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A fact  is a simple statement that everyone believes. It is innocent, 

unless found guilty. A hypothesis is a novel suggestion that no one 

wants to believe. It is guilty, until found effective. 

-Edward Teller
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The Austin Surgery Research Prize

The Austin Surgery Research Prize was inaugurated in 2003 and supported by Johnson and Johnson Pty Ltd. 
The main aim of the prize was to foster interest in clinical and basic science research amongst trainees at all 
levels within the Division of Surgery and reward excellence in achievement. It is gratifying to note that interest 
amongst trainees has remained high as seen by the number of high quality presentations submitted this year.  

We are grateful to Johnson and Johnson Pty Ltd who have remained steadfast in their commitment to 
supporting research at the Austin. In addition we are also indebted to the senior medical staff of the Austin who 
have encouraged research amongst the trainees. Without this support much of the work presented here would 
not be possible.

Prof C Christophi
Head, Department of Surgery
Austin Health

“The philosophies of one age have become the absurdities of the 

next, and the foolishness of yesterday has become the wisdom of 

tomorrow. 

- Sir William Osler 
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PROGRAM

07.30 - 0830 Weekly Surgical Audit

0845 - 1200 Austin Surgery Research Prize

0900 James Walcott - “The role of FDG-PET derived metabolic measurements in resectable 
pancreatic cancer.”

0915 Stephen Kunz -“Stopping a bleeding heart: the impact of protamine: heparin ratios on 
post-operative haemostasis and transfusion over 5 years.”

0930 Grace Gold - “Acute Pancreatitis: The changing incidence, aetiology and management 
at a quaternary hepatobiliary centre.”

0945 Alastair Young - “The effect of Liver Transplantation on the quality of life of the 
recipient’s main caregiver - a systematic review.”

1000 Dermot O’Kane – “Protecting the kidney against ischaemia-reperfusion injury using zinc 
- establishment of wild-type and genetic knockout murine models.”

1015 Kimberley Hughes -“Acellular Dermal Matrix Assisted Implant-Based Breast 
Reconstruction vs. Complete Sub-muscular Reconstruction: The First Australian Series.”

1030 Todd Manning - “Modelled perspective of laparoscopic lens fogging and its 
preventative measures in standard and robotic laparoscopes.”

1045 Daniel Christidis - “Beyond X-Ray Vision: Intra-operative parallel 3D images pilot study.”

1100 David Wetherell - “Zinc Reduces Proliferation and Promotes Resistance to Oxidative 
Stress in PC3 Prostate Cancer Cells by a HIF -1alpha Dependent Mechanism.”

1115 Adjudication

1130 Announcement of winner & presentation of Prize

“Science is built up of facts, as a house is built of stones; but an 

accumulation of facts is no more a science than a heap of stones is 

a house.” 

-Jules Henri Poincaré
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The role of FDG-PET derived metabolic measurements in 
resectable pancreatic cancer

James Walcott1, Sze Ting Lee1,2, Christopheri Christopheri1,2, Vijayaragavan Muralidharan1,2.

1Austin Health, Melbourne, Australia, 2University of Melbourne, Melbourne, Australia

BACKGROUND:  FDG-PET is an evolving modality in the diagnosis and staging of pancreatic cancer. Prognosis 
for resectable pancreatic cancer is poor with a 5-year survival of approximately 20%. Studies of multiple solid 
tumours have shown that PET measurements of metabolic activity of tumour using SUV, SUV max, MTV and 
GTV correlate with survival. In this study we apply PET measurements to primary pancreatic malignancy in 
patients that have undergone resection to see if they correlate with survival.

METHODS: All patients who had a PET scan for pancreatic adenocarcinoma and subsequently underwent 
surgical resection at the Austin hospital during the period of 01 January 2005 to 31 December 2012 were 
included in this study. SUV, MTV and GTV were calculated retrospectively for the primary pancreatic malignancy. 
ROC analysis was used to correlate metabolic measurements with disease free and overall survival and were 
displayed using Kaplan-Meier survival curves. 

RESULTS: A total of 32 patients were included in this study. Mean age was 68 years at the time of resection 
and 14 (44%) were male. PET positively identified the primary in 28 (88%). Mean survival was 25.8 months 
post resection. Survival at 12 and 24-months were 56% and 41% respectively. Mean disease-free survival was 
14.2 months.  Mean SUV, SUV max, MTV and GTV were 3.2, 4.9, 39.4 and 33.3 respectively. Increasing mean 
SUV was shown to correlate with decreased survival however increased MTV was shown to correlate with 
increased survival.

CONCLUSIONS: This series demonstrates survival values comparable with those expected for resectable 
pancreatic cancer. FDG-PET derived measurements of metabolic activity were found to correlate with survival 
curves and may be a useful adjunct in predicting prognosis in resectable pancreatic cancer.

James Walcott
Current Position: SET 4 trainee in General Surgery, 
James started as an HMO3. After doing a medical science degree with honours 
and a music degree at Sydney University, James completed his graduate 
medical degree at Flinders University in Adelaide in 2007. He then completed 
his internship at Royal Darwin Hospital before moving to Melbourne to pursue 
training in surgery. James has also completed the post-graduate diploma in 
surgical anatomy at Melbourne University in 2012 where he was awarded the 
Albert Coates memorial prize. 

PERSONAL CONTRIBUTION

Planning/conceptualization: 75 %

Laboratory work/data collection 100 %

Data analysis/discussion: 75 %
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Stopping a bleeding heart: The impact of protamine:heparin 
ratios on post-operative haemostasis and transfusion 

overfive 5 years 

Dr. Stephen Kunz1, Ms. Kelly Mirowska-Allen2, Mr. Damian Ianno2, Dr. Lachlan Miles3 & 
Mr. Siven Seevanayagam1

1 Department of Cardiac surgery, Austin Health; 2 University of Melbourne; 3 Department of Anaesthesia, Austin Health

BACKGROUND: While heparinised anticoagulation is a critical for cardiopulmonary bypass, accurate dosing 
of protamine reversal is difficult. Although mismatch is recognised to increase the risk of bleeding through 
impaired platelet aggregation and thrombin generation,  there is significant inter- and intra-institutional variability 
in dosing. Following our unit’s change of dosing practice, we examined our centre’s previous 5 years of cardiac 
surgery, hypothesising that a increased protamine:heparin ratio may confer a greater risk of transfusion, a greater 
volume of intercostal catheter (ICC) output and a greater post-operative drop in haemoglobin (Hb).

METHODS: A case-control study was undertaken at the Austin, reviewing all cases of on-pump CABGs and 
single valve repair/replacements from 1/1/2011 to 31/12/2015. In addition to population demographics, variables 
examined included total intra-operative heparin and protamine, stratified to three groups (low: ≤0.6 mg per 
100IU of heparin, moderate: 0.6-1.0, and high: ≥1.0), and compared these with the primary outcomes of PRBC 
transfusion. Secondary outcomes were the number of units transfused, non-PRBC transfusion, the drop in Hb 
between pre- and immediately post-operatively, and the ICC output over the first 4 hours. 

RESULTS: Of the 803 patients identified, 343 received a blood transfusion, with 1054 units used. 18% of 
individuals (149) received a low dose, 50% (405) received moderate, and 32% (256) high. Using multivariate 
analysis with the moderate dosage group as a reference, the low dose group were 49.1% less likely to receive a 
PRBC transfusion (OR 0.519; 95% CI 0.321-0.838 p=0.007) while the high dose group carried a 3.32x increased 
risk of transfusion (OR 3.320; 95% CI 2.337-4.718 p<0.001). Additionally, for those transfused, we found a dose 
dependent response for the predicted number of units transfused independent of other variables This same 
relationship was demonstrated with a significantly greater drop in Hb post-operatively, greater ICC output, and 
greater proportion of non-PRBC transfusion. 

CONCLUSIONS: Higher doses of intra-operative protamine relative to heparin had a powerful association with 
the likelihood of bleeding and transfusion. Despite common beliefs regarding protamine’s utility in haemostasis, 
restrictive protamine dosing may provide a hitherto under-recognised protective mechanism against significant 
post-operative bleeding. 

Stephen Kunz
Current Position: Second year unaccredited general surgical registrar 

Stephen has an interest in cardiothoracics, trauma and general surgery. He is 
a clinical lecturer with the University of Melbourne, RACS EMST instructor, 
has taught surgical principles in Timor Leste, and is undertaking multiple 
research projects at the Austin. Outside of work he enjoys cooking, rock-
climbing, and spending time with his cats.

PERSONAL CONTRIBUTION

Planning/conceptualization: 90%

Laboratory work/data collection 95%

Data analysis/discussion: 52%
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Acute Pancreatitis: The changing incidence, aetiology and 
management at a quaternary hepatobiliary centre.

Dr. Grace Gold1, Dr. Stephen Kunz1, Ms Kelly Mirowska-Allen2, Mr. Vijayaragavan Muralidharan1 

1Austin Health, Vic, Australia ;  2University of Melbourne, Vic, Australia  

BACKGROUND:  Acute pancreatitis (AP) is a condition of significant morbidity, mortality and cost. Local and 
international studies have identified a change in its aetiology, noting an unexpected increase in idiopathic cases. 
We set out to confirm if this change echoed our institution’s experience, as well as assess the evolution of its 
management and impact on patient outcomes. 

METHODS: A retrospective audit, performed at Austin Health, included all patients presenting with their first 
episode of AP in 2004 and 2014. Information collected included demographics, modified Glasgow score (MGS), 
inpatient progress, investigations and management.   

RESULTS: Of the 254 patients identified, 84 admissions were in 2004 and 169 in 2014. This did not represent 
an overall increased incidence at our institution (p=0.791), given a proportional growth of hospital services. 
Age at presentation decreased significantly from 63 (IQR: 44-95) to 57 (IQR: 39-95) (p=0.034), as did length of 
stay (LOS), decreasing from 5 to 4 days (p=0.004). There was no change in the proportion of males to females 
(p=0.449), nor was there a difference in MGS (p=0.378), ICU admission (p=0,305) or mortality (p=0.735). 
Radiological work-up altered over the study period, with the likelihood of MRCP being performed increasing 
by 30 times (p<0.001), and decreased likelihood of CT cholangiogram. Triglycerides were ordered for over 
twice the amount of cases in 2014 compared with 2004 (p<0.001) and IgG4 was performed in 42% of all 2014 
presentations, after being introduced in 2007. There was no change in the likelihood of surgical management. 
Between 2004 and 2014 the aetiology of AP changed significantly with a fall in cases attributed to gallstones 
(p<0.001), potentially corresponding to a change in our management of symptomatic cholelithiasis, and a rise in 
cases deemed idiopathic (p=0.001). Subgroup analysis of idiopathic patients found no dominant demographic 
characteristics. However a statistically significant decrease in MGS (p=0.000) and LOS (p<0.001) was 
observed.

CONCLUSIONS: While the incidence of AP has remained constant over the past decade, the aetiology 
has significantly changed, with an increasing idiopathic precipitant. As distinct from the literature, our results 
indicate idiopathic AP is less severe than other-cause AP. However, further research is required to identify the 
characteristics of idiopathic patients and the factors driving the unexplained rise in incidence. 

Grace Gold
Current Position:  Surgical Resident (PGY 2)
Grace is a surgical resident interested in General Surgery whose favourite organ 
is the pancreas. She has experience in retrospective audits, having published 
on complications of general surgical procedures presenting to a quaternary 
institution, in addition to laboratory based research in lymphoma and pro & 
anti-apoptotic protein expression.

PERSONAL CONTRIBUTION

Planning/conceptualization: 25%

Laboratory work/data collection 50%

Data analysis/discussion: 45%
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The effect of Liver Transplantation on the quality of life of the 
recipient’s main caregiver – a systematic review

Alastair L Young1 PhD FRCS, Ian A Rowe1 PhD MRCP, Kate Absolom2 PhD, Rebecca L Jones1 PhD 
FRCP, Amy Downing2 PhD , Nick Meader3 PhD, Adam Glaser2 DM MRCP(UK) FRCPCH, 

Giles J Toogood1 DM FRCS

1.Leeds liver unit, St James’s University Hospital, Leeds; 2 Leeds Institute of Cancer and Pathology, University of Leeds

3.  Centre for Reviews and Dissemination, University of York, 

BACKGROUND: Liver transplantation (LT) is a transformative, life-saving procedure with life-long sequale for 
patients and their caregivers.  The impact of LT on the patient’s main caregiver can be underestimated.  We 
carried out a systematic review of the impact of LT on the Health Related Quality of Life (HRQL) of LT patients’ 
main caregivers. 

METHODS:  We searched 13 medical databases from 1996 to 2015. We included studies with HRQL data 
on caregivers of patients following LT then quality assessed and narratively synthesized the findings from 
these studies. 

RESULTS:

Of 7076 initial hits, only five studies fell within the scope of this study.  In general, they showed caregiver 
burden persisted in the early period following LT.  One study showed improvements, however the other 
four showed caregiver’s levels of stress, anxiety and depression, remained similar or got worse post-LT and 
remained above that of the normal population.  It was suggested that HRQL of the patient impacted on the 
caregiver and vice versa and may be linked to patient outcomes.  No data was available investigating which 
groups were at particular risk of low HRQL following LT or if any interventions could improve this.

CONCLUSIONS:

The current information about LT caregivers’ needs and factors that impact on their HRQL are not adequately 
defined.  Large studies are needed to examine the effects of LT on the patients’ family and caregivers in 
order to understand the importance of caregiver support to maximise outcomes of LT for the patient and their 
caregivers.

Alastair Young
Current Position:  HPB & Transplnatation Fellow

Alastair graduated from Edinburgh University in 2002 and continued his training 
in Leeds, completing both his basic and higher surgical training there. His PhD 
investigated the influence of hypoxia on enzyme function in the process of 
colorectal metastases. More recently his research interests have focussed on 
different aspects of outcomes research. 

PERSONAL CONTRIBUTION

Planning/conceptualization: 90%

Laboratory work/data collection 80%

Data analysis/discussion: 95%
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Protecting the kidney against ischaemia-reperfusion injury 
using zinc – establishment of wild-type and genetic knockout 

murine models

O’Kane D1,2, Bolton D1,2, Baldwin G1, Shulkes A1, Patel O1, Ischia J1,2.

1Department of Surgery, University of Melbourne and 2Department of Urology, Austin Hospital.

BACKGROUND: Acute kidney injury (AKI) is a major source of morbidity and mortality worldwide. Renal 
ischaemia-reperfusion (I-R) is one of the leading causes of AKI in hospitalized patients. Renal I-R results most 
commonly from hypotension, sepsis, or as a consequence interruption of the renal blood supply during major 
vascular and renal surgeries. Short of supportive therapies, there are no definitive therapeutic options to protect 
the kidney against I-R. Zinc is an essential trace element that plays a pivotal role in many biological processes. 
Dysregulation of zinc homoeostasis during I-R is related to cellular loss and injury in various tissues. We have 
previously demonstrated that zinc preconditioning (PC) protects the rat kidney against I-R injury, and have made 
the more significant finding that this protection is reproducible in a large animal model (ovine), where other 
methods of PC have failed. The mechanisms through which zinc has its effect remain unknown however. 
We have thus established a number of murine models of renal I-R injury in an attempt to elucidate these 
mechanisms, and to investigate the effects of renal I-R on zinc homeostasis in the kidney.
 
METHODS: Wild-type C57BL/6 mice underwent nephrectomy and 25mins of contralateral renal ischaemia 
following intraperitoneal (IP) PC with either ZnCl2 or control. Blood and renal tissue samples were taken on day 
2 for analysis. This protocol was repeated with interleukin-6 (IL-6) knockout (KO) mice, glutathione peroxidase-1 
KO mice, as well as aged New Zealand Obese (NZO) mice. ICPMS was used to measure renal zinc levels in 
control and zinc treated mice pre and post-ischaemia.

RESULTS: ZnCl2 (10mg/kg) given as an IP injection in our wild-type model was protective against 25mins of 
renal ischaemia. Mean creatinine value in the zinc treated group on day 2 was 36.6μmol/L vs 105.5μmol/L 
in the control group. Zinc PC was also protective against renal I-R injury in the aged NZO model. Renal zinc 
levels were found to be depleted as a result of I-R, however zinc PC resulted in higher mean renal zinc levels 
(15.54μg/g vs 23.17μg/g).

CONCLUSIONS: Not only have we demonstrated the efficacy of zinc PC against renal I-R in a third different 
animal model, but we have also demonstrated that zinc PC can protect against renal I-R in an aged diabetic 
nephropathy model. Establishment of our genetic KO models is taking us closer to elucidating the mechanisms 
behind this profound protective phenomenon.

PERSONAL CONTRIBUTION

Planning/conceptualization: 70%

Laboratory work/data collection 100%

Data analysis/discussion: 70%

Dermot O’Kane
Current Position: Urology Research Fellow (Fulltime Research)
Urology research fellow, completing a PhD at University of Melbourne. 
Commencing SET1 Urology in 2017.
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Acellular Dermal Matrix Assisted Implant-Based Breast 
Reconstruction vs. Complete Sub-Muscular Reconstruction: 

The First Australian Series.

Hughes K, Neoh D
Plastic & Reconstructive Surgery Unit, Austin Health

BACKGROUND: The use of acellular dermal matrix (ADM) in breast reconstruction, as an inferolateral hammock 
to cover and support the inferior pole of the implant has many advantages. The practice of using ADM has gained 
momentum internationally for several years, however has only recently become easily available in Australia 
with the introduction of Flex HD (a human ADM allograft). We present a single surgeon’s experience using 
Flex HD for immediate breast reconstruction (IBR) compared to traditional two stage complete sub-muscular 
reconstruction, to our knowledge the first Australian series.

METHODS: A retrospective review of a single surgeons first fifty IBR using Flex HD compared to fifty 
consecutive sub-muscular IBR without ADM between February 2014 to March 2016. Patients undergoing 
delayed reconstruction, wise-pattern mastectomy, or BMI >32 were excluded from the comparison group. 

RESULTS: Thirty-four patients underwent fifty IBR using Flex HD, with fifteen single stage direct to 
implant reconstructions (DTI). Thirty-six patients who underwent fifty consecutive immediate sub-muscular 
reconstructions formed the comparison group.  Patient characteristics were comparable between the two 
groups. ADM allowed higher intraoperative fills with an average of 62% of total expander volume filled achieved 
compared to 50%, resulting in fewer outpatient clinic visits. 14 patients in the ADM group experienced a 
complication compared to 16 in the comparison group. On average patients in the ADM group had a better 
cosmetic outcome (7.6/10 vs 5.5/10). 

CONCLUSIONS: The use of ADM as an adjunct to implant based reconstruction allows higher initial expander 
fill volumes and one-staged DTI reconstructions in select patients, providing potential cost saving benefits. 
The ability to precisely define the infra-mammary fold and increase lower pole expansion results in improved 
cosmetic outcomes with comparable complication rates.

Kimberley Hughes
Current Position:  Unaccredited Plastic Surgery Registrar

Kim has worked at Austin Health for the last four years. She is currently a full 
time unaccredited Plastic Surgery registrar and has a keen interest in breast 
reconstruction. She has been accepted onto the for Plastic Surgery SET 
program for next year

PERSONAL CONTRIBUTION

Planning/conceptualization: 80%

Laboratory work/data collection 100%

Data analysis/discussion: 80%
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Modelled perspective of laparoscopic lens fogging and its 
preventative measures in standard and robotic laparoscopes 

Manning T, Papa N, McGrath S, Khan M, Campbell N, Perera M, Lawrentschuk N 
 1 Department of Surgery, University of Melbourne 2 Department of Urology, Austin Hospital.

BACKGROUND: Laparoscopic lens fogging (LLF) during laparoscopic and robotic procedures hampers vision, 
impedes operative efficiency and increases risk of inadvertent patient injury. Attempts to reduce intra-operative 
LLF have led to the development of various anti-fogging fluids, warming devices and intra-operative techniques. 
Despite this growing body of potential solutions, comparative effectiveness has been poorly addressed in 
current literature. We aimed to construct a model peritoneum to simulate LLF and to compare the efficacy of 
various anti-fogging techniques for standard and robotic laparoscopes.
 
METHODS: A model peritoneum (figure 1) was created using a plastic 8 litre container filled with water. 
Intraperitoneal space was formed using a suction bag with multiple ports and was suspended within the water. 
The model was then incompletely filled with heated sausages to simulate intraperitoneal viscera. The humidity 
and temperature was recorded and regulated at an ambient temperature of 40.1 0C and humidity of 87-88%. 
Various anti-fogging products were assessed including FredTM, ResoclearTM, chlorhexidine, betadine and 
heated water. These products were used on either a laparoscope at room temperature or applied to a scope 
after use with a disposable Matrix scope warmer. Visual acuity was evaluated by the same investigator for all 
testing and rated according to a standardized scale created by the investigators.  Fogging of the laparoscope 
was assessed for each product 30 times and a mean vision rating was recorded. 

RESULTS: FREDTM was better than all other methods and was improved further with the addition of the 
scope warmer. Chlorhexidine, Reso clearTM and the Scope warmer were equivalent and were superior to 
warming the scope using warmed saline. The environment that affected standard laparoscopes did not incite 
fogging in the robotic scope and thus it was superior to the standard laparoscope in our model.

CONCLUSIONS: In standard laparoscopes, the most superior preventative measure was FRED utilised on a pre-
warmed scope.  Despite improvements in LLF with other products FRED was superior to all other techniques. 
The robotic laparoscope performed superiorly regarding LLF compared to standard laparoscope.  

Todd Manning
Current Position: Masters of Surgery student (Fulltime Research)
Unaccredited Urology Registrar and Honorary Urology Research Fellow 
completing a Masters of Surgery re: Retroperitoneal Lymph Node Dissection 
(RPLND) through the University of Melbourne. Current president of Young 
Urology Researchers Organisation (YURO) and Australian coordinator for 
‘MIMIC’ a large multi centre international trial in Renal Calculi.

PERSONAL CONTRIBUTION

Planning/conceptualization: 33%

Laboratory work/data collection 80%

Data analysis/discussion: 50%



13

Zinc Reduces Proliferation And Promotes Resistance To 
Oxidative Stress In PC3 Prostate Cancer Cells By A HIF-1α 

Dependent Mechanism

David Wetherell, Joseph Ischia, Graham Baldwin, Arthur Shulkes, Oneel Patel, Damien Bolton
 1 Department of Surgery, University of Melbourne 2 Department of Urology, Austin Hospital.

BACKGROUND: Zinc (Zn2+) is an essential metal for normal function of the prostate gland. The role of zinc in 
prostate cancer (PCa) is not fully understood. Hypoxia-inducible factor 1α (HIF-1α) is protective transcriptional 
complex stimulated by hypoxia or stress and overexpressed in some castrate resistant prostate cancers (CRPC). 
In this study we investigated the role of zinc in PCa cell proliferation, zinc levels in PCa and the role of zinc in 
HIF1α mediated resistance. 

METHODS: We assessed cell proliferation (MTT) and PC3 xenograft tumour growth following zinc chloride 
(ZnCl2) in human prostate cell lines: normal prostate epithelial (PNT1A) and two prostate cancer (LNCaP and 
PC3) cells. Inductively coupled plasma mass spectrometry (ICP-MS) and specific Zn2+ selective fluorescent 
indicator (FluoZin-3) was used to evaluate zinc levels. HIF-1α protein expression was assessed by Western Blot. 
MTT was used to measure cell survival following oxidative stress (hydrogen peroxide H2O2) in PC3, PNT1A 
and a PC3 HIF-1α knockdown (HIF-1α-KD) cell line. Statistical significance, deemed p<0.05, was calculated 
using a two-way t test or one-way ANOVA. 

RESULTS: In zinc treated PC3 cells we observed significantly slower cell proliferation -104% at 48 hours and 
-276% at 72 hours (p<0.05) compared to control. CPRC-like cells (PC3) had significantly higher free Zn2+ 
compared to normal prostate (PNT1A) cells (p<0.05). PC3 cells were more resistant to oxidative stress compared 
to PNT1A. Zinc treatment enhances PC3 cell survival in response to oxidative stress injury (H2O2) up to 232%. 
Zinc provided no protection in PNT1A and also HIF1α-KD PC3 cells. Zinc induces HIF1α protein expression in a 
dose and time dependent manner. In the presence of iron (Fe2+) ions, zinc can rescue HIF1α expression up to 
10x fold  (P<0.05). 

CONCLUSIONS: Behaviour of CRPC-like PC3 cells could be attributed to an increased availability of zinc, 
leading to slower proliferation, stabilisation of HIF1α and mechanisms of resistance to cellular injury. Our results 
suggest that in PC3 cell zinc ions (Zn2+) could be stabilising HIF1α in presence of oxygen by competing with 
iron ions (Fe2+) in the HIF1α degradation pathway.  

David Weatherell
Current Position: PhD Student (Fulltime Research)

David is a full-time research student at the Department of Surgery, Austin 
Hospital, University of Melbourne and pre-SET Urology Trainee” 

PERSONAL CONTRIBUTION

Planning/conceptualization: 90%

Laboratory work/data collection 90%

Data analysis/discussion: 90%
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Beyond X-Ray Vision: Intra-operative parallel 3D images pilot 
study

Daniel Christidis, Nathan Lawrentschuk

BACKGROUND: Tumour recurrence (12 - 19%) and mortality (19 – 40%) is a significant challenge after orthotopic 
liver transplant (OLT) for hepatocellular carcinoma (HCC). Adopting prognostic methods such as Milan criteria 
have led to improved outcome. Recent studies have indicated an increased risk of tumour recurrence and 
death in patients with elevated inflammatory markers such as neutrophil-lymphocyte ratio (NLR) and platelet-
lymphocyte ratio (PLR). These findings have not been demonstrated in an Australian-based population. 
Therefore, we conducted a retrospective analysis of OLT for HCC to establish the predictors of recurrence-free 
survival (RFS) and overall survival (OS) at five years with specific focus on the markers of inflammation.
 
METHODS: Records of 155 consecutive patients undergoing liver transplant for HCC from July 2003 to 
December 2014 were obtained from the Liver Transplant Database. Clinico-pathological data were analysed to 
determine the predictors of RFS and OS. Raised NLR is defined as NLR ≥ 5 and raised platelet-lymphocyte ratio 
(PLR) is defined as PLR ≥ 300. Univariate and multivariate analysis were conducted using Kaplan Meier survival 
analysis and Cox regression analysis.

RESULTS: The median follow-up time was 4.8 years. Median time to recurrence of HCC was 9.3 months. 
Hepatocellular carcinoma recurred in 18 patients (12%) after liver transplant. Five year overall survival rate was 
81% (n = 125). High preoperative NLR was significantly associated with poorer overall survival at 5 years (Figure 
1), but no difference in HCC recurrence was observed. NLR ≥ 5 at 6 months post OLT was a predictor for both 
RFS and OS (p = 0.037; p = 0.049). High preoperative PLR does not predict RFS and OS (0.264; 0.221) but high 
PLR at six months post OLT increased risk for mortality within 5 years post transplant (p=0.036). Multivariate 
analysis identified preoperative NLR ≥ 5, maximal tumour diameter ≥ 30mm and longer cold ischemia time as 
predictors of 5 years overall survival. Microvascular invasion and maximal tumour diameter ≥ 30mm increases 
the risk of HCC recurrence.

CONCLUSIONS: This is the first Australian-based study that describes preoperative NLR and postoperative 
NLR and PLR as predictors of HCC recurrence and survival after liver transplantation for HCC. NLR are readily 
available and this tool can potentially act as a useful adjunct to Milan criteria in selection of liver transplant 
recipient who may benefit the most in survival after transplant. NLR may also be useful in guiding the frequency 
of surveillance for recurrence after liver transplant.

Daniel Christidis
Current Position: Master of Surgery Student (Fulltime Research)
Daniel started as an intern at Austin Health and has enjoyed progressive 
years in surgical roles including unaccredited General Surgical registrar. He is 
a current research fellow (full time) in the Austin Urology Department and is 
completing a Masters of Surgery surrounding Imaging techniques in Prostate 
cancer. He has an interest in robotic and oncological surgery. 

PERSONAL CONTRIBUTION

Planning/conceptualization: 50%

Laboratory work/data collection 75%

Data analysis/discussion: 85%
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Surgery and Scientific Research: Why do it?
 

 

“A number of years ago, when I was a freshly-appointed instructor, I met, for the first 
time, a certain eminent historian of science. At the time I could only regard him with 
tolerant condescension.

I was sorry of the man who, it seemed to me, was forced to hover about the edges 
of science. He was compelled to shiver endlessly in the outskirts, getting only feeble 
warmth from the distant sun of science- in-progress; while I, just beginning my 
research, was bathed in the heady liquid heat up at the very center of the glow.

In a lifetime of being wrong at many a point, I was never more wrong. It was I, not he, 
who was wandering in the periphery. It was he, not I, who lived in the blaze.

I had fallen victim to the fallacy of the ‘growing edge;’ the belief that only the very 
frontier of scientific advance counted; that everything that had been left behind by that 
advance was faded and dead.

But is that true? Because a tree in spring buds and comes greenly into leaf, are those 
leaves therefore the tree? If the newborn twigs and their leaves were all that existed, 
they would form a vague halo of green suspended in mid-air, but surely that is not 
the tree. The leaves, by themselves, are no more than trivial fluttering decoration. It 
is the trunk and limbs that give the tree its grandeur and the leaves themselves their 
meaning.

There is not a discovery in science, however revolutionary, however sparkling with 
insight, that does not arise out of what went before. ‘If I have seen further than other 
men,’ said Isaac Newton, ‘it is because I have stood on the shoulders of giants.” 

- Isaac Asimov, 
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AUSTIN RESEARCH PRIZE - PAST WINNERS

2003: Mehrdad Nikfarjam - The Influence of Vascular Inflow Occlusion on Progressive Liver   
 Necrosis and Microvasculature Following Interstitial Laser Thermotherapy

2004: Nathan Lawrentschuk (Joint Winner) - Tumour Hypoxia in Renal Cell carcinoma using   
 Polarographic Oxygen Sensor Measurements, Immunohistochemistry and serum    
 Osteopontin.

 Stephen Warrillow (Joint Winner) - A randomised, double-blind, placebo-controlled cross-  
 over pilot study of glibenclamide in patients with septic shock

2005: Nathan Lawrentschuk - In-vivo tumour hypoxia, angiogenesis and characterisation of   
 carbonic anhydrase IX expression with xenografted human Renal Cell Carcinoma in animal   
 models using 124I-cG250 Positron   Emission Tomography, Biodistribution, and Oxygen  
  studies.

2006: Cris Cuthbertson - Capillary morphology is changed by severe acute pancreatitis and is   
 improved by hyperbaric oxygen. 

2007:  Peter Wong  (Basic Science Prize) - 18f-Fluorothymidine Positron Emission Tomography (Flt- 
 Pet) As A Marker Of Cellular Proliferation In Renal Cell Carcinoma

 Laurence Weinberg (Clinical Prize) - Pharmacoeconomics Of Inhalational Anaesthetics   
 Agents: An 11-Year Cost Identification Analyses

2008:  Russell Hodgson (Basic Science Prize) - Blockade with soluble ICOS-Ig prolongs survival of  
 cellular xenografts

 Julian Liew (Clinical Prize) - An anatomic feasibibility study: Nerve transfer to the triceps   
 muscle using the posterior division of the axillary nerve.

2009:   Russell Hodgson (Basic Science Prize) - Local Expression of ICOS-Ig Promotes Xenograft   
 Survival Through The Induction of Regulatory T Cells

 Simon Chong (Clinical Prize) - Minimally invasive measurement of cardiac output during   
 surgery and critical care: A meta-analysis of accuracy and precision.
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AUSTIN RESEARCH PRIZE - PAST WINNERS

2010:   Russell Hodgson (Basic Science Prize) - ICOS-Ig Secreting Xenografts Have Prolonged   
 Survival And Are Associated with Increased T Regulatory Cells And IL-10 Expression.

 Vacchara Niumsawatt (Clinical Prize) - Risk factors of development of Acute Gangrenous   
 Cholecystitis and its treatment outcomes

2011:   Stanley Tay - SAVE Study: Reduced volatile agent usage following introduction of Et-control   
 system

2012:   Kapil Sethi - Comparison of Renal Preconditioning techniques in a rat model.

2013:   Matthew Lee- Radial to femoral arterial blood pressure differences during liver transplantation  
 surgery.

2014:   Lawrence Lau- Assessment of Liver Remnant using ICG Clearance Intraoperatively during   
 Vascular Exclusion: Early experience with the ALIIVE technique.

2015:   Dermot O’Kane - “Zinc protects the kidney against warm ischaemia reperfusion injury in a   
 pre-clinical large animal model.”

Austin Surgery Research Prize
2003 - 2008

Austin Surgery Research Prize
2008 - 2012

Austin Surgery Research Prize
2013 - 
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AUSTIN SURGERY RESEARCH PRIZE WINNER 2003

Impact of blood flow occlusion on direct and indirect laser induced 
thermal liver injury 

M Nikfarjam, C Malcontenti-Wilson, C Christophi. 

BACKGROUND: 
Laser, radiofrequency and microwave are common techniques for local destruction of liver tumours by focal 
hyperthermia.  The main limitation of focal hyperthermia treatment is the volume of necrosis that can be 
achieved. Blood flow occlusion is commonly advocated as an adjunct to focal hyperthermia to increase the 
volume of tissue necrosis based on macroscopic and histological assessment of immediate or direct thermal 
injury.  This study examines the impact of blood flow occlusion on direct and indirect laser induced thermal liver 
injury in a murine model using histochemical methods to assess tissue vitality.

METHODS: 
Focal hyperthermia produced by laser (Nd-YAG - wavelength 1064 nm) was applied to the liver of inbred male 
CBA strain mice at 2W for 50 seconds (100J). Treatment was performed with and without temporary portal 
vein and hepatic artery blood flow occlusion. Animals were killed upon completion of the procedure to assess 
direct thermal injury and at 24, 48 and 72 hours to assess the progression of tissue damage.  The maximum 
diameter of necrosis was assessed by vital staining for nicotinamide adenine dinucleotide (NADH) diaphorase. 
Microvascular changes were assessed by laser Doppler flowmetry, Confocal in-vivo microscopy and scanning 
electron microscopy. 

RESULTS: 
The direct thermal injury (mean(S.E.) assessed by  NADH diaphorase staining was significantly greater following 
focal hyperthermia treatment without blood flow occlusion than with blood flow occlusion (3.3(0.4)mm vs. 
2.9(0.3)mm; P=0.005). Tissue disruption, cracking and vacuolization was more pronounced adjacent to the fibre 
insertion site in the group treated with focal hyperthermia combined with blood flow occlusion.   There was an 
equivalent increase in the extent of injury following therapy in both groups that reached a peak at 48 hours. The 
maximum diameter of necrosis in the focal hyperthermia alone group at 48 hours was significantly greater than 
the focal hyperthermia combined with blood flow occlusion group (5.8(0.4)mm vs.5.3(0.3)mm; P=0.011).  The 
patterns of microvascular injury were similar in both groups, varying in extent. 

CONCLUSIONS: 
Temporary blood flow inflow occlusion appears to decrease the extent of initial injury measured by vital staining 
techniques and does not alter the time sequence of progressive tissue injury following focal hyperthermia 
therapy.
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AUSTIN SURGERY RESEARCH PRIZE WINNER 2004 (JOINT)

Tumour Hypoxia in Renal Cell carcinoma using Polarographic 
Oxygen Sensor Measurements, Immunohistochemistry and serum 
Osteopontin.

N Lawrentschuk, C Murone, AMT Poon, J Sachinidis, G O’Keefe, LG Johns-Putra, Z. LIU, I Davis, 
AM Scott, DM Bolton 

BACKGROUND: 
The purpose of our research is to evaluate oxygen levels and angiogenesis within renal cell cancers (RCC), as 
evidence suggests they are hypoxic, given their resistance to radiotherapy and chemotherapy. Hypoxia has now 
been shown in other tumours to correlate with resistance to treatment and poor prognosis. Our study builds on 
the finding of hypoxia in RCC and explores its relationship with immunohistochemical markers of hypoxia and a 
new novel marker of hypoxia in tumours, serum osteopontin  

METHODS: 
Patients who were undergoing radical nephrectomy for RCC had : 1) Evaluation of oxygen levels (pO2) within 
their renal cell cancers in vivo using a Polarographic Oxygen Sensor. 2) Immunohistochemistry including 
microvessel density to confirm at a sub-cellular level the relationship of hypoxia with the expression of proteins 
associated with hypoxia and angiogenesis in RCC and 3) Human osteopontin ELISA immunoassay techniques 
to analyse the serum levels of osteopontin.

RESULTS: 
30 patients have been recruited thus far and we have demonstrated that RCC are relatively hypoxic (median pO2 
7.2mmHg) compared to normal renal tissue (26.3mmHg). Microvessel density is increased in RCC compared 
to normal tissue indicating increased angiogenesis. Other markers if hypoxia were also increased. Serum 
osteopontin in patients with RCC was greater at 17.65 + 5.3 ng/ml  (mean + 95% C.I.; range 5-41) compared to 
controls 8.75 + 2.17 ng/ml  (range 8-12). 

CONCLUSIONS: 
Renal cell cancers are relatively hypoxic and more angiogenic compared to normal tissue within the same kidney. 
This may explain resistance to radiotherapy and chemotherapy whilst helping to identify future therapeutic 
targets in the management of advanced renal cell cancer. Serum osteopontin has been demonstrated to be 
raised in RCC and is a novel tumour marker for renal cell carcinoma. 
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AUSTIN SURGERY RESEARCH PRIZE WINNER 2004 (JOINT)

A randomised, double-blind, placebo-controlled cross-over pilot 
study of glibenclamide in patients with septic shock

Stephen Warrillow, Moritoki Egi, Rinaldo Bellomo

BACKGROUND: 
Severe sepsis often causes a hypotensive shock state. Hyperpolarisation of the vascular smooth muscle 
cell membrane, due to the marked K+ efflux prevents Ca2+ entry into cells and may be responsible for 
‘vasoplegia’.  Glibenclamide (normally an oral hypoglycaemic agent) blocks the ATP-dependent K+ channel 
and may prevent hyperpolarization this restoring intra-cellular Ca2+ levels and re-sensitising vascular smooth 
muscle to noradrenaline. Animal studies have demonstrated that glibenclamide restores vascular sensitivity to 
noradrenaline. However, this effect has not been previously studied in humans.
Objective: To test whether glibenclamide restores noradrenaline responsiveness in septic shock patients. 

METHODS: 
Prospective, double-blind, placebo-controlled cross-over pilot study, in 10 patients with septic shock requiring an 
infusion of noradrenaline to receive either enteral glibenclamide 20mg or placebo. After twenty-four hours, each 
patient crossed over to receive the alternative therapy. The primary end-point was the change in noradrenaline 
infusion rate over time with maintenance of target mean arterial pressure. Secondary end-points included 
changes in heart rate and serum lactate levels.

RESULTS: 
Glibenclamide was adequately absorbed enterally and, as expected,  induced a significant decrease in serum 
glucose concentration (Mean glucose: 5.97 + 2.17 vs 7.65 +2.43 (P<0.0001) and increased the need for 
parenteral glucose administration. During glibenclamide treatment mean noradrenaline requirements fell from 
13 to 4 µmol/min compared to a change from 19 to 7 µmol/L for placebo. The two changes represented a 
decrease of 78.9% and 71.1% in dose respectively (NS). There were also no significant changes in heart rate, 
mean arterial blood pressure and lactate concentration.

CONCLUSIONS: 
Glibenclamide was well absorbed enterally and exerted its hypoglycaemic effect reliably. However, it failed 
to achieve a greater reduction in noradrenaline dose than placebo. Our observations suggest that, in septic 
humans, blockade of ATP-potassium dependent channels does not have a potent effect on vasomotor tone.
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AUSTIN SURGERY RESEARCH PRIZE WINNER 2005

In-vivo tumour hypoxia, angiogenesis and characterisation of 
carbonic anhydrase IX expression with xenografted human Renal Cell 
Carcinoma in animal models using 124I-cG250 Positron  Emission 
Tomography, Biodistribution, and Oxygen studies. 

Nathan Lawrentschuk, C Murone, A Rigopolous, A Mountain, D Wang, G O’Keefe, G Jones, FT Lee, 
Ian Davis, Andrew M Scott, Damien M Bolton 

BACKGROUND: 
Hypoxia stimulates angiogenesis and has been demonstrated in tumours where it correlates with resistance 
to treatment and poor prognosis. We have demonstrated hypoxia in human Renal Cell Carcinoma (RCC). The 
purpose of animal models was to further evaluate oxygen levels within RCC whilst also focusing on expression 
of the protein carbonic anhydrase IX (CA IX). This protein is stimulated by hypoxia and involved in angiogenesis 
and may be a potential tumour target for imaging and future therapies. The human antibody cG250 binds to 
CAIX in vivo allowing biodistribution and PET studies when radiolabeled with iodine-124 (I124).

METHODS: 
Balb/c nude mice had human RCC (SK-RC-52) xenografted subcutaneously. Tumours were grown to different 
volumes with oxygen levels measured. Further groups then had the radiolabelled monoclonal antibody 124I-
cG250 (that binds to CA IX) injected intravenously and had Positron Emission Tomography (PET), gamma 
counting and oxygen studies performed on days 0, 1, 2, 3, 5, 7, 10 and 14 post injection. Immunohistochemistry 
and autoradiography was also performed. 

RESULTS: 
An inverse relationship between tumour volume and hypoxia within the model was established (P<0.001). 
Furthermore, CA IX was expressed by tumours with maximal uptake of 124I-cG250 on days 2/3 by distribution 
with gamma counting that could be correlated with uptake on PET imaging. Also, 124I-cG250 as read by 
gamma counter correlated with noninvasive PET scanning standardised uptake values of the radioisotope 
within tumours.     

CONCLUSIONS: 
The xenograft model confirms our previous findings that human RCC are relatively hypoxic compared to normal 
tissue. Also, that the level of hypoxia is inversely proportional to tumour size. CAIX was confirmed as an imaging 
and potential therapeutic target in RCC. Finally, a correlation was made between PET scanning with 124I-
cG250 and biodistribution within tumours by gamma counting confirming the potential to serially PET scan 
animals rather than sacrifice in future biodistribution studies. This has major implications for animal ethics and 
the design of future biodistribution studies that are routinely used to characterised new radioisotopes and 
radiolabeled antibodies used to treat a variety of cancers. 
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AUSTIN SURGERY RESEARCH PRIZE WINNER 2006

Capillary morphology is changed by severe acute pancreatitis and is 
improved by hyperbaric oxygen.

C. Cuthbertson, K. Su, C. Malcontenti-Wilson, V. Muralidharan, C. Christophi

BACKGROUND: 
Severe acute pancreatitis is characterized by alterations to the microcirculation, particularly affecting the capillary 
tree, which lead to pancreatic necrosis.  The morphology of the pancreatic microvasculature is known to be 
affected in severe pancreatitis, but the effect of hyperbaric oxygen is unknown.  The aims of this study are to 
determine the progression of pancreatic microvascular changes caused by acute pancreatitis and to determine 
the effect of the administration of hyperbaric oxygen (HBO).  

METHODS: 
Sixty seven male Wistar rats weighing 250-350g were induced with severe pancreatitis by bilio-pancreatic 
infusion of 4% sodium taurocholate. Animals were randomised to either HBO treatment or control.  HBO 
treatment (100% oxygen for 90 minutes at 2.5 Atmospheres) was commenced 6 hours following induction 
of pancreatitis, and continued 12-hourly.  Surviving animals underwent microvascular polymer casting of the 
pancreas at six, 24, 48 and 72 hours following commencement of treatment, and equivalent time points for 
control animals. Normal and Sham-operated animals also underwent casting.  Microvascular casts were created 
by the injection of freshly prepared Mercox resin through a cannula in the thoracic aorta. The pancreas was 
removed after 24 hours of polymerisation and further prepared for scanning electron microscopy of the resin 
cast.  Scanning electron micrographs of the casts were compared for capillary density, poor capillary filling, 
vessel diameter, and major morphological changes.  

RESULTS: 
Normal pancreatic microvascular casts showed a dense network of capillaries, with multiple anastomoses 
(Image 1). Significant morphological changes appeared at 24 hours post induction (Image 2).  Microvascular 
casts demonstrated poor capillary filling, decreased capillary density and increased capillary cast diameter.  
Capillary diameter was increased (from 6.7m to 10.3µm at 24hr, p<0.01, and 11.8µm at 48hr, p<0.001), capillary 
heterogeneity was increased (range increased from 13.8µm to 21.4 µm, p<0.001) and capillary density was 
reduced (from 1140µm-2 to 758µm-2, p<0.01).  These changes occurred at 24hours post induction and were 
maintained at 48 and 72 hours. Treatment with HBO reduced the severity of microvascular morphological 
changes at each time point (Image 3).  These changes became apparent at 48 hours post induction, and were 
maintained at 72 hours.  At 48 hours, capillary diameter was decreased toward normal (from 11.8µm to 8.4µm, 
p<0.01), range was reduced, and capillary density was increased (from 722µm-2 to 901µm-2, p<0.01). 

CONCLUSIONS: 
Microvascular parameters are affected by acute pancreatitis, with changes detected at 24 hours and maintained 
until at least 72 hours.  HBO improves the microvascular morphology parameters in acute pancreatitis towards 
normal values.  HBO has potential as a unique alternative therapy in acute pancreatitis.  
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AUSTIN SURGERY RESEARCH PRIZE WINNER 2007 (Basic Science)

18f-Fluorothymidine Positron Emission Tomography (Flt-Pet) As A 
Marker Of Cellular Proliferation In Renal Cell Carcinoma

Wong P1,2; Lee ST2,3,4; Eng J3; Murone C2; Berlangieri SU3; Pathmaraj K3; O’Keefe GJ3; Byrne AJ3; 
Lawrentschuk N1,2; Davis ID2; Bolton DM1; Scott AM2,3,4.

1 Department of Surgery (Urology), University of Melbourne, Austin Health, Heidelberg, Australia. 2 Ludwig Institute for Cancer 

Research, Austin Health, Heidelberg, Australia. 3 Centre for PET, Austin Health, Heidelberg, Australia. 4 Department of Medicine, 

University of Melbourne, Austin Health, Heidelberg, Australia.

BACKGROUND: 
18F-FLT-PET (Fluorothymidine Positron Emission Tomography) has been used to non invasively measure 
cellular proliferation in a number of tumour types. However, its role in renal cell carcinoma (RCC) has not been 
established. We aim to assess FLT-PET in RCC, and to compare it to immunohistological measurements of 
proliferation.

METHODS: 
Patients with suspected RCC suitable for nephrectomy had preoperative FLT and FDG (fluorodeoxyglucose) 
PET/CT scans. Surgical samples were obtained for immunohistochemical analysis (Ki-67). Qualitative visual 
grading relative to normal kidney and analysis of maximum standardized uptake value (SUVmax) of each PET 
scan was assessed using co-registered low-dose 5mm CT and prior triple phase CT imaging. Uptake in RCC 
using FLT PET was compared to FDG PET. Statistical analysis comparing Ki-67 and SUVmax was performed.

RESULTS: 
A total of 19 patients (13 clear cell, 5 papillary and 1 transitional cell carcinoma) underwent preoperative PET 
scans, with immunohistochemical data available for 13. Visual grading found most tumours had radiotracer 
uptake that was equal or less than the contralateral kidney. FLT uptake was generally less than FDG. Bivariate 
analysis showed a positive correlation between Ki-67 & FLT SUVmax (p-value 0.001, r = 0.8) and between Ki-
67 & FDG SUVmax (p-value  0.005, r = 0.73).

CONCLUSIONS: 
Uptake of FLT in RCC is less than FDG. There is positive correlation between FLT uptake and Ki-67 proliferative 
index in RCC suggesting that the degree of proliferation within RCC can be predicted by PET imaging. Further 
study is required to determine whether this correlates with patient outcome.
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AUSTIN SURGERY RESEARCH PRIZE WINNER 2007 (Clinical)

Pharmacoeconomics Of Inhalational Anaesthetics Agents: An 11-
Year Cost Identification Analyses 

Laurence Weinberg, David Story, Larry McNicol

BACKGROUND: 
Anaesthetic departments account for 2-3% of the total hospital budget, with anaesthetic drugs accounting for 
5-8% of total pharmacy expenditure. Inhalational agents account for 20% of anaesthetic drugs therefore are 
one of the areas that are most amenable to immediate cost reduction in the anaesthetic department budget. 
This study is a cost identification analyses assessing inhalational anaesthetic agent expenditure at Austin Health 
over an 11-year period. Pharmacoeconomic modeling is used to evaluate strategies to curtail costs. 

METHODS: 
The number of bottles utilised of three volatile agents (Isoflurane, Sevoflurane, Desflurane) was collected each 
month for the financial years ending 1997 to 2007. The acquisition costs and the cumulative drug expenditure 
in dollars for each agent were calculated. Inhalational agent utilisation patterns and unit price changes were 
evaluated. Pharmacoeconomic modeling using low fresh gas flow anaesthesia was performed to evaluate 
practical methods for reducing anaesthesia costs. The rational use of the cheaper generic volatile agent 
Isoflurane was used in pharmacoeconomic cost-containment strategy models. 

RESULTS: 
For the financial years ending 1997 to 2007, pharmacy acquisition costs for a bottle of Isoflurane (250mL), 
Sevoflurane (250mL) and Desflurane (240mL) were $157, $336, $170 respectively, and for the financial 
years ending 2005 to 2007, cost per bottle was $109, $265, $180 respectively. The number of bottles of 
Isoflurane decreased from 384 bottles/year in 1997 to 204 bottles/year in 2007. The number of bottles of 
Sevoflurane increased from 226 bottles/year in 1998 to 875 bottles/year in 2007. Desflurane use commenced 
at Austin Health in 2002 with 34 bottles being used. This increased to 163 bottles/year in 2007. Expenditure for 
Isoflurane decreased from $88,985/year in 1997 to $22,006/year in 2007. In contrast, Sevoflurane expenditure 
increased from $11,442/year in 1997 to $274,692/year in 2007. Desflurane expenditure increased from $5,855/
year in 2002 to $29,340/year in 2007. Total cumulative expenditure for inhalational agents was $100,427/year 
in 1997, increasing to $326,038/year in 2007. Pharmacoeconomic modelling demonstrates that the cost of 
an inhalational agent for a 60-minute anaesthetic, at 1 Minimum Alveolar Concentration, at fresh gas flows 
of 1L/min (low flow), is $1.54 for isoflurane and $6.89 for Sevoflurane. At fresh gas flows of 6 L/min (high 
flow), costs increase to $9.20 for Isoflurane and $47.47 for Sevoflurane. Cost modelling reveals if Sevoflurane 
usage between 1997 and 2007 would have been reduced by 40% per year and substituted for the cheaper 
inhalational agent Isoflurane, a total savings of $866,565 would have been achieved for this 11-year period. 
Similarly, conservative cost analyses predicts that if the current trends in volatile anaesthetic agents continue 
at Austin Health over the next 10 years, if a 40% reduction per year in Sevoflurane usage could be achieved by 
utilising Isoflurane in its place, a total net savings in excess of $1.8 million will result. 

CONCLUSIONS: 
Cost analyses of anaesthetic drugs is necessary is today’s economic climate. Low flow anaesthesia is a simple 
but highly effective method of cost minimization for inhalational anaesthetic agents. Cost containment is also 
influenced by the rational use of available inhalational agents.
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AUSTIN SURGERY RESEARCH PRIZE WINNER 2008 (Clinical)

An anatomic feasibibility study: Nerve transfer to the triceps muscle 
using the posterior division of the axillary nerve.

Liew J H, van Zyl N

BACKGROUND: 
This study proposes the co-aptation of the posterior division of the axillary nerve to the lateral head of triceps 
nerve as a new, alternative option for triceps reconstruction in the tetraplegic patient. 
This study provides anatomical data in order to appraise the feasibility of nerve transfer to the triceps using the 
posterior division of the axillary nerve.

METHODS: 
Morphologic features of the axillary nerve from the quadrangular space and the radial nerve from the triangular 
space were studied in 9 cadaveric arms under 2.0x loupe magnification.  Nerve lengths, diameters, and branches 
were recorded.

RESULTS: 
Average arm length was 312 mm.  The average diameter of the posterior division of the axillary nerve was 2.5 
mm whilst that of the lateral head of triceps nerve was 2.1 mm.  
Nerve transfer was possible in all upper limbs except one where no branch to the lateral head of triceps could 
be identified.  In full adduction the average overlap of the nerve transfer was 16.75mm, whereas, when the arm 
was abducted to 90 degrees, the average amount of nerve overlap was 10.5mm.

CONCLUSIONS: 
Nerve transfer from the posterior division of the axillary nerve to the lateral head of triceps is anatomically 
possible.  It provides a possible alternative to reconstruct elbow extension with the advantages of preserving 
the anatomy and biomechanics of the native muscles, avoiding the need for synthetic prosthesis as well as 
avoiding donor defects from tendon graft harvest.
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AUSTIN SURGERY RESEARCH PRIZE WINNER 2008 (Basic Science)

Blockade with soluble ICOS-Ig prolongs survival of cellular 
xenografts

Hodgson R, Christiansen D, Ierino FL, Sandrin MS

BACKGROUND: 
Xenografts are one possible solution to the lack of donor organs for diseases such as Diabetes Mellitus. T cell 
costimulatory pathways are integral to acute cellular rejection against these grafts. Inducible Co-Stimulator 
(ICOS) pathway blockade has been shown to prolong allograft survival, but there is limited data for xenograft 
models. Our hypothesis is that local expression of the fusion molecule ICOS-Ig by cells in allograft or xenograft 
models will prolong survival of cellular grafts.

METHODS: 
Porcine Iliac Endothelial cells (PIEC) were transfected with cDNA of the fusion molecule ICOS-Ig. Intracellular 
and secreted expression was confirmed and quantified using immunoperoxidase staining and Western Blot 
analysis. In vitro testing of supernatant in mixed lymphocyte reactions was performed. In vivo survival was 
examined using a subcutaneous graft model in mice.

RESULTS: 
ICOS-Ig containing supernatant gave a 99.5% reduction in proliferation of an allograft mixed lymphocyte reaction. 
Similarly, xenogeneic proliferation was inhibited by 84.3%. In addition an 84.5% reduction in proliferation was 
observed when PIEC expressing ICOS-Ig were used as stimulators. PIEC-ICOS-Ig xenografts showed prolonged 
survival compared to wild-type PIEC xenografts (mean survival 34 vs 12 days, p=0.0025) in a subcutaneous 
graft models in Balb/c mice.

CONCLUSIONS: 
Blockade of T cell co-stimulation by the fusion molecule ICOS-Ig has been demonstrated to decrease proliferation 
in allograft and xenograft in vitro models. Further, there is significant prolongation of survival of PIEC transfected 
with ICOS-Ig in vivo. These data suggest that further investigations for the role of T cell co-stimulatory blockade 
in xenografts, through the local expression of ICOS-Ig, are warranted.
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AUSTIN SURGERY RESEARCH PRIZE WINNER 2009 (Clinical)

Minimally invasive measurement of cardiac output during surgery 
and critical care: A meta-analysis of accuracy and precision.

Philip J Peyton, Simon Chong.

BACKGROUND: 
When assessing the accuracy and precision of a new technique for cardiac output measurement, the commonly 
accepted criterion for acceptability of agreement with a reference standard is that the percentage error 
(95% limits of agreement/mean cardiac output) should be 30% or less. We reviewed published data on four 
different minimally invasive methods adapted for use during surgery and critical care: pulse contour techniques, 
esophageal Doppler, partial carbon dioxide rebreathing, and transthoracic bio-impedance, to assess their bias 
and percentage error in agreement with thermodilution.

METHODS: 
An English language literature search identified published papers since 2000 which examined the agreement in 
adult patients between bolus thermodilution and each method. For each method a parametric assessment was 
performed using studies in which the first measurement point for each patient could be identified, to obtain a 
pooled mean bias and percentage error weighted according to the number of measurements in each study

RESULTS: 
47 studies were identified as suitable for inclusion: N studies, n measurements: mean weighted bias [% error] 
were: pulse contour N = 25, n = 714: 0.1 L/min [40.7%]; esophageal Doppler N = 2, n = 57: -0.8 L/min [42.1 
%]; partial CO2 rebreathing n = 145: 0.0 L/min [43.6%]; transthoracic bio-impedance N = 13, n = 435: -0.1 L/
min [42.9%];

CONCLUSIONS: 
No method has achieved agreement with bolus thermodilution which meets the expected 30% limits. The 
relevance in clinical practice of these arbitrary limits should be reassessed.
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AUSTIN SURGERY RESEARCH PRIZE WINNER 2009 (Basic Science)

Local Expression of ICOS-Ig Promotes Xenograft Survival Through 
The Induction of Regulatory T Cells

Hodgson R, Ziolkowski A, Christiansen D, Simeonovic C, Ierino F, Sandrin M

BACKGROUND: 
Xenografts are one possible solution to the lack of donor organs for diseases such as Diabetes Mellitus. 
The acute cellular rejection of xenografts is one of the critical processes that must be overcome. We have 
previously shown that blockade of T cell co-stimulation with locally expressed ICOS-Ig can prolong the survival 
of cellular xenografts. The mechanisms for this prolongation of survival have hitherto remained unknown, with 
the induction of regulatory T cells (Tregs) being one possibility. Tregs, through their secretion of IL10, TGFß 
and interferon-α, suppress activated T cells to downregulate the immune response, and may also have a role 
in tolerance to transplanted grafts. We show here that locally expressed ICOS-Ig induces Tregs and prolongs 
cellular xenograft survival.

METHODS: 
Porcine Iliac Endothelial cells (PIEC) were transfected with cDNA encoding the fusion molecule ICOS-Ig. 
Subcutaneous xenograft transplants with wild-type PIEC or PIEC-ICOS-Ig were performed in BALB/c mice; 
either single grafts, or a dual graft model with a wild-type PIEC graft on one flank and a PIEC-ICOS-Ig on the 
opposing flank. Grafts were sampled for immunohistochemistry and real-time PCR at days 7 and 14, with 
overall survival also being measured.

RESULTS: 
Locally expressed ICOS-Ig prolongs xenograft survival when compared with wild-type grafts (median survival 
34 vs 12 days, p=0.0025). When wild-type PIEC and PIEC-ICOS-Ig cells are grafted in the same mouse, wild-
type PIEC graft survival is prolonged (median survival 28 vs 12 days, p<0.05), indicating a systemic effect of 
ICOS-Ig. Increased numbers of Tregs were found in the perigraft region of wild-type PIEC grafts in the dual 
graft model when compared with wild-type PIEC single grafts at days 7 and 14.

CONCLUSIONS: 
Locally expressed ICOS-Ig prolongs survival of cellular xenografts, with the mechanism both local and systemic. 
The presence of ICOS-Ig induces perigraft Tregs which are associated with prolonged survival of xenografts. 
These data suggest that locally expressed ICOS-Ig may play an important role in prolonging xenograft survival 
and the induction of tolerance through the presence of Tregs.
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AUSTIN SURGERY RESEARCH PRIZE WINNER 2010 (Clinical)

Risk factors of development of Acute Gangrenous
Cholecystitis and its treatment outcomes

V Niumsawatt.

BACKGROUND: 
Gangrenous cholecystitis is considered a more severe form of acute cholecystitis. The risk factors associated
with this condition and its impact on morbidity and mortality compared to non-gangrenous acute cholecystitis
is poorly defined.

METHODS: 
Patients with histologically confirmed acute cholecystitis treated between 2005-2010 were identified from a
prospectively maintained database. Those with gangrenous cholecystitis were then compared to those with
non-gangrenous acute cholecystitis.

RESULTS: 
184 patients with non-gangrenous acute cholecystitis and 106 patients with gangrenous cholecystitis were 
identified. . The risk factors associated with gangrenous cholecystitis included older age (P 0.001), diabetes 
(P 0.049), delay in operation (P <0.001), temperature of >38 oC (P <0.001), tachycardia (P 0.002), detection of
muscle rigidity on examination (P 0.01), elevations in white cell count (WCC) (P <0.001), C-reactive protein 
(CRP) (P 0.001), bilirubin (P 0.029) a GGT (P <0.001), and elevated urea and creatinine. (P <0.05). There was no 
overall difference in complications between the two groups. There was a lower incidence of common bile duct 
stones in the gangrenous cholecystitis group (25% versus 13%% P = 0.017). Gangrenous cholecystitis was 
however associated with an increase in post-operative ICU/HDU requirement (P 0.023) and was associated 
with increased mortality (P 0.017).

CONCLUSIONS: 
Gangrenous cholecystitis has certain clinical features and associated laboratory findings that may help 
differentiating it from non-gangrenous cholecystitis. It is associated with a higher incidence of mortality. 
Minimizing a delay in operative management, which is noted in this condition may potentially improve treatment 
outcomes.
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ICOS-Ig Secreting Xenografts Have Prolonged Survival And Are 
Associated with Increased T Regulatory Cells And IL-10 Expression

Hodgson R, Christiansen D, Ziolkowski A, Mouhtouris E, Simeonovic C, Ierino F, Sandrin M

BACKGROUND: 
Many patients die waiting for organ transplantation due to a lack of donor organs. Xenografts are an unlimited 
resource, however solutions to barriers such as acute cellular rejection have yet to be elucidated. T regulatory 
cells (Tregs), through their secretion of IL10, TGFß and interferon-α, suppress activated T cells to downregulate 
the immune response seen in acute cellular rejection, and may also have a role in tolerance to transplanted 
grafts. We have previously shown that blockade of T cell co-stimulation with locally expressed ICOS-Ig can 
prolong the survival of cellular xenografts and now show that this response is xeno-specific and associated with 
increased IL-10 expression and induction of Tregs.

METHODS: 
Porcine Iliac Endothelial cells (PIEC) were transfected with cDNA encoding the fusion molecule ICOS-Ig. 
Subcutaneous xenograft transplants with wild-type PIEC or PIEC-ICOS-Ig were performed in BALB/c mice; 
either single grafts, or a dual graft model with a wild-type PIEC graft on one flank and a PIEC-ICOS-Ig on the 
opposing flank. Grafts were sampled at days 7 and 14 and characterised with immunohistochemistry, flow 
cytometry and Q-PCR.

RESULTS: 
Locally expressed ICOS-Ig prolonged xenograft survival when compared with wild-type grafts (median survival 
34 vs 12 days, p=0.0025). When wild-type PIEC and PIEC-ICOS-Ig cells were grafted in the same mouse, 
wild-type PIEC graft survival is prolonged (median survival 28 vs 12 days, p<0.05), indicating a systemic effect 
of ICOS-Ig. This result was found to be xeno-specific, with no prolongation of similarly grafted EL4 allografts. 
Immunohistochemistry revealed increased numbers of FoxP3+ cells in the perigraft region of both PIEC-
ICOSIg grafts and dual PIEC and PIEC-ICOS-Ig grafts at days 7 and 14. Flow cytometry of the graft infiltrating 
lymphocytes revealed the majority of these FoxP3+ cells to be of the CD4+CD25+FoxP3+ Treg phenotype. 
Furthermore, Q-PCR of these grafts revealed differences in expression of IL-10 but not TGFα or IFN-α. 

CONCLUSIONS: 
The presence of ICOS-Ig induces perigraft Tregs which are associated with prolonged survival of xenografts. 
The increased expression of IL-10 in these grafts indicates a critical role of T cell/macrophage binding and 
antigen recognition in the presence of ICOS-Ig. These data suggest that locally expressed ICOS-Ig may play an 
important role in prolonging xenograft survival and the induction of tolerance through the presence of Tregs. 
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SAVE Study: Reduced volatile agent usage following introduction of 
Et-control system

Stanly Tay1, Laurence Weinberg2, Phil Peyton2; Juris Briedis3

1Anaesthetic Registrar, Austin/Northern Health 2 Staff Anaesthetist, Department of Anaesthesia, Austin Health 3 Director of Anaesthesia & 

Perioperative Medicine, Northern Health

BACKGROUND: Total cumulative expenditure for inhalational agents at Austin Hospital was $270,000 for the 
2010 financial year. Anaesthesia pharmacoeconomic modelling in our department shows that inhalational agent 
costs will continue to escalate whilst resources remain finite. In order to evaluate strategies to reduce costs 
within a finite hospital budget, we hypothesised that the use of Et control on the Aisys Carestation anaesthesia 
delivery system (GE Healthcare®) during volatile anaesthesia will significantly reduce usage compared to 
current practice. The Aisys Carestation is an anaesthesia delivery system designed to minimise fresh gas and 
volatile usage by achieving and maintaining set target values using an automated algorithm with low-flow 
anaesthesia. 

METHODS: Following ethics approval, numbers and duration of volatile general anaesthesia cases, along with 
volatile costs and CO2 absorbent costs were reviewed from Health Information Service and Pharmacy in a 
12-week period prior to and a 12-week period after the introduction of Et-control. Inclusion criteria were all 
general anaesthesia requiring a volatile agent. Primary end-point was average cost per day of volatiles. We also 
surveyed Et-control use, looking at rates of utilisation plus flow rates used, to determine the generalisability of 
our findings. 

RESULTS: Over the two time periods, there were 1818 vs. 1810 cases analysed with no statistical difference 
between gender (p=0.32), age group (p=0.87), ASA scores (p=0.73) or mean workload (153 vs. 160 hr/wk, 
p=0.37). Use of Et control on the Aisys Carestation anaesthesia delivery system showed a substantial reduction 
in inhalational agent cost ($376/day vs. $316/day, p=0.01) representing a 19.7% daily cost reduction when 
corrected for number of anaesthesia hours. Sevoflurane use was 182 bottles (45.5L) vs 148 (37L), Desflurane 
the same at 20 (4.8L), and Isoflurane the same at 1 (0.25L). CO2 absorbent cost did not increase significantly 
($0.07/day). Our survey had a 65% response rate (1169/1810), and showed Et-control was used in 89% of 
cases, with a mean flow rate of 0.63 vs 3.2L/min.

CONCLUSIONS: Low flow anaesthesia is a simple but highly effective method of cost minimisation for 
inhalational anaesthetic agents. Use of Et-control on the Aisys Carestation anaesthesia delivery system 
significantly reduces volatile cost compared to previous routine practice. Real cost savings were approximately 
20% or $35,000 per 10,000 general anaesthetic hours. 
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Comparison of Renal Preconditioning techniques in a 
rat model.

K Sethi, O Patel, J Ischia, L Xiao, G Baldwin, A Shulkes, DM Bolton

BACKGROUND: Renal preconditioning (RPC) is a technique that exposes tissue susceptible to ischaemia 
into triggering a family of intracellular transcription factors, the Hypoxia Inducible Factors (HIFs), to protect 
against kidney injury. Preconditioning may offer protection to cells against irreversible nephron loss and tolerate 
ischaemia beyond the accepted critical ischaemia time. Whilst these techniques have been explored in other 
organs, no study has compared the effects of these techniques in the kidney. There is also emerging evidence 
that a combination of these preconditioning techniques may confer greater protection in tissue.

METHODS: 24 solitary kidney-model Sprague Dawley rats were divided into groups of 6 undergoing either 
a) control, b) 30mg/kg subcutaneous cobalt chloride (CoCl2) treatment over 24 hours, c) intermittent clamping 
(IC) consisting of 5 minutes renal artery clamping followed by 10 minutes reperfusion over 4 cycles, or d) a 
combination of both CoCl2 and IC.  Following preconditioning, all rats underwent 40 minutes of renal artery 
clamping (critical ischaemia) and were followed up with serum renal function tests and animal health scores for 
7 days.

RESULTS: All rats demonstrated the greatest rise in serum creatinine at 24 hours, and urea at 72 hours with a 
return to basal levels by day 7. All preconditioning methods improved renal function following critical ischaemia 
up to 72 hours (mean +/- SEM creatinine in αmol/l: control group, 273.3 +/- 40.3; CoCl2, 76.3 +/- 10.7 p<0.0005; 
IC, 76.3 +/- 36.2 p<0.05; combination, 271.1 +/- 76). Rats treated with CoCl2 had the lowest rise in serum 
creatinine at 24 hours (Control 390.5 +/- 18.4; CoCl2, 144.7 +/- 31.5 p<0.0001). Whilst the control group had a 
50% mortality rate, no rats in the preconditioning groups died (p<0.005). 

CONCLUSIONS: Individual cobalt treatment offers greater protection against renal damage than intermittent 
clamping or a combination of these techniques in the kidney. Development of similar agents that specifically 
target the same mechanistic pathway of HIF activation would offer the greatest benefit in renal preconditioning 
for clinical application. An approach that stimulates kidney cells into protecting themselves by preconditioning 
prior to ischaemic damage has great promise for use in a wide variety of medical and surgical conditions in the 
future.
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Radial to femoral arterial blood pressure differences during liver 
transplantation surgery.

M Lee, L Weinberg, Pearce, N Scurrah, D Story, P Pillai, P McCall, L McNicol
Department of Anaesthesia, Austin Hospital, Melbourne

BACKGROUND:  Maintenance of cardiovascular stability during orthotopic liver transplantation (OLTx) is a 
significant challenge to the anaesthetist.   Accurate real-time monitoring of the circulation is essential for the 
optimisation of blood volume status and titration of vasopressor support to minimise circulatory instability and 
reduce perioperative risk.  Discrepancies in arterial blood pressure measurements at different measurement 
sites have been demonstrated in vasodilated states during cardiac surgery. A small number of published studies 
in OLTx have shown mixed results.  This has important implications for anaesthetic practice, as measured 
arterial blood pressure is a primary determinant of fluid and vasopressor administration. We compared arterial 
blood pressure measurements in the radial and femoral arteries during OLTx to determine whether significant 
discrepancies between them exist, and whether arterial blood pressure measurements at the two sites can be 
used interchangeably. 

METHODS: Twenty-five patients were enrolled.  Radial and femoral arteries were cannulated with a standardised 
arterial line kit.  Systolic arterial pressure (SAP), diastolic arterial pressure (DAP), mean arterial pressure (MAP) 
and pulse pressure (PP) were measured at four time points.  For each patient, an overall difference in each 
blood pressure parameter was calculated by averaging across the four time points. Agreement between arterial 
sites was assessed by the method described by Bland and Altman.  Correlation was assessed by Pearson’s 
correlation coefficient.

RESULTS: Overall radial to femoral arterial pressure differences are expressed as mean difference, standard 
deviation and percentage error.
SBP: -14.9mmHg, 24.8mmHg, 47.0%;  DBP: -2.0mmHg, 5.2mmHg, 20.8%
MAP: -4.8mmHg, 4.5mmHg, 13.1%;   PP: -13.5mmHg, 25.5mmHg, 91.8%

CONCLUSIONS: In patients undergoing liver transplantation, SAP and PP values from the radial artery neither 
agree nor correlate with femoral artery values.  Insertion sites cannot be used interchangeably for these 
measurements.  For MAP and DAP, radial and femoral sites can be used interchangeably.  The observed 
difference in central and peripheral arterial pressures has implications for the accuracy of devices that derive 
haemodynamic parameters from pulse waveform analysis..
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Assessment of Liver Remnant using ICG Clearance
Intraoperatively during Vascular Exclusion: Early experience

with the ALIIVE technique.

L Lau, C Christophi, M Nikfarjam, G Starkey, M Goodwin, L Weinberg, L Ho, V Muralidharan

BACKGROUND: The most significant risk following major hepatectomy is post-operative liver insufficiency.
Current preoperative assessment of the future liver remnant (FLR) relies upon assumptions which may not
be valid in the setting of advanced resection strategies. Post-operative indocyanine green (ICG) clearance has
recently been shown to be the earliest and most accurate marker for liver insufficiency after hepatectomy. This 
report describes and assesses the feasibility of the ALIIVE technique, which replicates the post-hepatectomy
state intraoperatively, prior to vascular division, for functional FLR evaluation with ICG clearance.

METHODS: Ten patients undergoing planned major liver resection (hemihepatectomy or greater) were recruited. 
Routine preoperative assessment included CT and standardized volumetry. ICG clearance was measured 
noninvasively using a finger spectrophotometer at various timepoints including following parenchymal transection 
uring in-flow and out-flow occlusion before vascular division, the ALIIVE assessment. Outcome parameters
were post-hepatectomy liver failure and post-operative mortality.

RESULTS: There was one mortality and three cases of post-hepatectomy liver failure. The patient who died
had the lowest ALIIVE ICG clearance (7.1%/min vs 14.4 +/- 4.9). Routine preoperative CT and standardized
volumetry did not predict outcome.

CONCLUSIONS: The novel ALIIVE technique is feasible and uniquely assesses actual future liver remnant
function before the point of no return during major hepatectomy. This technique may be useful as a check-step 
to offer a margin of safety to prevent post-hepatectomy liver failure and death.
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Zinc protects the kidney against warm ischaemia reperfusion injury 
in a pre-clinical large animal model

O’Kane D1,2, Bolton D1,2, Baldwin G1, Shulkes A1, Patel O1, Ischia J1,2.

Department of Anaesthesia, Austin Hospital, Melbourne

BACKGROUND:  Surgery offers the only definitive cure for renal cancer. Partial nephrectomy (PN) is the gold 
standard surgical approach for many of these cancers. During these surgeries it is necessary to interrupt the 
renal blood supply in order to facilitate safe tumour resection, and avoid excessive blood loss. This interruption 
to renal blood supply, achieved by clamping the renal artery, results in kidney damage depending on the 
“ischaemia time”. To date there has been no definitive method of preventing or reducing this renal damage in 
humans. An agent or method that could facilitate protection against ischaemia of this nature would have major 
implications for long term outcomes of patients undergoing PN, as well as kidney transplant. Our laboratory has 
previously shown that zinc protects against ischaemia-reperfusion (I-R) injury in a rat model. Rodents are not 
always reliable as a preclinical model for human disease however, and therefore in this study the renoprotective 
effect of zinc preconditioning was investigated in a large animal (ovine) model of renal I-R injury.

METHODS: Merino ewes were subjected to 60 minutes of occlusion of the left renal artery to induce I-R injury, 
followed by right nephrectomy. Sheep were preconditioned with intravenous infusion of either zinc chloride 
(ZnCl2) or saline at 24hr and 4hr prior to occlusion. Blood samples were collected daily following surgery for 
seven days. Serum urea and creatinine concentrations were used as markers of renal function. 

RESULTS: ZnCl2 treatment was well tolerated with no obvious adverse effects. The sheep treated with ZnCl2 
(0.5mg/kg) had a marked reduction in renal injury; evidenced by smaller rise in serum creatinine and urea levels 
after surgery compared with the control sheep. The mean serum creatinine on day 3 for ZnCl2 treated sheep 
was 154±9μmol/L as compared to 666±149μmol/L in saline treated sheep (Fig.1). The mean serum urea on day 
3 for ZnCl2 treated sheep was only 6.4±1.3 mmol/L as compared to 34.0±9.6 mmol/L in saline treated sheep. 

CONCLUSIONS: We have demonstrated that zinc preconditioning protects against warm renal ischaemia in a 
pre-human (ovine) model. This result has lead to collaboration with a commercial partner, Phebra, to perform 
phase 1 and 2 human trials of zinc preconditioning in patients undergoing partial nephrectomy.



Medicine is a science of uncertainty and an art of probability.

- Sir William Osler
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