 
baseline ARR, but apparent normal aldo-
sterone suppression at four hours (Table 1).

ABSTRACT
Primary hyperaldosteronism is a common cause of hypertension in the adult population. We report a case 
of histologically and biochemically confirmed hyperaldosteronism related to an adrenal adenoma, where 
initial screening and biochemical tests were potentially misleading. The case highlights the importance of 
clinical suspicion in the current diagnostic approach to primary hyperaldosteronism.

Table 1: Results from a saline infusion test (SIT).

Plasma aldosterone (pmol/l) Plasma renin (mIU/L) Serum potassium (mmol/l)

Saline infusion test A

Time 0 585 39.3 3.8

Time +240 124 16.7 3.1

Saline infusion test B

Time 0 575 28.8 3.7

Time +240 392 - 3.5

Aldosterone, renin and potassium concentrations were measured immediately before and a� er the infusion of 
2,000ml of 0.9% saline over four hours while the patient remained seated. 40mmol of potassium was added to the 
infusion during SIT B. An aldosterone concentration of <140 pmol/L at 4 hours represents normal suppression, while 
a level >210 pmol/L confirms hyperaldosteronism.
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As hypokalaemia had developed during the 
SIT, this was repeated with potassium added 
to the saline infusion. On this occasion, 
post-infusion aldosterone concentrations 
were clearly inappropriately elevated, 
confi rming a biochemical diagnosis of hyper-
aldosteronism (Table 1). Mr B proceeded 
to adrenal vein sampling (AVS), which 
confi rmed lateralisation of hyperaldoste-
ronism to the left adrenal gland, consistent 
with the radiological fi ndings (Figure 1).

Following stabilisation of blood pressure 
and potassium concentrations, Mr B 
underwent left posterior retroperitoneo-
scopic adrenalectomy without complication. 
Histological analysis confi rmed an 
adrenocortical adenoma with nodular 
proliferations of adrenocortical tissue 
elsewhere in the specimen. At follow up, 
Mr B has a serum potassium of 4.7mmol/L 
(no supplements) and a blood pressure of 
130/78mmHg on daily Metoprolol 47.5mg 
and Felodipine 10mg.

Summary
This case illustrates some complexities in 

the screening for and diagnosis of a common 
cause of hypertension. Hyperaldosteronism 
is identifi ed in approximately 6% of cases of 
adult hypertension, with case detection on 
the basis of clinical features recommended 
by recent guidelines (see Figure 2).1,2 In 
contrast to historical opinion, hypoka-
laemia is now known to be present in only 
a minority of patients with hyperaldoste-
ronism, with normokalaemic hypertension 
representing the typical presentation.2 
Confi rmation of hyperaldosteronism is of 
value as it provides the opportunity for 
resection of unilateral adrenal pathology 
with resultant resolution of hypokalaemia, 
and signifi cant improvements in blood 

pressure control3 and cardiovascular 
morbidity independent of the degree of 
hypertension.4

In this confi rmed case of hyperaldo-
steronism, it is of interest to consider the 
initial diagnostic tests. The screening test 
was normal, dissuading the attending 
physician of the need to further explore 
the possibility of hyperaldosteronism. To 
increase the ease of testing for a common 
condition, guidelines recommend screening 
for hyperaldosteronism while the patient 
is on anti-hypertensive medications bar 
spironolactone, epleronone and potassium 
wasting diuretics.2 However, the concurrent 
use of interfering medications or dietary 
sodium restriction may signifi cantly 
decrease the sensitivity of the ARR for 
detecting hyperaldosteronism, unless an 
altered diagnostic cut-off is utilised.5–7 Thus, 
a normal screening ARR does not exclude 
hyperaldosteronism and the result should 
be interpreted in light of the clinical proba-
bility of hyperaldosteronism. Here, a repeat 
ARR under more stringent test conditions 
was clearly abnormal.

Hypokalaemia is a potent inhibitor of aldo-
sterone release in health, and potentially also 
in the context of hyperaldosteronism, falsely 
lowering the circulating aldosterone concen-
trations.8 During the fi rst SIT, potassium 
concentrations fell signifi cantly, which may 
have directly lowered the circulating aldo-
sterone concentration. With potassium added 
to the saline infusion during the second 
study, normokalaemia was maintained and 
circulating aldosterone concentrations were 
clearly inappropriately elevated.

Hyperaldosteronism is a common cause 
of hypertension. In the context of screening 
for or confi rming biochemical hyperal-
dosteronism, normal results should not 

Table 2: Adrenal vein sampling results during ACTH infusion. 

Central/
peripheral

Plasma aldosterone 
(pmol/L)

Serum cortisol 
(nmol/L)

Aldosterone: 
Cortisol ratio

Right adrenal 
vein

Central 17,900 19,866 0.9

Peripheral 1,720 565 3.0

Le�  adrenal 
vein

Central 310,000 11,888 26.1

Peripheral 1,500 565 2.7

Central to peripheral cortisol ratios were >5:1 bilaterally confirming appropriate placement of the catheter in each 
adrenal vein. A le� :right adrenal vein aldosterone:cortisol ratio of 29 confirmed lateralisation of aldosterone excess 
to the le�  adrenal gland (lateralisation confirmed by a ratio >4:1).
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Figure 1: CT abdomen demonstrating a hypodense lesion measuring 9mm in maximal diameter in the 
lateral limb of the left adrenal gland. The right adrenal gland and other structures were reported as 
normal.

necessarily be considered defi nitive, espe-
cially if current medication use is likely to 
affect the sensitivity of the ARR, or signif-
icant hypokalaemia is present. If the clinical 
picture is suggestive, it may be reasonable 

to either repeat testing or occasionally 
pursue a diagnosis of primary hyperaldo-
steronism despite initial normal tests, after 
discussion with an endocrinologist. 

Figure 2: Endocrine society guidelines for the case detection of primary hyperaldostonerism.2

• Blood pressure >150/100mmHg on each of three measurements on diff erent days

• Blood pressure (140/90mmHg) resistant to three conventi onal anti -hypertensive drugs, or 
controlled on ≥4 drugs

• Hypertension and spontaneous or diureti c induced hypokalaemia

• Hypertension and an adrenal incidentaloma

• Hypertension and sleep apnoea

• Hypertension and a family history of early onset hypertension or a stroke at <40 years of age

• Hypertensive fi rst-degree relati ves of pati ents with primary hyperaldosteronism
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Unmet need and antenatal 
care

Ben Gray

The editorial by Matheson and Elli-
son-Loschman1 rightly suggest that 
“more attention must be given to 

prioritising, measuring and responding to 
unmet need”. Arguably, the most cost-effec-
tive screening/public health programme that 
we use is ante-natal care. In Primary Care we 
have targets for other screening and public 
health programmes like cervical screening, 
smoking cessation and immunisation with 
sanctions applied if we fail to meet targets.  
It is remarkable that until recently there has 
been no similar programme for the provi-
sion of ante-natal care. Worse than the lack 
of a programme is the fact that the Ministry 
of Health does not routinely provide accu-
rate information on how many women did 
not receive any or suffi  cient antenatal care. 
While there is data on the number of wom-
en registered with a lead maternity carer in 
the fi rst trimester, there is no information 
on the 30% who had not registered by that 
time, some of whom had no care.2 The new 
Better Public Services target of “90 percent 

of pregnant women registered with a lead 
maternity carer (LMC) in the fi rst trimester” 
is a welcome focus on this problem, but was 
introduced without adequate consultation 
with midwives who have major reservations 
about being able to achieve the target.3 Many 
hospitals report diffi  culty recruiting suffi  -
cient midwives, and retention of midwives 
in the profession has fallen from working for 
15 years to only working for six years.4 It is 
the hospital midwives who provide care for 
women who cannot fi nd a community mid-
wife, so this problem should be ringing alarm 
bells. If we do not count how many women 
do not receive antenatal care it is entirely 
plausible that progress towards the minister’s 
target could be made without affecting the 
numbers receiving no care who should be 
the fi rst focus of our attention. I have argued 
elsewhere5 that there is a fundamental prob-
lem with our system of providing antenatal 
care, but without information on those wom-
en who do not access this care it is impossible 
to respond sensibly.

1. Matheson A, Ellison-Lo-
schmann L. Addressing 
the complex challenge 
of unmet need: a moral 
and equity imperative? 
New Zealand Medical 
Journal. 2017; 130:6–8.

2. Ministry of Health. 
New Zealand Maternity 

Clinical Indicators 2015. 
Wellington 2016.

3. Thomas F. New better 
public service targets 
tackle child poverty and 
LMC sign up. New Zealand 
Doctor. 4 May 2017.

4. Leaman A. Waikato 
Hospital on a recruitment 

drive for midwives 
Dominion Post Wellington 
New Zealand: Dominion 
Post, 22 March 2017.

5. Gray B. Lead maternity 
care needs to be embed-
ded in general practice: 
Yes. Journal of Primary 
Health Care. 2015; 7:71.
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Coeliac disease and fertility 
in New Zealand women

Catherine Rees

During the course of research for 
a book on coeliac disease (CD), I 
conducted an online survey among 

New Zealand women with CD to examine 
their experiences of fertility, pregnancy and 
births. Invitations were sent out in Novem-
ber 2016 by Coeliac New Zealand via their 
email newsletters and Facebook page. Two 
hundred and sixty women responded to the 
survey, of whom 200 had biopsy-proven CD. 
Median age at CD diagnosis was 33 years 
(range 2–80 years).

Respondents were asked if they had had, 
or tried to have, a baby before they were 
diagnosed with CD; 65 had been diagnosed 
before trying to have a baby, and 133 people 
were diagnosed after trying to start their 
family. Two people did not answer this 
question. Groups were compared using a 
2-sample t-test for categorical analysis of 
proportions. For other variables, a linear 
regression model or log-linear regression 
model was used to compare groups, with 
“diagnosed after trying to get pregnant” as 
the dependent variable.

Results are shown in Table 1. Women 
who were diagnosed with CD before trying 
to become pregnant had a signifi cantly 
higher number of pregnancies and live 
births compared with women who were 
diagnosed earlier, possibly because of 
differences in age between the two groups. 
Women diagnosed with CD after starting 
a family were signifi cantly more likely to 
have had a miscarriage (45% vs 19%) and 
had on average more miscarriages per 
person (1.6 vs 1.2) compared with those who 
had been diagnosed prior to trying to get 
pregnant. However, the rate of miscarriage 
in the two groups was not signifi cant after 
adjusting for differences in the number of 
pregnancies (P=0.886). Although a higher 
proportion of women diagnosed with CD 
after vs before trying to start a family sought 
medical advice about conception diffi  culties, 

the between group difference was not 
statistically signifi cant. The group diagnosed 
with CD after trying to start a family also 
had a signifi cantly increased incidence of 
a premature delivery (19.4% vs 3.4%), and 
the incidence of preterm delivery in late 
diagnosed women was higher than the New 
Zealand average of 7.3%.1 However, after 
adjustment for between-group differences 
in the number of pregnancies, the difference 
in the rate of premature delivery among 
women diagnosed later vs earlier was of 
borderline statistical signifi cance (P=0.0678).

This research is limited in a number of 
ways. First, surveys are subject to recall and 
response bias, and I did not survey women 
without CD as a control group. Second, the 
two groups were not comparable in age, 
which could have affected pregnancy and 
miscarriage rates since these are known to 
be affected by age. Third, the survey did not 
capture information about the timing of CD 
treatment in relation to pregnancy. Even 
assuming that all participants followed the 
recommended gluten-free diet after their CD 
diagnosis, it may take years for CD patients 
to achieve mucosal healing and correction of 
body composition abnormalities.2 

Despite these limitations, the fi ndings 
suggest that undiagnosed CD may contribute 
to worse pregnancy outcomes. This is 
consistent with case-control studies showing 
that pregnancy outcomes can be affected by 
undiagnosed CD.3–10 In these studies, undi-
agnosed CD was most commonly associated 
with intrauterine growth retardation and 
low birth weight,4,5,8,9 and to a lesser extent 
miscarriage,3,7,11 whereas diagnosed CD was 
not.3,4 According to one study, undiagnosed 
CD increases the risk of having a small for 
gestational age infant by 7-fold.8 Some of the 
women in this survey had been pregnant 
before and after their CD diagnosis, and 
reported having small and early babies 
before their diagnosis, but bigger babies 
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Table 1: Pregnancy and birth results in women who were diagnosed with CD before and after trying to start a family.

Diagnosed with coeliac 
disease before trying to 
have children (n=65)a

Tried to have children be-
fore being diagnosed with 
coeliac disease (n=133)a

P-value

Mean (SD) age at CD diagnosis, years 24.5 (10.8) 38.6 (9.7) <0.0001

Mean (SD) time to first pregnancy, months 8.2 (16.6) 11.7 (21.6) 0.169

Mean (SD) number of pregnancies per person 1.7 (1.3) 3.3 (2.1) <0.0001

Had experienced a miscarriage, n (%) 11 (16.9) 59 (45.0) 0.0002

Mean (SD) number of miscarriages per person 1.4 (0.9) 1.6 (1.2) 0.0002

Had consulted a doctor about time taking to get 
pregnant, n (%)

16 (25.0) 45 (33.8) 0.275

Had undergone or was on waiting list for fertility 
treatment, n (%)

9 (13.8) 23 (17.4) 0.6637

Mean (SD) number of live births per person 1.2 (1.2) 2.5 (1.4) <0.0001

Had had a premature delivery,* n (%) 2 (3.4) 25 (19.4) 0.0019

Mean (SD) number of premature births per person 1.0 (0) 1.4 (0.7) 0.449

Mean (SD) gestational age of premature infants, weeks 34.2 (1.8) 33.8 (2.9) 0.267

*Live birth at <37 weeks’ gestation. 
aPercentages are based on the number of responses to a specific question

closer to term after their diagnosis. Based 
on the previous literature and the current 
fi ndings in a large cohort of New Zealand 
women, it would seem prudent to screen 
pregnant women for CD in New Zealand, 

especially since CD is particularly common 
in women of childbearing age,12 and 
arguably more prevalent than some of the 
other conditions which are now part of the 
standard pregnancy screening panel. 
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Heather Thomson
19 September 1931–1 April 2017

Heather Thomson (nee Baillie) was 
born in Invercargill, 19 Septem-
ber 1931. Brought up in Southland 

with two older brothers and hard working 
parents, she decided to become a doctor 
at the age of nine. She attended Southland 
Girls High School and became Dux in 1949, 
achieving third in New Zealand for Scholar-
ship Latin. A hard working and determined 
student, she went to Otago University in 
1950 where she boarded for the next six 
years at St Margaret’s.  

Heather was a distinguished medical 
student; one of only fi ve women in her class 
of 100, she won the Scott Medal for Anatomy 
in her third year. Graduating in 1955, she 
went back to her home town and completed 
her fi rst house surgeon year at Kew Hospital 
where she met her husband, Forrester 
Thomson, a returned serviceman and a 
pathology registrar.

After they married, Forrester and Heather 
moved to Mataura where Forrester ran a 
busy rural practice and Heather gave birth 
to four girls in quick succession. Forrester’s 
ill health necessitated Heather’s early 
return to medicine. It was in Mataura that 
‘Dr Heather’ started her long association 
with St John’s. Heather spent over 40 years 
supporting St John’s with tutorials and 
examinations, and her contribution was 
recognised in 2006 when she was awarded 
the Offi  ce of Dame Commander of the Order 
of St John. 

‘Dr Heather’ moved to Invercargill, with 
her four daughters, in 1968 to escape an 
unstable home situation. Forrester passed 
away six years later. She spent three months 
as a house surgeon at Kew Hospital before 
setting up in what was to be a very busy 
general practice attached to the family 
home—normal for the time. She became a 

MNZM, Co St J, FNZMA, MB ChB, Dip Obst
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GP anaesthetist and was on call for emer-
gencies, and had regular lists at Kew Hospital 
and privately at Park Hospital, later to 
become Southern Cross. She delivered over 
3,000 babies during her time in Invercargill. 

In 1978, following the controversial 
passing of the Contraception, Sterilisation 
and Abortion legislation the year before, 
she was shoulder-tapped by local MP and 
Minister, Bryan Talboys to become one of 
three members of the fi rst Abortion Super-
visory Committee. She thoroughly enjoyed 
her three-year term and it gave her a taste 
for national medical politics. She was part 
of the NZMA committee, which took part 
in maternity negotiations in the 1990’s and 
later became a Fellow of the NZMA. 

Heather went on as one of the fi rst doctors 
to go to China to study acupuncture, and 
used it for a time in her private anaesthetic 
practice for post-operative pain relief, but 
soon discontinued it in favour of more 
effective methods.

Heather became an Invercargill City 
Councillor in 1999 and stayed on for three 
terms. She represented the council on the 

Southland Heritage and Rural Trust among 
others and enjoyed her work on the Boards 
of the Southland Museum and Art Gallery, 
the Southland Theatre Charitable Trust 
and as President of the Anderson Park Art 
Gallery for ten years. 

In 2007, Heather was awarded a Member 
of the New Zealand Order of Merit in recog-
nition of her services to medicine and her 
local community. 

In her spare time, Heather enjoyed going 
to her holiday house in Arrowtown where 
she gardened and read books. She was 
a talented seamstress and later enjoyed 
painting and making furniture. She trav-
elled widely with family initially and later 
with friends. 

Heather moved to live in Dunedin seven 
years ago to be close to family and quickly 
made friends playing bridge and attending 
lectures at U3A. She was a member of her 
local church and enjoyed walking her faithful 
companion Katie around Māori Hill, stopping 
to talk to anyone and everyone. Heather died 
suddenly on 1 April 2017 and is survived by 
her four daughters and seven grandchildren. 
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Early death after discharge from 
emergency departments

The problem evaluated in this study is that many people die soon after being sent home 
from US emergency departments, and what aspects of patients and hospitals are linked to 
increased risk?

Data was obtained from the US Medicare programme. Patients with known life-threat-
ening diseases, those receiving palliative care and those older than 90 were excluded from 
the analysis. Over 10 million patients were involved and apparently 0.12% died within seven 
days.

Atherosclerotic heart disease was the commonest cause of death. The researchers were 
unable to determine whether such outcomes were caused by medical error or whether they 
were preventable.
BMJ 2017; 356:j239

Tight glycaemic control in 
critically ill children?

Tight glycaemic control targeting a normal blood glucose level has not been shown to 
improve outcomes in critically ill adults or children after cardiac surgery. Studies involving 
critically ill children who have not undergone cardiac surgery are lacking.

In this trial, 713 appropriate patients were randomly assigned to one of two ranges of 
glycaemic control—lower target group (4.4 to 6.1mmol/Litre) or higher target group (8.3–
10mmol/Litre). The trial was stopped early owing to a low likelihood of benefi t and evidence 
of the possibility of harm. Patients in the lower target group had signifi cantly higher rates of 
infection and severe hypoglycaemia.

The researchers concluded that critically ill children with hyperglycaemia did not benefi t 
from tight glycaemic control. No signifi cant differences were observed in mortality, severity of 
organ dysfunction or the number of ventilator-free days between the two groups.
N Engl J Med 2017; 376:729–41

Subcutaneous methotrexate in patients with 
moderate to severe plaque-type psoriasis

Methotrexate is one of the most commonly used systemic drugs for the treatment of 
moderate to severe psoriasis; however, high-quality evidence for its use is sparse and limited 
to use of oral dosing. In addition, the oral use of methotrexate may be the suboptimal route of 
administration.

In this randomised trial, 120 appropriate patients were assigned to receive either subcu-
taneous methotrexate at a starting dose of 17.5mg/week or placebo for the fi rst 16 weeks, 
followed by methotrexate treatment of all patients up to 52 weeks (methotrexate–metho-
trexate vs placebo–methotrexate groups). Dose escalation to 22.5mg was allowed after eight 
weeks if patients had not achieved 50% reduction of their lesions.

The study results suggest that subcutaneous methotrexate has an acceptable safety 
profi le and produces a more rapid and sustained response than that typically seen with oral 
regimens.
Lancet 2017; 389:528–37
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There has arisen out of the tragedy of 
the great war amazing progress in 
medical research, so great and won-

derful that it cannot be fully comprehended 
and appreciated in the present troublous 
times. It is one of the wonders of the war. 
A glance at what has been done is all that 
can now be attempted and reveals achieve-
ments that must redound to the credit of 
the medical profession. The well-known 
fact that antiseptics applied to wounds are 
more or less damaging to the tissues and 
incapable of penetrating to deeper recess-
es, and the frequency of suppuration and 
gangrene in gunshot wounds in this war, led 
Sir Almroth Wright, and many other investi-
gators subsequently, to search for improved 
methods for the purifi cation and healing of 
wounds. Hypertonic salt solution promoting 
an outfl ow of lymph, Dakin’s solution and 
Alexis Carrell’s modifi cation of Dakin’s solu-
tion have caused a transformation in results. 
Dr. Depage published valuable information 
in the form of “bacterial charts” of wounds, 
and statistics showing only two temporary 
failures in 137 cases in which wounds were 
closed by suture after preliminary cleansing 
with Dakin’s solution. Valuable researches 
into the relative value of various antiseptics, 
in the search for the ideal one, were carried 

out under the Medical Research Committee 
of the National Insurance Act at the Insti-
tute of Pathology at Middlesex Hospital. It 
was found for instance, that while iodine 
in 1 in 10,000 dilution killed cocci in water, 
a strength of 1 part in 700 was necessary 
to kill the cocci in serum, but iodine in a 
strength of 1 part in 3,500 prevents the 
action of the leucocytes. Dakin’s solution in 
a dilution of 1 in 1,000 killed cocci in serum, 
but 1 part in 4,000 of Dakin’s solution pre-
vented leucocyte activity. After this began 
the testing of aniline dyes for their antiseptic 
properties, and fl avine was found to be the 
best. It has great antiseptic power, practical-
ly no deleterious effect upon the leucocytes, 
and is free from irritating effects upon the 
tissues. Flavine has now been suffi  ciently 
tried to show that it very closely approach-
es towards the ideal of what an antiseptic 
ought to be.

It is reasonable to conclude that cere-
bro-spinal meningitis can now be well 
controlled. It was assuming such large 
proportions in the earlier stages of the 
war that every effort was required to fi nd 
proper measures for preventing its spread. 
Sir Alfred Keogh, the head of the medical 
service of the army, adopted the method of 
what is known as a “mass attack” upon the 
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problem. He is a man alive to new ideas and 
new methods, and the line of least resis-
tance is abhorrent to him. It is fortunate 
for the nation that he neither brooks delay 
nor half measures. The investigators began 
with isolation, segregation of contacts, 
and bacteriological examination. A central 
laboratory and 37 district laboratories 
were established, and the best bacteriolo-
gists in England were set to work upon the 
problems. Four types of meningococcus 
were differentiated, and a polyvalent serum 
prepared and distributed which reduced 
the mortality of the disease from 40–60 per 
cent to 9–13 per cent. Truly, “peace hath her 
victories no less renowned than war.” The 
fi nal triumph of the “massed attack” was 
when it was discovered that the problem 
of the carrier of cerebro-spinal meningitis 
could be overcome by treatment in an inha-
lation chamber in an atmosphere laden with 
steam and chloramine.

To any doctor who had experience of the 
scourge of dysentery and enteric in the 
South African War, the progress made in 
the prevention of these diseases in this war 
is as amazing as it is joyful. The problem 
of the carrier in these diseases was at fi rst 
as baffl  ing as in the case of spotted fever. 
In the campaign against dysentery the 
“massed attack” was made not only by 
medical men, but by botanists, zoologists 
and other scientists, and none but trained 
and competent observers were employed. 
A report stated that “it is almost better that 
no examination at all should be made than 
that it should be made by an incompetent or 
inexperienced person. Examinations made 
by persons, however skilled they may be in 
other matters, who have not served their 
apprenticeship to the actual work itself, 
possess no scientifi c value whatever.” It was 
discovered that in 90 per cent of uncured 
cases of amoebic dysentery by the sixteenth 
day after treatment by a course of emetine 
the amoebae re-appeared, although exam-
ination was negative during the course of 
treatment. Dr. Dale then introduced bismuth 
emetine which was found to be effective in 
the treatment of acute and carrier dysentery 
in the great majority of cases.

It is well-known that enteric fever 
hitherto has caused more deaths in war 
than shot and shell. It accounted for 20,000 
casualties in the Beor War, but nothing like 
that fi gure has been reached in this war, 
where millions of troops are engaged. Inoc-
ulation and adequate attention to sanitation 
have been the cause of this almost mirac-
ulous change.

Other triumphs have been the practical 
eradication of typhus fever in Servia, the 
discovery of the cause of epidemic jaundice, 
the investigation of Bilharziosis, of trench 
nephritis, the bacteriology of the anaerobes, 
and the causation and prevention of trench 
foot. Chemical investigation of materials 
in munition factories prejudicial to health, 
of poisonous gases and of new drugs have 
added greatly to the store of knowledge, and 
in the realm of hygiene attention has been 
given to the dietaries of workers, the effect 
of fatigue in industries generally, the suit-
ability of various kinds of industrial work 
for women, and the prevention and cure of 
many neurological affections.

In addition to all this there is the colossal 
work of preparing statistics of the sick 
and wounded of the army. The cards that 
are used in this work already weight over 
fi fteen tons.

The effect of these achievements is well 
summarised in the Times History of the 
War:—“But it must be pointed out that this 
scientifi c work, begun by the army for the 
army, had a vast effect upon the attitude of 
the civil population to research. It inau-
gurated a new conception of medicine; 
it introduced new methods of attacking 
and resisting disease; the sure knowledge 
that by mass attack upon these lines any 
disease could be mastered and stamped out 
gained currency. All manner of workers 
began to demand that army methods 
should be applied to the problems of 
home life—the syphilis problem and the 
problem of consumption. In the Medical 
Research Committee the British people had 
an assurance that the good work would 
be carried on in peace as in war until one 
by one the fortresses of disease should be 
assaulted and forced to surrender.” 
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