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Introduction 

Rau Rangatira ma, tena koutou, tena koutou, tena koutou katoa. 

Nau mai haere mai Te Whare Wananga o Otago ki Otautahi.  Piki mai kaki mai. 

Each year the University of Otago, Christchurch (UOC) hosts a Summer Studentship Programme, 
allowing participating students to be introduced to the excitement and challenge of research in a 
field of interest to them.     

Over the summer of 2018/2019, we hosted 51 projects in a wide range of areas.  This book is a 
compilation of the reports submitted by the student participants in the 2018/2019 Summer 
Studentship Programme.  There were many highlights in the programme, with significant findings 
in all categories – from clinical to basic science, to community health – and we trust you will enjoy 
reading the reports. 

The Summer Studentship Programme is heavily dependent on the financial generosity of external 
organisations that contribute an educational grant for each student.  We offer our thanks to these 
sponsors, and they are listed in this report book.   

This programme is supported by a significant infrastructure within the UOC. In addition to the 
supervision, the Research Office provides administration of the programme and organises formal 
presentations at the beginning and end of the study period. The final showcase is a well-attended 
event that gives each student the opportunity to present their findings and to share their 
enthusiasm with their peers. Thanks go to Carole Acheson, Professional Practice Fellow – 
Christchurch, for providing the students with the seminar ‘Presentation Skills and Dealing with the 
Media’ in preparation for this day, our judges, Professor Steven Chambers, Associate Professor Gabi 
Dachs and Priyanka Sinha for undertaking the difficult task of judging the student’s presentations. 

From the final showcase day, three prizes of $500 each for outstanding student presentations were 
awarded. In addition, a fourth prize of $500 for the ‘Best Overall Project’ was awarded this year. The 
awards went to:  

George Watson – Best Overall Oral Presentation, I will wear my heart upon my sleeve: The 
mind-body connection in broken heart syndrome. Supervised by Dr. Paul Bridgman and 
sponsored by the National Heart Foundation.  This prize was sponsored by the National 
Heart Foundation 

Ellen O’Byrne – Best Oral Presentation in the ‘Clinical’ category, Diagnosing ventilator-associate 
pneumonia before it happens. Supervised by Professor Geoff Shaw and sponsored by 
Canterbury Medical Research Foundation.  This Prize was sponsored University of Otago, 
Christchurch Summer Studentship Programme. 

Jacqui-Lyn Welch – Best Oral Presentation in the ‘Community’ category, Transitions to 
menopause among Christchurch Health and Development Study female cohort members. 
Supervised by Dr. Geraldine McLeod and sponsored by the Department of Psychological 
Medicine, UOC.  This prize was sponsored by Age Concern. 

Heath Ryburn – Best Oral Presentation in the ‘Laboratory’ category, Mycobacterial resistance 
to neutrophil oxidants. Supervised by Professor Mark Hampton and sponsored by the 
Department of Pathology and Biomedical Science, UOC.  This prize was sponsored by the 
National Heart Foundation. 
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We wish to offer our congratulations to the prize winners and our thanks to all the students whose 
fine efforts made the selection process such a difficult one.  Once again, our particular thanks go to 
all the sponsors for their support of this programme. 

 

 

 

 

Professor Margreet Vissers    Rebecca Coombes 
Associate Dean (Research)   Research and Development Manager 
 

Research Office 
Department of the Dean 
University of Otago, Christchurch 
PO Box 4345 
Christchurch 8140 
New Zealand 
 

Telephone: +64 3 378 6381 
Email:  summer.studentship@otago.ac.nz 
Web:  www.otago.ac.nz/christchurch/research/researchoffice/ 
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About the University of Otago, Christchurch  

The University of Otago, Christchurch (UOC) is a division of Health Sciences within the University of 
Otago and is New Zealand’s best performing Medical School for Health Research in New Zealand. 
Based upon Performance Based Research Funding (PBRF) criteria, UOC staff with international 
reputations for excellence are involved in the following research areas:  

 Cardioendocrine research; clinical and laboratory 
 Oxidative stress and antioxidant protection 
 Clinical pharmacology 
 Cancer biology and genetics 
 Neonatal paediatrics 
 Longitudinal studies of health and wellbeing 
 Psychology, depression, bipolar disorder and attempted suicide 
 Infectious diseases 
 Orthopaedics and joint regeneration 
 Radiology and medical imaging 
 

The University of Otago, Christchurch has 26 Professors across a wide range of Clinical, Biomedical 
and Public Health disciplines. In addition, there are a further 60 clinical academic staff, over 100 
research staff, and over 300 clinical staff employed by the Canterbury District Health Board who 
contribute to teaching. There is a close collaboration between the Campus, the Canterbury District 
Health Board, the region’s hospitals, general practitioners and other health and community 
agencies.  
 

In addition to the 300+ medical students, there are approximately 450 postgraduate health sciences 
students and over 70 PhD students.  
 

The central Campus building houses most of the research laboratories, the teaching spaces, the 
library and the administration. Most academic department headquarters; Medicine, Surgery, 
Anaesthesia, Orthopaedics and MSM, Radiology, Paediatrics, Obstetrics and Gynaecology,  Health 
Care of the Elderly,  Psychological Medicine and the Centre for Postgraduate Nursing Studies are 
located in one of the main Christchurch Hospitals or in buildings in close vicinity.  
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TIMELINE 1850 – 2007 
 

1850 Canterbury Association proposes 
Medical school in Canterbury 

1875 Dunedin Medical School opens 

1923 Otago lengthens its undergraduate 
course from 5 to 6 years 

1924 A trial class of students is sent to 
Christchurch Hospital 

1926 Final year class formally sent to 
Christchurch 

1927 Classes now sent to Wellington and 
Auckland 

1937 Joint hospital/university committees 
appointed to the four centres. 

1966 Auckland Medical School approved 

1970 University agrees to build and equip 
"Medical Centre" in Christchurch 

 Architects provide design report 

1972 University of Otago, Christchurch 
established 

1973 Construction complete, first 4th year 
intake arrives 

       Official opening 

1988 Number of postgraduate students 
exceeds medical students 

2007 Name changed to University of 
Otago, Christchurch 

HISTORY OF THE SCHOOL 
 

The University of Otago, Christchurch dates 
back to the 1850’s when the Canterbury 
Association included the vision of a School 
of Medicine in plans for the new 
settlement. The UOC was formally 
established in 1972 as part of the Faculty of 
Medicine of the University of Otago, to 
provide training across all three clinical 
years of the undergraduate medical 
course.  
 

POSTGRADUATE EDUCATION 
OPPORTUNITIES  
University of Otago, Christchurch campus 
offers: 

 PhD supervision in the biomedical 
sciences and a range of health 
related areas 

 Honours degree in Biomedical 
Sciences 

 Masters Degrees  
 Postgraduate Diplomas  
 Postgraduate Certificates  

 

For health professionals including the 
following specialty areas: 

 Public Health 
 Nursing 
 Mental Health 
 Pain 
 Musculoskeletal Management 
 Addiction 
 Health Management 
 Medical Laboratory Science 

 
For further information contact:  
Ruth Helms 
Manager, Academic Programmes 
University of Otago, Christchurch 
Email  ruth.helms@otago.ac.nz 
 
 

 

History of the University of Otago, Christchurch 

 

mailto:ruth.helms@otago.ac.nz
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Sponsors  
This programme could not happen without the generous sponsorship from the following individuals 
and organisations: 

 Age Concern 
 Arthritis New Zealand 
 Bowel and Liver Trust 
 Brain Research New Zealand 
 Breast Cancer Foundation NZ  
 Cancer Society of New Zealand, Canterbury-West Coast Division Inc. & Cancer Society 

Ashburton, Greymouth & Malvern Groups 
 Cancer Society of New Zealand, Canterbury-West Coast Division Inc. & Cancer Society 

Diamond Harbour & Amberley Groups 
 Cancer Society of New Zealand, Canterbury-West Coast Division Inc. & Cancer Society 

Ellesmere, Cheviot & Hokitika Groups 
 Cancer Society of New Zealand, Canterbury-West Coast Division Inc. & Cancer Society 

Hurunui & Westport Groups 
 Cancer Society of New Zealand, Canterbury-West Coast Division Inc. & Cancer Society 

Rangiora & Malvern Groups 
 Canterbury Branch of the New Zealand Dental Association 
 Canterbury District Health Board – Older Person’s Mental Health Research Trust 
 Canterbury District Health Board - Department of Clinical Pharmacology 
 Canterbury District Health Board - Department of Infectious Disease 
 Canterbury Health Laboratories 
 Canterbury Healthcare for the Elderly Education Trust 
 Canterbury Medical Research Foundation 
 Canterbury Orthopaedic Service Limited 
 Canterbury Urological Research Trust 
 Centre for Postgraduate Nursing, UOC 
 Cure Kids 
 Department of Paediatrics, UOC 
 Department of Psychological Medicine, UOC 
 Department of Pathology and Biomedical Science, UOC Diabetes Training and Research 

Trust and the Diabetes Christchurch Inc Society 
 Division of Health Science 
 Estate of Maree Elizabeth Britten (via the Cancer Society of New Zealand, Canterbury-West 

Coast Division Inc.) 
 Ikram Research Fellowship 
 Lausanne University Hospital 
 Maori Indigenous Health Institute (MIHI), UOC 
 Maurice and Phyllis Paykel Trust 
 Ministry of Health - Choosing Wisely Campaign 
 National Heart Foundation  
 Nurse Maude   
 Pegasus Health (Charitable) Limited 
 The Anaesthetist's Instrument Pool Limited 
 The Carney Centre for Pharmacogenomics 
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CLINICAL 

Sensor Performance under Free-Living Conditions Comparing 
Guardian™ Sensor 3 with Capillary Glucose Monitoring 

Originally titled: Benchmarking Canterbury Type 1 diabetes outcomes to Australasian centres 

STUDENT Morgan Arnold 

 

SUPERVISOR(S)  Dr Martin de Bock 

SPONSOR University of Otago, Department of Paediatrics 

Introduction: Type 1 diabetes is common in New Zealand and increases the amount of glucose in 
the blood. Patients with type 1 diabetes need to control their blood glucose to avoid complications 
of their diabetes. Blood glucose can be difficult to reliably control as it is affected by many different 
factors and so it needs to be reliably monitored. Most people monitor their blood glucose using 
finger prick testing or flash glucose monitoring, however the data they get is intermittent. 
Continuous glucose monitoring constantly provides users with real time blood glucose values. 
Because of this it has been shown to increase control and understanding of blood glucose compared 
to those who use finger prick testing or flash glucose monitoring. 

Aim: To assess the accuracy of the Guardian 3 sensor, which is a continuous glucose monitor, using 
blood glucose as a reference point. A secondary aim was to assess sensor variability to determine 
why these sensors work better for some people than they do for others. Another secondary aim 
was to determine how long the sensors remained viable and accurate. 

Impact: (in lay terms) This will give patients more information on the devices they are using and 
allow them to make more informed decisions about which method of blood glucose monitoring will 
work best for them. The data on variability will also help Medtronic make these devices more 
accurate, safe and reliable for patients. 

Method: At Perth and Christchurch we placed up to 4 Guardian 3 sensors on 110 participants and 
asked them to take blood glucose measurements every 15 minutes for 4 hours using our blood 
glucose meters. We then sent them home and asked them to take more measurements on days 4 
and 7 of the study. On day 10 we removed the sensors and downloaded the data from the sensors 
and the blood glucose meters. We compared the sensors blood values to the meters values and 
determined how far off the sensor values were. We also recorded personal variables that they 
patients had such as their BMI and arm circumference and then looked at whether these affected 
the accuracy at all. 

Results: The results analysis has not been completed as the site in Perth has not finished all their 
40 participants. The preliminary results taken mostly from the patients in New Zealand show that 
the sensors are usually around 10% less accurate than the blood glucose meters. We hypothesized 
that this would be under 12%. For patient variability, we have seen from patient feedback and my 
observations, it appears that sensors are more accurate on the arm than on the abdomen. The 
sensors appear to stop working after 7 days. 
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Conclusion: Conclusions that we draw from the study will have to be done after all the results are 
analysed. The sensors accuracy is important in determining whether they can be used by patients 
with diabetes without confirmatory blood glucose testing. The sensor variability may have important 
implications for the guidelines provided with these sensors, as we may have a better idea of how to 
increase accuracy.  
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CLINICAL 

In Patients Taking Statin Therapy, Do Lipid Profile Measurements 
Result in Alteration of Statin Dose or Type? 

STUDENT Harrison Beadel 

 

SUPERVISOR(S)  Dr Ben Hudson, Paul Bridgford, Dr Andrew Halim 

SPONSOR Pegasus Health (Charitable) Limited 

 

Introduction: Statins lower blood cholesterol and improve blood lipid profiles. Strong evidence 
supports their use in the prevention of cardiovascular disease, and they are frequently prescribed 
in general practice. The most commonly used statin, atorvastatin, was the third most prescribed 
medicine in New Zealand in 2018.  

Lipid profile measurements are blood tests measuring the concentration of cholesterol and fats in 
the blood. Current New Zealand recommend that patients on statin therapy have lipid profile 
measurements at least annually. The role of these tests for patients established on statin therapy is 
unclear, and it is not known whether lipid testing results in alteration of statin therapy.   

Laboratory testing incurs significant costs to the health system, and to the patient tested. Patients 
need to find the time to travel and have a blood sample taken, and clinicians need to find the time 
to interpret results and to discuss them with patients. On top of this there is the financial cost of 
transporting the sample and running the test. 

There is little evidence describing how lipid tests are ordered and used in New Zealand.  

Aim: To describe patterns of community lipid testing and subsequent therapeutic alteration in 
patients established on statin therapy. 

Impact: This research shows the majority of lipid tests do not result in any change to statin therapy. 
It identifies an area for potential quality improvement, although further research is necessary to 
determine whether lipid testing has other uses in a clinical setting.   

Method: First, we identified all patients enrolled in Pegasus GP practices from 1 January 2016 to 31 
December 2017. Pegasus Health (Charitable) Limited is a large primary health organisation in 
Christchurch, with over 400,000 enrolled patients. Demographic information was collected for all 
patients including age, gender, prioritised ethnicity and deprivation quintile (2013 census). We then 
looked at dispensing data to find a cohort of all patients dispensed a statin between 1 January 2016 
and 31 June 2016. The latest dispensing date in this period was found and the type of statin and 
dose dispensed was recorded.  

We then looked at laboratory testing data to see if these patients had any lipid profile measurements 
in the 12 months following the dispensing date. Then we looked for any statin dispensing between 
1 July 2017 and 31 December 2017. The latest dispensing date in this period was found and the type 
of statin and dose dispensed was recorded. 

Using this data, we split the patients into two groups: those who had a lipid test and those who did 
not. We were then able to compare between the two groups how many patients had a change in 
the type or dose of statin dispensed.  
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Results: We identified 34,408 patients dispensed statins in the first 6 months of 2016. These 
patients had a total of 20,047 lipid tests over the 12 months following statin dispensing. 

32,943 patients were included in the analysis, with 1,465 excluded for missing data. Of these 
patients, 49.2% (n=16,199) had at least one lipid test in the 12 months following statin dispensing. 
Due to the large study population, we found significant differences between the two groups when 
comparing gender, initial statin, prioritised ethnicity and deprivation quintile. Despite this, none of 
the differences were large enough to be significant in a clinical context. 

The table below shows the number of patients who had a change to the type of statin or dose 
dispensed, and what that change was.  

23.2% of patients who had a lipid test had any change in statin therapy, compared to 18.6% of those 
who did not have a lipid test: a difference of 4.6%. The majority of this 4.6% difference is accounted 
for by the higher numbers of patients who had an increase in statin dose: an extra 5.1% of patients 
in the lipid test group increased the dose of the statin they were taking, compared to those who did 
not have a lipid test. 

Conclusion: Lipid testing results in a minor increase in changes to statin therapy, particularly 
increases in statin dose. However, the difference of only 4.6% suggests that on average 22 patients 
taking statins need to have a lipid test in order for one extra patient to have any change to statin 
therapy. 

Lipid tests may have other uses, for example checking drug adherence, showing patients the effect 
lifestyle changes have on their lipid profiles, and subsequently estimating the reduction in their 
cardiovascular disease risk. It is unclear whether lipid tests are being used for this purpose, and we 
are ordering a lot of tests. 

We found 20,047 lipid tests ordered in the 12 months following initial statin dispensing. The best 
estimate we could find costed a lipid test at $9.51, bringing the total cost to around $190,000. If we 
estimate that 20 minutes of patient time is required to have a blood sample drawn, and 10 minutes 
of clinician time to interpret and discuss results, that’s just over 10,000 hours of time spent.   

Further research could explore the reasons why clinicians order these tests and how test results are 
used clinically. There is potential to improve targeted use of testing and hence reduce the associated 
costs.  
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CLINICAL 

Epidemiology of Interstitial Lung Disease Associated with Connective 
Tissue Disease in Canterbury  

STUDENT Danielle Bucknall 

 

SUPERVISOR(S)  Dr Adrienne Edwards, Professor Lisa Stamp, Professor 
Eric Matteson 

SPONSOR Arthritis New Zealand 

 

Introduction: Rheumatoid arthritis (RA) is a systemic autoimmune disease which affects 
approximately 3.6% of the adult New Zealand population.  It is characterized by inflammation and 
destruction of the joints, and can also cause damage to other organs, such as the lungs.  Interstitial 
lung disease (ILD) is an important manifestation of rheumatoid arthritis, and results in inflammation 
and fibrosis of the lung parenchyma, and is associated with an up to three-fold increased risk of 
premature death compared to patients with RA who do not have RA. 

A study from the United States estimated the prevalence of RA-ILD to range from 3.2 to 6.0 cases 
per 100,000 people across a 10-year period.  The prevalence of RA-ILD is unknown in New Zealand, 
and there are no are also no epidemiological data on the prevalence of RA-ILD in Maori or Pacific 
Islanders specifically.  

Aim:  The aim of this study is to identify all rheumatoid arthritis patients with radiological evidence 
of ILD in Canterbury and to determine the point prevalence of RA-ILD in 2006.  

Impact:  Despite ILD being a leading cause of death in patients with RA, no epidemiological data 
exists on the condition in New Zealand.  This study will determine the prevalence and mortality of 
the disease in Canterbury.  

Method:  As New Zealand lacks an outpatient disease coding system, potential cases of RA-ILD in 
2006 were identified from three sources: 1) Rheumatology outpatient clinic letters were 
electronically searched using the key word “rheumatoid arthritis” (n=162); 2) the Canterbury 
radiology database was searched for patients who had a chest radiograph, or chest or abdominal 
computed tomography (CT) with ILD or like descriptions commented on in the radiology report, and 
then those individuals who had ever visited respiratory or rheumatology clinics were identified 
(n=613); 3) patients with hospital discharge codes for ILD or similar respiratory illness (n=113). 
Medical records of these identified potential cases were reviewed to confirm a diagnosis of RA-ILD. 
For confirmed cases (n=26) detailed information on RA-ILD diagnosis, treatment and outcomes was 
collected until the census date of 31/12/2018. This was then repeated screening potential cases from 
2007 (n=633), resulting in identification of three new incident RA-ILD cases. An online case report 
form was created for data entry and data was managed and analysed using Microsoft Excel.  

To calculate the point prevalence of RA-ILD, 2006 census population information for the Canterbury 
DHB region was used.  

The prevalence of RA was estimated using data from the Arthritis New Zealand “2010 Economic Cost 
of Arthritis in New Zealand” Report.  The prevalence rates in this report were based upon the 2002-
2003 New Zealand Health Survey.  This data was then used to estimate the prevalence of RA-ILD 
within Canterbury patients with RA. Kaplan Meier curves were generated to show survival from the 
time of RA-ILD diagnosis until 31/12/2018. 
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Results:  From the 1521 records screened a total of 29 patients with RA-ILD were identified, of which 
26 were prevalent cases in 2006 and three were cases incident in 2007.  The majority were female 
(65.5%) and of New Zealand European ethnicity (97%).  Only one person (3%) identified as Maori.  
The mean (SD) age at RA-ILD diagnosis was 70.7 years (±7.7).  Most (n=17, 65.5%) were never 
smokers.  Of the 16 patients for whom previous occupations and exposures were documented, 
eight worked in professions known to have exposures which can damage the lungs, and seven had 
previous asbestos exposure.  A total of 11 patients (37.9%) required home oxygen use at the end 
stages of their disease and as of 31/12/2018, 25 of the 29 (86%) had died. 

By ILD subtype, there were 21 cases of usual interstitial pneumonia (UIP), five cases of non-specific 
interstitial pneumonia (NSIP), one case of lymphocytic interstitial pneumonia (LIP) and two cases 
with uncharacterized patterns of interstitial pneumonia. Clinical details of the patients with NSIP 
and UIP subtypes are outlined in table 1. 

Table 1: Characteristics of 29 Patients with RA-ILD in 2006/2007 

Pulmonary function tests showed the most dramatic decline in total lung capacity (TLC) and diffusing 
capacity (DLCO), with median predicted values dropping by 84% to 70% and 56% to 37% respectively. 
Forced vital capacity (FVC) and forced expiratory volume in one second (FEV1) showed smaller 
changes in predicted values of 5% and 6% respectively. The mean time (±SD) between initial and 
follow-up PFTs was 4.7 years (±3.7). 

The point prevalence of RA-ILD for 2006 was estimated to be 5.4 per 100,000 population. While 
65.5% of the sample was female, the highest prevalence of RA-ILD by age and sex was in 65-74 year 
old males, with a prevalence of 38.1 per 100,000 population. The prevalence rate of ILD among 
patients with RA was estimated to be 180 per 100,000 population.  The overall 5 year survival rate 
was 58% (figure 1). UIP did not have a significantly worse survival than NSIP.  

Conclusion: Point prevalence rates of RA-ILD in 
the total population of Canterbury are in 
keeping with other estimates around the world, 
although the prevalence of ILD among patients 
with RA is lower than expected. This could be 
due to an overestimation of number of patients 
with RA in Canterbury rather than an 
underestimation of ILD. Survivorship was poor; 
nearly 40% were dead by 5 years, and 80% by 10 
years. Unlike reports from other populations, 
survival in UIP and NSIP was similar. This may 
be due to the small sample size of NSIP 
patients, and contributed to by an outlier of 17 years survival in the UIP group. More research is 
needed to determine the risk of ILD amongst patients with RA, and to further examine factors 
related to prognosis between UIP, NSIP and other patterns of RA-ILD in New Zealand.  

Figure 1: Survival of 26 Patients with RA-ILD in 2006 
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LABORATORY 

Local and Systemic Effects of Obesity on Breast Cancer 
STUDENT Devon Bull 

 

SUPERVISOR(S)  Dr Elisabeth Phillips, A/Prof Margaret Currie, Dr 
Matthew Strother  

SPONSOR Breast Cancer Foundation NZ 

Introduction: Breast cancer is the most common cancer type to affect New Zealand women, with 
thousands diagnosed yearly. Obesity has been found to increase the risk of poor prognosis in breast 
cancer patients, therefore making it important to look into the potential reasons why this is.  
Breast tissue is rich in adipocytes (fat cells). When breast cancer cell and fat cells grow in the same 
environment, they have been shown to have altered cellular functions. Examples of such changes 
include; pro-inflammatory cytokines being released from fat cells and increased cell proliferation 
and invasion of the breast cancer cells. These changes may lead to faster cancer progression. 
Previous research conducted by the Mackenzie Cancer Research Group, found that when fat cells 
and breast cancer cells were grown together, there was a release of osteopontin (OPN), an 
inflammatory cytokine, from the fat cells into the media. OPN is known to increase the capability of 
breast cancer cells to move and invade. Additionally, an increase in the protein Phosphoglycerate 
Kinase 1 (PGK1) expression was shown in the breast cancer cells after culture with fat. PGK1 is a 
member of glucose metabolism, regulated by hypoxia-inducible factor 1 (HIF1), and increases 
cancer cell proliferation. Large numbers of cancer associated adipocytes found in obese patients 
may elevate PGK1 levels in the cancer cells, which may be driven by molecules secreted from the fat 
cells. We aimed to explore factors which increase PGK1.   

Aim: Our main aim was to modulate the tumor microenvironment (TME) of 9 breast cancer cell lines 
to observe a change in PGK1 expression. The TME was altered with two treatment types; addition 
of recombinant OPN to mimic an obese fatty environment, and separately, the addition of Cobalt 
Chloride (CoCl2) to mimic the hypoxia (low oxygen) of the TME. We hypothesized that recombinant 
OPN and CoCl2 would up regulate PGK1 expression.  

Impact: This research used a large panel of breast cell lines to study all breast cancer subtypes, and 
this has allowed us to better understand the ways in which fat, and therefore, obesity, can impact 
breast cancer cell metabolism. This research has contributed to furthering the understanding of 
what contributes to poorer outcomes in breast cancer patients and may lead to development of 
new or improved treatment regimes.  

Method: This investigation used 9 different breast cancer cell lines that were either, estrogen 
receptor positive (ER+); MCF-7 and T47D, human epidermal growth factor receptor 2 overexpressing 
(HER2+); HCC1954 and SKBr3, or Triple Negative Breast Cancer (TNBC); MDA-MB-231, MDA-MB-468, 
BT-20, HCC38 and HCC70, as well as a non-cancerous human fibroblast control. A mycoplasma PCR 
test was also carried out to check for infection 
of all the cell lines used, all cells were negative. 
The cell lines were grown individually, in vitro. 
Recombinant OPN at 4ng/mL was added to 
mimic the concentration that was released 
from fat cells in the transwell co-culture 
system. CoCl2 was used to mimic hypoxia (low 
oxygen) often seen in tumors. Protein from the 
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cell lines was then extracted and analysed by Western blots to determine how much PGK1 was 
expressed after each treatment.  

Results: Many, but not all, CoCl2 treated breast cancer cell lines showed an increase of HIF1α. SKBr3 
(HER2+) showed a very large increase in HIF1α expression after treatment, but a decrease in PGK1 
was seen. Apart from the decrease seen in SKBr3, PGK1 expression increased or remained the same, 
in all CoCl2 treated cell lines, with all triple negative breast cell lines displaying a marked increase. 

 

 

 

 

 

 

 

Three cell lines (T47D, HCC38, HCC70) showed increased PGK1 expression after recombinant OPN 
treatment, however, decreases and no change in protein levels were also observed. 

 

 

 

 

 

 

 

Conclusion: The study showed that treatment with CoCl2 (hypoxia/low oxygen) can modulate breast 
cancer cell lines to achieve an increase in PGK1 expression in multiple cell lines. It showed that an 
increase in HIF1 can correlate to an increase in PGK1 expression, however, in the case of SKBr3, HIF1 
may not have a strong regulatory impact on PGK1. The studies showed that treatment with 
recombinant OPN does not definitively increase PGK1 expression among the breast cancer cell line 
panel as a whole, and the ability of OPN treatment to change PGK1 expression is likely to be cell line 
dependent. Additionally, OPN is one of several hundred factors that the Mackenzie Cancer Research 
Group have found to be released by fat cells after growing them with breast cancer cells; so, other 
factors may be involved in increasing PGK1 expression and cancer progression.   
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CLINICAL 

Long Term Complications of Surgery and Radiotherapy for Prostate 
Cancer 

STUDENT Brennan Carne 
 

 

SUPERVISOR(S)  Dr Sharon English 
 

SPONSOR Cancer Society of New Zealand Canterbury/West Coast 
Division & Cancer Society Ashburton, Greymouth & 
Malvern Groups 

Introduction: Localised prostate cancer may be treated with either radiotherapy or surgery (radical 
prostatectomy). Both of these treatments have complications that may occur immediately 
afterwards, or over the rest of the patient’s lifetime. These complications include urethral strictures, 
incontinence, haematuria, bowel bleeding and secondary cancers. There has been little research 
done on complications that affect patients quality of life at 10–20 years after treatment. One study 
found that patients who received radiotherapy had higher incidence of complications for hospital 
admissions, rectal or anal procedures, open surgical procedures and secondary malignancies at 5 
years than those who underwent surgery.  

Aim: To assess complications that have occurred 10-20 years after curative treatment for localized 
prostate cancer, and to assess the effect on quality of life. 

Impact: This research will add to the little current data on long-term complications of curative 
prostate cancer treatment. It will allow oncologists and urologists to give patients more information 
about their proposed treatment and may help in the decision to treat process. 

Method: The Urology Prostate Cancer Database was used to identify patients that underwent 
curative treatment (either external beam radiotherapy, or radical prostatectomy) for prostate 
cancer more than 10 years ago. The Health Connect South electronic medical records of patients 
were reviewed. Patients were excluded if they had received both radical prostatectomy and 
radiotherapy to the prostate. Hospital admissions, procedures and operations related to 
complications from treatment were recorded. Other information, including presence of urinary 
incontinence and erectile dysfunction, was also recorded. Some patients from each group were 
consented to complete a quality of life (QoL) questionnaire (‘EPIC’) asking questions about current 
bladder, bowel, sexual and hormonal function. 

Results: Data was collected from 253 patients. 20 patients were excluded, giving a cohort of 233 
patients.  

The table below shows the % of each group who had a hospital admission or surgery/procedure: 

 Any 
admission 

Urinary 
admission 

Bowel 
admission 

Any surgery/ 
procedure 

Urinary 
surgery/ 
procedure 

Bowel 
surgery/ 
procedure 

Secondary 
cancer  (pelvic 
organ) 

RT 
(n=115) 

33.0% 21.7% 17.4% 47.8% 27.8% 30.4% 7.8% 

RP 
(n=118) 

31.4% 20.3% 13.6% 44.9% 28.8% 24.6% 0% 
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As shown above, the admission rate and surgery/procedure rates are similar between the RT and 
RP groups, with the RT having a slightly higher rate of bowel-related admissions and bowel-related 
surgery/procedures than the RP group. However, after statistical analysis, none of these differences 
are significant.  

7.8% of those who received RT developed a secondary cancer in a pelvic organ, compared to 0% of 
those who underwent RP. This difference was found to be highly statistically significant. 

The below table shows the median number (range) of hospital admissions for those in each group 
who did have at least one admission: 

 Urinary Bowel 
RT (n=38) 1 (0-16) 1 (0-4) 
RP (n=37) 1 (0-6) 0 (0-7) 

The three most common urinary-related hospital admissions were urinary retention, blood in the 
urine, and blood infection via urinary system. The three most common bowel-related hospital 
admissions were bowel obstruction, bowel bleeding, and abdominal pain. 

The mean summary scores from the EPIC quality of life questionnaire are shown below: 

 

Those who underwent RP had better reported QoL than those who received RT. After statistical 
analysis, only the ‘bowel’ and ‘hormonal’ domains showed a significant difference between the 
groups (denoted by asterisks). 

Conclusion: Those who received RT as treatment for localized prostate cancer had a significantly 
higher long-term rate of developing a secondary cancer than those who underwent RP. In addition, 
those who received RT may have a higher long-term rate of bowel-related hospital admissions and 
bowel-related surgery/procedures than those who underwent RP. Those who underwent RP 
reported higher QoL scores than those who received RT, particularly for the ‘bowel’ and ‘hormonal’ 
domains. These findings may be useful to clinicians in discussing these two treatments with patients, 
particularly regarding long-term complications and QoL. 
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LABORATORY 

Spitting the Dummy to Fight Cancer  
STUDENT Isabelle Chai 

 

SUPERVISOR(S)  Dr Vanessa Lattimore, Dr Logan Walker 

SPONSOR Cancer Society of New Zealand, Canterbury-West Coast 
Division Inc. & Cancer Society Rangiora & Malvern 
Groups 

 

Introduction: Genetic testing involves examining an individual's DNA in order to identify genetic 
variation that may predispose or confer a level of susceptibility to particular illnesses. Genetic testing 
is now widely used in a predictive manner to determine the risk of patients with a family history of 
breast and/or ovarian cancer. Early detection of pathogenic variants gives clinicians the opportunity 
to implement surveillance of the patient, or more direct intervention strategies such as prophylactic 
surgery.  

The use of needles to acquire blood samples is the primary method used to obtain high quality 
genetic material from patients for laboratory assays. However, it is a relatively invasive method and 
patients with small or damaged veins may experience greater difficulty providing a sample, while 
some patients are restricted by limited access to a clinic or trained phlebotomist. 

The use of saliva as a mode of genetic sampling has been increasing. Saliva presents a more ideal 
mode of collection for these tests because it is an easy and non-invasive method of collecting genetic 
material.  

BRCA1 is a tumour suppressor gene that has been established in many previous studies to be linked 
to familial breast and ovarian cancer. Certain genetic variants within BRCA1 have been associated 
with an increased risk of breast and ovarian cancers variants as they interfere with normal mRNA 
splicing, a fundamental process that occurs during the transcription of DNA.  Intronic regions (non-
coding) of a gene are removed and the exons (coding regions) are either ligated together or spliced 
out to create various mRNA isoforms. Interference of the splicing process could lead to aberrant 
isoform transcripts and result in an altered BRCA1 protein, thus impairing its function.  

Currently, blood is regularly used for the analysis of RNA in splicing assays, but the use of saliva has 
yet to be explored.  

Aim: To determine if saliva is a feasible sampling alternative to blood by comparing BRCA1 splicing 
patterns using PCR based methods.  

Impact: Taking a saliva sample is far less invasive and much more straightforward than taking 
blood. Establishing a protocol for carrying out splicing assays on RNA extracted from saliva would 
eliminate the requirement of breast cancer patients having to face another needle to undergo 
genetic screening. The ability to extract sufficient quantities of high quality RNA from saliva would 
also reduce the barriers to performing other types of genetic assays which require RNA from 
patients.  

Method: Blood and saliva samples were obtained from three women recruited to the NZ Familial 
Breast Cancer Study who are known to carry spliceogenic variants in the cancer susceptibility gene, 
BRCA1. Blood and saliva samples were also collected from four non-carrier controls. RNA was 
extracted from blood and saliva samples using PaxGene Blood RNA tubes and Oragene RNA Saliva 
kits, respectively. Extracted RNA from all samples was quantified and reversed transcribed into 



SUMMER STUDENTSHIP PROGRAMME 2018-2019 | UNIVERSITY OF OTAGO, CHRISTCHURCH 

18 

cDNA using the SuperScript III First Strand Synthesis System. To examine the various splicing 
patterns in different samples, synthesised cDNA was used in PCR with primers designed to amplify 
regions affected by spliceogenic variants. The bands were visualised via gel-electrophoresis.  

Results: Quality control of the RNA extracted from blood and saliva revealed that saliva had a much 
lower quality when compared to RNA extracted from blood, suggesting a greater level of 
degradation. To accommodate this, PCR was optimised by increasing the number of PCR cycles so 
mRNA isoforms from saliva RNA could be observed and compared between samples. While the RNA 
extracted from blood samples performed consistently when replicated across multiple PCR runs, 
the RNA extracted from saliva was inconsistent across repeated experimental runs. BRCA1 RNA was 
detected relatively consistently in half of the control saliva samples which suggests that protocol 
optimisation has thus far managed to handle the lower quality of RNA from saliva samples. Further 
work is required to determine if results from repeated assays can be consistent and reliable when 
using RNA extracted from saliva. 

Conclusion: The preliminary results from this study suggest that RNA extracted from blood is more 
reliable for use in splicing assays when compared to RNA extracted from saliva. However, further 
optimisation of the PCR protocol may be sufficient to allow for the use of saliva RNA for splicing 
assays in the future.  

  



SUMMER STUDENTSHIP PROGRAMME 2018-2019 | UNIVERSITY OF OTAGO, CHRISTCHURCH 

19 

LABORATORY 

Direct RNA Analysis on a Nanopore Sequencing Device  
STUDENT Jessie Chang 

 
SUPERVISOR(S)  Dr Simone Cree, Associate Professor Logan Walker, Ms 

Allison Miller, Associate Professor John Pearson, Dr 
Vanessa Lattimore, Professor Martin Kennedy 

SPONSOR Canterbury Medical Research Foundation 

Introduction: Ribonucleic Acid (RNA) is a fundamental part of the central dogma of molecular 
biology – DNA transcribed into RNA and therefore enabling proteins to form through translation. 
RNA undergoes splicing to form the proteins in the human body, which may contribute to disease 
onset if aberrant splicing occurs during this process. Therefore, studying RNA in depth allows the 
recognition of these processes and helps identify gene expression levels. Direct RNA sequencing is 
a novel technology which is a method to visualize the individual components of the genetic material, 
which are called ‘bases’. Traditionally, RNA sequencing was carried out by converting RNA back into 
DNA and sequencing the product via a DNA sequencer. Direct RNA sequencing was made possible 
through the advent of nanopore sequencing by Oxford Nanopore Technologies (UK) in 2014 
whereby individual molecules of DNA or RNA are sequenced in real time. This information is useful 
in diagnostics, developing new therapies, and improving current medical research practice. Previous 
research has shown that poorly expressed genes such as the breast and ovarian cancer risk gene 
BRCA1, are difficult to visualize even with the direct RNA sequencing. Therefore, we sought to explore 
this technology to detect and improve the visibility of poorly expressed genes including BRCA1 and 
alleviate the difficulty in visualizing these transcripts.  

Aim: To develop and test a novel method to increase the number of copies of RNA transcripts of 
interest using the direct RNA sequencing function of the Oxford Nanopore GridION, and to utilise a 
novel bioinformatic tool associated with long read nanopore sequencing (FLAIR). 

 Impact: The impact of this project is that we are exploring a novel, cutting-edge direct RNA 
sequencing technology, and developing methods that may be of value for clinical or biomedical 
purposes. This technology has huge potential to be used in many fields of research and we predict 
that it may be applied to improve the ability to detect certain isoforms of long and poorly expressed 
genes such as BRCA1. This may allow a more efficient system of classifying Variants of Uncertain 
Significance (VUS), which are the gene variants unable to be classified into pathogenic or benign 
variant categories involved in determining the risk of hereditary breast and ovarian cancers.  

Method: A human cell line was grown in prepared media, which were fed every 2-3 days. The total 
RNA was extracted from the cells and was analysed on the Oxford Nanopore GridION to create a 
reference dataset used for a baseline comparison for the enrichment technique.  

RNA from selected genes was enriched through a novel technique, which was intended to produce 
many copies of the existing RNA in the sample in order to enable an improved visualisation. The 
enriched RNA was then sequenced on the Oxford Nanopore GridION to compare with the first 
dataset.  

The sequencing data was processed via bioinformatic tools such as Minimap2 and Samtools. The 
genes of interest were quantified by another tool named ‘FLAIR’ (UC Santa Cruz, USA) on a Linux 
operating system.  
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Results: The results showed that 6 out of 10 genes of interest were successfully enriched using this 
strategy (Figure 1). These successful genes were GAPDH, RAD51C, NBN, ACTG1, STK11 and BARD1. In 
contrast, the unsuccessful genes were MNAT1, CHEK2, EEF1A1 and BRCA1. Most genes in the 
successful group had high to moderate expression levels (4/6), with short to long transcript lengths. 
An interesting observation revealed that while some genes with higher expression and shorter 
transcript length failed to enrich, the genes with poorer expression level and longer transcript length 
were able to be enriched. This result may be due to the use of the same annealing temperatures for 
all 10 primers during the Polymerase Chain Reaction (PCR), which may not be an optimal 
temperature for all 10 genes.  

 

Figure 1. The comparision of transcripts per million of the 10 genes of interest (GAPDH, RAD51C, 
NBN, ACTG1, BARD1, STK11, MNAT1, BRCA1, EEF1A1, CHEK2) between the reference dataset and the 
enrichment dataset.  

Conclusion: The enrichment strategy revealed to work for 60% of the genes studied in this project. 
While it is still premature to be used as a part of other research, this method has the potential to be 
optimized in the future. Expression level appeared to have a greater contribution to a successful 
enrichment outcome, compared to the factor of transcript length. The optimized method may be 
important for use in the wider laboratory and clinical settings – e.g. for classifying Variants of 
Uncertain Significance of genes involved in hereditary breast and ovarian cancers, and within 
diagnostics for visualizing the RNA transcripts of other poorly expressed genes.  
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CLINICAL 

Diverticulitis – A Retrospective Analysis of Incidence and 
Demographics in Christchurch Hospital  

STUDENT William Currie 

 

SUPERVISOR(S)  Dr Rachel Purcell and Professor Frank Frizelle 

SPONSOR Bowel and Liver Trust 

 

Introduction: Diverticulitis is a gastrointestinal disease in which diverticula, abnormal mucosal 
outpouchings of the intestine, become inflamed. It is extremely common in Western countries, 
and its incidence is thought to be increasing. In New Zealand, the number of admissions to public 
hospitals for acute diverticulitis increased from 1443 in the year 2000 to 2701 in the year 2011. In 
Christchurch there is at least one case a day admitted to hospital, and it accounts for 
approximately one-third of acute surgical admissions.  

The significant prevalence of this disease, along with the various investigations and interventions 
necessary to diagnose and treat it, suggest a significant burden of cost to the healthcare system. In 
the year 2000, it was estimated that the cost of diverticular disease was $USD 2.4 billion in the US, 
making it one of the top five costliest gastrointestinal conditions. 

Aims: Our study aims to investigate the demographics and clinical characteristics of patients 
admitted with diverticulitis to Christchurch hospital over a 5-year period, and estimate the 
economic impact of the disease. This estimate of cost burden is the most essential aspect of the 
study, as little has been done to investigate this for the New Zealand health system. 

Method: In order to do this, we needed to assemble a list of all patients admitted for acute 
diverticulitis for the first time in 2012 to Christchurch hospital. With the help of the CDHB IT 
department, a broad list of clinical codes was made, as there are many different codes under the 
umbrella of acute diverticulitis, and miscodings under codes for diverticulosis are often made by 
clinicians. These codes were then run through the IT department’s software to find all patients 
assigned that code for the first time in 2012. This gave us a list of 311 patients.  

Using the patients NHI numbers, and access to the Health Connect South records database, I went 
through and confirmed which patients actually had a first-time admission of acute diverticulitis in 
2012, narrowing the list of patients down to 189. At the same time, I recorded relevant event and 
patient information, including date of birth, date/time of admission and discharge, whether the 
patient underwent CT, whether they had a colonoscopy, what their inpatient and outpatient 
treatments were, and their smoking status. I then searched through their medical records for the 
next five years, recording any further diverticulitis admissions in this time, along with relevant 
information. All data was recorded in anonymous format. 

Results: Of the 189 patients that were in our final cohort, 103 were female and 86 were male. The 
average age was 61, with the average age for females being 63, while that for males was 60. The 
average length of hospital stay time for each admission was as follows: first admission 4.4 days, 
second admission 3.6 days, third admission 4.2 days, fourth admission 4.8 days, fifth admission 
1.9 days.  
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The proportion of patients who were readmitted over the 5 year follow-up has been displayed in a 
flowchart here. We can see that over a third of the original 189 patients had at least one 
readmission to the hospital. It can also be seen that quite a few patients had more than just one 
admission, with 3 of the cohort being readmitted 4 times for diverticulitis over the 5 years. 

Of the 189 total cases, 27 of them were recorded as having positive smoking status. We still need 
to analyse how this impacted likelihood of readmission. 

While further analysis still needs to be done, the vast majority of patients received an abdominal 
CT on admission, a colonoscopy on follow-up, and were treated conservatively with antibiotics. 
Fourteen patients had emergency surgery with a Hartmann’s procedure (removal of the end of the 
colon). 

Conclusion: The frequency of readmission, along with the lengthy average hospital stay times, 
already suggests this condition had a significant cost burden. Going forward from this point, a full 
list of patients has been sent to the CDHB IT department for cost analysis through event ID. Once 
costs have been confirmed, a full estimate of the burden of acute diverticulitis on the Christchurch 
hospital will be carried out. 

Further analysis will also be done on patient characteristics to see how this might impact 
treatment choice, cost of their treatment, and likelihood of readmission. 
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LABORATORY 

The Great Garden Glove Swap: A Survey of Gardener’s Gloves for the 
Presence of Legionella longbeachae. 

STUDENT Krista Dawson 

 

SUPERVISOR(S)  Dr Sandy Slow, Professor Stephen Chambers and 
Professor David Murdoch. 

SPONSOR Canterbury Medical Research Foundation. 

 

Introduction: In New Zealand, Legionella longbeachae is the leading cause of Legionnaires disease, 
a severe form of pneumonia, that often results in hospitalisation and an intensive course of 
treatment. Every year, during the spring and summer months’ cases of Legionnaires disease caused 
by L. longbeachae infection are seen to increase. The infection is acquired solely from environmental 
sources following the exposure to contaminated materials, particularly following the use of compost 
and potting mix, where high heat and moisture levels during composting are thought to allow for 
the rapid multiplication of the bacteria. The current advice given to gardeners to protect themselves 
from L. longbeachae infection is to wear protective equipment whilst gardening such as gloves and 
a mask. However, in recent experimental studies under laboratory conditions, we have found that 
L. longbeachae can persist on the surface of some gardening gloves for several days. However, we 
don’t know how common it is for gardeners to have L. longbeachae on their gloves in the “real world”.  

Aim: To determine if L. longbeachae can be found on gloves following usual gardening activities and 
to assess whether individual gardening habits influence its presence.  

Impact: If we do find that garden gloves can harbour L. longbeachae we could provide advice to 
gardeners on glove usage, cleaning and storage to help minimise their exposure to L. longbeachae, 
and reduce the risk of infection.  

Methods: 67 pairs of recently used garden gloves were collected from participants within the 
Canterbury region. Along with sending in their garden gloves after use, participants were also 
required to complete a short survey relating to their gardening habits. In the laboratory, the surface 
of each pair of gloves and the bags they were collected in were swabbed. The swab was suspended 
in 500 μL of UltraPure water and the solution was tested for the presence of L. longbeachae. An 
aliquot of each glove and bag solution was cultured on Buffered Charcoal Yeast agar (BCYE) and 
Glycine Vancomycin Polymyxin Cycloheximide (GVPC) plates for the selective isolation of Legionella 
spp. and incubated at 36°C for 3-5 days. DNA from an aliquot of each sample was also extracted 
using a GenElute™ Bacterial Genomic DNA Kit and tested for the presence of L. longbeachae using a 
standard TaqMan qPCR on an Applied Biosystems 7500 real-time PCR machine.  

Results: Legionella longbeachae DNA was detected on 16.4% of the 67 glove and bag pairs tested. 
From these samples, 73% of the DNA detected was found on either the glove alone or on both the 
glove and the bag. However, for the remaining 27% of samples L. longbeachae DNA was detected on 
the bag only, suggesting the bacteria can be easily dislodged from the glove surface. 

By surveying the community about their gardening habits, we found that only 43% of participants 
washed their gloves after regular use, 31% of participants ensured their gloves were completely dry 
before storing and only 40% of participants replaced their gloves more than once per year. However, 
when we combined the survey data with the qPCR data we found there was no association between 
the cleanliness, aridity or condition of the gloves as L. longbeachae DNA was detected on gloves that 
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were said to be frequently washed and dried following use. We also found no association between 
the types of material the gloves were made from and the presence of L. longbeachae, with DNA being 
detected on leather, cotton and rubber varieties. Furthermore, using culture based methods, we 
were unable to isolate an environmental sample of L. longbeachae due to the rapid overgrowth of 
other soil microorganisms within the sample. The fastidious nature of L. longbeachae also made it 
difficult to culture, with all bacterial growth becoming inhibited by fungal contaminants after several 
days despite the use of GVPC fungal inhibitors in the media.  

Conclusions: We found that it is reasonably common for Legionella longbeachae to be present on 
the surface of gardening gloves following usual gardening activities. From this, we can conclude that 
it is common for gardeners to be exposed to L. longbeachae within the environment. However, when 
we compare the proportion of those exposed with the number of Legionnaires’ disease cases that 
present each year it would suggest that the risk of infection is relatively low and that a combination 
of factors such as, a weakened immune system is necessary for an infection to occur. Leather, 
rubber and cotton varieties of gloves all have the potential to harbour L. longbeachae, which can 
become easily dislodged from the surface of the glove. Therefore, we can suggest that knocking the 
surface of gloves together to remove dried debris should be avoided as a cleaning method, as this 
is one way the bacteria could become aerosolised. However, L. longbeachae contamination on 
gardening gloves is sporadic and is more likely to be dependent on the products used rather than 
the glove itself. Therefore, whilst the most practicable way to prevent L. longbeachae contamination 
on the surface of gardening gloves still needs to be investigated, it is important to recognise that 
gardening gloves are a potential infective source for L. longbeachae and should be treated as so, to 
minimise the risk of infection.  
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CLINICAL 

Role of Cardiac Troponin T on Heart Function Using an Ex Vivo Isolated 
Rat Heart Model 

STUDENT Cassian Duthie 

 

SUPERVISOR(S)  Dr Sarah Appleby and Associate Professor Chris 
Pemberton 

SPONSOR Ikram Research Fellowship 

Introduction: The troponins (C, I and T) are a group of regulatory proteins found in skeletal and 
heart muscle fibers that are involved in muscular contraction. Cardiac troponins, such as cardiac 
troponin T (cTnT) are released into the circulation when a myocardial infarction (MI), i.e. a heart 
attack has occurred. Serum troponin (TnT and TnI) is the gold standard marker of myocardial injury 
and is used for the diagnosis of a heart attack; with a troponin level above 14ng/L indicative of 
cardiac damage. Historically, it was thought that measurable amounts of cTnT were only detectable 
following the event of an MI, although it has been known for some time that cTnT exists in cytosolic 
pools in cardiomyocytes which could possibly be released into the circulation under non-heart 
attack related conditions. Recent advances in high-sensitivity troponin assays make this observation 
more apparent, as it is now possible to detect concentrations as low as 3ng/L in the blood. 
Furthermore, it has become clear that 40–60% of an otherwise healthy population carries 
measurable amounts of troponin T in their blood with an average concentration of 6ng/L. Thus, a 
fundamental question that has not been addressed is: does circulating cTnT have biological actions 
upon the heart?  

Aim: To investigate the role of cardiac rat troponin T on heart function using an ex vivo isolated rat 
heart model. 

Impact: As yet, there have been no previous reports on the bioactivity of cTnT in an ex vivo isolated 
rat heart attack model. Therefore, this study has gathered important scientific data to provide the 
first evidence of this and begins to answer the question as to why the healthy population have 
measurable circulating amounts of cTnT.  

Method: Male Sprague-Dawley rats, weighing approximately 330–460gms, obtained from the 
Christchurch Animal Research Facility, University of Otago, Christchurch, were used for the 
experiment. Animal welfare training was completed prior to any handling and experimentation. 
Using an ex vivo isolated rat heart model, a method already established in the Christchurch Heart 
Institute, recombinant cTnT was administered directly into the rat heart. Firstly, rats were 
anaesthetised with Sodium Pentobarbital (60mg/kg) before their hearts were rapidly excised and 
mounted onto a Langendorff apparatus. After the hearts were mounted, they were allowed to 
stabilise for 30 minutes before the experimental protocol commenced. Hearts were randomly 
assigned to either a control group, where they were administered only perfusion buffer (Krebs-
Henseleit solution) or to the cTnT treatment group. For the treatment group, recombinant cTnT was 
diluted to 30 ng/L in perfusion buffer and administered directly into the heart via a perfusion line 
using a syringe pump. Following stabilisation, hearts were perfused for 30 minutes based on the 
group they were assigned (baseline period), MI was then induced via 40 minutes of total coronary 
flow occlusion, followed by 60-minute reperfusion (ischaemia/reperfusion). cTnT was perfused for 
30 minutes either prior to ischaemia (pre-ischaemia) or starting at the time of reperfusion (post-
ischaemia) in the treatment groups. Measures of cardiac function including contractility, left 
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ventricular pressures and coronary flow were made throughout the experiment and data was 
normalised to the baseline period. 

 Results: In total, 26 ischaemia/reperfusion experiments 
were performed, with 12 hearts being excluded from the 
analysis as they did not regain function after being excised, 
with most being lost to fibrillation and/or ischaemia. One 
heart was excluded as it did not recover from the ischaemia 
period of the experiment. This left 13 hearts included in the 
final analysis which consisted of the following groups: 
control (n=6), cTnT pre-ischaemia (n=4) and cTnT post-
ischaemia (n=3). 

 

As shown in Figure 1a, there is a difference in developed 
pressure between the three groups during the reperfusion 
phase (minutes 70-130). The developed pressure in hearts 
where cTnT was given prior to ischaemia was approximately 
15% greater than that of the control hearts. However, if cTnT 
was given post-ischaemia the developed pressure 
decreased by approximately 5% compared to the control 
hearts. Figure 1b shows that the perfusion pressure 
increased during reperfusion for the post-ischaemia cTnT 
group compared to the control, whereas no difference was 
observed between the control group and when cTnT was 
administered prior to ischaemia.  

 

 

Conclusion: The data suggests that administering cTnT 
either pre or post ischaemia may affect multiple variables that define heart function. If given prior 
to ischaemia, cTnT appeared to have a protective role by improving the developed pressure, 
however, if cTnT was administered following ischaemia, it had a more deleterious role and slightly 
decreased the developed pressure. This again was shown with the perfusion pressure, where it 
increased in the post-ischaemia group but there was no difference from the control in the pre-
ischaemia group. This preliminary result needs to be followed up in a larger sample set and 
furthermore, as only one dose of cTnT (30ng/L) was administered during the experiment, dose-
response experiments must be completed.   

 

  

Figures 1a and 1b illustrate changes from the 
baseline period (first 30 minutes) in developed 
pressure and perfusion pressure respectively 
over time if troponin T (diluted in buffer), is 
infused before ischaemia (orange line) or after 
ischaemia (grey line) compared with the control 
buffer alone (blue line). 

Figure 1b 

Figure 1a 
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COMMUNITY 

A Sleep in the Classroom: Are Current Education Guidelines on Sleep 
Health Adequate and Effective for Educators and Intermediate 
Students 

STUDENT Kate Ford 

 

SUPERVISOR(S)  Dr Paul Kelly, Rebecca Williamson, Dr Michael Hlavac 

SPONSOR University of Otago, Christchurch- Division of Health 
Sciences 

 

Introduction: The foundations of good health include a healthy diet, regular exercise and good 
sleep quality. Sleep quality is often overlooked as a contributory factor to poor health. Disrupted 
and inadequate sleep is a modern societal problem which has arisen from urbanization, increased 
access to technology, creation of social media and a modern 24/7 lifestyle. In Australia, poor sleep 
is estimated to cost the economy more than 65 billion ($AUD) a year, $26 billion in direct financial 
costs and $40 billion in the loss of wellbeing. Accordingly, the Sleep Health Foundation have 
advocated raising the awareness and importance of good sleep hygiene.  

School aged children are at the greatest risk of disrupted sleep. Poor sleep hygiene practices such 
as an irregular sleep schedule, variable bedtime routines and the use of electronic devices including 
social media engagement are all linked to sleep problems in children. The New Zealand Ministry of 
Education advocate for ‘uninterrupted good-quality sleep of 9-11 hours per night for those aged 5-
13 years, with consistent bed and wake-up times.’ However, there is no structured education of 
sleep health mandated in the New Zealand curriculum. Consequently, children may lack instruction 
of good sleep hygiene practices. 

It is important to provide children with sleep health education to set a good foundation for their 
teenage years into adulthood. The focus of this project is to identify of there are gaps in the New 
Zealand curriculum pertaining to sleep health.  

Aim: The aims of this study are firstly, to investigate if the current Ministry of Education guidelines 
on sleep are implemented in intermediate school aged children by their educators. Secondly, to 
obtain a snapshot of the current sleep practice and sleep hygiene knowledge in a group of 
intermediate aged students. 

Impact: This study provides a snapshot of the current sleep practice of intermediate aged students 
in Christchurch. If there are gaps pertaining to sleep health these will be identified and 
recommended to the Ministry of Education for revision, to ultimately improve the sleep health of 
school children.  

Method: Intermediate classes from five schools were invited to take part in the study including a 
public school, an intermediate school and a kura kaupapa. These schools are Cashmere 
Intermediate, Casebrook Intermediate, St Joseph’s School, Villa Maria College, and Te Whanau Tahi. 
In total, 328 students were invited to participate. At each school, a presentation was given to outline 
the importance of sleep health and show the children how to complete the standardised sleep 
health questionnaire and 7-day sleep diary. A timeframe of 7 consecutive days was arranged with 
educators in order for the sleep diaries to be completed with oversight at school. The teachers were 



SUMMER STUDENTSHIP PROGRAMME 2018-2019 | UNIVERSITY OF OTAGO, CHRISTCHURCH 

28 

also given a survey to complete. After the 7 days allocated for the study, the questionnaires, sleep 
diaries and consent forms were collected.  

Results: A 50% response rate was provided by the sample of 163 participants including (62%F, age 
11-13).  Most of the students achieved between nine and eleven hours but some reported poor 
sleep of less than seven hours. The total sleep time did not vary between days (average = 9.45 
hours). However, there was a significant difference between their bedtime and wake time Monday-
Thursday versus Friday to Sunday. There was no significant difference between males and females 
with respect to total sleep time, however females tended to wake slightly later than the males. 

In the hour before bedtime, the majority of students used a device (60%), and to a lesser degree 
watched TV (49%), ate food (47%) and/or read a book (42%). Most of the students reported that they 
did not have trouble falling asleep and did not wake during the night however. Most of the students 
reported feeling sleepy in the morning. Almost none of the students reported falling asleep at 
school. The majority of children did not decide their own bedtime, with nearly 50% preferring to go 
to bed at another time. 

Across the five schools, 5/12 teachers returned the educators survey, including four teachers from 
a single school. The majority of educators were not aware the Ministry of Education provides 
guidelines on sleep health. Furthermore, there were no guidelines on sleep health provided by their 
school. Only 2 teachers reported teaching sleep health as a part of their physical education 
curriculum and knew the correct amount of sleep recommended for intermediate aged students. 
Nearly all the teachers reported student sleepiness as an issue in the classroom. All of the teachers 
considered sleep heath important but reported their own sleep quality as average.   

Conclusion: Good sleep was reported by the majority of this group of intermediate students. This 
was despite many students using a device or watching TV in the hour before bed. However, most 
students did not choose their own bedtime. The consensus from the educators was that sleep health 
is important, but it is not being taught to children as there is no mandate in the New Zealand 
curriculum. In summary, intermediate students are sleeping within the Ministry of Education 
guidelines of nine to eleven hours due to enforcement of bedtimes by parents rather than adequate 
knowledge of good sleep hygiene practices. Sleep education needs to be prioritized so that good 
sleep hygiene practices and adequate sleep is achieved by every child in the future. 
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Understanding Novice Medical Student Roles and Expectations in a 
Surgical Environment to Enhance Learning Experience and Outcomes 
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Roshit Bothara 

SPONSOR Division of Health Sciences, University of Otago 

 

Introduction: The University of Otago medical education course (MBChB) has an abrupt transition 
in learning environments at the beginning of fourth-year, from predominantly academic (e.g. lecture 
theatres and tutorials) to predominantly clinical (e.g. health care teams). This transition can be 
difficult, with students needing to adapt to new roles and expectations while still making the most 
of learning opportunities.  
The surgical environment is unfamiliar to most students and many of the expectations are only 
learned by trial-and-error. This makes the surgical content and context more difficult to adapt to 
and learn from. Clarifying and making explicit the roles and expectations of students before entering 
the surgical setting may enhance student confidence, leading to better learning experiences and 
outcomes. 

Aims: To explore medical student roles and expectations in the undergraduate surgical attachment 
within the 4th year University of Otago, Christchurch MBChB programme. 
To identify the place of orientation resources (e.g. videos) to improve the transition into clinical 
learning, enhancing student learning experiences and outcomes. 

Methods: Qualitative data were previously collected from 4th year medical students and surgical 
teaching staff based at Christchurch Public Hospital. Analysis of these data pertained to student 
roles, expectations, and factors influencing learning in the four different clinical environments with 
their teams: Ward Rounds, the Operating Theatre, Outpatient Clinic, and an ‘on-call’ day (Acute Day). 
Identified themes and specific responses were used to inform content for five short orientation 
video clips for students beginning their surgical attachment at the University of Otago, Christchurch.  
Literature was searched regarding medical education, surgical orientation, and learning theory to 
identify key aspects of orientation packages particularly in video. Searches were also made to 
identify medical and/or surgical orientation difficulties reported in other campuses. From this, 
learning principles such as chunking and retention time were utilised to maximise effectiveness of 
videos. Filming and production techniques were also investigated to maximise video impact. 

Videos were filmed using recruited staff, student and patient volunteers at Christchurch Public 
Hospital. Footage utilised real, or as close to real clinical scenarios as possible to maintain 
authenticity and realism. Videos were edited to maximise learning of content, which focused on 
orientating students to the new environment, giving explicit role and expectation information, with 
tips for engagement and learning optimisation. Videos are to be placed on the students’ electronic 
learning platform to enable viewing as part of the orientation content before and/or during their 
surgical placement. 

Results: A short introductory video outlined the purpose of orientating students to the surgical 
environment as well as some key overarching messages derived from thematic review of survey 
responses. Key ideas included ‘learning how to learn’ in a new environment, be actively 
demonstrating interest to enhance team engagement i.e. ‘do more than just turn up’, and to 
encourage students to ‘define and align expectations early’ to make the most out of the teams’ 
individual dynamic. 
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A medical student was selected as the key figure to be used in four videos of the key clinical 
environments, following her as she attended a ‘first day’ on attachment and later as a ‘thirty-first 
day’ on attachment. This was to allow a relatable central figure for anchoring, as well as enable 
students to see how the nature of expectations and confidence progresses over time. Filming was 
undertaken in the same or similar clinical environments and teams that students would be 
encountering in order to enhance realism and authenticity.  

The four clinical scenarios had a consistent format to enhance ease of viewing. The beginning of the 
video briefly explained the environment the student would be in, and a short piece of background 
information if necessary. The first series of clips was of a ‘first day’ student in common clinical 
situations, followed by a second set of clips of a ‘thirty-first day’ student. Context was kept similar 
between ‘time periods’ to highlight how over time students can improve their engagement, learning 
and contribution to the team. Videos were accompanied by brief text annotations highlighting key 
messages relevant to that clip to reinforce learning points. Key messages were summarised in a text 
slide at the end of the video to aid in student revision. 

Conclusion: Fourth year medical students and their surgical teachers have discrepancies in student 
expectations and roles. They also think there is opportunity to give information to enhance their 
preparation for the placement. Having relevant individuals (i.e. students and teachers) present 
explicit information regarding expectations and tips to enhance learning before and during the 
placement is a specific and direct way to enhance student engagement, confidence, and learning 
experiences. 
Video is an ideal medium to present concise and content-rich information, the volume of which can 
be overwhelming and off-putting if presented in other media (e.g. written). It can also provide direct 
and realistic information that can help orientate students to their upcoming environment, team, 
and tasks. Future evaluation of the effectiveness of these resources is planned. 
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LABORATORY 

Establishing DNA Analysis Methods for GBA Mutations in Parkinson’s 
Disease  

STUDENT Oscar Graham 

 

SUPERVISOR(S)  Professor Martin Kennedy 

SPONSOR Canterbury Medical Research Foundation 

Introduction: GBA is a gene which encodes a neurological enzyme involved in the breakdown of 
metabolic waste products. Effectively GBA acts as a housekeeping gene, preventing 
overaccumulation of this waste product. Dysfunctional GBA results in cells which are unable to 
eliminate this waste product, causing a condition known as Gaucher’s disease, a rare lysosomal 
storage disorder with autosomal recessive inheritance patterns. Furthermore, carriers of GBA 
mutations are at a greatly elevated risk of developing the neurodegenerative disorder Parkinson’s 
disease (PD).  

Parkinson’s disease is a long -term disorder of the central nervous system which predominately 
affects the motor system, with symptoms including shaking, slowness of movement and walking 
difficulty. Abnormal thinking and behavioral patterns are also common, with dementia becoming a 
severe problem in the advanced stages of the disease for some patients. There is currently no 
known cure for PD, with all treatment approaches being dedicated towards mitigating the negative 
symptoms.  

Large studies have shown that a single mutation in GBA increases the risk of PD by 7-fold. Prof Tim 
Anderson and colleagues at the NZ Brain Research Institute (NZBRI), Christchurch, have developed 
a longitudinal cohort of PD patients in which they are studying the progression of the disease, 
particularly regarding cognitive decline, using a wide variety of assessments. It is important to 
identify which of the patients in this cohort carry GBA mutations, because of the impact of such 
variants on clinical features of the disease. 

Aim: The aim of this summer project was to establish analytical procedures to detect mutations in 
the GBA gene, a complex gene which required very specific methods for successful genotyping. The 
specific goals were: 

1. Establish long and accurate amplification methods for the complete GBA gene using long 
PCR 

2. Apply this method to positive control DNA samples which contain known GBA mutations 
to verify the protocol 

3. Carry out DNA sequencing on the long amplicons to confirm the presence of these known 
mutations 

4. Then begin applying these methods to DNA samples from the New Zealand Parkinson’s 
Disease (NZPD) cohort 

Impact: The data obtained will contribute to better understanding the role of GBA mutations in the 
pathology and progression of PD and identified a subgroup of the population who may be eligible 
for treatment trials of novel, targeted therapies.  
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Furthermore, the project has laid the foundation for a master’s project I am moving onto this year 
which will examine additional genes associated with PD, explore novel DNA capture methods, and 
develop a sequencing protocol using Oxford Nanopore technology.  

Method: Analysis of GBA is not straightforward. Closely related pseudogenes of GBA exist, and care 
needed to be taken to amplify only the correct GBA gene. Pseudogenes are genes which resemble 
other genes but have lost some functionality relative to the complete gene. The nearby pseudogene 
GBAP1 shares 96% sequence identity with the GBA gene. As a result of the nearby pseudogenes, 
during the process of DNA amplification via polymerase chain reaction (PCR) the pseudogenes may 
instead accidentally be amplified and mistaken for the gene of interest, potentially leading to 
erroneous GBA sequencing and throwing off the subsequent analyses; the so-called amplification 
bias.  

Due to the limited time available for the summer project, the project was focused towards detecting 
the two most common mutations in the GBA gene which are found within two adjacent exons 
(coding regions) of the GBA gene. However, the pseudogene also contains a region which is highly 
homologous to this region, meaning that if this region of interest were to be amplified via PCR, it 
would simultaneously amplify the neighbouring pseudogene, thus contaminating the sample. 
Therefore, firstly we needed to effectively enrich for the GBA gene and remove the pseudogene. 
Enrichment for the GBA gene was achieved by using a long PCR to capture the complete GBA gene. 
Following capture of the GBA gene to exclude the pseudogene, PCR was then applied to this captured 
product to isolate the smaller region of the gene covering the two commonly mutated exons of 
interest. Once this smaller region was captured, Sanger DNA sequencing was applied to the PCR 
products. The procedure was applied to ~200 PD samples and the sequence data were 
computationally analysed, thus allowing for the samples containing GBA mutations to be identified 

Results: The procedure was successfully developed, and its efficiency for detecting GBA mutations 
was verified as mutations were successfully detected in positive control samples containing known 
GBA mutations. The project is currently in the final stages of finishing up the sequencing of the PD 
cohort samples, which is on track to be completed within the next week. Based on the allele 
frequencies of GBA mutations in the literature it is expected that between 3%-10% of the samples 
will contain GBA mutations. 
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Parkinson’s Clinical Audit: Mortality and Diagnostic Coding Accuracy in 
Unmedicated Patients 

STUDENT Emma Halsey 

 

SUPERVISOR(S)  Dr. Toni Pitcher, Dr. Daniel Myall, Prof. Tim Anderson 

SPONSOR Maurice and Phyllis Paykel Trust 

 
Introduction: Idiopathic Parkinson’s disease (PD) is an age-related neurodegenerative disease that 
affects over 10,000 New Zealanders.  It affects the quality of life of both the person with the disease 
and their family and support networks. Dr. Pitcher and her colleagues at the New Zealand Brain 
Research Institute (NZBRI) have conducted previous research, using national health databases, 
providing the first nationwide estimates of the number of people living with the disease (prevalence) 
and number of new cases per year (incidence) in New Zealand. During this research they found a 
number of people who had a PD diagnosis listed in the national health databases but had never 
received medications to treat the disease. In order to provide more accurate estimates, we need to 
establish why people may be given a diagnostic code for PD but not receive the appropriate 
medications. The Parkinson’s research team are also interested in establishing the main causes of 
death of people with PD as this has not been studied before in New Zealand. 
 
Aim: Coding Review: To examine the extent to which people were being coded as having PD but 
were not receiving medication to treat the disease and to establish reasons for the discrepancy 
between coding and medication. 
Mortality: To examine trends in the causes of death among people with PD.  
 
Impact: Accurate estimates of the prevalence and incidence of PD requires an in-depth knowledge 
of how PD is being recorded in health databases. This project will help improve our understanding 
of how the PD code is being used. A greater understanding of causes of death for people with PD 
will help identify possible areas for intervention to improve quality of life and prevent or delay 
mortality.  
 
Method: Coding Review: We took patients from the Canterbury district health board region from 
the last 15 years, who had been assigned the G20 code (which indicates PD) in either the hospital 
admissions or mortality database but were not identified in the database of all community-
dispensed medications as having received medications for PD. 417 patients were identified. A review 
of medical records was undertaken to establish if these people truly had a PD diagnosis. 
Mortality: The National Mortality collection, a register of causes of death, was used to gain 
information on the cause of death for 117 people with PD that had been involved in research at the 
NZBRI.  
 
Results: Coding Review: Nearly a quarter of the patients listed with a PD code but not receiving 
medication were found to have another form of parkinsonism (an umbrella term to describe the 
movement problems associated with PD) (see Figure 1). This is an important finding as this code 
should be used for idiopathic PD only. The use of this code for other forms of parkinsonism is not 
too surprising as differentiating between types of parkinsonism is difficult and reliant on clinical 
expertise. Of those that did have confirmed PD, they were either early in disease and not yet initiated 
on medications or they received a diagnosis and then died at short time later. 
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Figure 1. Coding review of people coded as having PD but not receiving medications to treat the disease 
 

Mortality: We found a large portion of people (approximately 24%) with PD as the only cause of 
death (see Figure 2). We would expect the listed primary cause of death to be more specific, such as 
multi-organ failure or heart attack, with the underlying condition of PD also being listed. However, 
the information recorded on these death certificates has PD listed as the primary and only cause of 
death.  
We also found that 20% of people died from pneumonia. This is consistent with previous studies as 
being the leading cause of death in PD patients. Cancer and cardiovascular causes (such as heart 
attack) were the next most common causes of death. 

 

Figure 2. Cause of death in local PD study participants 
 
Conclusion: Coding Review: The medical record review of people with a PD coding but no 
medication history confirmed our suspicions: that most of these people did not actually have PD.  
Adjustments for people with a diagnosis but not started on medications were included in the 
previous estimates. We found no evidence to change how people with a PD code, but no 
medications are considered in our epidemiology research.   
Mortality: Many people with PD are not having their primary cause of death correctly listed on their 
death certificate. Of those who did have a cause listed, cardiology and respiratory causes were 
common, as was cancer. This analysis will be extended to include all deaths of people with PD in 
New Zealand. The larger sample size should allow us to identify nationwide trends in the causes of 
death. 
  



SUMMER STUDENTSHIP PROGRAMME 2018-2019 | UNIVERSITY OF OTAGO, CHRISTCHURCH 

35 

CLINICAL 

Prostate Cancer in the Elderly 
STUDENT Alastair Hercus 

 

 

SUPERVISOR(S)  Dr Scott Babington 
 

SPONSOR Canterbury Healthcare for the Elderly Education Trust 

 

Introduction: In Canterbury over 400 men were diagnosed with prostate cancer in 2016. Due to the 
nature of prostate cancer and its correlation with age, many of these men are elderly. Treatment of 
men aged 70 and older can be variable and complicated due to the wide differences in health status 
between men in this group. Recent literature has shown clinicians can be ineffective at factoring 
comorbidities and life expectancy into decision making, with too much weight placed on age alone.  

International guidelines, specific to the elderly recommend curative intent treatment to patients 
with more than 10 years life expectancy and localized prostate cancer. This includes both fit and 
potential some frail patients. Local guidelines for management of prostate cancer in the elderly are 
not this comprehensive and therefore may require restructuring. Before this process can start, 
information on current practice is required. 

Aim: To form a database of all men aged over 70 years old, diagnosed with prostate cancer within 
the CDHB and West coast in the calendar year of 2017. Management of potentially curable patients 
will then be analysed against international guidelines.   

Impact: New guidelines for South Island urologists and urological oncologists will be developed, 
with clear guidance on treatment with respect to prostate cancer diagnosis, staging and 
management based on estimated life expectancy, rather than numerical age. 

Method: Urology outpatient appointment data was obtained and filtered to achieve the population 
necessary: Patients aged 70 and older seen in urology outpatients between January 2017 and 
February 2018, referred for prostate-associated problems. Medical records were then accessed for 
all 807 patients fitting these criteria, looking for evidence of a new diagnosis of prostate cancer. 
Diagnostic criteria included one of: prostate biopsy, evidence on imaging such as CT (metastatic 
spread) or MRI or grossly abnormal blood test/rectal exam findings alone was required to be 
included in the database.  

For those included in the database a comprehensive collection of data was recorded, covering 
patient, malignancy and treatment details. Patient demographics include age at diagnosis, ethnicity, 
comorbidities, frailty indices and functional status. Prognostic factors and staging details such as 
PSA blood test results (and dates), biopsy details, staging investigations and risk grouping. 
Management and treatment details including type, date and intent of treatment were recorded as 
well as status when last seen. Finally, this data was used in online prediction tools to calculate 10 
year; life expectancy probability, estimated prostate specific survival following surgery and 
progression free probability following surgery. 

Results: As of writing this the database has been completed, however, analysis of the data is still 
underway with more results to come.  

Of the 807 patient records assessed 127 met diagnosis criteria within 2017. Of those, 91 had disease 
confined to the prostate. The remaining 36 had disease spread to lymph nodes, bone or other 
organs. Of the patients that had disease confined to the prostate 43 received definitive treatment 
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(radiation or surgery), 47 received no active treatment (surveillance or treatment with palliative 
intent) and 1 patient’s treatment was unknown.  

A multivariate analysis is planned to determine what most influences treatment decision making in 
this group. 

Conclusion: I have successfully set up a database of elderly men diagnosed with prostate cancer in 
the year 2017. This database contained 127 patients, 91(72%) of which had local and potentially 
curative disease.  Analysis of the management of these patients against international guidelines is 
currently underway, aiming to assess whether patients with more than 10 year predicted life 
expectancy are correctly being identified and treated.  
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Introduction: Endometrial cancer (EC) is the most common gynaecological cancer in NZ. Around 2-
4% of all EC is due to Lynch syndrome (LS), an autosomal dominant disease caused by germline 
mutation in at least 1 of the 4 DNA mismatch repair (MMR) genes (MLH1, MSH2, MSH6, PMS2), 
putting an individual at an increased lifetime risk of developing cancers such colorectal or 
endometrial. Women with LS have a 40-60% lifetime risk of developing EC, which often presents as 
the sentinel malignancy. Thus, screening all women newly diagnosed with EC for LS may have some 
clinical utility for both the diagnosed patient and their relatives, by alerting them to the benefits of 
long-term surveillance and preventive options. 

Women who are newly diagnosed with EC at age ≤60 can be screened for LS by having MMR 
immunohistochemistry (IHC) tested on their endometrial tumour specimen, which detect defects in 
any of the 4 MMR proteins. Those with a normal result are highly unlikely have LS and aren’t referred 
to genetic testing, unless they have a significant personal or family history of LS or its associated 
cancers. Those with a loss of MLH1/PMS2 protein expression should have a follow-up test (MLH1 
hypermethylation test) that identifies the mutation as either sporadic (hyper-methylated) or 
germline (non-methylated), which will then indicate if genetic testing is recommended. Those with 
other abnormal MMR expressions should directly be referred to genetic testing. 

In recent years, clinicians around NZ have started following such protocol, working towards making 
a national guideline. Hence, the aim of this audit was to review the uptake and clinical utility of MMR 
gene IHC in women with EC to screen for LS in NZ.  

Aim: To review the uptake and clinical utility of MMR gene IHC to screen for LS in women with EC. 

Impact: By collaborating with other centres, this project will provide an overview of NZ practice and 
a measure of the clinical utility of MMR IHC testing. It will inform NZ practice and likely form the 
basis of practice guidelines within NZ. 

Method: This was a multi-centre retrospective audit using data collected from the Gynae-oncology 
Multi-Disciplinary Meeting (MDM) database from Christchurch, Wellington and Dunedin. Eligible 
patients were women aged ≤60 who were newly diagnosed with EC between 1st August 2016 and 
31st August 2018. Relevant clinical and histopathological data was collected through electronic 
medical records. Further information on genetic referral and testing was gathered from the Genetic 
Services database. 

Results: Overall, 201 eligible cases were identified in this audit, of which histology results were 
unavailable for 27 cases. The mean age at diagnosis was 53 years and the median age was 54 years, 
with a range of 28 to 60 years. The mean BMI was 36 kg/m2 (range 16.5-68 kg/m2). 

MMR IHC was performed on 95/174 cases (55%), 17 of which had abnormal results. The uptake rate 
of MMR IHC tests differed between MDMs: Christchurch (90%, 59/66), Dunedin (18%, 4/22), 
Wellington (37%, 32/86).  
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Of the 17 women who had a deficient-MMR IHC test, 10 cases had loss of MLH1/PMS2, 5 of which 
underwent secondary testing, were found to have sporadic mutations and so weren’t referred to 
Genetic Services. 4 cases had a loss of MSH2/MSH6, 2 had a loss of MSH6, and 1 had a loss of PMS2. 
In total, there were 12 confirmed MMR-deficient, non-/unknown-methylated cases that were eligible 
for genetic testing. From these cases, 7 were referred to Genetics Services and underwent genetic 
testing for MMR genes. At the end, 4 were confirmed to have LS, 1 was confirmed to not have LS, 
and 2 were still awaiting results. Notably, 2 of the 4 women with confirmed LS have a family history 
of LS, and all 4 women had a significant personal or family history of LS-associated cancers. 

5 of 17 cases with abnormal IHC results may possibly have had incomplete management or 
investigations done. 2 patients should’ve been referred to Genetic Services but weren’t. 3 patients 
had missing or inconclusive secondary test and weren’t followed up. We’re currently seeking further 
clarifications. 

Conclusion: The overall uptake of MMR IHC testing was 55%. This demonstrates the regional 
variations in practice of the protocol. For example, Dunedin only screens patients who have a 
significant personal or family history of LS-associated cancers, or have multiple malignancies and 
are young, hence the low uptake rate of 18%. 

The detection rate of LS via MMR IHC testing is at least 4.2% (4/95), which is similar to previous 
literature and could expect to be higher due to unavailable results or incomplete investigations 
done. Overall, 24% (4/17) of cases with abnormal MMR IHC results have confirmed LS, indicating 
that the protocol does seem to have some clinical utility. However, all 4 cases of LS could’ve most 
likely been referred to genetic testing regardless of MMR IHC result due to having strong family or 
personal history of LS-associated cancers, conversely questioning the clinical utility of universal 
screening. 

The next step is to combine our data with Auckland, who has done a similar audit, to get a clearer 
understanding on a national level. Also, recently screening has been changed to test women of all 
age, albeit the mean age of diagnosis of EC in women with LS is 54 years. Thus, if a national screening 
guideline is officially enforced in the future, it will be important to audit the protocol to evaluate its 
clinical utility. 
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Māori Experience of Anaesthesia in the Perioperative Setting: A Pilot 
Study of Research Methodology  

STUDENT Reuben J. Katene 

 

SUPERVISOR(S)  Dr Courtney Thomas, Associate Professor Dr Suzanne 
Pitama. 

SPONSOR Maori Indigenous Health Institute (MIHI) 

 

Introduction: This study sought to test the methodology and methods of a wider, multicentre study, that 
will investigate Māori patients’ experiences of anaesthetic care in the perioperative setting in Auckland 
and Christchurch.  

Aim: (1) To assess the patient survey and interview tools for ease of administration, question suitability 
and adequacy of data capture. (2) To provide feedback on potential changes to the patient survey and 
interview tools. (3) To provide feedback on patient recruitment and follow-up processes with regard to 
logistical considerations and efficiency. (4) To assist construction of data recording platforms. 

Method: An action-based research method was employed to enable immediate feedback and discussion 
within the research team, and to ensure appropriate amendments were made before a further survey or 
interview was undertaken. Recruitment Strategy – In line with the study protocol for the multicentre study, 
participants were identified using the regularly updated South Island Patient Information Care System at 
Christchurch Public Hospital. To be eligible participants had to be of Māori ethnicity, over 18 years old, 
have received surgery requiring care from an Anaesthetist and be able to participate within three weeks 
of their operation. Patients were not approached within 24 hours of their anaesthetic or if clinically unwell 
to ensure competence to participate. Patients were approached on the ward during visiting hours and 
provided with information about the study. Recruitment was completed once they had sufficient 
opportunity to digest the Participant Information Sheet (PIS) provided. Recruitment required completion 
of a consent form and a study registration form, which made note of their patient identification sticker, 
operation/procedure, ASA score and contact details. A three-digit study number was allocated to enrolled 
participants to ensure confidentiality on all subsequent study related documents. All participant 
information was returned to MIHI and stored in a secure area, accessed only by authorized research staff. 
Survey Tool - The survey consisted of 24 multiple-choice questions exploring the patient’s perceptions of 
their anaesthetic care experience. Prior to the survey being utilised on participants within anesthetic care, 
it was determined to undertake preliminary cognitive testing of the survey on five lay Māori community 
members, to test its transparency and appropriateness, and were undertaken via phone.  Each lay 
community member had previous experience in anesthetic care (but not within the last 6 months). After 
initial amendments based on the findings of this preliminary testing, Participant surveys (those currently 
in anesthetic care)  were conducted at a location on the ward that the participant felt comfortable. 
Interview Schedule - The interview schedule was designed to explore in more depth the participant’s 
experiences with anaesthetic care and the perioperative journey. As with the survey tool, prior to the 
survey being utilised on participants within anesthetic care, it was determined to undertake preliminary 
cognitive testing on a lay Maori community member.  In line with an action-based research method, 
questions proving difficult to understand or inappropriate/not relevant were edited to ensure 
transparency/health literacy or removed. Participants were able to choose the site of their interview which 
included; the whanau room at MIHI, one of the locally available meeting rooms at the Christchurch School 
of Medicine or via video conference. Participants were able to have Whanau/family members present and 
contribute at the participant’s discretion. Participants consented for interviews to be audio-recorded and 
transcribed by the researcher. Data security – All patient lists, survey responses, interview 
recordings/transcripts and study registration forms were stored securely at MIHI and accessible only by 
approved members of the research team.   

Results and Recommendations:  Recruitment Strategy. 
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KEY OBSERVATION RECOMMENDATION 

1. Participants required a clear definition of the role of the 
Anaesthetist and the Anaesthetic team prior to commencing, to 
ensure the validity of participant responses and a shared 
understanding between the researcher and study participant. All 
other aspects of the recruitment strategy went well, and did not 
require any changes.  

Provide a clear definition and role of the anaesthetist and the team is 
scripted and provided to research assistants prior to undertaking 
either the Survey Tool or the Interview Schedule.  

2. Participant recruitment for the interview was initially proposed 
as a separate process to that for the survey. It became evident that 
it was more difficult to register patient interest in the interview as a 
separate entity from the survey due to a lack of familiarity and/or 
relationship with the project and research team.  

An early recommendation to recruit participants who had completed 
the survey was made. This was more positively received by 
prospective participants who had already established a rapport with 
the researcher and were keen to share their experience in greater 
depth. This approach still permitted purposive sampling, ensuring a 
broad range of subspecialty Anaesthesia and patient demographics 
to be represented.  

Survey Tool- Key Observations & Adjustments: Ten participants were recruited. 

KEY OBSERVATION RECOMMENDATION 

1. Participants had difficulty retaining the multi-choice options as 
they were being read out. 

Utilise flip chart developed within this study to enable participants to 
view all multi-choice options simultaneously.   

2. Participants identified some questions as difficult to understand 
what was being asked, due to the wording of the question or the 
perception that the question was too broad. The qualitative 
questions appeared repetitive to the interview schedule. 

Adopt adjusted questions, which were accepted as being clearer on 
the intent of the research question, had improved clarity and 
specificity, and assisted the timeliness of delivery. This increased 
participant engagement and did not disrupt clinical care.  
Initial qualitative questions inviting further comment be removed. 

3. There was no system to record participant answers to questions 
from the survey. 

Adopt the spreadsheet developed for tabulation of answers and then 
enter into an online version of ‘Survey Monkey’ for data analysis 
purposes.  

4. There were multiple documents requiring participant 
information for recruitment, consent and registration. 

Adopt the checklist developed and attached to the survey to ensure 
all documentation has been completed and the necessary 
information obtained prior to commencing the survey.  

Interview Schedule- Key Observations & Adjustments: Three participants were recruited.  

KEY OBSERVATION RECOMMENDATION 

1. The interview schedule was difficult to follow in its original, word 
dense format. 

Adopt the more spacious layout with associated track changes 
provided to assist future research assistants to navigate the 
interview schedule. 

2. Suitable locations to perform the interviews were important to be 
established prior to recruitment of participants for interviews. 

Ensure appropriate locations for interviews are offered and clearly 
articulated at recruitment. 

3. There were multiple documents requiring participant information 
for recruitment, consent and registration. 

Adopt the checklist developed to ensure all documentation was 
completed and the necessary information obtained prior to 
commencing. 

Conclusion. The recommendations of this study will support the ease of administration, accuracy of 
information obtained and efficiency of the study being undertaken.  These recommendations have 
already been accepted by the research team, who will now submit a revised study protocol based on 
these recommendations to HDEC and locality approval before commencing.   
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COMMUNITY 

Evaluation of Molecular Rapid Respiratory Virus Testing for Improving 
Adult Patient Flow at Christchurch Hospital during the Influenza 
Season 

 

Introduction: Influenza contributes to a significant burden of respiratory disease not only in New 
Zealand but on a global scale. The burden of disease can be especially great during the winter 
seasons which can contribute to congestion within the hospital and laboratory testing services 
causing disruption of patient flow and care. Current testing methods used at Christchurch Hospital 
for respiratory viruses (including Influenza) although accurate, can take a significant amount of time 
for results to be made available. This is attributable to the nature of its setup including its 
methodology, complexity requiring specialized laboratory personnel and the limited availability of 
the test (Monday – Friday, 8am – 5pm with increased services on weekends during the winter 
season). Thus, the physician’s ability to make clinical decisions in the immediate moment regarding 
the patient may be hindered leading to unnecessary investigations and extended length of stay.  

In the modern era of medicine, Point-of-Care testing has revolutionized methods of diagnostic 
testing and subsequently patient care. Point-of-Care testing can be defined as the analysis of clinical 
specimens outside the traditional laboratory, near to, or at the site of patient care and may be 
performed by clinical staff whose primary training is not in the laboratory setting. It has an important 
role in the delivery of an efficient healthcare system because of its ability to provide a rapid result 
near the patient which can then be acted upon immediately. An accurate Point-of-Care test for the 
Influenza virus possesses great potential to improve the clinical management of patients in acute 
facilities of the hospital with high patient flow. 

Aim: The aim of the Summer Studentship was to evaluate the cobas Liat PCR system, a point-of-
care instrument for the Influenza A/B virus (and RSV) against the current laboratory methods of 
respiratory virus testing. The overall intention was to assess the device’s suitability as a replacement 
in acute areas of the hospital where efficient patient flow is important e.g. the Emergency 
Department. Important variables to assess include the speed and accuracy at which results are 
produced but also the impact of this on medical practice and patient care. It is important to 
understand this device is not intended to completely replace the current testing regime as it has 
limited coverage of viruses it can test for in comparison to the current method. 

Impact: Rapid, accurate results have the potential impact to improve clinical management and care 
of patients in acute treatment facilities of Christchurch Hospital presenting with an acute respiratory 
illness.  

Method: The overall methodology of the project was to compare a group of patients who 
underwent testing with the Liat system with a group of patients who underwent testing with current 
methods. The cobas Liat device was made available between the period of August 1st – October 31st, 
2018 for use in the Emergency Department (ED) and Acute Medical Assessment Unit (AMAU); 2 acute 
medical treatment facilities. The patients who required respiratory virus testing in these 2 areas 
during this period underwent the Liat test and therefore formulated the first group. The second 
group of patients was formulated from a database of patients who underwent the current testing 
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regime in 2017 during the same period of August 1st – October 31st in the same areas of ED and 
AMAU. 

Relevant data is being extracted from patient records for these 2 cohorts from various databases 
including results of the test, turn-around time, details of clinical management such 
antibiotic/antiviral usage, investigations, isolation data, etc. Afterwards, the relevant analysis will be 
undertaken to identify differences in test performance and patient management between the 2 
cohorts. 

Results: At the time of this report’s production, the project was still in the latter stages of data 
collection therefore no formal analysis or results are available. However preliminary observations 
suggest the potential for great change. Currently, 879 patients form the 2017 cohort who received 
current methods of testing while 777 patients form the 2018 cohort who received testing with the 
Liat device. Thus far, patients subject to current testing regimes had an average turn-around time 
(wait time) of 18.76 hours in comparison to 52 minutes for patients who received testing with the 
Liat system.  

Other results we hope to observe include the test’s accuracy and changes in patient management 
between the 2 cohorts e.g. differences in usage of antibiotics/antivirals/investigations. 

Conclusion: In the absence of definitive results, no decisive conclusion can be drawn. However, at 
the completion of this project, the expectation is that enough evidence will be available to judge the 
suitability of the cobas Liat PCR system as a replacement testing method for the current system in 
acute facilities of Christchurch Hospital. This judgement will ultimately be influenced by whether the 
improved performance of the Point-of-Care instrument is shown to enhance clinical practice and 
the delivery of health care. 
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CLINICAL 

An Audit of Administration of Vancomycin by Continuous Infusion to 
Outpatients 

 

Introduction: Vancomycin is an antibiotic used to treat severe infections. In hospital, it is usually 
given as intermittent intravenous (IV) infusions but in the outpatient setting it is given as a 
continuous IV infusion. A key toxicity of vancomycin is acute kidney injury (AKI). Most evidence for 
this is from studies with intermittent IV dosing where the patients are unstable, more at risk of AKI 
and usually have higher vancomycin serum concentrations. Vancomycin started in hospital is often 
completed as outpatient therapy when patients have lower risk of AKI and receive continuously 
infused vancomycin, which produces more stable blood concentrations.  

In an Australian cohort (n=155) study, 17% of outpatients on continuous vancomycin experienced 
AKI (target vancomycin concentration 20 – 30 mg/L). Use of ACE inhibitors/ angiotensin II blockers 
and elevated vancomycin concentrations were identified as risk factors for AKI. These results have 
not been confirmed. 

The CDHB home IV service manages ~45 patients on continuous vancomycin annually. Blood is 
checked twice weekly for vancomycin and creatinine (a marker of kidney function) concentrations. 
Vancomycin dosing is then adjusted to keep concentrations within the target range (20 – 25 mg/L) 
to optimise efficacy and minimise toxicity.  

Aim: Our primary aim was to evaluate the rate of AKI in outpatients receiving vancomycin by 
continuous IV infusion through the CDHB home IV service. The secondary aim was to identify risk 
factors that predispose our patients to AKI.  

Impact: This research is a quality-focused initiative to ensure our patients receive an effective and 
safe vancomycin dosing strategy. Comparison of our rates of AKI against other services could 
provide reassurance or indicate areas for improvement.  

Method: We performed a retrospective cohort study of adult outpatients in the CDHB home IV 
service between May 2013 and November 2018. All patients receiving outpatient administration of 
vancomycin were eligible. Those who did not have any blood tests for vancomycin concentrations 
and creatinine were excluded. Patient details were collected from CDHB records and entered into a 
Microsoft Excel™ spreadsheet. These included demographics, vancomycin prescription details (e.g. 
indication, dosing regimen), co-administered kidney-toxic drugs, co-morbidities and laboratory 
results. AKI was defined as a ≥ 50% rise in serum creatinine from baseline. Variables were compared 
in individuals with and without AKI. Statistical analyses were performed by Dr Ma Yi (CDHB 
biostatistician). 
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Results: Of 244 outpatient vancomycin courses, 223 (64% males, 79% European) patients met the 
inclusion criteria. The median (range) age was 65 (19 – 92) years. The most common indication for 
vancomycin was bone or joint infection (66%). The median (interquartile range, IQR) duration of 
intermittent and continuous treatment was 6 (4 – 10) and 19 (10 – 29) days, respectively.  

Eight of the 223 (3.6%) patients had AKI occurring a median (range) of 18 (3 – 74) days after starting 
continuous vancomycin treatment. Four of these patients stopped vancomycin and four completed 
vancomycin therapy. On univariate analysis, five factors were associated with increased risk of AKI 
(all p<0.05): Charlson co-morbidity index (a predictor of 10-year survival), diabetes and vancomycin 
serum concentration (maximum, weighted average, and weighted average ≥28 mg/L). The weighted 
average vancomycin concentration (a marker of overall vancomycin exposure) was a median (IQR) 
of 28 (25 – 36) in the AKI group versus 22 (20 – 25) mg/L in those without AKI. In multivariate analyses, 
diabetes, exposure to radiological contrast and weighted average vancomycin concentration 
≥28mg/L were all associated with an increased risk of AKI (odds ratio 7.4, 5.3 and 8.9, respectively). 
The rate of AKI in patients with a weighted average vancomycin concentration ≥28mg/L and 
<28mg/L was 14% (3/22) and 2% (5/201), respectively.  Demographics, admission length, vancomycin 
dosing regimen and other kidney toxic drugs did not have affect development of AKI. 

Conclusion: The rate of AKI in our study (~4%) was low, with diabetes, recent use of radiological 
contrast and higher vancomycin exposure identified as risk factors. In the closest comparable study, 
an Australian cohort observed a 4-fold higher rate of AKI (17%) during continuous outpatient 
vancomycin therapy.  Reasons for the disparate rates of AKI in the two studies may relate to a lower 
target concentration range, lower average vancomycin concentrations and more frequent 
monitoring (twice versus once weekly) in our cohort versus the Australian study. The occurrence of 
vancomycin concentrations above our therapeutic range in our patients with AKI shows there is 
room for improvement with dosing.   

While the low rate of AKI in our study is reassuring, we need to confirm that the lower vancomycin 
concentrations are not associated with more treatment failures. 

In conclusion, our patients treated with continuous vancomycin had a low rate of AKI. Patients with 
diabetes and recent radiological contrast exposure had increased risk of AKI and could benefit from 
closer monitoring during vancomycin treatment. Elevated vancomycin concentrations were 
associated with an increased risk of AKI, indicating a need for new strategies to ensure patients 
maintain concentrations in the target range. 
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CLINICAL 

Understanding Current Antipsychotic Prescribing Practice for Older 
People in Canterbury  

 

Introduction: There is concern about the use of antipsychotic medications among the older 
demographic. Adverse effects include increased risk of falls, constipation, urinary retention and 
increased confusion, to which older people are more vulnerable. Their use in the management of 
the behavioural and psychological symptoms of dementia is an area of particular concern. There is 
an increased risk of stroke and mortality for people with dementia who are on antipsychotic 
medication. In light of these risks, The Royal Australian and New Zealand College of Psychiatrists 
guidelines for the use of antipsychotics for behavioural and psychological symptoms of dementia 
call for regular review and reduction in use where possible. 

There is little information about the context or reasons behind antipsychotic prescriptions in New 
Zealand. Given this lack of information, it is difficult to target interventions that encourage best 
practice use of these medications and therefore improve patient outcomes. 

This study is a replication of research undertaken in 2011 by the Psychiatry of Old Age Research 
Unit. The previous study indicated that a large proportion of antipsychotic medication was 
prescribed in the context of palliative care; a consideration little often taken into account in the 
literature. In addition, the previous study found that just 19% of antipsychotics were prescribed for 
challenging behaviours in people with dementia whom lived in aged residential care; a much smaller 
proportion than research emphasis might suggest.  

Aim: The aim of this study was gather background information about the prescribing of 
antipsychotic medication to older people by measuring the proportion of prescribing in the context 
of palliative care and dementia, residential status of recipients and prescriber roles. 

Impact: Understanding current antipsychotic prescribing will allow the development of relevant and 
targeted interventions to promote best practice prescribing. 

Method: This study sampled all people who had newly received and antipsychotic medication in the 
Canterbury District Health Board area between June and August 2018. A ‘new’ prescription was 
defined as the recipient having not received an antipsychotic prescription in the previous 4 months. 
The information was extracted from the National Pharmaceutical Warehouse which records all 
dispensed medication. Prescribers were sent a brief questionnaire about the context of the 
prescription, the reasons for the prescription, their role (GP, specialist or other) and the person’s 
residential status. Data were analysed after being anonymised. Ethics approval was gained from the 
University of Otago Ethics Committee. 

Results: 327 new antipsychotic prescriptions were dispensed over the study period and 
questionnaires were returned for 183 of these. The prescription recipients in 2018 were 50% female 
with an age range of 65-98 years and a mean of 81 years, a similar demographic to the 2011 study. 
Half of recipients of antipsychotic medications lived in aged residential care. The most common 
prescribers of a new antipsychotic were general practitioners, accounting for 76% of prescriptions. 
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The most commonly prescribed medication was haloperidol (62%) followed by quetiapine (24%) and 
risperidone (7%) 

This study confirmed that palliative care was a major context of antipsychotic prescribing. Half of all 
prescriptions were for people in palliative care. Dementia was the next most common context with 
one quarter of prescriptions.  

The main reasons for prescribing antipsychotics were for challenging behaviours (such as agitation 
and aggression) and for nausea and vomiting. The remainder of prescriptions were for delirium, 
sleep, anxiety or depression, psychosis or other reasons such as bipolar affective disorder and 
hiccoughs. For people at the end of life, the majority of prescriptions (71%) were for nausea, 
vomiting and other palliative specific reasons. In contrast, the most common reasons for prescribing 
for people with dementia were challenging behaviours (54%). 

The literature has a strong focus on the use of antipsychotics for behavioural and psychological 
symptoms of dementia in residential care. This study shows that this group comprises only a small 
percentage of prescriptions. In fact, just 18% of prescriptions were for people in residential care with 
challenging behaviours due to dementia. 

This study confirmed that general practitioners are the major antipsychotic prescribing group. Three 
quarters of all GPs prescribed independently, which was a higher proportion than in 2011 (63%). 
89% of people living in aged residential care received their prescription from a GP. Where 
prescribers received advice from another professional, it was most often provided by psychiatry and 
palliative care services. 

Conclusion: This study draws attention to a number of under-explored areas in the literature and 
allows a broader view of how antipsychotic medications are being used in Canterbury.  

There is a body of literature that indicates an association between antipsychotic use and increased 
mortality, particularly in people with dementia. This study shows that palliative care is a significant 
context of prescribing of antipsychotics and therefore may considerably confound studies looking 
at increased mortality in association with these medications. 

There is a focus of international research on antipsychotic use in the context of dementia in 
residential care. Although a key group, it may play less of a role in overall prescribing of 
antipsychotics than previously thought. 

An important insight from these results is that general practitioners are the most common 
prescribers of antipsychotic medications and GPs prescribe the majority of antipsychotics in 
residential care. This is a key message to consider when planning education and guideline advice to 
improve antipsychotic prescribing. 

Overall, the drive behind this research was to promote best practice antipsychotic prescribing by 
understanding patterns of prescribing in Canterbury. The results reinforce that support to general 
practice is essential and interventions such as education or guidelines for dementia in aged 
residential care will require careful targeting.  
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COMMUNITY 

Staff Experience after Implementation of a New Client Record 
Management System 

 

Introduction: The Nurse Maude Association is a community-based non-profit health service provider 
located primarily in Canterbury, offering home support and nursing services in the community, and 
inpatient care in its hospital and hospice. Currently, Nurse Maude is in the process of implementing a 
new electronic patient management system (CRM) across the organisation. 

Electronic information systems have the potential to increase efficiency and significantly improve clinical 
practice. Hence, CRM has the potential to greatly improve Nurse Maude’s management and delivery of 
client care. Implementing a new technological healthcare system however is very complex and there are 
no set guidelines on how to best implement a new IT system. Successful implementation relies on 
organisational, structural, technological and human factors. Hence, it is multi-faceted and context-
dependent. Ongoing evaluation of a new system is therefore imperative and a critical factor for success, 
thus reviewing CRM at the three-month mark is very valuable for the Nurse Maude Association. 

Aim: The aim of this study was to identify and explore the views and experiences of all affected Nurse 
Maude staff regarding the implementation of CRM. Within this study there are two objectives:  

1. to gather the staff’s experience of the change 
2. to gather the staff’s opinions of the usability of the system. 

Impact: The knowledge gained from this study will inform Nurse Maude on their staff’s experiences of 
CRM and whether any areas of the system are in need of review, to support their continuing use of CRM. 
Furthermore, it will add to existing literature regarding implementation of new IT systems into healthcare 
organisations.  

Method: The research design was a mixed-method approach; this report covers the qualitative arm. Two 
focus groups were held, one consisting of six Managers within Nurse Maude, and one with nine Service 
Co-ordinators. A focus group for District Nurses was also planned but had to be aborted when 
recruitment numbers were not sufficient, mainly due to workload issues. All eligible staff members were 
sent an information flyer inviting them to be part of the focus group.  

Nominal Group Technique (NGT) was used with the two groups of staff as above. NGT is a highly 
structured approach that enables the identification and discussion of important ideas, and prioritises 
these ideas in response to a given question. Furthermore, NGT is a process which requires a small 
amount of time and allows direct themes to be generated. The NGT process comprises four key stages: 
silent generation, round robin, clarification and ranking. The focus question used was: “How have you 
found using CRM?” 

Results: The top five themes for both focus groups were ranked by calculating the relative importance 
and the mean rating for all the themes voted for in the ranking stage of NGT. We used both calculation 
methods as not all participants voted for their top 10 themes in the ranking stage of NGT. Consequently, 
the top five themes for each group differed slightly depending on the data analysis method used.  
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Table 1. Managers top five themes for the two methods included (most important to least):  

Relative Importance Mean Rating 
‘RSO scheduling inefficient’  
The scheduling system does not allocate nurse 
visits efficiently in terms of distance. 

‘RSO scheduling inefficient’ 

‘Not easy to see forward planning/follow up’ 
Cannot see what’s happening with rostering at the 
end of the week, or follow ups. 

‘Expectation vs. Reality’ 

‘Expectation vs. Reality’ 
The reality has not lived up to participants’ 
expectations of CRM. 

‘Not easy to see forward planning/follow up’ 

‘Dual role tricky’ 
Only trained proficiently on one system, with no 
time to learn the DN CRM input system. 

‘Dual role tricky’ 

‘Access to current patient info easier’ 
They agreed the details of patients are easily 
accessible and alerts are immediate. 

‘Access to current patient info easier’ 

Table 2. Service Co-ordinators top five themes for the two methods included:  

Relative Importance Mean Rating 
‘System Issues’ 
There are clear issues with the system, 
predominantly scheduling is inefficient. 

‘Not client centred’ 
Rostering system is support worker driven, so 
more steps to find client information. 

‘Time Consuming’ 
CRM has created more admin work for the service 
co-ordinators. 

‘System Issues’ 

‘Staffing Resources’ 
CRM has increased workload, but not enough staff 
to cover this increased workload. 

‘Time consuming’ 

‘Training’ 
Some inconsistencies across workforce, ongoing 
process. 

‘Expectation vs. Reality’ 
Marketed with huge positivity, yet the benefits 
promised have not yet been seen. 

‘Planning’ 
Not involved effectively in analysis prior to 
planning. 

‘Staffing Resources’ 

The results demonstrated a slight variation of themes between the two groups as a result of the differing 
needs and uses of the system between the two groups. 

Conclusion: This study has provided in-depth information about staff experiences (Managers and Service 
Co-ordinators) of the implementation and usability of Nurse Maude’s new patient management system, 
CRM. Important themes were identified with regard to CRM, and notably these themes have revealed 
some significant issues within the new patient management system which are recommended to be 
reviewed by Nurse Maude, in collaboration with the software developers.  

Notably, the NGT question used for this study, although neutral (“How have you found using CRM?”), 
facilitated mostly critical rather than positive responses regarding the perceived issues with CRM. 
Importantly, discussion within both groups did indicate that the training and support during 
implementation of CRM was predominantly positive and successful. As the literature anticipated, at this 
early stage of implementation, feedback is likely to be negative. Thus, the results of this study highlight 
the difficulties faced when implementing a new technological system. It also highlights the importance of 
ongoing evaluation, as this study has provided useful information with regard to what elements of CRM 
could be reviewed to ensure its success and usability going forward. 
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COMMUNITY 

Evaluation of a Postgraduate Online Learning Environment  

 
Introduction: PUBH712, Foundations of Hauora Maori is a 15-point, 700-level paper and is a 
compulsory component of the Postgraduate Diploma in Public Health (DPH). It is offered separately 
at all three of Otago University’s health campuses in Dunedin, Wellington and Christchurch with a 
convenor at each school. At the Christchurch campus, the paper is 8 weeks in duration with 7 
modules delivered via 3-hour tutorials onceweekly and supported via course readings. These 
readings, and relevant supporting material such as tutorial slides and a course guide are available 
to students via a Moodle page.   

Moodle, an online learning environment, is utilised by many learning institutes around the world to 
deliver online content to students and can host a variety of multimedia formats such as text, 
hyperlinks to resource websites, audio files, video, quizzes, tests and games. The PUBH712 team in 
Christchurch sought to make their Moodle page more engaging and interactive for future students.  

 Aim:  

1. To evaluate the current PUBH 712 Moodle page.  
2. Develop a new Moodle page to better support students in the PUBH712 paper.  

Impact: Changes to the PUBH Moodle page which make it more interactive and engaging will benefit 
all future students enrolled in the paper.  

 Method: The method consisted of 5 steps:  

3. A rapid review of the current PUBH712 Moodle page. Assessment of the structure and 
layout of the current page informed its usability and the uptake of available Moodle 
resources.  

4. Rapid literature review of the use of online learning with a focus on postgraduate students. 
An understanding of trends in online learning informed the modes of delivery that are most 
effective in online environments.   

5. Assessment of existing alternative online learning environments. Comparison of these 
platforms to the current PUBH712 page were performed to look for trends in design and 
assessment of usability and engagement.  

6. Qualitative interviews with previous students in the PUBH712 paper were carried out. 
Interviews focussed on the student experience with the Moodle page and sought their 
suggestions on areas of improvement.  

7. Based on the above, the PUBH712 Moodle page was redesigned to maximise the student 
experience.  

Results:  
8. The existing Moodle page for PUBH712 incorporates all three campus’ papers into one 

space with students able to view resources relevant to their class. Almost all the resources 
on the Christchurch page are text-based with most being required readings relevant to the 
weekly tutorial. Each module is clearly visible at the top of the page making navigation easy. 
The range of multimedia options available in Moodle are not however, well utilised. It 
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appears that the paper is delivered in a mostly face-to-face fashion with Moodle used as a 
storage site for important and relevant documents.  

9. A consistent theme in many of the reviewed studies was that, while online learning has 
many benefits, the inability to develop a thorough understanding of complex concepts is 
difficult to achieve online. Face-to-face teaching and intergroup discussion appear to remain 
the most efficacious way to achieve this. Another consistent finding was that teaching which 
blends both face-to-face and online learning techniques is more effective than either alone. 
More interaction in a variety of modes of online delivery have also been found to increase 
student success.  

10. A number of online environments have been assessed to compare the structure and 
engagement to allow a comparison to the PUBH712 Moodle page. The author enrolled in a 
course at each of Massey University, Open Polytechnic of New Zealand, Ministry of Health 
and University of Otago to look for any consistencies in the way they deliver online-only 
learning. All of the learning environments assessed contained more interactive elements 
than the current PUBH712 Moodle page. The majority offered a combination of several 
different multimedia options with some compulsory and others optional. All contained 
some form of video or audio-based content to support text-based resources.  

11. Qualitative interviews were carried out with prior students who had completed the course 
in either  
2017 or 2018. These were designed to elicit the student’s opinions on the usability of the 
PUBH712 Moodle page and its ability to add value to the tutorials. A series of questions 
were also asked around the page’s utilisation of multimedia options in order to investigate 
which may add value to the learning experience.  

Some common responses in these interviews are included below:  

- Students used Moodle mostly to access documents required for preparation for 
tutorials or for assessments as none of these are available in hard copy.  

- The course information booklet is accessed regularly despite being provided in hard 
copy. -  Integration of assignment submission into one website is preferred  

- The tutor for the Christchurch PUBH712 adds a lot of personal value to the delivery of 
the paper  

12. Based on the above findings, the Moodle page has been amended to include a number of 
additional resources. Each module now features a set of instructions to guide students 
through the coming week and to prepare for the tutorial. A variety of relevant podcasts and 
videos have been included to support the week’s readings. To allow students to self-assess 
their understanding of the week’s readings, a pre and post-tutorial quiz have been added to 
each session.  

Conclusion: The Christchurch PUBH712 paper has a strong system of tutorials in its delivery and 
much value is added by the current convenor in making these engaging. The Moodle page for this 
paper however, had potential to be more engaging and interactive in supporting the learning from 
these tutorials and the required course readings. Research and feedback from past students 
suggested that a range of media options would increase the interaction of students in online 
learning environments and produces greater personal educational outcomes. This is supported by 
several other New Zealand institutions adopting a range of multimedia options in their online 
learning platforms.   
The redesign of the PUBH712 Moodle page embraces this and each module now promotes a 
number of additional resources for students to easily access. Interactive quizzes are also now 
included to aid in the retention of pre-reading material.   

Follow-up interviews will take place following its use with the next cohort of students to assess both 
changes in student’s perception of the Moodle page and how often the new resources have been 
utilised.    
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CLINICAL 

Does Age and Gender Influence Outcomes in Knee Replacement? An 
Analysis of National Joint Registry Data  

 

Introduction: Osteoarthritis of the knee is a major cause of pain and reduced mobility. Knee 
replacement is an effective surgical procedure to return patients with advanced knee arthritis to 
near normal function. This may be in the form of unicompartmental knee replacement (UKR) where 
only one side of the femoral and tibial joint surfaces is replaced or total knee replacement (TKR) 
where the entire femoral and tibial joint surface is replaced. The number of knee replacements 
performed is increasing year on year, both in New Zealand and worldwide. While the majority of 
these procedures are performed on older patients, the numbers performed on patients under 65 
years of age is increasing. This overall increase in numbers combined with the likelihood that 
younger patients will have a longer portion of their lifespan remaining at the time of surgery has 
resulted in a concomitant increase in the number of revision knee replacement surgeries 
performed. 

The most common reason for revision of a TKR in a younger patient (under 55 years of age) has 
been reported to be aseptic (non-infective) loosening of the implant. In contrast, the most common 
reason for revision in those over 75 years of age is infection. Other reasons for revision may include 
wear of the polyethylene insert (which in interposed between the metal femoral and tibial 
components) or instability of the knee. As the average cost of a revision is four times that of a 
primary TKR, this will have a profound impact on health funding in an environment which is 
struggling to meet current health needs of our population. In addition, failure of a knee replacement 
and revision surgery has a significant impact on the quality of life and mobility of patients.  

Aim: The objectives of this study are to establish the TKR and UKR revision rates in the New Zealand 
population and to determine reasons for revision. 

Impact: As outlined above, knee replacements that require revision surgery have a significant 
associated cost both in terms of health service funding and patient morbidity. Identification of those 
at risk of early revision and understanding of the underlying reasons may contribute to reducing 
this burden in the future. 

Method: The New Zealand Joint Registry (NZJR) was established in 1999 and prospectively records 
details of all joint replacements performed in New Zealand. NZJR data pertaining to UKRs and TKRs 
performed from 1999 to 2017 was analysed. This included patient age at time of surgery, any 
revision surgery performed and Oxford scores (a validated questionnaire completed by the patient 
that allows an assessment of the functional outcome after knee replacement) at 6 months post-
operatively. 

Results: A total of 11,530 primary UKRs and 101,758 primary TKRs were performed in New Zealand 
during this time period with 931 UKR revisions and 3307 TKR revisions. 
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Revision rates were quantified per 100 component years where one component year is equivalent 
to one UKR or TKR in situ for one year. Overall revision rates per 100 component years were 1.20 
for UKR and 0.49 for TKR. Both UKR and TKR survivorship were analysed by four different age 
categories (under 55, 55-64, 65-74 and over 75 years of age at primary surgery) and both had 
significant differences in revision rates for each age category (rates decreasing with increasing age 
group). 

Survivorship Graphs –from NZJR 2018 Edition 

 

For UKR, women had a higher revision rate (1.31 per 100 component years) than men (1.10 per 100 
component years) and this was reflected across all age categories. The lowest revision rate was in 
men aged over 75 (0.56 per 100 component years) and the highest in women aged under 55 (1.99 
per 100 component years). In contrast, for TKR, men had a higher revision rate (0.54 per 100 
component years) than women (0.45 per 100 component years) and this was also reflected across 
all age categories. The lowest revision rate was in women aged over 75 (0.25 per 100 component 
years) and the highest in men aged under 55 (1.01 per 100 component years). 

Oxford scores at 6 months were better in UKRs (average of 39.76 out of a possible 48) compared to 
TKRs (average 37.64), however a difference of this magnitude is un-likely to be clinically important. 
The scores were also better with increasing age categories in both UKR and TKR but, again, the 
differences were small enough to be clinically unimportant. 

The most common reasons for revision surgery were aseptic loosening in the younger patients 
(under 55 and 55-64) and infection in older patients. This is consistent with data reported in other 
studies worldwide. 

Conclusion: Overall revision rates were higher for UKR than for TKR, with patients under 55 years 
of age at the time of primary surgery at the highest risk for revision.  

In TKR the patients who were male and under 55 years of age at the time of primary surgery were 
most at risk of a revision.  

These findings are consistent with worldwide joint registry data from Australia and Finland.  

Future research into a young patient’s occupation and baseline physical activity is required to 
establish a possible causative relationship with variables and predictive outcomes.  
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CLINICAL 

Is There a Relationship Between EEG Characteristics During 
Anaesthesia and General Level of Health? 

 

Introduction: The brain is remarkably complex. On-going research is providing a deeper 
understanding of the impact of anaesthesia on cortical function, and on age-related changes in brain 
function during anaesthesia. The surgical population is aging. It is therefore important to 
understand the effect of anaesthesia and surgery on the ageing brain. Older patients undergoing 
surgery and anaesthesia are at a higher risk of developing post-operative cognitive complications 
(i.e., delirium, cognitive decline), which can negatively impact quality of life. A crucial aim of 
anaesthetic care is to avoid or minimize these post-operative complications.  

Monitors of the processed electroencephalograph (pEEG) are commonly during anaesthesia both 
to avoid awareness and for drug titration. Newer monitors also allow observation of various 
characteristics of the underlying EEG including the total power and the power in various frequency 
bands such as the alpha band (8-13Hz). EEG characteristics change with increasing age – overall and 
alpha power decrease. Older patients are also likely to have more general health problems. Physical 
health may also influence EEG characteristics. 

Aim: To explore the relationship between EEG characteristics and general level of health. 

Impact: If a relationship between patient health and EEG characteristics is found, this may help to 
identify patients more at risk of developing post-operative cognitive complications, thus improving 
patient care. 

Method: This observational study was approved by the Northern A Health and Disability Ethics 
Committee. Participants were recruited at Christchurch Hospital between October 2018 and January 
2019. Subjects were surgical candidates 65 years or older. Exclusion criteria included cardiac, 
neurological, or hip procedures, or inability to complete the initial health assessment questionnaires 
(i.e., substantial cognitive impairment or a language barrier). Consenting participants completed 
four health related questionnaires: The WHO Disability Assessment Schedule (WHODAS), the 
Edmonton Frail Scale, the Timed Get Up and Go (TUG) and the Montreal Cognitive Assessment 
(MoCA). Medical conditions, including cardiovascular disease, were noted. Each participant was 
connected to a Sedline processed EEG monitor (Sedline) prior to induction of anaesthesia, and 
length of operation and type and average depth of anaesthesia were recorded. The Sedline 
processes data based on four frontal EEG channels from electrodes on the patient’s forehead. Raw 
EEG data were downloaded from the Sedline at the end of each operation and processed further by 
the New Zealand Brain Institute. Absolute alpha power in the EEG was the primary outcome 
measure, taken as an average reading over a 20-minute period at least 15 minutes after anaesthesia 
induction. Data were recorded anonymously on Excel, and R was used to conduct general linear 
modelling.  

Results: 48 participants were recruited. Six were excluded from the final analysis because of data 
that was too noisy to be analysed (5) or missing data (1). 42 participants were included in the final 
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analysis: 26 female, 16 male, with a median age of 72 years (range 65-88; interquartile range 68.5-
76.5). The primary anaesthetic agent was propofol in 21 subjects and sevoflurane in 19. 

We found no significant correlation between absolute alpha power and age (r = 0.16), the TUG (r = 
0.30) or the MoCA (r = 0.17).  

A general linear model, which accounted for differences in age and anaesthetic agent, revealed a 
statistically significant positive association between absolute alpha power and MoCA score (p = 
0.034), and a statistically significant negative association between absolute alpha power and TUG 
score (p = 0.028). 

Conclusion: We found no correlation between absolute alpha power and age, which may be due to 
the narrow age distribution of the study population. Although no significant correlations were found 
between absolute alpha power and the MoCA or the TUG, once age and anaesthetic agent were 
accounted for, statistically significant associations were revealed. The MoCA is considered here a 
measure of cognitive health and the TUG a measure of physical health. 

Overall, the participants in this study were relatively healthy, as frailer patients are less likely to 
undergo elective surgery. The range of different levels of health could be broadened by including 
acute surgical patients as participants. 

Our results suggest that patients who are less healthy are more likely to have lower average 
absolute alpha power during anaesthesia. Previous research has indicated that these patients are 
more at risk of post-operative cognitive complications. Our results have several important 
implications. Prior awareness of poorer physical or cognitive health can allow the anaesthetist to 
better modify anaesthetic doses to reduce the risk of post-operative cognitive complications. 
Recognition of lower alpha power during an operation could help to identify patients at increased 
risk of post-operative cognitive complications. These considerations will help to improve patient 
outcomes, including quality of life. 

Acknowledgements: Professor Richard Jones, Dr Reza Shoorangiz (New Zealand Brain Research 
Institute) for support, particularly with data analysis. 
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LABORATORY 

Exploring the Antioxidant Defences of Streptococcus Pneumoniae  
 

Introduction: Streptococcus pneumoniae is a pathogenic bacterium that causes high morbidity and 
mortality. It is normally present in the respiratory tract of humans, but in some people it can cause 
severe and life-threatening infections, including pneumonia and sepsis. Despite existing antibiotics 
and vaccines, this bacteria still causes over 1 million deaths worldwide every year.  

One intriguing characteristic about this bacterium is it makes hydrogen peroxide (H2O2) during 
normal growth, and is able to survive higher concentrations that those required to kill other bacteria. 
It is not clear exactly how S. pneumoniae survive this stress, but if we knew it might be possible to 
target its defence systems, making it easier to kill.  

A previous study has revealed that S. pneumoniae makes more alkyl hydroperoxidase D (AhpD) 
protein when exposed to oxidative stress, and this contributes to virulence. AhpD might help protect 
S. pneumoniae from H2O2. In this project I have characterized the activity of purified AhpD and two 
related proteins AhpC and AhpF from S. pneumoniae. 

Aim: The aim of this project was to elucidate the function of AhpD in S. pneumoniae and understand 
its reaction mechanism in order to exploit this for developing novel therapeutics.  

Impact: As a pathogen in the respiratory tract of human, S. pneumoniae is routinely exposed to 
extremely high levels of oxidative stress. The mechanism that S. pneumoniae uses to cope with this 
stress is poorly understood. This project provides a better biochemical understanding of alkyl 
hydroperoxidases from S. pneumoniae, which could be one of the mechanisms that confer tolerance. 
The structural and biochemical details of these enzymes are required for rational drug design to 
enable development novel therapeutic agents towards S. pneumoniae. 

Method: Recombinant proteins (AhpD, AhpC, and AhpF) were over-expressed in Escherichia coli. The 
cells were lysed by sonication, and the proteins were purified using affinity and size-exclusion 
chromatography. 

To the ability of AhpD to consume H2O2 was measured with the ferrous-oxidation of xylenol orange 
(FOX) assay. Dithiothreitol (DTT) was used as reducing agent to regenerate the reduced active site 
of AhpD, and the activity of AhpD was tested against H2O2, tertiary butyl hydroperoxide (tBuOOH), 
and cumene hydroperoxide (CuOOH). AhpC, a better characterized peroxidase, was used as positive 
control. Negative controls were performed by omitting protein. 

To test whether AhpD is a component of the AhpC/F peroxidase system, NADH was used as the 
biological reducing agent for AhpF. H2O2 concentrations at various time points were determined 
using FOX assay. The reaction mixture contained AhpD, AhpC, AhpF, NADH, and H2O2, and control 
treatments were performed by omitting each component from the reaction mixture. 
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Results: AhpD from S. pneumoniae was shown to exhibit weak peroxidase activity towards all three 
peroxide substrates tested. The negative controls demonstrate that under assay condition, 
peroxides spontaneously degraded at slow rates (H2O2 – 0.28 μM/min; tBuOOH – 0.18 μM/min; 
CuOOH – 0.14 μM/min). In presence of 10 μM AhpD, the peroxides were removed at significantly 
greater rates (H2O2 – 0.45 μM/min; tBuOOH – 0.31 μM/min; CuOOH – 0.78 μM/min; student’s t-test 
p-value < 0.001), demonstrating peroxidase activity. However, the rate by which AhpD scavenges 
peroxide is very slow, comparing to AhpC (H2O2 – 9.92 μM/min; tBuOOH – 3.70 μM/min; CuOOH – 
5.46 μM/min). 

The AhpC/F system was able to reduce H2O2 effectively by using NADH as reducing agent. By adding 
AhpD to the mixture, we did not observe a significant change to the rate of removal of H2O2, 
demonstrating that AhpC/F does not require AhpD to consume H2O2. 

Conclusion: AhpD from S. pneumoniae was shown to only have weak capacity to remove both H2O2 
and alkyl hydroperoxides, whereas AhpC and AhpF from S. pneumoniae constitute a much more 
effective system. This suggests the protein has some other important function. Despite not 
appearing to contribute to removal, AhpD is oxidised by H2O2. This leads us to speculate that the 
oxidised protein may play a role in signalling or co-ordinating the response of the bacteria to 
oxidative stress. Further investigation is required to explore this possibility. 
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CLINICAL 

Stratification of the Risk Factors in the Development of Idiopathic 
Condylar Resorption (ICR) of the Temporomandibular Joint (TMJ) 
During Surgical Orthodontic Treatment 

 

Introduction: Idiopathic condylar resorption (ICR) is rare but well documented condition defined as 
the progressive alteration of condylar morphology with loss of condylar mass, to an unknown 
aetiology.  

It commonly presents bilaterally and symmetrically in the mandible. Clinically and radiographically, 
it manifests as a decrease in condylar head volume, decreased ramus height, and either progressive 
mandibular retrusion or decreased mandibular growth (age dependent). Patients undergoing 
combined orthodontic/orthognathic treatment are at risk of developing ICR. This can result in 
occlusal instability, poor maxillomandibular skeletal relationships, TMJ dysfunction, and pain 

In its true form this pathologic condition does not have an identifiable aetiology hence the term is 
‘idiopathic’ condylar resorption is used. Crawford et al introduced the term to describe a case series 
where seven patients developed condylar resorption with attributable cause. ICR is a multifactorial, 
with surgical and non-surgical risk factors playing a role. It is well known to have a predilection for 
females, people aged 10-35 and those with preoperative cephalometric factors such as: high 
occlusal plane and mandibular plane angles (dolichocephalic facial type); small posterior-anterior 
facial height ratios; posteriorly inclined condylar neck; and class II skeletal relationships.  

 Aim: The purpose of this study was to retrospectively determine which demographic and surgical 
factors pose the highest risk of disease development from participants identified with ICR (case) 
compared to those who underwent similar treatment and did not develop ICR (control). 

 Impact: This condition is one of the most challenging for any surgical orthodontic and/or 
orthognathic team to prevent and manage. By identifying these risk factors it may aid in the testing 
of a screening tool for patients undergoing combined orthodontic/orthognathic treatment in the 
CDHB to prevent and/or identify those who may develop ICR.  

Method: The participants were identified from patients that commenced treatment with the 
Christchurch District Health Boards (CDHB) orthodontic and/or orthognathic departments from 
2005 to 2019. Following Te Komiti Whakarite Māori consultation, HDEC Out-of-Scope and CDHB 
Locality approval we retrospectively gathered health information that was part of standard care. 
This included: medical history, clinical photographs, charting and medical imaging. Using a search 
matrix I was able to obtain all of the patients who had been admitted for maxillofacial procedures. 
Then further sort them into those having had bilateral osteotomy of the mandible or a double jaw 
procedure. ‘Cases’ were identified clinically by Maxillofacial Surgical Consults as having developed 
ICR following completion treatment. ‘Controls’ were identified as those patients that did not develop 
ICR and match the demographics of the ‘case’ population. Originally there was 111 patients 
identified through the search as well as 6 privately-treated ICR cases that were included for further 
analysis. 93 patients had both pre-treatment and post treatment lateral cephalograms available and 
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thus included into the study. Using the electronic orthognathic planning software Dolphin (Dolphin 
Imaging version 11.8) and a custom ICR analysis we were able to measure various skeletal and 
dental measurements. 

Results: An analysis of the Non-ICR group vs the ICR group to see if there is any significant difference 
between the two patient groups, before surgery, was carried out. We found in the univariate 
analysis, patients who are female, having double jaw procedures, a history of TMD and class II 
malocclusion were more likely to develop ICR than their counterpart patients. Additionally: smaller 
SNA, SNB angles and posterior-anterior facial height ratios; larger mandibular planes, occlusal 
planes and posterior ramus angles; as well as presence of preoperative anterior open bites were 
also shown to be individual pre-surgical risk factors. 

And in an analysis of the pre vs post-operative measurements; the magnitude of surgical movement 
was also a significant factor in the development of ICR, each case was moved more than 5mm which 
was previously indicated to be of risk.  

(Mann-Whitney test, student t-test and Fisher's exact test) 

Our multivariate analysis patients with larger pre-treatment mandibular plane angles and smaller 
inter-incisal angles are significantly more likely to develop ICR. 

(Hosmer and Lemeshow Goodness-of-Fit test)  

Conclusion: We are able to confirm that known risk factors for ICR did apply to our ICR “case” group. 
With the current screening tool used at the CDHB, there are a number of measures which we can 
attest and some which need to be modified. These results will allows us to suggest improvements 
to some of the weighting scores. Additionally, we can suggest the inclusion of significant 
measurements to the matrix to help build an efficacious risk profile for each patient about to 
undergo surgical orthodontics procedures. 

  



SUMMER STUDENTSHIP PROGRAMME 2018-2019 | UNIVERSITY OF OTAGO, CHRISTCHURCH 

59 

LABORATRY 

How do DNA Methylation and Non B-DNA Interact to Cause 
Genotyping Failure during PCR? 

 

Introduction: My research was based around the complex structures of G-quadruplexes. Which are 
abnormal DNA structures that form cube like structures instead of the normal double helix 
structure. The presence of G-quadruplexes has resulted in the commonly used genetic technique 
for amplifying and visualizing DNA failing to provide reliable results at certain regions of the human 
genome. This DNA amplification and sequencing technique is commonly used in medical diagnostic 
laboratories, but this type of failure is difficult to detect and could produce misleading results. This 
technique is called Polymerase Chain Reaction, or PCR and is a basic yet fundamental technique in 
genetics, which has always been prone to biases and unexplained errors. Because of the 
exponential nature of PCR, potential errors that arise in the early stages are subsequently amplified 
and without stringent quality controls these can often be very difficult or even impossible to detect. 
One such cause of PCR failure can result from the abnormal G-quadruplex preventing the enzyme 
required for amplification from travelling along the DNA molecule. 

Aim: Investigate how, and under what conditions these chemical groups influence the shape of the 
DNA and comparing these structures perform during PCR amplification. 

Impact: As PCR is a widely used genetic technique in both scientific analysis and medical diagnostic 
laboratories producing misleading results is an issue. This research could help to understand why 
these genetic techniques are unreliable.  

Method: In order to obtain the quantity of DNA required for the experiments, without using the 
problematic PCR process we decided to use the process of cloning.  

I created specific regions of DNA that instead of forming the normal double helix structure, they fold 
into G-quadruplexes. Each region of G-quadruplex formation mimics DNA from the human genome 
that previous research has demonstrated does not correctly amplify during PCR. I began by creating 
synthetic double-stranded DNA which contained our sequence of interest. I then added chemical 
methyl groups onto the DNA molecule at specific regions, mimicking a genetic process which 
happens in vivo. We then glued these DNA sequences into a circular piece of DNA called a plasmid, 
and inserted it inside the cell wall of e. coli bacteria. 

Each time the bacteria divided our G-quadruplex region was also amplified along with the bacterial 
genome. This plasmid also contained antibiotic resistance and enhanced ability to metabolise 
lactose, therefore we were able to use this combination to successfully identify bacteria that have 
taken up our DNA of interest. 

The primary focus was to manipulate where within the G-quadruplex structure the chemical group 
was added by introducing subtle changes in the underlying DNA sequence. This would then enable 
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us to investigate how, and under what conditions these chemical compounds influence the shape 
of the DNA, and compare how these structures perform during PCR amplification. 

Results: In reality it proved extremely difficult to successfully clone these sequences and much of 
my time was taken up optimizing the process and troubleshooting problematic stages. Some of 
these problematic stages included failure of enzymes that were required for cutting the DNA, and 
degraded DNA quality of the plasmid which prevented the insert from being successfully cloned into 
the bacteria. Additional difficulties were encountered as the e. coli bacteria struggled to amplify the 
complex G-quadruplex sequences. But, during the last week of the project we were able to 
successfully obtain inserts for nearly all of the required G-quadruplex structures, allowing us to 
proceed with the investigation. However, this presentation has come about three days too early and 
these results are still waiting to be visualized.  

Conclusion: Once analyzed the results from this research will hopefully substantially increase our 
understanding of the mechanisms underlying PCR failure, provide better tools for predicting when 
it might occur, and may also provide insight into the potential biological roles of these regions in the 
human genome. 
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CLINICAL 

Wound Mapping of Diabetic Foot Ulcers, Utilising Snomed Ct Anatomy 
Labelling, is it Detailed Enough for a Specialist Diabetes Foot Clinic? 

 

Introduction: Key issues many podiatrists face is preventing and monitoring diabetic foot ulcers 
(DFU). This is very important as patients with diabetes have a 25% life time risk of developing foot 
ulceration, with the condition more prevalent in the older population [1]. The risk of patients with 
diabetes having foot complications is increased, widely due to peripheral arterial disease (PAD), 
diabetic neuropathy (DN) or both [2]. While PAD is a leading risk for amputation in the lower limb 
extremities, it can also be associated with cardiovascular and cerebrovascular disease. Infections in 
individuals with DFU can result in discomfort, reduced quality of life, an increased need for 
healthcare visits and morbidity [3].   

The podiatrists at the CDHB Diabetes Podiatry Clinic use an imaging device, Silhouette Star™(ARANZ 
Medical Ltd) to capture ulcers in almost 100% of their patients who attend the clinic. When an image 
is taken, the podiatrists use the pre-programmed anatomical sites listed on the Silhouette software 
programme plus additional free text when more detailed sites need to be labelled. Correct labelling 
is important as a shared, standard language allows health professionals to communicate easily with 
one another so that initial ulcerations are correctly labelled and their progress can be followed over 
time. Lack of detail with labelling has been identified as a problem by our local podiatrists, therefore 
having a greater awareness of ‘problem’ sites for DFU might help when working out how detailed 
labelling needs to be, noting that any final decision needs to be compatible with the labelling 
architecture set out by SnoMed CT.  

Aim: Identify and verify where the most common sites of DFU are located in patients who attended 
the CDHB Diabetes Podiatry Clinic between January 1st 2016 and July 31st 2018. The hypothesis, 
based on local podiatrists’ experiences, is that the most common ulcer site in patients attending the 
Diabetic Foot Clinic (DFC) would be the hallux and/ or plantar surface.  

Impact: As a result of density mapping, there will be a greater awareness of the most likely ‘problem’ 
ulcer sites, which may potentially assist in future prevention and intervention for these patients. 
These data will be particularly useful for podiatrists regarding frequently observed ulceration sites.  

Methods: The current project was a retrospective observational study, based on the use of archived 
e-images and e-health records. A cohort of patients who attended the DFC or the combined 
vascular/ diabetes/ infectious diseases/ foot clinic at the Diabetes Centre at Christchurch Hospital 
(n=445) were identified for use in this study. The inclusion criteria were: patients with diabetes who 
attended the DFC between January 1st 2016 and July 31st 2018, and who had ulcers and images taken 
using Silhouette Star™. Exclusion criteria included images of non-ulcerous lesions such as broken 
skin lesions or if the initial DFU described an amputation site. The data were extracted from 
Silhouette central (the database where images are stored on Silhouette within the CDHB firewall). 
This information was downloaded by a third party not involved in the mapping of ulcers, and de-
identified with a new primary number allocated to remove the patient names and National Health 
Index number (NHI number). This level of de-identification allowed us to proceed without the need 
for written patient consent, as the project was deemed ‘out of scope’ by HDEC.  

The centre of each ulcer was identified visually, with the aim of locating the approximate ‘centre of 
gravity’ of the wound. After identifying the centre of the index (first presenting) ulcer for each 
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patient, this site was then mapped onto an electronic foot image (prepared specifically for this 
project by Mr Stuart Reid). If there were more than two ulcers on the same day of initial presentation 
then the larger lesion was noted as the index ulcer. Any additional ulcers obtained in the 
observational period were coded as subsequent ulcers, and, on a separate electronic foot image, 
were also mapped. When unclear about an image (i.e. if the ulcer site or extent of ulcer) a consensus 
decision was made by two of the primary investigators, to determine its location. The final products 
were two “dot maps” indicating the individual locations of all patient ulcer sites for a) index, and b) 
subsequent ulcers.  

Results: Of the 445 patients that had images captured from Silhouette Star™ during the 
observational period, patients who had DFU on an amputation site (n=28) or did not have an ulcer 
shown in the images (n=7) were excluded. The remaining 410 patients were included for analysis.  

Index ulcers: Regarding anatomical sites of DFU, the most common index ulcer sites were the medial 
aspect of the distal phalanx of the right hallux (n=21), the left calcaneus (n=15) and the lateral plantar 
aspect of the distal phalanx of the left hallux (n=15). The number of index ulcers identified were 
similar between the left and right feet; 206 originated on the left foot and 204 originated on the right 
foot.  

Subsequent ulcers: There were a total of 728 subsequent ulcers identified that were included for 
analysis. The most common subsequent ulcer sites were the lateral aspect of the distal phalanx of 
the left hallux (n=46), the right calcaneus (n=39) and the left calcaneus (n=29). Among the identified 
subsequent ulcers, there were more ulcers located on the left foot (n=405) compared to the right 
foot (n=323).  

In this cohort, DFU were most prevalent on the hallux and calcaneus. However, although the ulcer 
sites were mapped and counted as being in one area, they were variably located within these 
regions (i.e. lateral vs. medial calcaneus). In particular, the mapping area of the calcaneus as 
provided by the electronic foot image, was large. Moving forward, it could be helpful to have the 
hallux and calcaneus regions divided into smaller areas to increase specificity of ulcer site locations.  

Conclusion: In this study, the most prevalent site established for DFU in both index and subsequent 
ulcer sites was the hallux. This finding is comparable to a previous study which indicated that hallux 
ulcers accounted for about one third of all ulcers in the diabetic foot [4]. Furthermore, these data 
indicate that the calcaneus is another ‘problem’ site for ulceration. This is important to address as 
calcaneus ulceration can cost 1.5 times more to treat than metatarsal ulceration [5]. To our 
knowledge, this pilot study is the first to consider the entire foot when identifying ulcerations, and 
to map these using a novel electronic foot image. These data have the potential to hopefully reduce 
the number of amputations performed.  
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CLINICAL 

The Relationship Between Severe Adenovirus Respiratory Infection 
and Bronchiectasis or Bronchiolitis Obliterans in Children in 
Canterbury 

 

Introduction: Bronchiectasis and bronchiolitis obliterans are diseases of the airway that can cause 
major morbidity, especially in children who develop the diseases early in life. Their quality of life is 
decreased and they require continued treatment of symptoms and contact with health 
professionals. Re-admission to hospital with repeated lung infections is also common. Causes 
include cystic fibrosis and immunodeficiency, as well as certain cases of respiratory infection caused 
by adenovirus.  

Adenovirus is a common childhood virus that can affect various body systems, including the 
respiratory tract, and usually self-resolves without the need for any intervention. In some children 
however the virus causes a more serious infection that requires hospital level care, and even more 
rarely can lead to serious lung disease later in life. In Christchurch Hospital there have been cases 
in the last few years where children with severe adenovirus respiratory infection have gone on to 
develop bronchiectasis and/or bronchiolitis obliterans. It would be very useful to have the ability to 
recognise which children were at risk so that treatment may be refined and closer follow up 
received.  

Aim: 

- To ascertain the connection between severe adenovirus respiratory infection and 
subsequent chronic or recurrent chest disease in children in CDHB 

- If possible, to quantify the risk of the chronic or recurrent chest disease after severe 
adenovirus respiratory infection 

 

Impact: If we are able to help predict which children are most at risk of developing chronic lung 
disease after an adenovirus respiratory infection, treatment and close follow up can be 
implemented more effectively. This aids in working towards preventing progression to serious lung 
problems later in life and allowing more prompt identification of lung disease if or when it presents 
itself.  

Method: Cases were identified through the CDHB virology laboratory, who created a database 
containing all positive nasopharyngeal swabs for respiratory adenovirus from March 2013 to 
October 2018. These swabs are analysed using a method called Polymerase Chain Reaction (PCR) 
which can identify the presence of a range of viruses, including adenovirus. From this we were able 
to select those swabs that were taken from patients aged under 5 years old who required admission 
to hospital for an adenovirus respiratory infection in the CDHB, during 2013 to 2017.    

Using this database, CDHB Decision Support was able to gather demographic and clinical 
characteristics for each case. This information was then combined with data that we gathered 
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through clinical notes on Health Connect South including comorbidities, other respiratory risk 
factors, aspects of hospital treatment and disease characteristics. We also collected information on 
subsequent paediatric follow up or admissions pertaining to recurrent or chronic respiratory 
disease, including bronchiectasis, bronchiolitis obliterans and further respiratory infections.  
Patients were excluded if they lived outside the CDHB area or had a pre-existing condition that 
would affect the rate and/or course of respiratory infection like cystic fibrosis or cancer.  

Results: There were initially 663 samples identified as positive adenovirus respiratory swabs, and 
once our inclusion and exclusion criteria were met we were left with 162 patients included in the 
study. Within this cohort the average age was 1.5 years and 57.2% were male. The ethnic distribution 
was 55.6% NZ European, 16.7% NZ Māori, 8.6% Pacific peoples, 8.6% Asian and 10.5% other. 34.6% 
of children were exposed to cigarette smoke at home. Upon admission, 3.7% required intensive care 
and 67.3% had a co-infection. Out of the 162 patients, 9 (5.6%) developed a chronic respiratory 
disease including 5 bronchiectasis, 2 bronchiolitis obliterans and 3 diagnoses of asthma.  

Comparing those who developed chronic respiratory disease with those who didn’t, the median 
NZDep13 score was significantly higher at 7 compared with 4, however there was no significant 
difference in home smoke exposure between the two groups. Among those who developed chronic 
disease there was a higher proportion of NZ Māori (55.6% compared to 14.4% among those who 
didn’t). Those who developed chronic disease had significantly higher rates of ICU admission during 
the adenovirus infection (33.3% compared to 2%) and more of this group received oxygen therapy 
during admission (66.7% compared to 13.3%). The group with chronic lung disease were more likely 
to be admitted to the hospital post-discharge with further respiratory symptoms. There was no 
significant difference in prematurity rate or length of stay in hospital. 

Conclusion: It has been previously discovered that adenovirus respiratory infection is associated 
with chronic lung disease, and this research is consistent with that. Awareness is needed 
surrounding the potential seriousness and long term effects of these infections, particularly in Māori 
children and those who require oxygen during treatment. It is important that children admitted with 
symptoms of a severe respiratory infection (especially in ICU) have a viral swab taken and follow up 
ensured for those who test positive to adenovirus. Children who are most at risk of chronic lung 
disease need to be identified so they can receive appropriate treatment and follow up. Ultimately 
we are working towards prevention of chronic lung disease due to adenovirus infection, and further 
studies are needed. 
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CLINICAL 

Kidney transplantation assessment in Canterbury: A retrospective 
cohort analysis 

 

Introduction: Kidney transplantation is the best treatment option for patients who have advanced 
kidney disease. Transplantation is associated with a much higher quality of life than dialysis and 
extended survival. New Zealand has had a substantially lower transplantation rate than comparable 
nations, leading to recent government investment to improve transplantation opportunities. 

Despite this increase in funding, the transplantation rates among Māori patients remains lower than 
among New Zealand European patients, and the reasons for this inequity is little researched. 
Research conducted in Australia, the UK, and the USA has also shown that indigenous patients are 
less likely to be assessed and receive transplants than non-Indigenous patients. Possible reasons 
for inequity include fewer matching live donors, limited access to resources and health information, 
and allocation systems based on European phenotypes.  

Research into the factors that influence differences in transplant rates is needed to inform practice 
and policy aimed at addressing inequitable access to kidney transplantation. 

Aim: 

(1) To evaluate the rates of referral for kidney transplantation according to ethnicity in 
Canterbury.  

(2) To evaluate the possible factors associated with referral for transplantation assessment that 
might be modifiable in quality improvement processes in the transplant services at 
Christchurch Hospital. 

 

Impact: This work will help to understand the factors related to inequitable transplantation rates in 
Canterbury, and whether the referral for transplantation assessment is a factor in access to 
transplantation. By identifying and understanding these factors, changes can be made to policies 
and care procedures that may lead to an increase in Māori patients who receive kidney transplants.  

Methods: We did a single-centre retrospective cohort study based on a clinical database of all adults 
receiving dialysis and transplant treatment in the Canterbury District Health Board (DHB). Eligible 
patients were <65 years old, who commenced dialysis at the Canterbury DHB between 2008 and 
2017, and who had not yet received a kidney transplant. We identified ethnicity using the National 
Health Index, categorized as Māori, Pacific, NZ European, or Asian. We evaluated the first clinical 
decision recorded about whether a patient would start assessment for a kidney transplant (for 
assessment, deferred assessment, no assessment, or no decision recorded). We also analysed the 
time to activation on the kidney transplant waiting list and time to kidney transplantation. We used 
standard statistical techniques and adjusted for clinical comorbidity and demographic factors. 
Analysis was conducted in Stata. 

Results: Between 2008 and 2017, 281 patients aged <65 years old commenced renal replacement 
therapy. The initial transplant workup decision was to commence assessment in 27.8%, defer in 
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29.5%, not for assessment in 14.2%, and no decision recorded in 25.6%. We did not detect any 
association between Ethnicity and a decision to defer or commence transplantation workup. Older 
age (odds ratio (OR) 1.03, 95% CI 1.00-1.06 for each 1-year increase), diabetes (OR 2.50, 95% CI 1.36-
4.62), peripheral vascular disease (5.44, 1.21 to 24.5), and higher body mass index were associated 
with a decision to defer, delay, or not commence transplantation workup. Similarly, there was no 
detectable association between ethnicity and the time taken to be activated on the kidney 
transplantation waiting list. Despite these observations, Māori patients were much less likely to 
receive a kidney transplant even when accounting for other clinical and demographic factors. 

 Conclusion: Thus, there is no detectable impact of ethnicity on decision processes to start 
assessment for kidney transplantation or be activated on the waiting list. The presence of diabetes, 
higher body mass, and older age are most apparent as reasons to defer transplantation assessment. 
The factors leading to a lower transplantation rate among Māori is not completely explained by 
clinical decisions about transplantation assessment. A larger study is needed to assess the certainty 
of these findings. 

Thank you to my sponsors, the Maori and Indigenous Health Institute for their generous funding 
and continued support throughout this research project.  
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LABORATORY 

Measurements of Vitamin C Concentrations in Plasma from Patients 
Receiving Cancer Chemotherapy or Immunotherapy  

 

Introduction: Humans depend on their diet for vitamin C as, unlike many animals, we are unable 
to synthesise our own vitamin C. Vitamin C is required for a number of different processes in the 
body that are important for maintaining health. Due to the stress of cancer on the body it has been 
suggested that cancer patients may be at risk of vitamin C deficiency, with a few cases of scurvy 

being reported. A previous summer studentship used a questionnaire to gauge the vitamin C intake 
in patients with cancer, with data showing that 58% of participants did not consume adequate 
amounts of vitamin C. Several previous studies measured vitamin C levels in tumours from patients 
with a range of different cancer types. In patients with colorectal or breast cancer, survival was 
shown to be improved in patients whose tumour tissue had higher vitamin C levels. International 

data on vitamin C status in cancer patients, as determined by plasma levels, is sparse. Most studies 
reported have a small number of patients, less than 50, and vitamin C is measured using a relatively 
insensitive colorimetric assay. In addition, to our knowledge, there are no reports of vitamin C levels 
in patients undergoing therapy for cancer.  

Aim: To measure plasma levels of vitamin C in patients who are undergoing chemotherapy or 
immunotherapy treatment for cancer  

Impact: The role of vitamin C use in cancer is an ongoing debate due to a lack of robust clinical 
evidence. This data will help to provide data regarding patients undergoing chemotherapy or 
immunotherapy and may lead to clinical recommendations for this cohort of patients.  

Method: Ethics approval for this study was obtained from the NZ Health and Disability Committees 
(18/STH/223). Patients at the Oncology day ward services at Christchurch Hospital were approached 

and invited to take part in the study. Consenting patients completed a simple health questionnaire 
(diet, BMI, exercise, smoking) and had weight, height, cancer diagnosis and stage as well as 
chemotherapy/immunotherapy regimen recorded from their medical records. Each patient 
provided a small blood sample (4ml) which was taken by a nurse from the chemotherapy day ward. 
Blood samples were centrifuged to isolate plasma and rapidly frozen. Samples were processed for 
batched vitamin C analysis, using high performance liquid chromatography with electrochemical 
detection (HPLC-EC).  

Results: One hundred patients were recruited from the chemotherapy day unit. Of the 100 patients, 

61% were female and 39% male. The majority of patients were aged between 50 and 80 years old. 
The majority of the cohort identified as NZ European (84%), with 6% identifying as either Māori or 
Pasifika. There were 12 different types of cancer noted in this cohort. The three most common 
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cancer types were breast, colorectal 
and melanoma. Of the 100 patients, 32 

reported consuming supplements 
containing vitamin C.  

Plasma levels of vitamin C varied 
widely across this cohort, ranging from 
less than 11 M, d e e m e d  to  b e  

deficient, to over 70 M, d e e m e d  to  b e  

saturating (Figure 1). Additional 

vitamin C categories were defined as 
marginal (11-23 M), in a d e q u a te  (>23-
50 M) a n d  a d e q u a te  (>50-70 M). 

Data is shown for all patients as well as 
patients deemed to be fasting (not 
consuming a supplement or a 

significant dietary intake of vitamin C 
the day that blood was taken). Almost 
half (48%) of all patients (non-fasting) 
had below adequate levels of plasma 
vitamin C, with a significant proportion 

having deficient (6%) or marginal (9%) 
levels.  

Fasting plasma vitamin C categories for the three most common cancer types in this cohort (Figure 
2) showed similar levels for all the vitamin C categories except for the saturating category. A greater 
proportion of breast cancer patients reached saturating levels of plasma vitamin C compared to 
colorectal cancer and melanoma.  

Women had a significantly higher plasma vitamin C level compared to men. Patients reporting less 
than 60 minutes/week of exercise had significantly lower levels of plasma vitamin C compared to 
patients reporting more than 60 minutes/week of exercise. Vitamin C levels did not vary significantly 

by BMI or smoking status in this cohort. There was no significant difference between the plasma 
vitamin C levels of patients receiving chemotherapy vs immunotherapy, and also no significant 
difference by number of cycles of treatment received. 

Conclusion: This study showed that a large proportion of patients with cancer undergoing therapy 
did not achieve adequate levels of plasma vitamin C. The significant difference noted between 
patients that reported exercising less than 60 minutes per week and those reporting a greater level 
of activity may indicate how unwell a patient was at the time of recruitment. However, the reason 
for the difference between men and women is unclear, as their dietary intake was similar. The 

findings from this study provide an insight into the vitamin C status of patients undergoing 
chemotherapy and immunotherapy, for which there is currently no published data. This data 
represents important information for both patients and clinicians.  

  

Figure 2. Plasma vitamin C categories in all patients (purple) 
and in fasting patients (pink). Vitamin C categories: deficient, 
<11 µM, marginal 11-23 µM, inadequate, >23-50 µM, adequate, 
>50-70 µM, saturating, >70 µM. 
 

Figure 2. Fasting plasma vitamin C categories for breast and 
colorectal cancer, and melanoma.  



SUMMER STUDENTSHIP PROGRAMME 2018-2019 | UNIVERSITY OF OTAGO, CHRISTCHURCH 

69 

LABORATORY 

Characterisation, Quantification and Mapping of Various Calcium 
Crystals in Osteoarthritic Knees Using MARS Spectral Scanner 

 

Introduction: Recent research has shown that calcium crystals such as calcium pyrophosphate 
dihydrate (CPPD) and hydroxyapatite (HA) are potentially involved in the pathogenesis of 
osteoarthritis (OA), as these crystals are found in the joint at the time of joint replacement surgery. 
Whereas, other studies show that these crystals are simply ‘innocent bystanders’ found in both 
healthy and OA joints.  

A key limiting factor in the understanding of the role of calcium crystals in OA is the inability for 
current clinical imaging modalities to distinguish between these crystals. The current method of 
identification requires joint fluid extraction and analysis through polarised light microscopy, this is 
a painful, invasive procedure which must be done for a management program to be instituted. A 
recent study shows that DECT can detect CPPD crystal deposits ex vivo with a sensitivity and 
specificity of 78% and 94%, respectively in comparison to conventional radiography. However, the 
role of these imaging techniques is less well defined in other crystal deposition diseases especially 
in distinguishing between different types of calcium crystals. It has been shown that spectral CT 
scanners can distinguish materials non-invasively, thus this method would be ideal for the diagnosis 
of crystal-induced arthropathies (CIA) such as gout and pseudogout. A spectral scanner, such as the 
MARS scanner, uses multiple energy thresholds or bins to measure the difference in the energy of 
x-rays that pass through samples and therefore enable material discrimination.  

Aim: This study aims to use commercially obtained CPPD and HA crystals and determine the ability 
to differentiate between these crystals. The study involves optimization of the energy settings and 
image acquisition protocols using the MARS spectral scanner. The work will lay the groundwork for 
future scanning of CPPD and HA crystals in ex vivo specimens already provided by Lausanne 
University Hospital and thus potentially obtain better understanding of the role of crystals in CIA.  

Impact: With the correct identification of crystals in this investigation, it is hoped that the 
understanding of the pathogenic role of calcium crystals in osteoarthritis improves and shows the 
spectral scanner’s ability to differentiate calcium crystals ex vivo. It is hoped that spectral scanners 
may become the reference standard for the diagnosis of these diseases and help with developing 
novel and targeted treatments for these conditions. 

Method: Crystal samples of CPPD and HA were provided by Dr Fabio Becce and Prof Olivier Guyen 
of Lausanne University Hospital, Switzerland. The samples provided are 10mm diameter calibration 
rods, prepared in resin for energy optimisation and future pre-identification scans. 

Crystal Concentration (mg/mL) 

Calcium Pyrophosphate Dihydrate (CPPD) 50, 100, 200 

Calcium Hydroxyapatite (HA) 50, 100, 200 

Table 1: Crystal concentrations provided in calibration rods 
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The images obtained are based upon the energy bins used in the scan; this data provides useful 
information as to the separability of the materials present. These images will then be run through a 
material decomposition (MD) algorithm, which separates materials into distinct images, these will 
then be analysed for correct identification. By studying these energy and MD results, the efficacy of 
the protocol used can be determined. The initial protocol used as a benchmark is(20 − 30𝑘𝑘𝑘𝑘𝑘𝑘), (30 −
40𝑘𝑘𝑘𝑘𝑘𝑘), (40 − 50𝑘𝑘𝑘𝑘𝑘𝑘), (50 − 80𝑘𝑘𝑘𝑘𝑘𝑘), this is a previously optimized protocol generated years prior. 
For the updated protocol the first energy bin was changed to (17-30keV) maintaining all other bins. 

Results: 

Figure 1(a,b): Pairwise comparison of first energy bin 

From the study of the first energy bin the benchmark protocol outperforms the updated protocol, 
this is likely due to increasing spectral noise in the first energy bin, thus the benchmark protocol is 
recommended for future scans. This data also shows unusual behaviour for the CPPD100/HA100 
comparison. 

 

Figure 2(a,b): Material identifications for both protocols 

MD are then analysed qualitatively for correct identification as shown in Figure2. This component 
also exhibits unusual behaviour in the identification of CPP100/HA100. This further confirms that 
the benchmark protocol should be used in further studies as this provides better distinction of 
materials in both energy and MD data. The choice of reference material, either water or resin, has 
also been tested, and confirms that resin should be used. 

Conclusion: Through the course of this study it was found that CPPD and HA can be identified 
successfully in the 50 and 200 concentrations, it was also seen that the benchmark protocol out-
performed the updated protocol. The extension of the first energy bin in the updated protocol was 
detrimental in the discrimination of CPPD and HA, this is likely due to increasing noise in the first 
energy bin. However, more work is required to further optimize image acquisition parameters such 
as energy bin size, tube current and exposure time. Due to unforeseen difficulties and the time 
taken to provide these results, human samples were not scanned, but it is highly recommended that 
once the behaviour of the CPP 100/HA 100 rods are confirmed, that human specimens are scanned 
and analysed. It is also recommended that the reproducibility of the results collected in this study is 
tested, due to the small sample size of 4 scans in total.  
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CLINICAL 

Developing Objective Recordings of Critical Care Assessment (ORCA) 
Scoring in the Intensive Care Unit.  
Originally titled: Diagnosing Ventilator-Associated Pneumonia Before it Happens 

 

Introduction: The intensive care unit (ICU) manages the sickest patients in the hospital; however 
there is no established bedside system that objectively tracks progress of critically ill patients. In 
contrast, hospital wards use an internationally validated Early Warning Score (EWS), which combines 
hourly recordings such as heart rate, blood pressure and temperature to provide an objective 
assessment of sickness. Intensive care units developed scoring systems over thirty years ago which 
looked at a person’s overall health, as well as acute changes in their response to illness. However 
these scores are usually used to assess patients only when they first present to ICU. What is lacking, 
is an objective system to track hourly progress of patients, so unexpected deviations from their 
recovery pathway can be brought to the attention of ICU staff. 

Aim: This project ventures to create an Objective Recording of Critical care Assessment (ORCA) 
scoring system for intensive care patients.  

This project began by investigating Ventilator Associated Pneumonia but a more general measure 
of patients’ response to illness was required to evaluate conditions that cause sickness in the ICU. 
Thus we developed the ORCA score, which includes hourly measures of a patient’s condition and 
aspects of care related to their critical illness. 

Impact: When a patient’s condition worsens, there are heightened metabolic and inflammatory 
processes, which form part of their ‘stress’ response. This manifests, for example, as rapid changes 
in body temperature, heart and breathing rates. Thus an objective hourly score could allow ICU staff 
to track a patient’s overall condition, as well as provide information on which systems may be 
contributing to the elevated score. Primarily the ORCA score is designed to monitor the patient’s 
pathway to recovery, and when there is deviation from an expected course, it is to be a conversation 
starter for clinicians. Furthermore, patients who are unresponsive to prescribed treatments could 
be identified as having persistently elevated scores.  The ORCA score could therefore provide 
opportunities for earlier identification, and treatment of patients at higher risk of dying 

The ORCA score might be used in developing new research methods, to work out which groups of 
patients will benefit from specific treatments. Most ICU research focuses on the condition patients 
present with rather than trying to identify patients who have fallen off their recovery pathway in 
ICU. These ‘non-responders’ are very vulnerable and at a much higher risk of dying.  Thus new 
treatments, specifically for people identified in this high risk group, could be assessed in clinical 
trials. The individual components of the ORCA score might be used as surrogate end points of 
patient responses to new interventions.  

Method: The cohort for this study required interventions to control their blood sugar and had an 
ICU length of stay longer than 5 days. (These patients stay longer in ICU and are at increased risk of 
infection).  
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From August 2016 to June 2017 patients were selected from the Christchurch ICU admissions 
database who met the following inclusion criteria: 

- On glycaemic control (blood sugar control) longer than 48 hours 
- On glycaemic control within 48hrs of admission to the ICU 
- A TARGET study participant (see endnote) 
- Length of stay in the intensive care unit for longer than 5 days 

 

29 patients who fitted these criteria were selected in a chronological order. Data was extracted from 
their 24-hour bedside observation charts for when they were on glycaemic control plus 24 hours. 

A data analysis program allocated scores to each health measure based on its range from the 
‘healthy’ mean. Seven component scores were then added to form the overall ORCA score: (i) 
Respiratory Rate and Mechanical Ventilation, (ii) Fraction of inspired Oxygen, (iii) Heart Rate, (iv) 
Mean Arterial Pressure, (v) Inotrope dose (vi)Temperature, (vii) Urine Output. 

All of these measures were taken hourly at the bedside. The Early Warning Score format was used 
to allocate scores with component scores being 1,2,3 and 10. With the first three being increasing 
moderate abnormality for this variable and 10 being a ‘warning’ or very sick range. Scores for each 
variable were added to form the overall ORCA score and graphical analysis was used for validation.  

Results: For the first 5 days the ORCA scores are very similar for patients who lived and died in ICU. 
After 5 days in ICU there was a divergence in median ORCA scores between patients who died and 
those who survived their stay. Those who died tended to have higher median ORCA scores than 
those who survived. From 5 days onwards those who died had increasing or stable ORCA scores 
indicating they were getting sicker and/or failing to recover. In contrast, patients who survived had 
decreasing ORCA scores. Twelve of these 29 patients died. 

 

 

 

 

 

 

 

 

 

Conclusion: Patients who died tended to have higher ORCA scores after 5 days in ICU. The ORCA 
score may identify patients who have fallen off their recovery trajectory and have a higher risk of 
dying. The ORCA score is designed to be a conversation starter around patient recovery. It 
introduces significant opportunities for new approaches to patient treatment and intervention in 
the ICU. 

Endnote: The TARGET study compared energy-dense nutrition with conventional nutrition in ICU patients  
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LABORATORY 

Characterising the Role of Peroxidasin in Invasive Metastatic 
Melanoma Cells  

 

Introduction: New Zealand leads the world in melanoma skin cancer incidence, with over 4000 people 
diagnosed with either in-situ or invasive forms of the cancer every year. Of this number, 300 New 
Zealander’s die as a direct cause of melanoma cancer. Invasion and metastasis are fundamental 
hallmarks of cancer progression and are cause of nearly all cancer-related deaths. The ability to 
decrease invasion and metastasis of melanoma cancer cells would highly reduce melanoma death rates.  

Peroxidasin (Pxd) is a haem peroxidase enzyme recently discovered to be expressed significantly higher 
in invasive cell lines of metastatic melanoma than in non-invasive cells (Jayachandran, A., Oncotarget 
2016:7:41186-202). Whilst this is a significant finding, very little is understood of the enzymes 
mechanism in these cells, potentially playing a key role in promoting the invasive properties of the cells. 
Its normal physiological function in cells is cross-linking collagen IV protomers in the basement 
membrane of extracellular matrix, consuming hydrogen peroxide (H2O2) to produce hypobromous acid 
(HOBr), forming sulfilimine bonds to link the protomers. This in turn influences cell adhesion to their 
environment, by stabilising collagen IV and strengthening the basement membrane. High Pxd 
expression has also been discovered in other cancers, including ovarian, brain, breast cancer, and acute 
myeloid leukemia. HOBr is a strong oxidant similar to chlorine bleach, capable of modifying and 
oxidizing many other biomolecules and thereby increasing oxidative stress in the cellular environment.  

Aim: To measure oxidative stress biomarkers in cultured melanoma cell lines and determine whether 
these markers are elevated in cell lines that are invasive and display high Pxd expression.  

Impact: The characterization of the role of Pxd in invasive metastatic melanoma cells will give an 
understanding of how Pxd may promote melanoma cell invasion. This knowledge could lead to a 
potential new avenue in cancer diagnosis and Pxd may prove to be a suitable therapeutic target against 
metastatic cells invasion.  

Method: Invasive and non-invasive metastatic melanoma cell lines were cultured in the laboratories at 
the Centre of Free Radical Research, in both ambient (21%) and physiological (5%) oxygen conditions. 
Cells and cell culture medium (Pxd is secreted to the medium), were lysed and harvested for analysis to 
detect various oxidative stress biomarkers. 

STUDENT Daisy O’Connor 

 

SUPERVISOR(S)  Dr Martina Paumann-Page, Professor Christine 
Winterbourn 

SPONSOR Cancer Society of New Zealand, Canterbury-West Coast 
Division Inc. & Cancer Society Ellesmere, Cheviot & 
Hokitika Groups 

Figure 1. Mechanism of Pxd in basement membrane, cross-
linking Collagen IV 

Figure 2. mRNAseq Pxd in invasive and non-
invasive metastatic melanoma cell lines 
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Western blotting was used to detect H2O2-sensitive peroxiredoxins (Prx). Prxs protect cellular 
components by eliminating H2O2, becoming oxidized themselves in the process. Therefore Prxs are 
important biomarkers for oxidative stress in various cellular compartments. Prx 2 is found in the cytosol 
and Prx 3 in mitochondria. Five invasive and three non-invasive cell lines were analysed for Prx 2 and 3 
protein and oxidation levels. The proportion of oxidised dimeric to non-oxidized monomeric Prx 
indicates the level of H2O2 in the cell compartment.  

Cell lysates were loaded on a 12 % precast polyacrylamide gel to separate proteins by their size (10 
μg/well for Prx 2 and 20 μg/well for Prx 3 detection). Gels were run at 200V for 40 minutes. Proteins were 
transferred to a PVDF membrane (1 hour at 100V). 5% skim milk in TBST buffer was used for blocking 
the membrane before Prx 2 and 3 were detected with specific antibodies (rabbit anti-Prx 2 antibody, 
1:10,000 dilution and rabbit anti-Prx3 antibody, 1:2500 dilution). A secondary antibody (goat anti-rabbit 
peroxidase, 1:10,000 dilution) was used to detect and visualize Prx 2 and 3. Densitometry was used to 
quantify the intensity of monomer and dimer bands of Prx 2 (Fig. 3A) and Prx 3 (Fig. 3B), top panels. 
Total protein levels as well as oxidation levels were determined (Fig 3A and 3B, middle and bottom 
panels for Prx2 and Prx3, respectively.) 

Results: 

 

 Figure 3. Western blots and analysis of Prx 2 (A) and Prx 3 (B): Expression and oxidation levels of Prx 2 
and 3 in five invasive (red) and three non-invasive (grey) metastatic melanoma cell lines, cultured at 5% O2, 
analysis of total cell lysates. Oxidised Prx forms dimers, non-oxidized Prx is monomeric. Densitometry was 
used to quantify total Prx protein (middle panels) and % oxidized Prx (ox/total Prx protein. 

 Prx 2 and 3 total protein expression levels varied greatly between individual invasive and non-invasive 
cell lines, independent of their invasive properties. Prx 3 showed higher oxidation (~40-90 %) than Prx2 
(~20-70 %). Again, oxidation levels were cell line specific and independent of their invasive profile.  

Conclusions:Our results showed that Prx 2 & 3 expression and oxidation levels are melanoma cell line 
specific and independent of their invasive properties and peroxidasin expression. Other oxidative 
biomarkers could be investigated (e.g. protein carbonyls, a general oxidative stress marker), to 
investigate the intracellular role of peroxidasin in invasive metastatic melanoma cells. 

  

Peroxiredoxin 2 (cytosolic) Peroxiredoxin 3 (mitochondrial) (A) (B) 
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CLINICAL 

Co-Prescribing of Antiplatelet and Anticoagulant Medicines in Hospital 
and Community 

STUDENT Priyal Patel 

 

SUPERVISOR(S)  Dr Paul Chin, Associate Professor Matt Doogue 

SPONSOR Canterbury District Health Board, Department of 
Clinical Pharmacology 

Introduction: Antiplatelet and anticoagulant medicines are blood thinners that are used to prevent 
blood clots forming and blocking blood vessels. These are each prescribed for separate diseases in 
patients who are at high risk of forming blood clots. A common example for anticoagulant 
medications is for patients with an irregular heart rhythm known as atrial fibrillation (AF), and for 
antiplatelet medications is heart attacks.  In certain circumstances, patients may require both 
medicines, such as having two diseases requiring different antithrombotics. The combination of two 
antithrombotic medications doubles the risk of bleeding compared to one alone. This is a significant 
risk to patients, and it is therefore important to assess the need for such combinations of 
antithrombotic medications, especially when this is for an extended duration e.g. many months. 
This study focuses on those medications for patients admitted to hospitals in Canterbury. 

Aim: To determine the appropriateness of combined antiplatelet and anticoagulant therapy 
duration in hospitals in Canterbury over a 3-month period in 2017. 

Impact: Any discrepancies between the duration of therapy that are used in Canterbury and the 
guideline recommended durations will warrant further review of these guidelines as well as the 
prescribing practices. This can help understand any differences and prompt changes that can be 
made to better the prescribing safety of antithrombotic medications.  

Method: A review of the recommended treatment durations for each medicine was conducted, 
using local and international guidelines. Using these guidelines, combined treatment duration was 
identified. Prescribing data was collected using the last medication list for patients discharged from 
hospital between 1/07/2017 to 30/09/2017. Patients were included if they were at least 18 years old, 
and on both anticoagulant and antiplatelet medicines. The data collected included age, gender, 
ethnicity, kidney function, medicine name and dose. Further investigation through the clinical notes 
was done to identify the reason for each drug and the duration of treatment for each patient 
assessed against the guidelines. 

Results: There was a total of 158 patients on both an antiplatelet and anticoagulant medications 
found. The average age was 75 years and 103 (65%) were male. The oral anticoagulant drugs 
included dabigatran (42%) and warfarin (58%). The antiplatelet drugs included aspirin (85%), 
clopidogrel (6%), ticagrelor (1%), and some patients were on two antiplatelet medications (8%).  

From the 158 patients, only slightly more than half of the prescriptions (54%) complied with the 
guidelines for use of the antiplatelet/anticoagulant combination. This was looked at in further detail 
according to the anticoagulant indication as this carries the higher bleeding risk: 
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• There were 113 patients with AF who warrant lifelong anticoagulation. These patients are 
also on an antiplatelet for AF alone or other co-morbidities such as coronary artery disease. 
Of these, only 41% of prescriptions complied with the guidelines. 

• There were 33 patients with a mechanical heart valve replacement, who warrant lifelong 
anticoagulation and antiplatelet medications for the valve. There was 100% compliance with 
the guidelines.  

• There were 12 patients with lung or leg clots who required an anticoagulant for the clot, as 
well as antiplatelet drugs for other diseases such as heart attacks. Of these there was 50% 
compliance with guidelines.  

Conclusion: Overall just over half of prescribing combined antithrombotic medications complied 
with duration guidelines. Breaking this down further, there was full compliance for patients with 
mechanical heart valves. However, compliance was much poorer for patients with atrial fibrillation 
and lung/leg clots. In these two groups, though some patients were on two antithrombotic 
medications unnecessarily, others had complex problems that meant the non-compliance with the 
guideline was arguably the right thing to do. This is because a limitation of this study categorises 
patients into guidelines, which removes the ability to account for individuals who have complex 
problems and may truly benefit being on combined antithrombotic medications for an extended 
duration. This suggests further review of both the guidelines as well as prescribing practices at 
hospitals in Canterbury is necessary to help solve these discrepancies and determine if any changes 
need to be made. 
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CLINICAL 

What Influences Clinicians to Choose Wisely? 
STUDENT Aditya (Adi) Raina 

 

 

SUPERVISOR(S)  Dr Belinda Loring and Professor Michael Ardagh 
 

SPONSOR Ministry of Health – Choosing Wisely Campaign 

 

Introduction: Routine pre-operative (pre-op) testing before elective surgery is widespread. 
However before most procedures, this testing is of low value as testing rarely changes management, 
yet may cause harm to patients. Choosing Wisely is a campaign which aims to provide 
recommendations and encourage clinicians and patients to re-consider medical tests, procedures 
and treatments which may lead to unnecessary harm to patients and may add further costs to the 
healthcare system. A brief Choosing Wisely campaign was run in Christchurch Public Hospital (CPH) 
between August and October 2018 in response to an internal audit of unnecessary routine chest x-
rays (CXRs). The audit found that for elective surgery, CXRs from general and plastic surgery 
comprised the majority (91%) of routine CXRs ordered by all surgery departments at CPH. The 
effectiveness of Choosing Wisely depends on the dissemination and uptake of its recommendations 
to reduce low-value care. Hence this qualitative study was done to evaluate the CPH campaign and 
learn information which could be useful for future clinical initiatives. 

Aim: To evaluate the effectiveness of awareness-raising by the Choosing Wisely campaign in CPH, 
to assess what influences clinician behaviour around pre-op testing and to determine what can be 
done to bring about change in clinician behaviour. 

Impact: The data from this study provides insight into barriers regarding changing clinician 
behaviour and can inform the implementation of similar strategies to reduce unnecessary pre-op 
testing in New Zealand. 

Methods: Short 5-15 minute, semi-structured, one on one, audio recorded interviews were 
conducted with 15 doctors of varying seniorities from general surgery who were exposed to the 
campaign between August and October 2018. Five consultants, five registrars and five house officers 
who were randomly picked from a pool of eligible clinicians were interviewed after they were 
consented via email. 

All recruitment and interviews were conducted between 26 November and 12 December 2018. 
These interviews covered four general topics including getting background information, asking 
specifically about awareness and effectiveness of Choosing Wisely campaign, exploring barriers to 
changing clinician behaviour around pre-op testing and exploring potential interventions which may 
be useful in the future to change behaviour. Data were analysed using Braun & Clarke thematic 
analysis methodology. 

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

The awareness of Choosing Wisely theme consisted of what clinicians knew about Choosing Wisely 
and how they acquired knowledge of Choosing Wisely. The later sub theme involved an evaluation 
of whether the CPH campaign helped to spread awareness of Choosing Wisely. Most participants 
had an understanding that Choosing Wisely involved picking the correct investigations based on 
scientific evidence for patients. In terms of the usefulness of the campaign in spreading awareness, 
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it was found that only few participants had both seen the campaign media and understood its 
message. 

Thoughts around pre-op testing theme included opinions on current pre-op testing and factors 
which influence it. Opinions included the presence of too many unnecessary tests with a need to 
minimise them, need for patients to have blood tests for baseline and tests to be done based on 
the clinical scenario. “There probably is a degree of unnecessary tests done I would say. When you’re in 
preadmissions, you just obviously not really thinking too much about that side of things.” – House officer 
2. 

Significant factors influencing testing included age of patient, type of surgery, medical history of 
patient, if it was part of the breast unit protocol and if pre-op tests would be preferred by other 
clinicians involved in patient’s care. 

The prominent barriers for changing clinician behaviour included lack of knowledge around new 
evidence, staff being busy and not having enough time, mental automation around practices,  
guideline related barriers, lack of communication between clinicians, traditional practice of ordering 
tests and worry around patient safety if not tested. Similar barriers for clinicians have been found 
in previous studies. 

Tools & strategies suggested included auditing pre-op testing decisions, providing adequate 
guidelines / protocols, having an appointed Choosing Wisely promoter in departments, having 
evidence based educational presentations for all clinicians, having team meetings at start of staff 
changeover to improve communication and making changes related to house officers. These 
strategies align with evidence from previous studies of interventions in clinical settings to reduce 
unnecessary pre-op testing. 

Conclusion: The findings of this study suggest that the campaign in CPH was not very effective in 
spreading awareness of Choosing Wisely guidelines and there remains a need to minimise 
unnecessary pre-op testing. This study identified prominent barriers for changing clinician 
behaviour such as lack of communication, mental automation and traditional practices. In addition 
several strategies were identified to overcome these barriers including evidence based educational 
presentations, providing clear & specific protocols and auditing testing decisions. 
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CLINICAL 

Survey Of Laboratory Requests, Results and Outcome of Rapid ANCA 
Vasculitis Testing 

STUDENT Isla Revell 

 

SUPERVISOR(S)  Dr Ignatius Chua 

SPONSOR Canterbury Health Laboratories 

 

Introduction: Anti-neutrophil cytoplasmic antibody (ANCA) vasculitis is a rare autoimmune disease 
that is associated with auto-antibodies (anti-MPO, anti-PR3 or anti-GBM) which target constituents 
of cytoplasmic granules of white blood cells known as neutrophils. This induces an unregulated 
inflammatory response in the small vessels, damaging organs and peripheral tissues. It may 
manifest as a rapidly progressive disease with a high mortality rate, so good outcome is dependent 
on timely, accurate diagnosis and treatment with immunosuppressive drugs. 
Diagnosis of ANCA vasculitis is primarily based on clinical patterns such as renal dysfunction and a 
cough with blood streaked sputum. The symptoms of vasculitis and infection overlap with only 
subtle differences; clinicians may be using the ANCA test to differentiate between the two 
conditions. 
The routine ANCA testing is performed weekly, using an optimized protocol and is applied on a batch 
of samples. As urgent samples could take several days waiting to be processed, a rapid/ad-hoc ANCA 
test based on the same methodology but with shorter incubation times was set up in 2010. The 
urgent ANCA test is performed within 24hr of receiving the urgent sample and is labour intensive as 
the test is applied to one sample each time. 
 
Aim: 

• To evaluate the demand patterns and sources of rapid ANCA vasculitis test requesting. 
• To determine if test is requested appropriately for patients who have features of ANCA 

vasculitis. 
 
Impact: The information from this study will be used to optimize the provision of ad-hoc test 
requesting to patients with ANCA vasculitis.  
 
Method: 

• Laboratory request forms scanned and entered into LATTE from May 2010- Dec 2018 were 
reviewed. 

• Analyze ANCA test requests retrospectively for: age, gender, location, department, clinical 
features, results, diagnosis, treatment, and request dates. 

• Test results were categorized according to salient clinical features on request forms and 
electronic hospital discharge summaries. 

 
Results: Between May 2010 and Dec 2018, there has been a consistent demand in requests for ad-
hoc ANCA testing (≈36/year). 366 test requests were investigated: 209 males and 157 females with 
ages ranging from 1 to 94 years (mean 57y). Due to restricted access to discharge summaries and 
final diagnoses for out-of-region patients, only local patients (289) have been analyzed for this 
investigation. 19% of these patients had a positive ad-hoc result for one or more of anti-
PR3/MPO/GBM antibodies, 56% of whom had clinically confirmed ANCA vasculitis. 14% of patients 
diagnosed with ANCA vasculitis were treated with plasmapheresis, 70% with cyclophosphamide and 
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5% with Methylprednisolone or Prednisone. The diagnostic sensitivity is the ability for a test to 
correctly identify the presence of disease and the diagnostic specificity is the ability for a test to 
correctly identify the absence of disease. The calculated results were 86% and 90% respectively, 
indicating that that current normal vs abnormal cut-off levels were appropriate.  
 
Requests within Christchurch region account for 85% of total requests and were processed within 
24hr. Routine testing results were available in around 4 days. Requests originated mostly from 
intensive care units, general medical hospital wards and specialty units (especially nephrology and 
respiratory).  
 
Based on discharge summaries, patients presenting with respiratory AND renal, ONLY renal or ONLY 
respiratory dysfunction - 70%, 24% and 15% were had a positive rapid ANCA diagnosis respectively. 
In contrast, of patients with non-specific symptoms, 4% were confirmed as positive respectively. This 
is consistent with historically published pre-test probability pattern based on clinical features. 
 
Presenting clinical features on request forms were often different to presenting features indicated 
on discharge summaries and did not correspond to expected pretest probability according to 
renal/respiratory symptoms. 51% of local request forms had no clinical details included, and 52% of 
local discharge summaries showed that requests for rapid ANCA testing were made for patients 
with non-renal/respiratory related symptoms.  
 
Conclusion: Better usage of the rapid ANCA test may be accomplished by more accurate application 
of the rapid test to patients with deteriorating respiratory and renal disease. This could be 
accomplished by better design of the test request forms; better communication of the referring 
clinician with the laboratory and information on features that are more predictive of ANCA vasculitis 
on the hospital health pathway page.  
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LABORATORY 

Mycobacterial Resistance to Neutrophil Oxidants 
STUDENT Heath Ryburn 

 

SUPERVISOR(S)  Professor Mark Hampton, Doctor Heather Parker 

SPONSOR Department of Pathology and Biomedical Science, 
University of Otago, Christchurch 

Introduction: Mycobacterium smegmatis is a bacteria present in the environment that is genetically 
related to the highly pathogenic Mycobacterium tuberculosis. Unlike its deadly cousin, M. smegmatis 
is unable to cause disease and is an ideal model for laboratory-based tuberculosis research.  

Both species appear to be highly resistant to clearance by the immune system, especially our most 
common white blood cell, the neutrophil. Neutrophils kill foreign invaders by swallowing them up 
into a special compartment called the phagosome. Once inside, the compartment is pumped full of 
highly reactive oxygen species including chlorine bleach (HOCl) to destroy the bacteria.  

Mycobacteria employ various defense mechanisms to avoid damage by oxidants, one of which is a 
compound known as mycothiol. This compound is able to act like a bullet-proof vest by binding to 
and protecting proteins within the bacteria from oxidative damage. The mycothiol works in 
combination with a protein called mycoredoxin to protect the bacterium. We have obtained a 
mutant strain of M. smegmatis that is unable to produce mycoredoxin.  

Aim: The aim of this project was to test the importance of mycoredoxin in protecting bacteria from 
HOCl.  

Impact: Identifying proteins that are crucial in protecting pathogenic bacteria from our immune 
system will provide new therapeutic targets. 

Method: Sensitivity to chlorine bleach was assessed by incubating the bacteria with varying levels 
of HOCl before plating out onto agar to grow. The number of colonies counted on each plate could 
then be used to work out the number of bacteria that had survived the treatment.  

Sensitivity to neutrophil killing followed a similar protocol, however bacteria were incubated with 
neutrophils isolated from the blood of healthy donors. Small samples were taken at various time 
points during the incubation and the neutrophils from these were broken open with water. The 
surviving bacteria trapped inside could then be plated onto agar and counted using the method 
described above.  

Results: Mycoredoxin knockout bacteria (Mrx1/2) were more susceptible to HOCl that normal 
bacteria (WT: wild-type), indicating that mycoredoxin does have an important role in M. smegmatus.  
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Figure 1 – The percentage of surviving bacteria following incubation with varying levels of bleach. 
(Representative graph shown) 

When the bacteria were mixed with neutrophils, over three quarters of the normal bacteria survived. 
Most other types of bacteria tested in our laboratory are completely killed under the same 
conditions, highlighting the resistance of mycobacteria. The mycoredoxin knockout bacteria were 
killed more quickly, but large numbers still survived. Using microscopy, I was able to show that M. 
smegmatus were quickly eaten by neutrophils in these experimental conditions. 

 

Figure 2 – The percentage of surviving bacteria at various time points following exposure to 
neutrophils. Error bars were generated from the Standard Error of the Mean (SEM) taken over three 
separate experiments. 

Conclusion: The mycoredoxin knockout bacteria were 1.5 times more susceptible to bleach 
compared to the wild-type and were killed more rapidly inside of neutrophils, showing that 
mycoredoxin does have a protective role.  Despite this, the majority of the knockout bacteria 
remained alive in the neutrophil, suggesting that other unknown factors contribute to resistance. 
Identification of these protective factors would provide the basis for developing new drugs that 
sensitise mycobacteria to be killed by our immune system. 
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COMMUNITY 

Evaluation of a Patient Management System Implementation to a 
Mobile Health Workforce. 

STUDENT Sam Selwyn 

 

SUPERVISOR(S)  Virginia Maskill, Gill Coe, Kosta Tabakakis and Mary-
Anne Stone 

SPONSOR Nurse Maude and Centre for Postgraduate Nursing 
Studies (University of Otago) 

 

Introduction: As an emerging field in the healthcare industry, organizations are deploying 
computer-based systems to enhance efficiency and reduce costs. Recognition of paper-based 
systems’ inefficiencies has attracted more rapid investments in the computer-based systems. 
Benefits of implementing computer-based systems can present significant challenges if not 
implemented well. 

Nurse Maude (NM), the largest home-based support provider in Canterbury, has recently 
implemented a new computer-based patient management system (CRM).  This is a significant 
transition for the organization to meet the needs of the organization and moving towards a 
technology-assisted work environment. This study aims to provide insight into staff perceptions of 
implementing and using CRM to enhance and support the organization in a meaningful way. 

Aim: To explore the perception of the staff on the newly implemented patient management system. 

The objectives of the study are: 

• To understand staff experiences of the implementation of the new system. 
• To understand the staffs’ experience of using the new system. 

Impact: (in lay terms): The research informs the organization decision makers regarding the 
management of the CRM across a large, widely distributed mobile workforce. 

Method: The study used Qualtrics, an online platform to design and distribute the questionnaire to 
all the employees (approximately 750) who use CRM. The questionnaire was drafted by NM 
researchers, and notes from the pilot-test were considered to amend the questionnaire for 
relevance, appropriateness, and validity. Ethical approval was obtained from the University of Otago 
Human Ethics Committee and NM. During the period of 4th to 18th December 2018, the 
questionnaire was available in the web-based format as a link, which was shared using an email to 
the respondents and then completed. The closed-ended responses were analyzed using SPSS v25, 
to perform descriptive statistics and cross-tabulation. The open-ended questions were analyzed 
using NVivo 12, to identify themes relating to what staff would like the system to do differently, and 
the positive impacts of CRM. 

Results: The survey was completed by 238 respondents, of which half were support workers. Nearly 
three-quarters of the respondents were aged over 45 years, with the largest group being 55-64 years 
old. Approximately two third of the respondents have been with NM between two and 20 years, and 
the majority of them worked either part-time (48%) or full-time (44%). Over two-thirds of 
respondents had moderate to a lot of previous experience using a phone and/or a tablet for 
accessing emails, texts, internet and applications. 
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NM created a climate for change and provided comprehensive end-user training to ensure 
successful implementation and appropriate usage of CRM. Nearly 96% of the staff felt they were 
informed about the reasons for changing the system, and over 80% of the staff felt they were well 
informed about what would be expected with the new system. The training given was positively 
valued by staff; more than 85% of the staff used the instructions given out in the training and found 
the training information useful. The overall training and support responses were positive, however, 
respondents felt they were given less training since CRM went live, compared to prior to “go live”. 

The training and support positively enabled a vast majority of the participants (90%) to be confident 
using CRM. Staff indicated the layout of CRM on their phones makes it simple to access information. 
However, some of the improvements required included, resolving synchronizing issues, scheduling 
issues relating to client visit times, and reducing the travel for staff working in the community. 
Around 80% of the staff who were excited and positive about CRM before implementation, are 
enthusiastic using CRM now. Additionally, the positive features identified from the coded themes 
were client alerts, navigation, ordering supplies, follow-up/progress notes, and the system wass 
generally easy to use. Nearly half of the respondents who either “did not know” or felt CRM “would 
not make a difference to clients”, now feel clients think it is “a good idea”. 

It is worth highlighting that respondents felt their top three positive expectations were well 
integrated into CRM, namely accessing the available information about a client, having less 
admin/paperwork and making their work easier. The highest proportion of the respondents (90%) 
were mainly positive about finding it easy to access and share client information. Client visit 
information and progress notes enable them to be better informed and prepared prior to visiting a 
new client. Nearly three-quarter of the respondents find their paperwork/admin work had reduced. 
Moreover, the staff use CRM to find the needed information, rather than phoning or being phoned 
by the person who is scheduling their visit.  

Conclusion: This study has provided important information on the staff’s perception of the newly 
implemented patient management system. Overall from the findings, we could conclude staff 
perceive CRM’s implementation positively, and more training could enhance the quality of staff 
interaction with the CRM. Further research may explore more comprehensive information to 
understand the differences in staff perceptions based on their role and different predictors that 
influence the use and impact of the CRM on staff and clients.  
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COMMUNITY 

A Survey of Primary Care Clinicians’ and Medical Students Risk 
Tolerance in the Assessment of Acute Chest Pain.  

STUDENT Richard Stewart 

 

SUPERVISOR(S)  Dr Lynley Cook, Dr Ben Hudson and Dr Martin Than 

SPONSOR Pegasus Health (Charitable) Limited 

 

Introduction: Chest pain is a common reason for patients to present to primary care providers 
within the Canterbury region. There are many causes of chest pain, ranging from non-life-
threatening causes (such as reflux) to causes which are life-threatening (such as a myocardial 
infarction or ‘heart attack’). It is therefore imperative for primary care providers, such as nurse or 
general practitioner (GPs), to quickly assess the patient and ascertain the cause of the chest pain.  

There are a variety of investigation and/or treatment pathways that are available for patients 
presenting with chest pain. These include reassuring the patient there is no concern for the pain, 
arranging an urgent blood test (assessing for troponin- a maker for damage to the heart muscle), or 
admitting the patient acutely to hospital. All treatment and investigation pathways carry a degree of 
risk; examples of the risks are missing a major adverse cardiac event (by not testing/referring a 
patient) to inappropriate referral of a patient to hospital which has limited resources. Further to this, 
it is important to note that not all tests are reliable and it is not possible to have a test with 100% 
accuracy.  

Dr Martin Than, Director of Emergency Medicine Research- Christchurch Hospital, undertook a study 
assessing the risk tolerance of emergency department physicians when assessing chest pain in 
2012. This multinational study showed just over half (56.8%) of emergency department physicians 
surveyed accepted a risk of missing a major cardiac event of 1 in 200 or less.  

Aim: The aim of this study is to determine the level of risk of missed major adverse cardiac events 
in patients presenting with acute chest pain at which primary care clinicians and medical students 
judge further assessment is unnecessary.  

Impact: This study will help us better understand clinicians’ and medical students’ risk tolerance in 
the assessment of acute chest pain in primary care. This knowledge will help us to provide education 
to clinicians to optimise the assessment and investigation of patients with acute chest pain. 

Method: A survey was designed asking two research questions. In addition to the two research 
questions, demographic questions were also asked (including age, gender, occupation, and years 
since graduation).  

The survey was sent to all GPs (including both registrars and those with vocational registration), 
registered nurses, nurse practitioners, and medical students within the CDHB catchment area. The 
survey was open from 17 December 2018 to 7 January 2019. 

The first research question asked participants to select a preferred outcome based on the perceived 
risk a patient was experiencing a major adverse cardiac event. The possible outcomes were to 
reassure the patient with no further testing, to arrange an urgent troponin or to admit the patient 
acutely with no further testing. The risk brackets were as follows: 0.1%, 0.2%, 1.0%, 5.0%, 10%, 20%, 
25%, and 33.3%. The second question asked participants to select the level of risk of missing a major 
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cardiac event where they believed no further testing was warranted. The risk brackets were as 
follows: 0.01%, 0.1%, 0.25%, 0.5%, 1.0%, 2.0%, 4.0%, 5.0%, and 10%.  

Results: We received 100 responses to the survey (53 GPs, 1 GP registrar, 4 medical officers in 
afterhours/urgent care facility, 18 medical students, 7 trainee interns, and 17 registered nurses). Of 
the 100 respondents, 64 were female and 36 were male. 

In the first question, reassuring patients with no further testing was the preferred option when the 
risk of a major cardiac event was very low. This option decreased as risk increased. The use of 
troponin increased as risk increased, before plateauing at 80% and then decreasing as risk increased 
further. As the risk of a patient having a major adverse cardiac event increased, admitting the patient 
acutely became the preferred option, increasing at a slightly higher incline than ‘reassure patient’ 
decreased. For the level of missed major cardiac event, 50% of respondents opted for a risk of 
missed cardiac events of 1 in 400 or less. The highest peak was in the 1 in 1000 group.  

Discussion: With a low response rate, it is difficult to draw many conclusions from this data. The 
use of troponin appears to be consistent with its purpose in primary care. That is, troponin is used 
when there is an intermediate risk of patients experiencing a major cardiac event. It was also found 
that as perceived risk increased, primary care clinicians and medical students have a decreased 
tolerance in the assessment of acute chest pain. It is important to note, however, that this study 
does not identify what influences a clinician’s risk tolerance, and this would be an area where more 
research is needed.  

It was also found that primary care clinicians have a lower risk tolerance in the assessment of acute 
chest pain when compared to emergency department physicians. This was seen with the majority 
of participants in this study opting for a miss rate of 1 in 400 when compared to a miss rate of 1 in 
200 that emergency department physicians selected in Than’s 2012 study. 

 

Our results suggest that, primary care clinicians’ (PCC) approach to the assessment of patients presenting with chest pain is 
broadly consistent with current guidance, and that PCCs appear to have a lower risk tolerance level when assessing these 
patients than emergency department physicians. Due to the small sample size, our ability to draw firm conclusions is limited 
and we suggest a larger study is needed to more fully explore our initial findings.  
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LABORATORY 

Optimisation of Oxygen Gradients in 3d-Bioprinted Cartilage 
Constructs  

STUDENT James Swan 

 

SUPERVISOR(S)  Dr Gabriella Lindberg, Dr Khoon Lim, Associate 
Professor Tim Woodfield 

SPONSOR Canterbury Medical Research Foundation 

Introduction: Tissue engineering of living cartilage analogues is a promising advanced therapy to 
heal damaged cartilage tissue. Chondrocytes can be cultivated into biomaterials that are 3D-
bioprinted into scaffolds mimicking a basic environment for cells prior to their therapeutic 
application. GelAGE is a gelatin-based hydrogel developed by the CReaTE group that has shown 
promise to engineer cartilage tissue as it supports both cell growth and survivability.  

Oxygen is known to be an important metabolic substrate and signalling molecule for cells. Within 
the 3D-bioprinted constructs, oxygen is mostly present by diffusion, which has been shown to 
restrict cellular growth and healthy tissue formation. This limits scaffolds to sizes that are too small 
to be clinically relevant. Therefore, understanding the internal diffusion profiles of constructs is vital 
to successfully engineer cartilage of clinical relevance that maintains healthy cellular growth and 
development.  

Aim: To measure oxygen concentration in 3D-bioprinted cartilage structures in order to better 
understand the internal diffusion profiles of these constructs.  

Impact: As oxygen is a fundamental molecule for regulating cellular functions, controlling the 
concentration of oxygen in 3D-bioprinted cartilage tissue is vital to healthy tissue formation in 
fabricated constructs of clinical relevance. This project will aid to further understand the internal 
diffusion profiles of these constructs, and subsequently, to optimise architectural designs to better 
control oxygen distribution.   

Method: Bioinks composed of GelAGE seeded with or without chondrocytes were fabricated into 
disc or microspheres. Silicon molds were used to generate the disc constructs, while the 
microspheres were produced by dispersing the hydrophilic GelAGE into a continuous hydrophobic 
oil phase (a process known as oil-emulsion microfluidics). To ensure the spheres and discs remained 
in their desired shapes, they were crosslinked using visible light.  

The disc and microsphere constructs were incubated for up to 35 days in chondrogenic 
differentiation media. Discs were incubated in normoxic conditions (normal levels of oxygen), while 
microspheres were incubated in either normoxic or hypoxic conditions (low levels of oxygen to 
simulate native cartilage tissue). The oxygen concentrations within the constructs were measured 
periodically within the 35 days. Optical oxygen microsensors (Presens® profiling system) were used 
to penetrate the structures and take z-profile measurements of oxygen concentration, while oxygen 
sensor foils and the Visisens® imaging system were used to take x and y measurements. 
Furthermore, glycosaminoglycan (GAG) levels were measured concurrently with the oxygen 
measurements to determine the extent of cartilage tissue formation within the constructs.  
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Results: Integrating an oxygen microsensor into a 3D-printer for controlled z-profiling was a 
success. Oxygen gradients along the z-axis were detected in both the cell-free and cell-laden discs, 
and after 2 weeks, differences between the two became apparent. Cell-laden discs showed lower 
oxygen profiles across each subsequent week, with the exception of week 4, which showed higher 
oxygen levels than both weeks 3 and 5. This can be correlated to a sharp increase in 
glycosaminoglycans (GAG) levels measured at week 4 (from <5 µg/mg measured in week 3 to >30 
µg/mg in week 4). It is possible that the increased tissue formation caused the enzymatic 
degradation of the hydrogel material that increased the oxygen diffusion as the extracellular matrix 
was remodeled.  

Unlike the discs, the microspheres were too small to profile the z-axis, so measurements were taken 
from their centers instead. Interestingly, air saturation in the normoxic spheres was lower on day 
one and actually increased over the first 10 days. This may again be explained by the cells 
enzymatically degrading the hydrogel, allowing more oxygen to diffuse into the gel. Air saturation 
then reduced in the following weeks, before increasing again at weeks 4 and 5. GAG analysis showed 
that tissue formation fluctuated across the 5 weeks, similarly to the air saturation in the samples. 
Levels of GAG were rather low (<2 µg/mg) in the normoxic spheres, however, suggesting that overall 
the tissue formation was poor. Conversely, cartilage tissue in the hypoxic spheres thrived (>10 
µg/mg of GAG after 5 weeks). This correlated to the steady increase in air saturation measured with 
the microsensors within the hypoxic microspheres.  

The disc x and y profile data also showed a decrease in air saturation until week 4, where a slight 
increase was observed. However, there doesn’t appear to be much difference in air saturation 
between some of the cell-laden and cell-free discs, so it is difficult to correlate this to tissue 
formation and/or enzymatic degradation. On some occasions (namely week 5) the Visisens images 
of the discs were unable to be analysed due to complications during the image calibration. 
Microsphere measurements on the Visisens were unable to be analysed. 

Conclusion: Oxygen profiles of engineered cartilage constructs can successfully be measured using 
oxygen microsensors integrated into a 3D printer. This may prove to be beneficial for designing 
future constructs. The Visisens system needs to be better optimised before measurements can be 
made confidently. Further experimentation with hypoxic gels may prove beneficial to further the 
understanding of oxygen diffusion in cartilage constructs. 
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CLINICAL 

Optimising the Use of Lumbar Puncture in Patients with Suspected 
Subarachnoid Haemorrhage 

STUDENT Annabelle Vincent 
 

 

SUPERVISOR(S)  Dr Scott Pearson, Dr James Weaver, Dr Leanne Toney, 
Dr Martin Than, Associate Professor John Pickering  

SPONSOR Ministry of Health – Choosing Wisely Campaign 
 

 

Introduction: Atraumatic subarachnoid haemorrhage (SAH) is a brain haemorrhage that usually 
results from a ruptured aneurysm. It is difficult to diagnose and has a high rate of morbidity and 
mortality, especially if not picked up early. The typical presentation for SAH is a sudden onset severe 
headache. Current practice for diagnosis of suspected SAH is a brain CT scan. If this imaging is 
negative, a lumbar puncture is performed which can detect the presence of blood products in the 
cerebral spinal fluid. However there are several disadvantages to lumbar puncture. It is unpleasant 
for the patient, time-consuming, technically difficult in some patients, and has potential 
complications such as ongoing headache and local bleeding. The question amongst clinicians is 
whether current CT scanning technology has high enough sensitivity in detecting SAH that lumbar 
puncture is unnecessary in most patients. 

Aim: 

1. Establish the sensitivity of current generation CT scanning to identify SAH 
2. Describe the use of other investigations including LP and MRI 
3. Investigate the clinical presentation pattern of patients that have false negative CT results 

Impact: If it is shown that the sensitivity of current generation CT scanners in detecting SAH is 
sufficiently high, this may lead to a reduction in unnecessary use of lumbar puncture.  

Method: All patients with a discharge diagnosis of SAH at Christchurch Hospital from 1Jan2008 to 
31Dec2017 were identified through ICD-10 coding. Various measures concerning clinical 
presentation, investigations, diagnosis, treatment and outcome were recorded. This data was 
crosschecked with the neurosurgical database where available. The coroners’ database was 
searched for any community deaths due to subarachnoid haemorrhage and these patients were 
searched for any prior potential SAH related admissions. 

Results: 

Table 1. CT results 

Time from symptom onset to CT (hours) CT positive CT negative Total 
<12 150 3 153 
12-24 103 0 103 
24-48 40 1 41 
48-72 8 1 9 
72-96 4 0 4 
96+ 24 13 37 

 

A total of 347 cases of SAH were included in the analysis. Of these cases, 329 were picked up by CT 
while the remaining 18 had negative CT results. Majority of patients (74%) presented within 24 hours 
of symptom onset and almost all of these cases were diagnosed by CT. There were 3 cases that 
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presented within 12 hours of symptom onset and had negative CT results. These were noted to all 
be non-aneurysmal bleeds.  

While most patients who presented between 48 and 96 hours after symptom onset were diagnosed 
by CT, the numbers in these groups are too low to draw reliable conclusions. The group of patients 
presenting more than 96 hours after symptom onset were much more likely to have a negative CT 
and therefore be diagnosed by another modality. 

Table 2. Primary outcome – sensitivity of CT 

Time from symptom onset to CT (hours) % Sensitivity (95% CI) 
All patients 94.8 (91.8 to 96.8) 
<12 98.0 (93.9 to 99.5) 
<24 98.8 (96.3 to 99.7) 
<48 98.7 (96.4 to 99.6) 
<72 98.4 (96.0 to 99.4) 
<96 98.4 (96.1 to 99.4) 
96+ 64.9 (47.4 to 79.3) 

 

The overall sensitivity of CT in detecting SAH was determined to be 94.8%. However when stratified 
by time from symptom onset to CT it was calculated that the sensitivity was over 98% for those 
presenting within 24 hours, which represents most patients. While sensitivity appears to remain 
high from 48 to 96 hours, there were very low numbers in these groups. There is a clear drop in 
sensitivity, down to 64.9%, when patients present more than 96 hours after symptom onset. 

Conclusion: For patients that present within 24 hours of symptom onset, CT is highly sensitive in 
detecting subarachnoid haemorrhage. It is difficult to make comments about those presenting 
between 24 and 96 hours due to the low numbers in our sample but it is clear that for patients 
presenting more than 96 hours after symptom onset lumbar puncture should be considered in the 
case of a negative CT result. 

To further this research it would be of value to extend the approach to nationwide data. This would 
provide an increased sample size and thus a clearer indication of CT sensitivity for a delayed 
presentation. It may also be of interest to compare these results to data on the number of negative 
lumbar punctures performed due to suspected subarachnoid haemorrhage. This could help to 
quantify the benefit of reducing unnecessary lumbar punctures. 
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CLINICAL 

I Will Wear My Heart Upon My Sleeve: The Mind–Body Connection in 
Broken Heart Syndrome 

STUDENT George Watson 

 

SUPERVISOR(S)  Dr Paul Bridgman, Dr Cameron Lacey 

SPONSOR National Heart Foundation of New Zealand 

For the second consecutive year our Heart Foundation sponsored research has won the overall 
summer studentship prize in Christchurch from over 50 finalists. 

Introduction: Broken heart syndrome is the purest example we have in medicine of a psychological 
factor causing a physical illness that can be rapidly fatal. One important way in which the syndrome 
can be fatal is by prolonging the QT interval, which can lead to dangerous heart rhythms. Our 
research in 2017/2018 showed that the QT interval can remain prolonged for up to three days after 
the heart has been broken, but it is not known if the broken heart remains susceptible to stress-
induced QT prolongation even after recovery. We therefore performed a randomised controlled trial 
of stress in patients with a history of broken heart syndrome. 

Aim: To determine if broken hearts respond differently to age and sex-matched controls when 
exposed to stress. The primary endpoint was QT interval change. Secondary endpoints were 
changes in heart rate variability. These are measures of the state of the autonomic nervous system. 

Impact: Stress and anxiety are thought to play a part in many different illnesses across many 
branches of medicine. By learning more about broken heart syndrome, we may also understand 
better the influence of the brain on other physical illnesses.  

Method: Twelve patients with a history of broken heart syndrome and nine control patients with 
other heart conditions or cardiology department encounters were recruited. Inclusion criteria were 
normal systolic function and normal sinus rhythm. Exclusion criteria were beta-blocker therapy or 
a history of panic disorder. Each patient had two separate 24 hour continuous ECG recordings taken 
using a holter monitor. The patients took the monitor home with them. Five minutes of baseline 
recording was taken at the start of each 24 hours. After this baseline a stress intervention or control 
was undertaken. On one recording, the patients were instructed to hyperventilate as hard and as 
fast as they could for three minutes. Hyperventilation in this fashion is validated as a means of 
provoking anxiety and psychological stress. At the start of the other recording, the patients were 
instructed to breathe diaphragmatically in a measured and relaxed way for three minutes. This was 
the control breathing exercise. The study design was randomised cross-over, so the order that each 
patient did the breathing exercises was random. There was at least five days between each 24-hour 
recording. The recordings were downloaded and analysed using the HScribe analysis system. QTc 
was calculated from a QT interval manually measured using the tangential line method. 
Measurement was performed twice at baseline, twice during the breathing exercise, and once each 
at 2.5 minutes, 5 minutes, 10 minutes, 20 minutes, 8 hours, 16 hours, and 23.5 hours post-breathing. 
Heart rate variability measures were taken directly from HScribe analysis. 
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Results: The patients mean age was 66±3 years. Interim analysis has shown that during 
hyperventilation, compared to control breathing, heart rate, anxiety levels, and the QTc interval 
increase in both groups (all p<0.001). The change was similar in both groups (p=NS).  

 

 

Conclusion: We have shown that voluntary hyperventilation is an effective stressor in these 
patients, increasing both anxiety levels and heart rate. In both patient groups QTc increased in 
parallel with anxiety and heart rate. This suggests that patients with a history of broken heart 
syndrome do not carry forward a differing cardiac response to stress as assessed in this manner. 
Their mind-body connection was not found to differ from the controls. Additionally, it can be said 
that we found no evidence for a long-term increased susceptibility to QT-mediated arrhythmias in 
the patients. 

Note that this in an interim analysis of most, but not all, of the patients to be studied. George Watson 
continues this work recruiting to achieve twelve patients in each group. He will then perform a fully 
blinded re-analysis of QT intervals and will analyse the heart rate variability data. Full, final, results 
will be presented at international meetings including at the Cardiac Society of Australia and New 
Zealand’s conference in Wellington in June. A manuscript will be published in a peer-reviewed 
journal. Acknowledgement will be given to the Heart Foundation of New Zealand. 
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COMMUNITY 

Transitions to Menopause among Christchurch Health and 
Development Study Female Cohort Members  

STUDENT Jacqui-Lyn Welch 

 

SUPERVISOR(S)  Dr Geraldine McLeod and Associate Professor Joseph 
Boden 

SPONSOR University of Otago, Christchurch – Department of 
Psychological Medicine 

 

Introduction: Menopause, also known as the climacteric, is a normal biological process that 
involves a decrease in ovarian hormone production. The criteria for menopause is the cessation of 
menstruation for more than 12 months. Perimenopause is the period leading up to menopause and 
commonly occurs around 40-55 years of age. Women going through menopause can experience 
episodes of palpitations, nervousness, crying spells, headaches, muscle or joint pains, and hot 
flushes. These symptoms can impair women’s ability to function at work, potentially impacting their 
economic circumstances and employment. Symptoms can also affect social lives and personal 
relationships. However, there are currently few well conducted studies about the transition to 
menopause in a modern cohort.  

The Christchurch Health and Development Study (CHDS) is a longitudinal study, established in 1977, 
that has followed 1,265 people. This project looks at the menopausal experiences of 337 women in 
this cohort, using data collected from the 40 year follow-up interview.  

Aim: The aims were to provide baseline data on menopausal status, the prevalence of 
perimenopausal symptoms and the impact of these symptoms. This studentship project was 
established to retrieve medical data on the respondents, so as to validate and supplement the 
interview data that were collected.  

Impact: Menopause is a significant transition period. Our understanding of menopause is 
influenced by societal attitudes towards aging and a woman’s purpose in life. This project was 
created to develop our limited understanding of the transition to menopause.  

Method: The CHDS conducts interviews with their adult participants every five years. During the 40 
year follow-up, respondents were asked a series of questions pertaining to menopause. Some of 
the questions where: “Are your periods regular?”, “Have you had a period in the last 3 months?”, and 
“Has a doctor ever told you that you were entering menopause?” Participants were also asked about 
a series of menopausal symptoms using the Greene Climacteric Scale. The Greene Climacteric Scale 
is a questionnaire that helps quantify the severity of menopausal symptoms. It asks about 21 
symptoms, with a severity scale of 0-4 (see example below).  

Women who were on hormonal contraception were excluded from the menopause analysis as it 
was anticipated that the extrinsic hormones would interfere with menstruation and mask intrinsic 
hormonal change. Pregnant women were included as they were asked about the period before they 
were pregnant. Women who had had hysterectomies and oophorectomies were excluded.  

For local participants, it was initially expected that medical data would be acquired from primary 
health providers. However, as the project progressed, it became apparent that this information was 
best accessed by establishing a locality agreement with each of the District Health Boards in New 
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Zealand. In order to retrieve medical data on international participants, emails were sent to their 
self-reported GP clinics.  

Results: While medical data were being collected, the data from the 40 year interviews were 
analysed. The results showed that 7% of women were menopausal. 70% of women were 
perimenopausal and 23% were premenopausal.  

The highest Greene Climacteric Scale score among the cohort members was 47. There were 36 
people who reported not being troubled at all by symptoms, receiving a score of 0. The lowest 
quartile had a score of 3 or less. The highest quartile had a score of 15 or more.  

  

The graph above shows the percentage of the cohort to receive each of the scores on the Greene 
Climacteric Scale. A large proportion of the cohort received a low score. This graph is projected to 
shift to the right over the next few years as more respondents experience menopausal symptoms.  

The Canterbury DHB Data Warehouse has provided us with an extensive data set that will help 
continue to illustrate the experiences of cohort members residing in Canterbury. Correspondence 
is advancing with the other DHBs. There has been a limited response from the international GP 
clinics. This is likely due to health information privacy laws and time restraints on practice managers.  

Conclusion: These findings provide a description of the cohort’s menopausal status and climacteric 
symptoms at the age of 40. Of note was the high proportion of women who had reported having no 
period in the last 12 months/were menopausal. This will have implications for women who delay 
motherhood while they embark on their career ambitions.    

This project has demonstrated that the collection of medical data from numerous sources is slow 
and convoluted. It also requires having to call on information managers to contribute their valuable 
time to compile the data. These processes represent some of the challenges of research.  
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CLINICAL 

Clinical Pharmacology Top Trumps for the Gamification of Medical 
Student Learning  

STUDENT Harry White 

 

SUPERVISOR(S)  Associate Professor Matt Doogue, Dr Paul Chin, 
Professor Murray Barclay   

SPONSOR Canterbury District Health Board - Department of 
Clinical Pharmacology 

 

Introduction: Gamification blends traditional learning through repetition with the competitive 
nature of games. Gamification has been shown to be effective learning and is consistently rated as 
more enjoyable than other methods and gains comparable results. Gamification is most useful in 
areas which there is lower motivation to study, commonly these are topics that are “hard”. Clinical 
Pharmacology is the study of medicines and their therapeutic use. It is a content dense topic.  
Otago Medical School has a core drug list of 109 key medicines for students to learn. This is an 
important part of the undergraduate curriculum and it has been identified that the gamification of 
this material may assist students in their learning. 

Top Trumps is a game using a themed deck of playing cards. For learning about medicines, each 
card is a different medicine. Each card describes characteristics of a medicine. These are used to 
compete. Through repetition of the game players learn the information on the cards. This makes 
Top Trumps suitable to gamify the learning about medicines.  

Aim: To develop and test a Clinical Pharmacology (CP) Top Trumps game to support medical student 
learning the Otago Medical School Core Drugs List.  

Impact: Should CP Top Trumps prove to be both useful and enjoyable then they will be incorporated 
into the medical curriculum to supplement existing material.   
 

Methods: Core characteristics about medicines suitable for Top Trumps were determined. The 
information for each medicine in the Otago Medical School core drug list was obtained from key 
references. These were reviewed by specialists in clinical pharmacology.  

The selected characteristics on each card included the; 

- Fractional oral bioavailability – how much of an oral dose enters the bloodstream 
- Half-life - how long it takes for the body to remove the drug 
- Frequency of use – how many people in Canterbury take each drug. 
- The most important common adverse reaction to the drug 
- The most important serious adverse reaction to the drug 

Additional core characteristics not suitable for gamification were selected and provided as 
descriptive text. For each medicine a related picture was included, for example illustrating historical 
or clinical interest. 

- Drug name and class 
- Mechanism of action - how the drug works 
- Main indication - why the drug is used 
- Primary route of elimination - how the body removes the drug 

The cards were tested with senior medical students and teaching staff. The usefulness of the cards 
was measured through a survey and a structured interview.  
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Results: Most (8/9) students reported the game was useful for learning about medicines. In 
particular the students found it very useful for learning half-lives of medicines and fractional oral 
bioavailability. The students commented that it would be most likely useful if provided to students 
early in their training and available for longer than the one week used in this study.  

Teaching staff reported that the game would be useful for student learning with 3/3 supporting their 
use in the course. Of note, some of the information provided in the game is hard to access from 
other sources and this was felt to be a major gain.  

As the student researcher, my goals were to learn about research, to learn about medicines and to 
make a worthwhile contribution to student learning. I feel that these were all achieved and 
surpassed. 

Conclusion: The Clinical Pharmacology Top Trumps were reported as both useful and enjoyable by 
the medical students and the teaching staff that evaluated them. The students enjoyed the different 
style of learning that it offered and regarded it as a valuable addition to their current learning 
resources. The staff found thought that the game was an excellent resource to supplement the 
existing material. As a result, Clinical Pharmacology Top Trumps will be incorporated into the 
medical curriculum as a supplementary material.  
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LABORATORY 

Measurement of Vitamin C Concentrations in Plasma from Patients at 
Pre-admission for Cancer Surgery 

STUDENT Rebecca White 

 

SUPERVISOR(S)  Professor Margreet Vissers, Associate Professor Gabi 
Dachs, Helen Morrin, Dr Andrew Das and Professor 
Bridget Robinson 

SPONSOR Canterbury Medical Research Foundation 

Introduction: Vitamin C, also known as ascorbic acid, plays a crucial role in multiple functions within 
the body. This includes the synthesis of collagen which helps with wound healing. It is also known 
to have antioxidant activity, is involved in the immune system, and can improve iron absorption 
from plant-based foods. Humans are unable to synthesise their own vitamin C and so we are 
required to obtain it via our diet. A deficiency of vitamin C is known as scurvy and is characterized 
by fatigue, poor wound healing, and bleeding gums. 

There has been rising interest in the relationship between vitamin C and cancer. Prior studies 
conducted by the University of Otago measured the levels of vitamin C within tumours themselves; 
they found that a higher level of vitamin C was associated with prolonged survival of patients with 
colorectal or breast cancer. They also found that in other tumours, such as kidney and endometrial 
cancer, a higher vitamin C level was associated with a less aggressive tumour phenotype. 

Aim: To measure the plasma levels of vitamin C in patients who are about to be admitted for surgery 
at Christchurch Hospital to remove or treat their cancer. 

Impact: The vitamin C status of patients with cancer is believed to be low, but few studies have 
actually measured vitamin C levels in this group. The levels of plasma vitamin C in the general 
population have been established in prior studies but studies analysing cancer patients have been 
small and used measurement techniques that were less accurate. This study will address this gap in 
knowledge by recruiting a larger number of patients and using a technique that is considered to be 
the gold-standard for vitamin C measurement. 

Method: Patients were required to meet the criteria of being aged over 18 and having a confirmed 
diagnosis of cancer, and being booked in for surgery to remove their tumour. All suitable patients 
were approached at the pre-admission clinic in Christchurch Outpatients and invited to participate. 
A simple questionnaire was then conducted to collect their demographic variables including age, 
gender, weight, height, ethnicity, level of exercise, and smoking status. The patient was also asked 
whether they took vitamin C supplements and high-dose vitamin C injections, and what food and 
drink that they had consumed over the past 24 hours. 

A single sample of blood was collected into an EDTA tube and processed at the laboratories of 
University of Otago Christchurch. The plasma was extracted from the blood and stored at -80oC for 
vitamin C analysis. For vitamin C analysis, the stored plasma was thawed and processed before 
being analysed using High Performance Liquid Chromatography (HPLC). The results were separated 
into 5 main vitamin C categories; deficient <11µmol/L, marginal 11-23µmol/L, inadequate 23-50 
µmol/L, adequate 50-70 µmol/L, and saturating >70 µmol/L. 
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Results: Overall, 60 patients were recruited for the study. The cohort was 55% female, 60% of 
patients were 60-79 years of age and 91% were NZ European, with 7% Māori, and 2% other. The 
most common cancer types were breast (30%), colorectal (22%), prostate (13%), and urothelial (10%). 

About 1/3rd of all patients had saturating 
levels of vitamin C, 1/3rd had adequate and 
1/3rd had inadequate or lower levels of the 
vitamin in their blood (Figure 1). To account 
for spikes in HPLC readings due to recent 
vitamin C intake, patients that had consumed 
substantial amounts of vitamin C just prior to 
their blood sample being taken were removed 
to make up a ‘fasting group’ (n=49). This group 
accounted for everyone in the deficient, 
marginal, and inadequate categories, which 
together made up 41% of fasting patients, 
with 37% and 22% being adequate or 
saturating, respectively.  

There was a significant difference in plasma 
vitamin C between men and women, with 
men being consistently lower (Figure 2). 

There was also a significant difference according to the level of 
exercise (Figure 3). People that exercised less than 60 minutes a 
week had lower vitamin C levels than people who exercised more 
than 60 min/week. 

There was no significant difference in vitamin C levels across the 
different types of cancer. There was also no relationship between 
vitamin C and BMI, ethnicity, smoking status, or age. We also 
found that diet (according to a 24h recall survey) did not appear 
to affect vitamin C levels, although supplement use did, especially 
if they had taken a supplement that morning. 

Conclusion: A substantial group of our patients were found to 
have below adequate levels of vitamin C in their plasma. Men 
also had lower levels of vitamin C than women, and people 
who exercised less were more likely to have lower levels of 
vitamin C. The reasons behind gender differences is uncertain, 
but this trend was also found in the general population. 
Differences according to exercise levels may be an indicator of 
overall health and nutritional status of the patient, but this 
needs to be explored in more detail.  

This study has important implications as it allows us to identify 
groups of people that are potentially at a higher risk of having 
inadequate, marginal, or even deficient vitamin C levels and in 
the future may help health professionals to better meet the 
needs of patients with cancer. 

Figure 1: Number of cancer patients in each of 5 vitamin C 
categories. Categories are outlined in the methods. The 
orange bars include all the patients in the study (n=60), while 
the yellow bars show only those patients who had consumed 
less than 45mg of vitamin C on the day of recruitment, 
considered to be fasting (n=49). 
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Figure 2: Vitamin C levels of women 
vs. men (n=60). 
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Figure 3: Vitamin C levels according to 
exercise, measured in minutes per 
week (n=60). 
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Laing 
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Introduction:  Nephrostomy tubes are the standard management of some forms of urinary 
obstruction (blockage of the kidneys). However, little is known on how nephrostomy tubes impact 
daily life in men and women who have them. 

Burden is a way to assess how people with nephrostomy tubes and the health system are being 
impacted. This is not just financial, but also includes physical, psychological, and cultural aspects. By 
looking at both patient and health system, we can establish the overall impact of nephrostomy tubes 
in our community. This will help us to understand if current management of nephrostomy tubes is 
appropriate or suggest that research into alternatives is required.  

Aim:  

-To understand the number of patients in our community with nephrostomy tubes. 

-To assess the impact these patients place on the health system with respect to Emergency 
Department (ED) attendances, urinary tract infection (UTI) and unplanned changes of nephrostomy 
tube due to dislodgement or blockages 

-To assess quality of life (QOL) in these individuals. 

Impact: (in lay terms) This study may validate current practice or may suggest there is merit in 
exploring alternatives (both in terms of quality of life or cost to the health system). 

Method: All patients who either had a current nephrostomy tube or who had one inserted within 
the study period of 1 November 2016 to 31 October 2018 at Canterbury District Health Board (CDHB) 
were included. Patients were recruited through radiological data, which showed nephrostomy tube 
changes and insertions within the study period. Patients were excluded if they were visitors to the 
CDHB catchment area. This included international and New Zealand patients who required a 
nephrostomy tube intervention while visiting the CDHB catchment area. Patients may have had their 
first nephrostomy tube inserted prior to the study period their complications experienced within 
the study period were included.  

A questionnaire was developed that asked patients to rate aspects of their quality of life with respect 
to their nephrostomy tube as well as information on nephrostomy tube complications. Patients with 
a current nephrostomy tube as at 31 October 2018 were contacted by mail asking them to complete 
the questionnaire.  

Individual nephrostomy tube events were counted. Patients with nephrostomy tubes inserted at 
different time periods for different reasons were recorded as separate nephrostomy tube events, 
so one patient could be counted multiple times for several different nephrostomy tube events.  

This study was reviewed and approved by Te Komiti Whakarite and the Canterbury District Health 
Board research office. 
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Results: The total number of patients with a nephrostomy tube event during the study period was 
254. Most patients were New Zealand European/Pākehā (79.5%) with New Zealand Māori the second 
most common ethnicity (10.2%).  56% of patients were over 65 years of age. 53% were female and 
28% were deceased at 31 October 2018. The most common indications for a nephrostomy tube 
were stones (37%), malignant obstruction (30%) and benign obstruction (10%). 150 (59%) tubes were 
short term and 104 (41%) were long term. 

The impact on the health system was measured by complications, which was made up of 
nephrostomy tube-related ED admissions, UTIs and unplanned nephrostomy tube changes. In 
regard to complications, 63% of patients had a least one UTI, 48% had at least one ED admission 
and 31% of patients had at least one unplanned nephrostomy tube change. Overall, 64 (25%) of 
patients had no complications for the duration of their nephrostomy tube, while 190 (75%) patients 
had at least one complication.  

The questionnaire was sent out to 48 patients with a current nephrostomy tube. There were 37 
replies. Quality of life was rated on a 7 point Likert scale, with 1 being very poor and 7 being 
excellent. Most patients rated their quality of life as 5 (27%). When this was split into above average 
quality of life (5-7) and average and below average quality of life (1-4), 62% rated their quality of life 
as above average. 

Conclusion: Patients with nephrostomy urinary diversion present a significant burden to the health 
system with 63% suffering UTI and almost half requiring an ED attendance. Urinary tract stone 
disease as well as malignant obstruction of the ureter constitutes two thirds of indication for tube 
placement. Despite this, the majority of patients rate their quality of life to be above average. Further 
analysis of the data is recommended to establish any relationships between indications, length of 
tube placement and complications. 
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In Vivo Imaging of Iron Deposition in Parkinson’s Disease 
STUDENT Jasmyn Williams 

 

SUPERVISOR(S)  Dr Tracy Melzer and Dr Toni Pitcher 

SPONSOR Brain Research New Zealand 

 

Introduction: Parkinson’s Disease (PD) is a progressive neurodegenerative disorder characterised 
by the death of dopaminergic neurons in the substantia nigra. Dopamine functions by facilitating 
fast, coordinated movements and so low dopamine levels associated with PD causes movements to 
become slow and difficult. The wide range of PD symptoms can also encompass non-motor 
symptoms including pain, anxiety and cognitive impairment. The cause of PD-associated neuronal 
death in the substantia nigra is unknown.  However, recent studies have found increased iron 
deposition in the substantia nigra of PD patients compared to matched controls, which may also 
relate to motor symptom severity and disease duration. Excess iron can cause oxidative cell damage 
and cell death. Therefore, iron-mediated oxidative stress is a potential pathomechanism of PD. It is 
now known that the majority of PD patients go on to develop dementia, which is arguably the biggest 
burden on the patient, their family, clinicians and healthcare expenditure. Interestingly, recent 
studies have found that increased iron deposition is not limited to the substantia nigra but is also 
found throughout the cortex in PD patients. This finding suggests that cortical iron deposition may 
be linked to PD-associated cognitive impairment.  

In this project, we used a new iron-sensitive MRI technique—quantitative susceptibility mapping 
(QSM)—to investigate iron accumulation in the substantia nigra and basal ganglia of PD patients. 
We then investigated the relationship between QSM values and disease severity, duration and 
cognitive impairment.  

Aims: Part one of this project aimed to use QSM to confirm increased iron in the substantia nigra in 
PD. Part two of this project aimed to investigate the relationship between iron accumulation and 
both disease severity and cognitive impairment in the basal ganglia. 

Impact: This project investigated iron accumulation in Parkinson’s disease and provides insight into 
possible iron deposition changes within deep nuclei of Parkinson’s patients. Parkinson’s research 
continues to become progressively more important as incidence and prevalence of the disease 
increases alongside New Zealand’s ageing population. 

Method: We used 202 MRI scans from PD and control participants who had already completed QSM 
scans, clinical assessment and extensive neuropsychological testing as part of an ongoing 
longitudinal study. Initial steps of this project included inspection of QSM scans, to ensure inclusion 
of the brain and exclusion of the skull, eyes and other structures that can perturb QSM values. We 
excluded 26 participants due to motion, artefacts, cognition changes or because they had another 
brain condition. 129 PD and 47 control participants remained in the project; of these participants, 
16 PD and 14 controls completed follow-up QSM scans at approximately two years after baseline.  
The final stages involved extraction of QSM values for each structure and statistical analysis to 
investigate relationships between QSM and disease variables.  

 

Results: 
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Substantia nigra QSM values in PD and control groups 

 

Analysis revealed significantly higher QSM values in the PD group relative to controls in the 
substantia nigra and red nucleus. This suggests that the PD group had higher iron levels in the 
substantia nigra and red nucleus relative to the control group. We then investigated substantia nigra 
differences further by dividing the participants into cognitive groups and adjusting for age and sex. 
Results displayed a significant difference in substantia nigra QSM values between all PD subgroups 
and controls, as well as significantly higher QSM values in those with PD and dementia (PD-D) 
relative to those with PD and normal cognition (PD-N). 

Further analysis revealed no change in QSM values over time for those who had completed scans 
after a 2-year follow-up visit. Within the PD group, we found no association between QSM values 
and motor symptom severity, cognitive domains (including measures of executive function, 
attention, memory, and visual spatial function) or disease duration. Additionally, no differences 
were seen when comparing right and left sides of the brain or side of motor symptom onset versus 
the non-affected side.  

Conclusion: Our results demonstrate iron accumulation changes within PD patients, which outlines 
the need for further research into iron deposition as a possible pathomechanism of PD.  
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Introduction: When cancer arises within the body it activates an immune response which attempts to 
eliminate the cancer via a range of mechanisms. Immune cells for example CD8 T cells and natural killer 
cells are able to destroy cancer cells through the release of proteins. Despite this, it is now well 
established that tumours are capable of recruiting and subverting immune cells to support tumour 
growth and development. Often immune cells will reach the site of the tumour, however once there, they 
fail to eliminate cancer cells and in some cases support tumour growth. Currently the pattern of immune 
cell recruitment to the developing tumour is poorly understood. 

Vitamin C is an essential cofactor for a diverse array of proteins within humans. Among these are proteins 
involved in the hypoxic response as well as DNA and histone modification, both of these processes are 
known to play an important role in the regulation of the immune response. Vitamin C levels are 20x 
higher in immune cells compared to the plasma, a strong indicator that it is important for their function. 
In addition to this, vitamin C has been shown to be depleted in cancer patients compared to healthy 
controls.  

Aims: The aims of the project were to investigate the infiltration and distribution of immune cells within 
the tumours of mice as they develop and determine if this is affected by dietary vitamin C intake.  

Impact: With the current efficacy seen in some immune based therapies, having a thorough 
understanding of the basic immune response during tumour development is essential for their 
optimization and ensuring their ongoing success. This study provides a strong foundation for further 
work looking at tumour development over time, in particular the analysis of the localisation and 
characteristics of more immune cell types. Further work stemming from study would also inform us if 
inadequate vitamin C intake may have an effect. 

Methods: 

Mouse model: Gulo deficient mice which are unable to synthesize vitamin C were used as the 
experimental model for this study. Mice were placed on either a low (200mg/L) or high (3300mg/L) vitamin 
C diet for one month prior to tumour implantation. 106  Lewis Lung carcinoma cells were then implanted 
on the flank of each mouse. Tumours were excised at three different stages, 50mm3 200mm3 and 
800mm3 generating samples representing different stages of tumour development. 90 mins prior to 
harvest, mice were administered a hypoxia probe, pimonidazole. Tumours were then embedded in 
paraffin for sectioning and immunostaining. 

Immunohistochemistry: Prior to immunostaining, sections were rehydrated. Sections of each tumour 
were then dual stained for Gr-1 and pimonidazole using the Vector ImmPress HRP Reagent Kit and the 
Dako REAL EnVision Detection System respectively, according to the manufacturers protocol. Sections 
were first stained with anti-Gr-1 (1:500) to reveal the presence of a class of immune cells called myeloid 
cells which are known to exhibit both pro and anti tumour activity. Samples were then stained with anti-
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pimonidazole (1:500) which detects areas of hypoxia within the tumour sections. Following staining 
samples were dehydrated, mounted and imaged. 

Results: Our initial results indicate that dietary vitamin C intake did not affect the level of Gr-1 cell 
infiltrate or the growth rate of tumours. Further studies looking at more immune cell subsets and other 
tumour types may be beneficial in determining if dietary Vitamin C intake affects immune infiltration 
tumour development. As vitamin C treatment had no effect on the development of the tumour, the 
remaining 37 tumours were analysed together as a whole independently of vitamin C treatment and are 
shown in Figure 1. 

When analysing the tumours independent of vitamin C intake, we observed two main patterns. Figure 1A 
indicates the most common pattern where there was a gradual increase in the proportion of Gr-1+ cells 
as the size of the tumour increased. Gr-1 positive cells tended to clump together and associate with areas 
of hypoxia. The second pattern seen across all tumour sizes were tumours with little Gr-1 cell infiltrate 
and areas hypoxia (Figure 1B). The lack of inflammatory cell infiltrate is a phenomenon which has been 
observed in clinical samples and these tumours are termed desert or cold tumours. 

Interestingly we found that the level of Gr-1 cell infiltrate was affecting the growth rate of the tumour. 
Tumours where the area of Gr-1 cells fell above the median of all samples grew significantly slower than 
tumours where the area of Gr-1 cells fell below the median (Figure 1C). This indicates that in this 
experimental model, higher inflammatory cell infiltrate may be contributing to slower tumour growth 
and relates to observations made in patients with certain cancers. An example of this is colorectal cancer 
patients where a high immune infiltrate is linked to better prognosis. 

Conclusion: This study has shown a pattern of hypoxia and myeloid cell infiltration in the developing 
tumour. Dietary vitamin C intake was not found to have an effect on this pattern, although further 
investigation into other immune cell types and tumour types remains to be done.  
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Figure 3: Development of the immune response to tumours in mice. A and B, representative results of two of the main patterns 
seen across all tumour sizes. Small tumours are on the left and large tumours on the right. Green areas represent hypoxia and 
brown Gr-1 positive cells. C, Time (days) taken for tumours above and below the median for the area of Gr-1 positive cells to reach 
600mm3 in size. ** = p<0.005. 
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Introduction: Breast cancer is the most common cancer to affect women in New Zealand and is the 
leading cause of death from cancer. It tends to develop in older women and as our population ages, 
the proportion of elderly affected is increasing. There is some current evidence of under treatment 
of breast cancer in the elderly, due to a number of factors including patient and clinician concerns 
over side effects of treatment, social impacts of treatment and comorbidities (existing medical 
conditions such as heart and lung diseases). The type of breast cancer in the elderly may also differ 
from the younger population. 

Aim: The aim of this project is to assess the patterns of care for the treatment of men and women 
who are diagnosed with breast cancer over the age of 70 in Christchurch and assess survival 
outcomes. We aimed to update patient follow up data and gather information on comorbidity 
status, medications and living situation of this patient cohort. We also wished to assess if elderly 
health screening tools correlated with patient survival and could be used to guide treatment 
decisions for these patients. 

Impact: Our data shows that the use of screening tools to establish patients frailty and co-morbidity 
status correlate well with survival outcomes and also that the younger and healthier a patient is, the 
more likely they are to die of breast cancer. Therefore these tools can be used to help guide 
treatment plans so that patients aren’t undertreated or excessively treated for their breast cancer. 

Method: Data was extracted from the Breast Cancer Foundation National Register for all patients 
within the Canterbury region who were aged 70 years and over.  The data extracted included 
background information, tumour features and current cancer disease status as last updated for 
these patients. My contribution to this project included gathering updated follow-up information 
and disease status for these patients as well as data on their overall health and living situation at 
time of diagnosis. I used these variables to calculate various measures of patients’ health including 
using comorbidity data to calculate a Charlson score and then from that a Comorbidity-Adjusted 
Life Expectancy Score (CALES), sorting patients into none, low/medium or high comorbidity groups.  

Results:  There were 514 breast cancer diagnoses in the Canterbury region between 2009 and 2015. 
Of these, 6 patients had two separate breast cancers diagnosed and we excluded their second 
episode. One further patient was excluded as they were diagnosed at time of autopsy. Therefore, 
our overall analysis includes 507 patients.  

Surgery type (see table 1) 

There are two different breast cancer surgery types available, mastectomy (removal of the whole 
breast) or breast conservation (where the cancer lump is removed and the patient then has 
radiation treatment to the rest of the breast). Some patients may opt to just have primary hormone 
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therapy (no surgery) if they are estrogen 
receptor positive, and 15% of patients and 47% 
of those aged above 85 elected to have this 
option. For patients who were aged 70 to 74, 
45% of them opted to have breast conservation 
surgery whereas only 24% of those aged 80-84 
and 10% of those aged 85 or over had breast 
conservation surgery. Only 3% of patients aged 
70 to 74 had no primary surgery compared with 
49% of those aged above 85. 

CALES and Survival 

For patients who had no comorbidities based on 
their Charlson score, 68% were still alive but of 
those who died, 52% died from breast cancer. Comparing patients who were in the low/medium 
band 35% of those who died, died from breast cancer and in the high band only 15% of patients 
died from breast cancer. 

Conclusion: Older patients who have surgery are more likely to have a mastectomy compared to 
breast conservation, which can be due to the desire to avoid multiple treatment sessions required 
for radiation therapy, or avoid the possibility of another surgery or just because the patient wishes 
the cancer to be removed quickly and completely with less regard for the final appearance. As 
patients get older, there is often a more conservative approach resulting in more patients having 
primary hormone therapy as opposed to surgery, which is likely due to comorbidities and increased 
frailty as well as patient desire to avoid invasive treatment. 

Our results show a definite trend that based on increasing age, comorbidities and frailty there was 
a reduction in survival and also an increase in the percentage of deaths that were unrelated to 
breast cancer. However, although the tools appear predictive on raw numbers of events, further 
statistical analysis will be performed to confirm our findings. While the risk of cancer increases with 
age, so too does the risk of other comorbidities and this competing risk has been shown to be 
significant within this population in terms of overall survival. Therefore we recommend that a form 
of elderly health assessment be used to help cancer teams to determine the optimal cancer 
treatment for their patients. 

The potential benefits of an assessment tool such as CALES include being able to estimate survival 
time and the impact of their breast cancer diagnosis on their survival, as some elderly patients may 
be more likely to die from their pre-existing medical conditions. This would inform us so that we can 
better individualize the most appropriate breast cancer treatments for the elderly. 
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