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ABSTRACT  

Background 

The rising prevalence of prostate cancer in Australia will increasingly 

contribute significant morbidity, mortality and economic burden on society.  

Radical prostatectomy is the mainstay of treatment for localised prostate 

cancer, and robotic prostatectomy the dominant surgical approach to 

management in the United States and Europe.  Large systematic reviews 

have demonstrated some perioperative and functional benefits of robotic over 

open and laparoscopic approaches, however no differences in oncological 

outcomes have been demonstrated to date.   

The cost of the robot is undoubtedly greater than open and laparoscopic 

approaches however studies have shown a significant cost offset due to 

reduced length of stay and other improved clinical outcomes.  We aim to 

perform a comprehensive health and economic impact analysis of robotic 

surgery for the treatment of localised prostate cancer in the Victorian public 

health system since the introduction of the da Vinci surgical robot to Peter 

MacCallum Cancer Centre (Peter Mac) in July 2010. 

Methods 

To compare patterns of care and perioperative outcomes of robotic 

prostatectomy to other approaches, we utilised a large dataset from the 

Victorian Admitted Episodes Dataset (VAED) including all prostatectomy 

patients performed in the Victorian public sector since the installation of the da 

Vinci robot.  Additionally the RARP series of perioperative, complication, 

oncological, functional and quality of life (QOL) outcomes at Peter Mac was 

compared to local, national and international literature.  

We then created an economic model to evaluate the incremental cost of 

robotic-assisted radical prostatectomy (RARP) versus open radical 

prostatectomy (ORP) and laparoscopic radical prostatectomy (LRP), 
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incorporating the cost-offset from differences in length of stay and blood 

transfusion rate.  The economic model constructs estimates of the diagnosis-

related group (DRG) costs of ORP and LRP, adds the gross cost of the 

surgical robot (capital, consumables, maintenance and repairs), and 

manipulates these DRG costs to obtain a DRG cost per day, which can be 

used to estimate the cost-offset associated with RARP in comparison with 

ORP and LRP.  Economic modelling was performed around a base-case 

scenario assuming a 7-year robot lifespan and 124 RARPs performed per 

financial year.  One and two-way sensitivity analyses were performed for the 

four-arm da Vinci S HD, Si and Si dual console surgical systems. 

Results 

The robotic surgical approach has become the dominant technique to radical 

prostatectomy for localised prostate cancer in the Victorian health system 

over ORP and LRP.  The introduction of a surgical robot to the Victorian 

public system has resulted in centralisation of prostatectomy to Peter Mac 

with huge institutional growth since its instillation. 

Length of hospital stay and blood transfusion rates are significantly improved 

with the robotic approach. Positive surgical margin rates with RARP are 

improved compared to prior Victorian data consisting of primarily an ORP 

cohort.  Complication and oncological outcomes of RARP are comparable 

between surgical approaches and to large international RARP series.  

Definitive comparison of RARP functional and QOL outcomes between 

approaches was difficult without a comparative cohort however compared 

favourably with previous literature.   

Improvements in length of stay and blood transfusion rates offset most of the 

additional cost of the robot in the base case scenario where 124 robotic cases 

are performed per year. RARP can become cost-equivalent with ORP where 

~140 cases are performed in the base-case scenario.  Increasing the surgical 

volume, lifespan of the robot and reducing the cost of the consumables can 

ameliorate cost. 
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Conclusions 

The da Vinci surgical robot has been safely introduced into the Victorian 

public health system at Peter Mac.  The addition of the robot has significantly 

altered the way we treat patients with localised prostate cancer in Victoria.  

The robotic approach confers some clinical advantages compared to 

laparoscopic and open prostatectomy consistent with international literature, 

and the reduction in length of stay offsets much of the increased cost of the 

robotic procedure. 
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1.1. Introduction  

1.1.1. Epidemiology 

Prostate cancer is the most commonly diagnosed cancer in Australia ahead of 

bowel and breast malignancy.  Currently there are around 120,000 Australian 

men living with PCa, which affects one in seven men to age 75 and one in five 

to age 85.  In 2014 there were 17,050 new PCa diagnoses (33% of new cases 

of cancer in males) and it is projected incidence will increase to over 25,000 

by the year 2020 (Figure 1.2)(1). 

PCa most commonly affects elderly men therefore the greatest burden of 

disease is seen in developed nations where the ageing population is more 

prevalent.  Australia and New Zealand have the highest age-standardised 

incidence of PCa in the world (111.6 per 100,000 people) followed closely by 

Europe and North America (Figure 1.1) (2). The lowest incidence is seen in 

South-Central Asia (4.5 per 100,000 people). In contrast, Australia and New 

Zealand rank eighth in the world for PCa mortality.   

Incidence of PCa worldwide has been intricately linked to PSA utilisation 

patterns and access to health-care services.  In Australia, PSA was listed on 

the Medicare Benefits Schedule (MBS) in 1989, and in the early 1990’s and 

late 2000’s surges in incidence coincided with a lowering of the PSA 

investigation threshold and potentially more men being sent for diagnostic 

biopsy (Figure 1.2). 

However, in less developed regions where Western influence is emergent and 

PSA screening is still relatively low, increasing incidence has been also been 

demonstrated(3).  Therefore, Western lifestyle is also thought to exert an 

independent effect on PCa incidence.  Interestingly, PCa incidence in 

Australia is lower for Indigenous Australians, those living in remote locations 

and lower socioeconomic groups. 
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Figure 1.1 Estimated age-standardised prostate cancer incidence and mortality 
worldwide in 2008(2)  
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Figure 1.2 Trends in the number of new cases and age-standardised incidence 
rates 1982 to 2007 per 100,000, projected to 2020(4). 

 

Mortality from PCa is steadily declining in Australia.  It is currently the third 

most common cause of death after lung and bowel cancer, accounting for 

13.3% of all cancer deaths per year. Currently one in 105 Australian men to 

age 75 and one in 25 to age 85 will die from PCa.  The mean age of death 

from PCa is 80 years.  

1.1.1.a. Epidemiology	in	Victoria	

The state of Victoria has the second largest population in Australia with 5.6 

million people, three quarters of which live in metropolitan regions. Victorian 

statistics reflect that seen at a National level with PCa accounting for 16% of 

all cancers and 30% of cancers in men.  There were 4,764 new cases (13 per 

day) with an age-standardised incidence is 104.8 per 100,000, marginally less 

than the national average. Currently the lifetime risk of a Victorian man being 

diagnosed with PCa by age 75 is one in seven(5). 

It is noteworthy the average life expectancy in Victoria has risen by three 

years over the last decade and is currently 80.3 years for a male. With the 

percentage of people above 65 years expected to rise from 14% to 19% over 

the next decade, PCa threatens to pose significant morbidity in Victoria. 
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Data from the Victorian Cancer Council (VCC) shows PCa is the second 

highest cause of cancer mortality causing 790 deaths last year and an age-

standardised mortality of 11.8 per 100,000.  Five-year survival for PCa is 91% 

after testis (98%) and thyroid (93%) cancer.  Additionally, men >75 years at 

diagnosis experience poorer survival compared to men ≤75 years (78% V 

95%, p<0.01)(6).  Regional differences have also been noted with higher five-

year survival in Metropolitan Melbourne compared to the rest of Victoria (93% 

V 88%, p<0.01).  Pleasingly however this gap is narrowing(7). 

Future predictions should be treated with an element of caution, however it is 

thought the number of new PCa cases will rise and mortality continue to fall(5) 

as improvements in PCa treatment over the last two decades display their 

‘lagged’ effect.  

1.1.2. Detection, diagnosis and management 

1.1.2.a. Risk	factors	

There are three well-established risk factors for prostate cancer including 

increasing age, ethnicity and a family history. Obesity and exogenous factors 

such as diet, steroid hormones, alcohol consumption and occupational 

exposure may also affect risk(8, 9). 

The risk of developing PCa with a family history is well documented and 

shown to vary with degree of relationship and age of onset. The risk of 

developing PCa is doubled if one first degree relative is affected(9, 10), with a 

higher risk for an affected brother than affected father(11). This risk increases 

exponentially from three to 11-fold when two or more first-degree relatives are 

affected(10, 12).  Additionally risk is also increased from baseline with an 

affected second-degree relative (RR=1.88)(9) 

Regarding the age of onset, a father or brother with a prostate cancer 

diagnosis at age <60 compared to ≥60 years conferred a relative risk of 2.25 

and 1.67 respectively.  Additionally breast cancer in a mother or sister has 

been associated with a 1.22-fold increase in PCa(9). 
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With respect to ethnicity, African Americans have the highest and South East 

Asians the lowest incidence of PCa in the world(13).  However, an 

environmental influence is clearly noted as men of Asian descent who move 

to Western cultures are noted to take on an increased risk(8).   Variation 

between ethnic groups may be attributed to access to health-care services 

and different PSA screening regimes. 

Significant research is ongoing into the exact genetic factors associated with 

PCa.  Changes in expression of genes such as ELAC2, RNASEL, MRS1 and 

HOXB13 are documented, as well as low numbers of CAG repeats in the 

androgen receptor gene(14).  Additionally carriers of mutations in the BRCA1 

and BRCA 2 genes confer a higher risk of PCa with a more aggressive 

phenotype leading to higher probability of nodal involvement, distant 

metastasis and poorer survival outcomes overall(15).  For these patients 

tailored clinical management is essential. 

1.1.2.b. Screening	

The screening of men with a prostate specific antigen (PSA) blood test is a 

controversial and hotly debated topic. Guidelines and recommendations 

worldwide have not been able to reach a consensus regarding screening 

protocols for PCa.   

Based on two large prospective randomised studies, most major urological 

societies conclude that mass widespread screening of PCa is not appropriate, 

however opportunistic screening should be offered. The age and interval at 

which these should occur currently remains debated.  In 2012, 778,500 PSA 

tests were performed in Australia and 80% were for males aged 45-74 years, 

with 55-64 the most commonly tested age range(12). 

The Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial 

which randomly assigned men to annual screening and DRE versus standard 

care, found at seven years the rate of PCa specific mortality to be very low 

with no significant difference between the groups(16).  The large European 
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Randomised Study of Screening of Prostate Cancer (ERSPC) similarly 

assigned men to PSA screening every four years or no screening, concluding 

at median nine years follow-up that screening conferred a relative risk of 0.8, 

absolute risk difference of 0.71 per 1000 men and overall reduced rate of 

death of 20% (up to 31%) compared to the control group(17).  An update of 

this trial at 14-years follow-up saw this reduction in mortality at 50% in the 

screened group. However, the risk of over diagnosis and treatment is 

significant and must be taken into consideration. 

In 2012, the United States Preventative Services Taskforce (USPSTF) 

recommended against PSA-based screening for PCa for all men regardless of 

age(18).  This remains highly contentious and has the potential to increase 

men presenting with advanced disease and reverse mortality gains made over 

the last 30 years. Other influential organisations such as the American 

Urological Association (AUA), National Comprehensive Cancer Network 

(NCCN) and European Association of Urology (EAU) propose differing 

recommendations however all emphasise the importance of shared decision-

making between the patient and clinician when considering PSA screening. 

Notably in 2013, an international multidisciplinary collaborative of leading 

prostate cancer experts from around the world released ‘The Melbourne 

Consensus Statement on Prostate Cancer Testing’ (Table 1.1) (19), which 

has been endorsed by many Urological organisations worldwide. 

Table 1.1 Melbourne Consensus Statement on Prostate Cancer Testing, 
abbreviated Murphy et al. 

Consensus Statement 1: For men aged 50–69, level 1 evidence demonstrates that PSA 
testing reduces prostate cancer-specific mortality and the incidence of metastatic prostate 
cancer 

Consensus Statement 2: Prostate cancer diagnosis must be uncoupled from prostate cancer 
intervention 

Consensus Statement 3: PSA testing should not be considered on its own, but rather as part 
of a multivariable approach to early prostate cancer detection. 

Consensus Statement 4: Baseline PSA testing for men in their 40s is useful for predicting the 
future risk of prostate cancer. 

Consensus Statement 5: Older men in good health with over ten year life expectancy should 



 8 

not be denied PSA testing on the basis of their age. 

 

Other stakeholders have published their own guidelines including the 

American Urological Association (AUA), The American College of Physicians 

(ACP) and The European Association of Urology (EAU) to name a few.  In 

2014, Dr Stacy Loeb summarised they key points from the major screening 

guidelines as follows (146): 

• Randomisation trials have shown that PSA screening reduces 

metastatic prostate cancer and disease-related death. 

• The USPSTF recommends against PSA screening, whilst most other 

professional organisations recommend shared decision-making about 

PSA screening. 

• PSA screening should be discontinued for men with <10-year life 

expectancy. 

• Several guidelines now recommend baseline PSA testing for men in 

their 40s for risk stratification. 

• Some guidelines also suggest a risk-adapted approach to screening 

considering multiple risk factors along with PSA for clinical decisions. 

1.1.2.c. Diagnosis	

Currently the diagnostic tools for PCa include PSA, digital rectal examination 

(DRE), transrectal ultrasound (TRUS) and more definitively prostate biopsy to 

obtain histological confirmation.  

PSA is a better detector of cancer than DRE alone, however the two 

combined increase detection rates(20).  TRUS alone is not reliably used for 

detection of PCa.  TRUS-guided biopsy however is the mainstay worldwide 

for histological diagnosis of PCa.  In 2011-12, 16,663 ‘biopsy of the prostate’ 
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procedures were performed in prostate cancer-related hospitalisations in 

Australia(12).  This is equivalent to 32% of all PCa related hospitalisations, of 

which 75% were for males aged 55-74 years. 

Complications from TRUS-guided biopsy are typically mild and self-limiting 

however infectious complications are increasing and despite antimicrobial 

prophylaxis, are now the most common reason for readmission to hospital 

after biopsy(21). Additionally, resistance to fluoroquinolone-resistant 

organisms is increasing.  An alternative that has gained much traction in 

Australia, the UK(22) and elsewhere is trans-perineal (TP) template prostate 

biopsy with the potential to reduce infectious complications and improved 

cancer detection.  Recent Victorian-based data show a zero sepsis rate using 

the TP approach(23, 24) and a 35% detection rate(24) in those with a 

previously negative TRUS biopsies.  However, Loeb et al. note higher rates of 

urinary retention with the TP biopsy(21).  Risk stratification tools are therefore 

important to reduce unnecessary prostate biopsies(8).  

Each as a diagnostic tool has its shortcomings and has resulted in over-

treatment of low risk patients with unnecessary biopsies and/or radical 

therapy.  An optimal PCa screening or diagnostic tool would therefore be 

economical, non-invasive, have good sensitivity and specificity and the ability 

to distinguish between healthy patients, benign prostatic hyperplasia (BPH), 

clinically indolent PCa and clinically significant PCa that is likely to progress 

within the patient’s lifetime(25). 

For this reason, significant research efforts have gone into the development of 

novel diagnostic and prognostic biomarkers identified in urine, serum or 

tissue.  Some are already commercially available and purchased at the 

patient’s expense in Australia such as the Prostate Health Index (PHI). 

1.1.2.d. Management	

The management options for the primary treatment of prostate cancer include 

watchful waiting (WW), active surveillance (AS), radical prostatectomy (RP), 



 10 

radiotherapy (including external beam radiation therapy (EBRT) or 

brachytherapy), hormonal therapy (androgen deprivation therapy (ADT)) or a 

multimodal approach of the above.   

Factors that may influence treatment undertaken include life expectancy, 

clinical stage, Gleason score, PSA, tumour volume (%) on biopsy, presence 

of nodal or metastatic disease, fitness for surgery, functional and quality of life 

premorbid status and patient preference.  As such, decision-making should be 

a shared approach between patient and potentially multiple clinicians 

including urologist, radiation oncologist, medical oncologist and general 

practitioner. 

Regarding initial therapy, the NCCN stratifies men into four groups 

recommending very low risk patients have AS with consideration of watchful 

waiting if life expectancy is <10 years or more active treatment if life 

expectancy is >20 years.  Management options for low risk patients are 

similarly conservative, WW with a short life expectancy, however >10 years 

should be considered for AS where clinically appropriate or RP, ERBT or 

brachytherapy.   

Men with intermediate, high or very high-risk disease are recommended RP 

+/- PLND or ERBT +/- ADT +/- brachytherapy as their initial therapy.  A select 

group of higher risk patients are potentially appropriate for ADT alone.  

Similarly patients with nodal or metastatic disease are recommended to have 

ADT with the potential addition of ERBT if disease is limited to the nodes(26).  

Since publication of the NCCN guidelines, a recent study has shown a 

potential survival benefit for local therapy to the primary tumour in metastatic 

disease also(27).  The management of PCa is constantly evolving and routine 

practices vary between and even within countries.   

1.1.3. Radical Prostatectomy Patterns of Care in Australia 

Patterns of RP are constantly evolving with increasing numbers being 

performed robotically and conversely a decreasing cohort of low risk patients 
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undergoing active treatment.  In 2011-12, approximately 8300 men underwent 

radical prostatectomy in Australia in both the public and private sectors(12). 

With the increasing utilisation of PSA over the last two decades there has 

been a stage migration towards earlier detection of prostate cancer.  Evans et 

al report 92.9% of Victorian men diagnosed with PCa present with localised 

disease(28), an increase from 69.5% as reported by Frydenberg et al. two 

decades earlier(29).  Further comparisons between these two papers show 

increases in the number of patients being treated with curative intent from 

25% in 1993 to 71% in 2011.  Additionally, the number of patients in Victoria 

undergoing RP has increased from 13.5% to 43.9% in the same timeframe.   

Similar results have been published internationally with 49.9% diagnosed in 

the United States (US) undergoing RP from the Cancer of the Prostate 

Strategic Urologic Research Endeavor (CaPSURE) registry(30) and within 

Australia where 56% reported having RP in New South Wales(31), a 

significant increase from 22% in 2002(32). 

The median age of PCa diagnosis has declined six years over this twenty-

year period from 72 years in 1993 to 66.2 years in 2011, reflecting the impact 

of PSA on earlier cancer detection.  Evans and colleagues document the most 

recent patterns of care in Victoria by surgical approach between 2008 and 

2011 demonstrating that of the patients who underwent RP, 65.3% had open 

radical prostatectomy (ORP), 20% had robotic-assisted radical prostatectomy 

(RARP), 7.4% had laparoscopic radical prostatectomy (LRP), 0.4% were 

laparoscopic converted to open RP and 6.9% were unknown.  Around one 

eighth (13.5%) of all patients undergoing RP also had concurrent ERBT as 

part of their initial treatment.   

Interestingly the rapid adoption of robotic surgery worldwide is having an 

independent influence on the treatment patterns of PCa.  A large study of 48 

states and Washington D.C in the US, reported an increase in the average 

number of da Vinci robots per state from 2 to 26.3 between 2002 to 2010(33).  

This equated to a 2.5% significant increase in surgery, with a corresponding 
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1.3% and 1% statistically significant decrease in radiation and AS respectively 

for every 10 robots installed per state.  This further exemplifies the evolving 

landscape of prostate cancer care in the PSA and robotic surgery era. 

1.1.4. Robotic surgery: An Overview 

1.1.4.a. History	of	the	da	Vinci	robot	

The “da Vinci” robot is aptly named after the great 15
th
 century Leonardo, 

whose study of human anatomy led to the design of the first known robot in 

history, later coined “Leonardo’s Robot” (Figure 1.3).  The word “robot” was 

first used in 1920, derived from the Czechoslovakian term “robota” meaning 

forced work(34).  In the last century robots have maneuvered their way 

through industry and into the operating theatre. The ROBODOC (Integrated 

Surgical Systems, DA, USA) showed early potential in the late 1980s to assist 

total knee and hip joint replacement(35).  Around this same time, Dr Philippe 

Mouret performed the first laparoscopic procedure (cholecystectomy) with a 

resulting boom in the minimally invasive approach. Additionally, robotic 

surgical devices were developing in the field of Urology, the specialty that 

would eventually pioneer and dominate robotic surgery for years to come.  

Figure 1.3 Model of a robot based on drawings by Leonardo da Vinci.  Photo by 
Erik Moller(36) 
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The think-tank however had started well before this in the 1960s, with the US 

military and the North American Space Association (NASA) separately 

investing in the development of the da Vinci (Intuitive) and ZEUS (previously 

Computer Motion, now Intuitive) robotic surgical systems.  The ability to 

operate remotely on the battlefield or in space certainly had its appeal.  The 

superior performance of the da Vinci saw Intuitive acquire the rights to 

Computer Motion in 2003 resulting in the Intuitive monopoly that exists today.  

In July 2000, the da Vinci surgical robot obtained US Food and Drug 

Administration (FDA) approval at a time when the limitations of traditional 

laparoscopy were becoming evident.  There were immediate advantages 

including 3-D visualisation, enhanced dexterity and improved ergonomics.  

Most notably, intuitive movements replaced the ‘fulcrum’, counter-intuitive 

laparoscopic control.  Surgeon tremor was eliminated and fatigue and 

discomfort lessened due to the seated position and not having to generate 

large arc-like movements of the upper limb to produce small movements intra-

abdominally(37).  Additionally, the EndoWrist instruments afford seven 

degrees of freedom the same as the human wrist, compared to a restricted 

four degrees of freedom in laparoscopic procedures(38). Robotic surgery has 

overcome many of the ergonomic challenges of traditional laparoscopy. 

Further surgeon control was possible in 2003 with the addition of the 4
th
 

instrument arm to the original da Vinci system.  In 2006, high definition vision 

was added to the da Vinci S system and in 2009 dual console capability 

became possible with the da Vinci Si model; A secondary console that permits 

more efficient training and second surgeon capability for complex cases(39).  

In addition, improvements were made to vision and ergonometric settings in 

this model including the capability for fluorescence-guided imaging and single-

site surgery.  A fourth generation model, the da Vinci Xi, was launched in the 

USA in April 2014 and includes further improvements in the vision system 

(including an 8mm 3D camera for multi-port access), and a new robot cart 

allowing more advanced multi-quadrant access and a laser targeting system 

for docking.   
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Despite the technological era we now inhabit, the da Vinci surgical robot has 

advanced very little over the last 13 years when compared to other computer 

and mobile phone technologies.  This stunted innovation may be attributed to 

a lack of competition or potentially the small surgical consumer market size of 

1.8 billion people.  This compares to the video gaming industry for instance, at 

around 30 billion(40). 

Robotic surgery is not devoid of limitations, the most prominent of which is the 

considerable capital expenditure, maintenance and consumable costs.  The 

initial capital pitching between AU$2.5-3.5 million, maintenance around 9% of 

the capital per annum and consumables in the magnitude of an additional 

AU$4,000 per case. Furthermore, the lack of haptic feedback is a 

disadvantage compared to open and laparoscopic approaches but this 

appears to be partially overcome by visual attunement to tissue movement. 

1.1.4.b. da	Vinci	Robot	set-up	

This is a master-slave system with three components; a surgeon console, 

patient-side cart and image-processing/insufflation stack (Figure 1.4 and 1.5).  

The surgeon sits at the console with their fingers in a pincer grip controlling 

the robotic arms and camera.  The image viewer gives a 3-D, 10x-magnified 

image through the endoscope.  The patient side-cart is the robot itself that 

holds the four arms including camera.  The image stack holds the imaging 

devices and houses the 2-D assistant screen 

Figure 1.4 Three component da Vinci Si dual surgical robot with dual surgical 
consoles, patient side-cart and vision stack (from left to right). (Source: 
Intuitive Surgical. Available from: davincisurgery.com) 
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Figure 1.5 Operative theatre set up of the Da Vinci robot at Peter MacCallum 
Cancer Centre. Courtesy of Professor Declan Murphy 

 

1.1.4.c. Evolution	of	Robotic	Surgery	in	Australia	

The growth and adoption of robotic surgery is gaining significant momentum 

with 3,597 da Vinci System installations worldwide at the end of December 

2015. The US accounts for 66.7% of all installations (2,399), with 608 in 

Europe and 423 in Asia(41). These estimates are provided by Intuitive 

Surgical and are overestimates as only installations are accounted for and not 

decommissions.  Australia and New Zealand currently have 33 robots to 

January 2016.  

The most common procedure performed by the robot from conception was the 

RARP.  The team at the Vattikuti Institute in Detroit US, led by Urologist Dr. 

Mani Menon(38) were the forerunners in developing the technique performed 



 16 

today. Australian Urologist, Professor Anthony J Costello having undertaken a 

robotic mini-fellowship under the proctorship of Doctors Clayman, McDougal 

and Ahlering was responsible for pioneering the da Vinci robot and performing 

the first RARP in Australia. The Epworth Hospital in Melbourne became home 

to the first robot in December 2003.   

Of the 33 systems currently in operation in Australia (Appendix A):  There are 

three S HD, 21 Si models (including two with dual console capability in private 

hospitals) and nine Xi models (including two with dual console capability). 

Twelve machines initially installed between 2003-15 have been 

decommissioned, of which the majority have been upgraded however two 

have been permanently decommissioned. Currently 81% of robots are 

installed in the private system (27 of 33) with numbers increasing faster than 

the public sector (Figure 1.6).  In 2013, Wesley Hospital in Brisbane was the 

first to have two (Si) robots installed in the one hospital but two separate 

operating theatres.  Currently New South Wales has the greatest number of 

robots with 11 and one due for installation early 2016. 

Figure 1.6 Cumulative number of robot installations in the public and private 
sector in Australia over 10 years, 2003 - 2013.  

 

In Victoria, seven machines are located within five private and two public 

hospitals.  The first da Vinci robot to be installed in the public Victorian health 

sector was at Peter MacCallum Cancer Centre (Peter Mac) in East 
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Melbourne.  Associate Professor Declan G Murphy, Director of the Academic 

Robotic Cancer Surgery Program (ARCaSP) performed the first public RARP 

in Victoria on July 14, 2010.  Since then, over 350 robotic procedures have 

been performed as part of a multi-specialty cancer surgery program at Peter 

Mac. 

Approximately 652,000 da Vinci procedures were performed in 2015, up 14% 

from 2014.  In Australia, 6728 procedures were performed in 2015, up 20% 

from 2014.  Figure 1.7 illustrates the increasing number of robotic cases 

performed each year to mid-2013.  

Figure 1.7 Number of urological and non-urological robotic procedures 
performed per year in Australia to mid-2013(42). 

 

Over 30,000 robotic procedures have been performed in Australia to date, 

and over three million procedures performed worldwide. Urological 

procedures account for 91.5%, followed by gynaecology (6.2%), general 

surgery (2.3%), ENT surgery (1.9%), cardiothoracic surgery (1.8%), and 

thoracic surgery (0.5%) (Appendix B).  Despite the expansion of multispecialty 

robotic programs in Australia, the actual proportion of non-Urology procedures 

has decreased from 24.5% to 19.8% overall between 2004 and 2015 
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indicating Urology is still the increasingly dominant specialty using this 

technology(42).  This is in stark contrast to the US where the initial dominance 

of RARP was fast overtaken by hysterectomy (for benign and malignant 

causes) in 2010 as the dominant procedure.  The field of gynaecology now 

perform approximately 60% of all robotic procedures in the US(41).  Cost is 

the primary reason Australia has not followed suit.  

1.1.5. Academic Robotic Cancer Surgery Program (ARCaSP) at Peter 

MacCallum Cancer Centre 

1.1.5.a. Referral	and	care	pathway	for	RARP	patients	at	Peter	Mac		

Peter Mac is one of the largest comprehensive cancer centres in Australasia 

providing specialised multidisciplinary care.  The care pathway of patients 

undergoing robotic prostatectomy begins well before their operation and 

continues for many years afterward.   

The vast majority of patients come to Peter Mac with a diagnosis of prostate 

cancer having undergone a prostate biopsy elsewhere.  The patients’ general 

practitioner (GP) or the Urologist who performed the biopsy generally initiates 

the referral to Peter Mac.  In the latter instance this may be necessary as not 

all Urologists are robotically trained or have access to a da Vinci robot, 

alternatively the patient or specialist may have a particular preference for 

robotic surgery.   

From July 2010 Peter Mac was the only Victorian public hospital performing 

robotic surgery. Before the installation of the da Vinci robot, Peter Mac 

performed on average 12-14 open prostatectomies per year, by 2012-13 the 

Academic Robotic Cancer Surgery Program (ARCaSP) performed 90 RARPs 

demonstrating a significant change in referral patterns for prostatectomy at 

Peter Mac and within Victoria. It is likely many of the patients who may have 

previously undergone open surgery in regional areas were being filtered to 

Peter Mac for their care. 
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Referred patients are reviewed in Urology outpatient clinic by a member of our 

medical team (See Appendix C for ARCaSP team) who explains to the patient 

their biopsy results, management options and consents the patient for RARP 

if they wish to proceed.  Waiting time for RARP varies generally from one to 

three months and patients with higher risk PCa are prioritised for earlier 

treatment. 

Prior to their operation patients attend Robotic Cancer of the Prostate 

(RoCaP) Clinic with Emma Birch (Robotic Surgery Nurse Co-ordinator).  This 

program educates and prepares patients for the peri-operative surgical period 

including how the procedure is performed, what to expect in hospital and 

addresses difficult topics such as post-operative urinary incontinence, erectile 

dysfunction and management of their condition going forward.  Patients are 

educated to expect a day one discharge after RARP. 

In the immediate days after surgery Emma Birch telephones patients at home 

for a progress report.  Patients are discharged with an indwelling catheter 

(IDC), which is removed approximately day 10 post-operatively at Peter Mac, 

wounds are reviewed and any non-dissolvable sutures removed. The first 

medical follow-up appointment is approximately six to eight weeks after 

surgery with a PSA test completed prior.  At this appointment patients are 

informed of the histopathology results, post-operative PSA level and further 

management plan.  Initially patients are follow-up at Peter Mac however if 

their post-operative course is ‘standard’ or straightforward, follow up may be 

completed as a regular telephone consult with Emma Birch.   

Referrals are made as required to the radiation oncologists, medical 

oncologists, psychologist, continence physiotherapist or Sexual Health and 

Erectile Dysfunction (SHED) clinic.  Some patients are discussed at our Multi-

Disciplinary Team Meeting (MDM) held weekly for input of the broader team.  

Letters are sent to the GP with an updated management plan at each consult 

to maintain continuity of care.  
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1.1.5.b. Operative	technique	of	RARP		

Murphy and colleagues have previously reported the operative technique of 

RARP in a large Australian series of patients from Epworth Private 

Hospital(43).   This approach has been implemented at Peter Mac and all four 

consultant urologists adopt a similar surgical technique as summarised below.  

All illustrations are provided with permission of the first author, Associate 

Professor Declan G Murphy.  

Patients underwent general anaesthesia, are placed in the lithotomy position 

and secured to the table ensuring pressure points are protected.  The 4-arm 

da Vinci surgical system (Intuitive Surgical Inc., Sunnyvale, CA, USA) S
 
HD 

model is used for all patients at Peter Mac.  The Hasson technique is used to 

gain access and a six-port transperitoneal approach used as illustrated in 

Figure 1.8.  The robotic 4
th
 arm is placed on the surgeon’s right side and the 

surgical assistant is located on the left side of the patient utilising the far left 

12mm and 5mm ports.  Consumable instruments used include two large 

needle drivers (8mm), Maryland bipolar forceps, monopolar curved scissors 

and prograsp forceps. 

Figure 1.8 A six-port transperitoneal technique is used. Courtesy: Murphy et al 
(2009)(43) 

 

A zero-degree endoscopic lens is used at the commencement of the case and 

the median umbilical ligament is incised with lateral extension to develop the 
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extra-peritoneal space.  The endopelvic fascia is incised using cold scissors, 

the puboprostatic ligaments divided and the dorsal vein complex (DVC) is 

ligated using a 0-Vicryl suture.   

A 30-degree down-angled endoscope is then used to transect the bladder 

neck anteriorly.   The IDC balloon is deflated and used to elevate the prostate 

by attaching an Endo Close (Tyco Healthcare, Lane Cove, NSW, Australia) 

device that is delivered through the anterior abdominal wall as illustrated in 

Figure 1.9. 

Figure 1.9 The prostate is elevated using an Endo Close device and posterior 
bladder neck divided.  Courtesy: Murphy et al (2009) 

 

Posterior to the prostate the vas deferens and seminal vesicles are dissected 

free to the base and the plane is developed between the prostate and rectum 
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exposing the lateral pedicles of the prostate.  Hem-o-lok (Weck Closure 

Systems, Research Triangle Park NC, USA) clips are used to incrementally 

ligate the prostatic pedicles. 

A nerve sparing dissection (unilateral or bilateral) is performed on patients 

without palpable disease or radiological evidence of extraprostatic extension 

(EPE).  The apical dissection is then performed by dividing the ligated DVC 

and sharply incising the urethra.  The prostate is then free and entrapped in a 

laparoscopic retrieval bag.  A PLND may be performed at the commencement 

of the case or once the prostate is removed.  At Peter Mac PLND is generally 

performed on high-risk patients for the purpose of staging information.  To 

date no extended PLND procedures have been completed at Peter Mac. 

A 3/0 V-LocTM (Covidien, USA) suture is used for the posterior “Rocco” 

reconstruction and a 2/0 QuillTM (Angiotech Ltd) used to perform a 

continuous urethra-vesical anastomosis starting with apposition of the 

posterior wall to anterior urethra.  A drain is placed through a lateral port site 

and the specimen retrieved through the umbilical port site after the robot is 

undocked. 

Post-operatively patients are encouraged to mobilise from six hours, are given 

clexane six to eight hours after, the drain is removed within 24 hours and 

patients discharged routinely by the next morning.
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1.1.6. Activity based funding in Australia – Health care system 

1.1.6.a. Current	status	of	health	expenditure	in	Australia	

In 2011-12, total health expenditure (recurrent and capital) in Australia was 

estimated at $140.2 billion, 9.5% of gross domestic product (GDP). Victoria 

accounts for approximately one quarter of this ($34 billion), of which around 

$10 billion is devoted to public hospital services.  The provision of funding for 

public hospitals during this financial year was split approximately 40% 

Commonwealth government, 50% state and local government and 10% non-

government funding. The estimated per person expenditure on health was 

$6230, an increase of $250 from a year prior(44). 

The flow of funding through the Australian health care system is complex 

(Appendix D) with government input from both national and state levels.  In 

2011 the National Health Reform was created to deal with the increasing 

demands on the health and aged care system.  Under this agreement the 

Commonwealth Government will increase its contribution to funding of public 

hospital services such that by 2017-18 they would fund half of every dollar 

required by state and territory governments.  Without this state government 

budgets would likely be overwhelmed by the rising health spending 

obligations. 

However in 2012-13 financial year, the Commonwealth Government cut 

funding to Victorian Health Services after Victorian budgets were already set, 

creating a shortfall in promised funding of $368 million over the next three 

years(45).  This had an immediate and significant impact on health services in 

Victoria with Peter Mac among the hospitals closing theatre slots and surgical 

ward beds. A reimbursement by the Commonwealth government of $107 

million partially redressed this cut.  However this is only a temporary measure, 

there is no certainty that this shortfall will be bridged in the next two financial 

years. 
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In reference to health-care expenditure on prostate cancer, it was estimated 

that $349 million was spent in 2008-09 in Australia, corresponding with a peak 

in PCa incidence.  This accounted for a major proportion of all cancer 

expenditure for males (16%); 56% hospital admitted services, 36% 

prescription pharmaceuticals and 9% on out-of-hospital expenses(12).  This 

was a 23% increase from four years’ prior when expenditure was around $284 

million in 2004-05.  This exemplifies the increasing economic burden PCa is 

placing on health care expenditure at a time when financial pressures are 

substantial at both State and Commonwealth levels.
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1.1.6.b. Activity	Based	funding	in	Australia	

1.1.6.b.i. A	historical	perspective	

Over the last two decades, funding models at Victorian and national levels 

have undergone significant reform including the period since commencement 

of the robotic surgery program at Peter Mac. 

Victoria was the first state in Australia to introduce case mix funding for all 

public hospitals in 1993, a concept first developed at Yale University in the US 

that categorises patients by groups related to their condition, known as 

Diagnosis Related Groups (DRGs).  Prior to this, Victorian hospitals were 

funded by historical budgets based on their intention to treat patients (i.e 

availability) rather than actual work performed(46).  

In 2011, the National Health Reform Agreement was reached to introduce a 

nationally consistent funding model called Activity Based Funding (ABF) that 

built on the old case mix funding already implemented in Victoria.  This is one 

of the most significant financing reforms for public hospitals in recent history. 

An Independent Hospital Pricing Authority (IHPA) has been established to 

implement ABF at the national level, with the primary responsibility for setting 

the efficient price of delivering hospital services. IHPA has now set these 

prices for the 2012-13 and 2013-14 financial years. 

The IHPA defines ABF as “a way of funding hospitals whereby they get paid 

for the number and mix of patients they treat.  If a hospital treats more 

patients, it receives more funding.  Because some patients are more 

complicated to treat than others ABF also takes this into account”(47).  

1.1.6.b.ii. Activity	Based	Funding	explained	

Diagnosis related groups (DRG) classify patients with a similar condition or 

who undergo similar procedures into one category with the aim that 

everything within a DRG is relatively resource homogenous.  There are 
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currently 760 Victorian-DRGs (Vic-DRG) derived from Australian refined 

DRGs (AR-DRG) to suit local funding arrangements. Most relevant to our 

evaluation are M01A and M01B, which code for ‘Major male pelvic 

procedures’ with or without complications respectively.  Incorporated into 

these DRGs are a number of different diagnoses and procedures during the 

patient episode.   

The International Classification of Diseases, 10
th
 edition Australian modified 

(ICD-10-AM) codes are a universal classification system for diagnoses, 

complications and comorbidities related to an inpatient episode.   For 

example, C61 codes for malignant neoplasm of the prostate, I10 for 

hypertension and T8141 for wound infection following a procedure.   

A complex classification system is used to transform these ICD codes into a 

DRG category.  Patient episodes where the patients have no complications 

include ‘B’ in the DRG (e.g. M01B), while those with complications include ‘A’ 

in the code (e.g M01A).  The addition of label ‘A’ to the DRG signifies a 

patient that is more ‘resource intense’, and therefore should attract a greater 

reimbursement.  

Table 1.2 Activity based funding codes of most relevance to robot assisted 
radical prostatectomy in Victoria 

Code type Code Description 

Vic-DRG M01A 

M01B 

Major male pelvic procedures with CC 

Major male pelvic procedures without CC 

ICD-10-AM C61 Malignant neoplasm of the prostate 

ACHI 

Open RP [1167] 

 

 

 

 

 

 

37200-03 

37200-04 

37200-05 

37209-00 

37210-00 

37211-00 

 

Suprapubic 

Retropubic 

Other open prostatectomy 

Radical prostatectomy 

Radical prostatectomy with BNR 

Radical prostatectomy with BNR and pelvic LAD 
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Other closed 

RP [1167] 

37209-01 

37210-01 

37211-01 

Laparoscopic radical prostatectomy 

Laparoscopic radical prostatectomy with BNR 

Laparoscopic radical prostatectomy with BNR 

and pelvic LAD 

Vic-DRG, Victorian Diagnosis Related Group; CC, comorbidities and complications; 

ICD-10-AM, International Classification of Diseases 10
th
 Edition Australian Modification; 

ACHI, Australian Classification of Health Interventions; RP, Radical Prostatectomy; 

BNR, Bladder neck resection; LAD, lymphadenectomy 

 

Also incorporated within the DRG is a range of procedure codes, namely the 

Australian Classification of Health Interventions (ACHI) codes.  For instance, 

37209-00 codes for an open radical prostatectomy and 37209-01 for a 

laparoscopic radical prostatectomy.  Of critical importance to our evaluation, is 

that no ACHI code for robotic radical prostatectomy currently exists.  RARP is 

coded using the laparoscopic ACHI codes, which means there is no 

distinction between these two procedures at a hospital or government level.  

Although the robotic approach utilises a laparoscopic set up, the literature 

suggests it has distinctly different clinical outcomes and costs.   

Additionally this makes it extremely difficult to quantify numbers of robotic 

prostatectomies performed in Victoria and Australia.  For these figures we 

currently rely solely on Device Technologies, the Australian distributor of the 

da Vinci robot who collect this data from every hospital in Australia with a 

robot.  The data released is only broad national level figures - state and 

hospital-level data is not released so as not to upset confidentiality and 

commercial relationship with the hospitals.  It is extremely important that 

Victoria and Australia are able to quantify the data for robotic surgery for 

planning of health services and funding provision into the future.  Strategies 

for this are recommended in this analysis. 

To this end, the method of reimbursement for a particular DRG is determined 

based upon costing data provided by all 53 Victorian public hospitals in a 

recent financial year. In 2012-13 the weighted inlier equivalent stay (WIES) 

WIES19 cost weights were determined using the same costing data from 

WIES18 (i.e. 2009-10 inpatient cost data).  This is important for our economic 
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analysis as it means no costing of RARP has been integrated into the costing 

data that was used to set the cost weights. 

The IHPA use this data to set the National Efficient Price (NEP).  For the 

2013-14 financial year this is $4993 for every national weighted activity unit 

(NWAU).  The NWAU is the unit measure of the ABF system and allows price 

adjustment across health sectors and procedures.  The weights used to 

obtain NWAUs were also previously referred to as WIES weights and the 

terminology is used somewhat interchangeably.   

In 2012-13 for a public patient treated by a major metropolitan provider, such 

as Peter Mac, this unit price was set at $4,164.  Table 1.3 demonstrates the 

WIES cost weights for the M01A/B DRG over the four most recent financial 

years.  A patient attracts an ‘Inlier weight’ if their length of stay falls within the 

low and high inlier trim points.  These trim points are also determined from 

previous years data, for example the 2012-13 (WIES19) boundary points have 

been informed by trends in average LOS within the VAED from July 1 2005 to 

January 31 2011(48). 

Table 1.3 WIES cost weights for VIC-DRG M01A/B over the most recent four 
financial years based upon length of hospital stay.  

WIES Financia
l year 

Major 
provider 
public $ 

Vic-
DRG 

Low 
inlier 

High 
Inlier 

Ave 
inlier 
stay 

One 
day 

weight 

Inlier 
weight 

Multi-
day high 
outlier 

per diem 

WIES17 2010-11 3,725 M01A 

M01B 

2 

1 

21 

12 

6 

4.1 

2.0012 

2.3148 

2.9233 

2.3148 

0.2148 

0.2173 

WIES18 2011-12 3,867 M01A 

M01B 

2 

1 

20 

11 

6.5 

3.8 

2.2493 

2.5609 

3.3112 

2.5609 

0.2282 

0.2559 

WIES19 2012-13 4,164 M01A 

M01B 

2 

1 

20 

11 

6.5 

3.8 

2.2492 

2.5609 

3.3112 

2.5609 

0.2282 

0.2558 

WIES20 2013-14 4,248 M01A 

M01B 

1 

1 

14 

9 

4.7 

3.1 

2.8269 

2.6622 

2.8269 

2.6622 

0.2141 

0.2367 

 

To illustrate, a typical uncomplicated Peter Mac RARP patient (M01B) has a 

one-day LOS.  In the 2012-13 financial year this falls within the inlier stay 
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(between the low and high inlier boundaries) and therefore has a WIES weight 

of 2.5609.  Based on the Major provider public WIES unit ($4164), the 

government would reimburse Peter Mac approximately $10,663.59 for this 

patient.  This figure is also known as the ‘base WIES’. 

Interestingly, this same typical RARP patient who has a complication or 

comorbidity that reclassifies them to the M01A DRG, but is discharged in one 

day, now falls below the ‘low inlier’ boundary set at two days.  They are 

weighted at 2.2492 for a ‘one-day weight’.  The hospital is therefore 

reimbursed only $9365.67, $1297.92 less than their uncomplicated 

counterpart, for a patient who has potentially used greater resources.  This is 

not an uncommon scenario that a patient may be coded with ICDs that place 

them in the M01A DRG, however these comorbidities/complications for which 

they are coded bear no obstacle to a normal day one discharge. 

With the increasing number of robotic prostatectomies undertaken, this is now 

reflected in the WIES20 2013-14 weights, where the low inlier boundary has 

been adjusted from two days to one.  This means for a typical RARP patient 

during this financial year, Peter Mac will be reimbursed $11,308.18 and 

$12,009.10 for an uncomplicated and complicated patient respectively.   This 

adjustment has allowed for a more adequate reimbursement of more complex 

patients going forward. 

There are however additional layers of complexity to this equation.  As 

previously mentioned the NWAU changes based on hospital location 

(Appendix E; Metropolitan, outer metro & large regional, regional & large sub-

regional, sub-regional & local) and patient type (Public, private, transport 

accident commission (TAC), department of veterans’ affairs (DVA)).  

Furthermore, the need for hospital in the home (HITH) also attracts a per diem 

reimbursement to the hospital.  All these factors contribute to determining the 

base WIES.   

Additionally, in 1996-7 additional cost weight co-payments were introduced for 

hospitals that provide special types of care at an increased cost including 
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continuous mechanical ventilation (CMV), endoluminal repair of an aortic 

aneurism (AAA), atrial septal defect (ASD) closure device, thalassaemia, 

Aboriginal and Torres Strait islander. The overall equation for reimbursement 

is represented in Equation 1 below. 

Equation 1 Weighted inlier equivalence Scale (WIES) for reimbursement 

WIES reimbursement ($) = base_WIES + my_copay + th_copay + 

AAA_copay + ASD_copay + Aboriginal and Torres Strait Island_WIES 

It should be noted, WIES price is set to cover on average 70-80% of patient 

cost, as Victoria does not rely on 100% on ABF, and is complemented by 

other sources of income e.g. grants.  Victoria also uses block funding to cover 

costs of teaching and research, new technology, patient complexity, 

availability of services, incentive schemes and compensation grants.  These 

complexities will not be covered further here. 
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1.2. Literature review – Health impact  

Robotic assisted prostatectomy has become the dominant approach in the US 

and Europe with over 75% of all RP being performed with the robotic 

approach(49).  Since the first case in the US over 12 years ago, large meta-

analyses have demonstrated the superiority of robotic surgery in perioperative 

outcomes including blood loss, blood transfusion rates and length of hospital 

stay. Evidence is also mounting for improved complication rates. In 2012, 

Ficarra et al. showed for the first time improved 12-month continence(50) and 

potency(51) rates over other approaches.  Additionally promising trends have 

been shown in oncological outcomes but no statistically significant 

improvement as yet.  With maturity of the data over time and improved 

surgical techniques, improved cancer outcomes with robotic surgery may be 

demonstrated.    

1.2.1. Perioperative outcomes and complications 

In the literature the superiority of perioperative outcomes with RARP is most 

convincing.   Operative time with the robot varies between studies and is 

shown to be comparable or longer than other approaches(49, 52) mostly 

attributed to the docking time required for the robot.  In Australia, the Epworth 

hospital reported a mean operative time of 189 minutes for their first 400 

RARP cases, slightly longer than international series with a mean of 152 

minutes(49). 

In addition, RARP results in significant reductions in estimated blood loss 

(EBL) and blood transfusion rates(49, 52-54) compared to ORP and LRP.  

Novara et al report EBL of 166mls and blood transfusion rates of 2% with 

RARP.  Similarly, Murphy et al reported a 2% blood transfusion rate in a large 

Australian series.  A large comparative study demonstrated transfusion rates 

of 20.1%, 3.5% and 1.4% for the open, laparoscopic and robotic approaches 

respectively. This reduction is not insignificant given the sizable cost of each 
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unit of blood and the associated morbidity and even mortality that can result 

from blood transfusion reactions.  

Moreover, robotic surgery has resulted in a significant reduction in the length 

of hospital stay (LOS) reflecting enhanced recovery with this minimally 

invasive approach, even compared to standard laparoscopy.  A recent large 

meta-analysis showed a mean LOS of 1.9 days(49) however high volume 

surgeons in large centralised centres have shown it possible to discharge up 

to 97% of patients by post-operative day one(55).  It is likely patient 

expectations and education plays a significant role in effecting this result. 

Rates of peri-operative complications are somewhat variable between studies, 

as are the classification tools used for their comparison.  The Clavien 

Classification is commonly utilised in the RP literature (Appendix F), 

alternatively rates of specific complications such as lymphocoele or wound 

infection are also reported individually.  The complication rates reported by 

Novara and colleagues for RARP were 9% overall; 4% grade one, 3% grade 

two, 2% grade three, 0.4% grade four and 0.02% grade five.  These were 

primarily low-grade complications, the most frequent including lymphocoeles 

(3.1%), urine leak (1.8%) and reoperation rate (1.6%).   Conversion to an 

open approach is rare with 0.25% (one patient) reported in the Epworth 

Hospital cohort(43).  Length of indwelling catheter (IDC) time appears 

reduced with RARP also(49, 56). 

Between surgical approaches, most studies have reported fairly comparable 

complication rates.  In 2010, Coelho et al reported 10.3%, 10.98% and 10.3% 

for the ORP, LRP and RARP respectively. The National Surgical Quality 

Improvement Program (NSQIP) was established in the US but has 

international participants including Peter Mac in East Melbourne, and aims to 

effect significant quality improvement for participating hospitals.  Liu and 

colleagues report peri-operative and complication rates from 5319 RPs (4036 

Minimally Invasive RP (MIRP) and 1283 ORP) within the NSQIP database 

that captures complications up to 30 days post-operatively.  MIRP was shown 

to have significantly longer operative time, fewer blood transfusions, shorter 
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mean LOS and improved perioperative major complications and mortality 

rates.  Major complications were found in 5% of patients undergoing MIRP 

and 9% in ORP (p<0.01)(52).  On Multivariate analysis age, BMI, presence of 

medical comorbidities and ORP were all independent predictors of major 

complication and mortality after RP.   

Strict monitoring of adverse events has been shown to provide targeted 

improvements in techniques and consequently decrease complications 

particularly during the early learning curve.  Liss et al reported reduction in 

corneal abrasions, fossa navicularis strictures, camera site hernias and 

Clavien three and four complications with thorough monitoring of 

complications(57). 

1.2.2. Positive margin rates and oncological outcomes 

Currently, no definitive conclusions can be drawn regarding biochemical 

recurrence (BCR) or cancer-specific and overall survival after RARP as follow 

up duration is not long enough.  Instead positive surgical margin (PSM) status 

is commonly regarded as a surrogate marker of oncological success as it has 

been shown to be strongly associated in many studies with increased risk of 

BCR. 

In a large meta-analysis by Novara and colleagues, overall mean PSM rate 

for RARP was 15%; 9% pT2, 37% pT3 and 50% pT4.  However in 

comparative studies there was no difference between RARP and ORP, or 

RARP and LRP margin rates(58).  In an early Australian series of RARP 

overall PSM rates were 19.2%; 9.6% for pT2 and 42.3% for pT3 tumours(59). 

In Victoria, the Prostate Cancer Registry (PCR) analysed 2385 patients in 37 

Victorian hospitals over a three-and-a-half-year period, of which 2175 had 

documented margin status.  For all RP patients the overall PSM rate was 

27.2% (592/2175) and were significantly lower in patents with pT2 disease 

compared to pT3 disease (16.1% vs 50.7%, p<0.001)(60).  In public hospitals 

specifically the total PSM rate was 34.9% (170/487); 21.8% (60/170) in pT2 
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tumours and 54.6% (100/170) in pT3 tumours. Interestingly patients treated 

within a public hospital or with the open approach were more likely to have a 

PSM after RP in Victoria (p<0.001).   

In regards to predictors of a PSM, studies have implicated BMI, PSA, 

pathological stage and prostate volume(58).  Surgeon and technique related 

factors might play a role also however literature is not conclusive. 

Biochemical recurrence free survival (BRFS) has been assessed in various 

studies and data is slowly reaching maturity.  Novara et al estimate from 

studies with greater than five years of follow up that seven year BRFS 

approximates 80% for RARP, and speculate 15-year BCRFS may be as high 

as 75%. However comparison with open and laparoscopic approaches show 

comparable results.  BRFS at three, five and seven years are commonly 

reported measures, Suardi and colleagues report 94%, 86% and 84% rates 

for pT3a tumours respectively and 69%, 43% and 43% for pT3b tumours 

respectively after RARP.  Thus demonstrating the increased risk of BCR with 

higher staged tumours.   Murphy et al report BRFS of 86.6% after RARP in an 

Australian cohort at a median of 22 months follow-up(59). 

Similarly a large study from the Vattikuti Institute showed BRFS of 95.1%, 

90.6%, 86.6% and 81% at 1, 3, 5 and 7-years respectively(61). Interestingly, a 

more recent study from the same institution showed 5-year BRFS of 90.8% 

for those with negative surgical margins, 77.5% for a focal PSM and 47.5% for 

a broad PSM, implicating PSM length as a predictor of BCR(62).  One study 

showing even a focal PSM <1mm doubles risk of BCR compared to a 

negative surgical margin(63). 

In fact, many factors have been shown to predict BCR including pre-operative 

PSA, biopsy Gleason score, D’Amico risk, pathological stage, surgical margin 

status, extra-capsular extension (ECE), peri-neural invasion and lympho-

vascular invasion (LVI)(58, 64, 65). 
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The concept of oncological failure (OF) or progression to adjuvant therapy is 

another oncological measure after RP.  Most commonly radiotherapy is given 

after RP as adjuvant treatment and provides durable PSA response especially 

when given early i.e. PSA<1ng/ml(66).  Local external beam radiotherapy 

(EBRT) to the prostate bed is appropriate if localised recurrence is suspected 

however with higher levels of PSA recurrence or known micro-metastatic 

disease, androgen deprivation therapy (ADT) is a likely alternative.  ADT can 

also be given after failure of adjuvant EBRT and is also being trialled as a 

neo-adjuvant ‘super-castration’ approach prior to RP.   

In Victoria, predictors of additional treatment following surgery in the initial 12-

months include a PSM, pT3 or high to very-high risk disease.  Additionally 

patients undergoing RARP were significantly less likely to receive additional 

treatment compared to ORP (OR 0.60, CI: 0.41-0.91, p=0.015)(60).   

1.2.3. Functional outcomes – Continence and potency 

Urinary incontinence and impotence after RP has a significant negative 

impact on a patient’s quality of life.  Impaired recovery of erectile function is 

still a major drawback of this operation.  International and Australian based 

comparisons between RP and EBRT have shown worse continence and 

potency after RP, but more significant bowel urgency and bother with 

EBRT(67, 68).  However between surgical approaches, Ficarra and 

colleagues reported for the first time improved recovery of erectile function 

and continence with the robotic approach compared to other techniques(50, 

51).   

In this recent meta-analysis 12-month incontinence rates ranged from 4-31% 

with a mean of 16% using a zero pad definition, or 8-11% with a mean of 9% 

using a zero or safety pad definition(50). Twelve-month urinary continence 

recovery after RARP is better than ORP (OR1.53, p=0.03) and LRP (OR 2.29, 

p=0.006). 
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An early Australian series reported 91.4% continence (zero or security pad) at 

12-months(59). More recently our institution evaluated continence recovery in 

older (≥70 years) Australian men after RARP including a large proportion of 

Peter Mac patients and found 92% 12-month continence (zero pad 

definition)(69). Interestingly, at four to six weeks the mean number of pads per 

day was greater in older men (p=0.03) compared to their younger 

counterparts, but at all time points thereafter was comparable between age 

groups (Appendix G). 

Prevalence of urinary incontinence after RARP is influenced by 

methodological variation between studies, patient characteristics and surgical 

experience and technique(50).  Regarding surgical technique, the addition of 

a posterior or complete urethral reconstruction has had the most significant 

impact on recovery of continence.  Various studies have shown predictors of 

urinary incontinence to be age, BMI, comorbidity index, lower urinary tract 

symptoms, prostate volume(50), surgeon volume, insertion of a suprapubic 

catheter (on immediate continence)(70) and degree of nerve sparing 

performed(71, 72).  Suardi et al showed that bilateral nerve sparing had a 1.8 

fold higher full urinary continence recovery(73) however appears to have no 

effect on recovery of erections(72). 

Erectile dysfunction can have a significant quality of life impact after RP and 

the recovery process can extend well beyond two years(74).  Once again, 

Ficarra and colleagues provide the most extensive and up to date review of 

potency literature showing 12 and 24-month rates of 54-90% and 63-94% 

respectively.  Murphy et al report 12-month potency in an Australian cohort as 

62% in those pre-operatively potent and who underwent bilateral nerve 

sparing(59).  In other local data comparing LRP versus RARP for a single 

surgeon, potency rates of 56% and 74% respectively at 12-months (p=0.12) 

were demonstrated for a bilateral nerve-sparing procedure.  Overall 

irrespective of nerve sparing, potency rate was higher for patients that 

underwent RARP compared to LRP (46% vs. 29%, p=0.037)(75) (Appendix 

H). 
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Predictors of poorer post-operative erectile function include older age, less 

nerve-sparing and poorer baseline impotence and comorbidity index(51).  

There have been few technical advances over time to improve erectile 

recovery; the most effective appears to be cautery free dissection or use of 

pinpoint low energy. 

1.2.4. Functional and Quality of life outcomes utilised in this thesis 

There are many validated instruments to evaluate urinary continence, erectile 

function and quality of life.  The volume of data is substantial therefore this 

literature review only focuses on the validated questionnaires utilised in this 

health and economic analysis of RARP in the Victorian public health system. 

1.2.4.a. Decisional	conflict	scale	(DCS)	

In 2003, O’Connor et al. developed and validated the DCS to evaluate health-

care-consumer decision aids and decision making around a health 

intervention(76).  There is often significant uncertainty around decision 

making in prostate cancer given the initial shock surrounding a cancer 

diagnosis and then the variety of management options that are potentially 

available.  Patients on active surveillance for prostate cancer are particularly 

at risk of decisional uncertainty and can vacillate between pursuing 

intervention and conservative surveillance. 

The DCS has been updated over time to a 16-item questionnaire with five 

subscales including informed, values, support, uncertainty and effective 

decision subscales.  Responses are graded on a five-point Likert scale from 0 

(strongly agree) to 4 (strongly disagree), negative statements receive a higher 

score thus are associated with higher decisional conflict overall. Scores are 

adjusted so total score and all sub-scores are out of 100.   DCS scores <25 

are associated with implementing a decision and scores >37.5 are associated 

with decision delay or feeling unsure about implementation. 

Van den berg et al evaluated decisional conflict in 150 men on the Prostate 

Cancer Research International Active Surveillance (PRIAS) study and found   
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81% had scores below the reference value for decisional delay or feeling 

unsure regarding implementation (threshold 37.5), 37% had scores below the 

reference level for implementing a decision (threshold 25) and therefore had 

little decisional conflict associated with their decision for AS.  Only total scores 

were used in this study and no subscales.  Mean total decisional conflict score 

was 27.5 ± 13.7 SD (range 0-67.2). 

These scores were lower than a previous study by Stegina and colleagues 

that evaluated 111 men with localised PCa who had decided on treatment 

(56% RP, 19% EBRT, 25% watchful waiting) with mean DCS scores across 

all groups of 35.   

1.2.4.b. Expanded	 Prostate	 Cancer	 Index	 Composite	 for	 Clinical	 Practice	

(EPIC-CP)	

The University of California, Los Angeles PCa (UCLA-PCA) survey was 

developed to evaluate the health related quality of life (HRQOL) for men after 

PCa treatment.  From this, the 50-item EPIC was derived and shortened to a 

26-item form (EPIC-26) and further to EPIC-CP which was validated by 

Chang et al in 2011(77). 

The EPIC-CP covers the domains of urinary incontinence, urinary 

irritative/obstructive, bowel, sexual and vitality/hormonal symptoms.  Scores 

vary with each domain (out of 12) and total score (out of 60) indicates overall 

HRQOL, higher scores reflect worse symptoms and QOL.    

Parker et al evaluated 434 patients at various time intervals (1, 4, 12, 24, 36, 

48 and 60 months) with EPIC-50 after RP for localised prostate cancer up to  

five-years follow up(78).  Mean urinary function was high at baseline (mean 

95.6), nadired at 57.2 at 1-month post-operative and gradually improved over 

to 48 months yet never achieving baseline urinary function.  At 12-months, 

38% of patients reached their baseline urinary function.  Although baseline 

urinary bother was slightly lower than baseline urinary function, there was 
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recovery to baseline mean score (85.5) by 12-24 months.  74% returned to 

baseline by 12-months. 

Urinary incontinence mean score was 40.6 post-op from a baseline mean of 

94, however 36% recovered to baseline function.  Urinary irritation/obstruction 

preoperative mean score was 88, with recovery to this baseline between in 

81.3% by 12 months. Higher baseline scores were associated with improved 

scores over time (p=0.001). 

Sexual function and bother scores were the least likely of all to recover to 

baseline with only 29.1% and 46.4% at baseline by 48 months respectively.  

There was minimal decline in bowel and hormonal scores from baseline after 

RP.  This study provides the best comparison for our dataset. 

1.2.4.c. Sexual	Health	Inventory	in	Men	(SHIM)	

The SHIM is an abridged five-item version (also IIEF-5) of the 15-item 

International Index of Erectile Function (IIEF) instrument to screen or 

diagnose the presence and severity of erectile dysfunction (ED)(79).  There 

are five questions, each scoring on a scale of 1 to 5 on the first question and 0 

to five on all others.  Lower scores indicate worse erectile function and are 

categorised as severe (1-7), moderate (8-11), mild to moderate (12-16), mild 

(17-21) and no (22-25) ED. 

In a 5-year review, 23 studies utilised SHIM to evaluate the efficacy of ED 

interventions, of which four cases observe erectile function recovery after RP.  

One study observes the effect of nerve sparing technique on recovery of 

erectile function and the other three evaluate the effectiveness of sildenafil on 

post-operative potency.  Since this review in 2005, the body of literature 

utilising SHIM has grown exponentially.  Potency is most consistently 

regarded as SHIM >17.   

The probability of achieving potency one year after RP with a bilateral nerve 

sparing approach based on SHIM score varied between 46-66% in multiple 
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studies(59, 80, 81).  Predictors of erectile function after RARP include age, 

baseline SHIM score and bilateral nerve sparing(82). 

1.2.4.d. Hospital	Anxiety	and	Depression	Scale	(HADS)	

The HADS was initially developed and validated in 1983 by Zigmond and 

Snaith for detecting states of depression and anxiety in the hospital outpatient 

setting(83).  It is a short 14-item questionnaire (7 anxiety; 7 depression) 

scored from 0-3 such that a person can score between 0 and 21 for either 

anxiety or depression.  A large systematic review identified a cut-off threshold 

of 8/21 for clinically significant anxiety or depression(84), patients are  

categorised into one of the following; Non-case (0-7), borderline case (8-10) 

and case (11-21).   

A study observing the effect of age on prostate cancer diagnosis showed 

older patients have higher levels of depression but lower levels anxiety(85).  

Another study that observed the effect of PCa diagnosis showed 12% met the 

cut-off for clinically significant anxiety and 16% for depression(86).  Mean 

HADS scores for patients being investigated before prostate biopsy and just 

before receiving results found anxiety scores of 10.74 and 11.55 respectively.  

Prevalence of depression in this study while awaiting biopsy results was 20% 

with a mean score of 10.62(87). 

1.2.4.e. Prostate	Cancer	Related	Quality	of	Life	Scale	(PCaRQOLS)	

As early as 1994 Dr Mark Litwin of the University of California recognised the 

importance of cancer specific prostate quality of life (QOL) instruments with a 

call to the urological community to include health related QOL when 

assessing all PCa interventions and when counselling patients(88).  The 

UCLA-PCI and subsequent EPIC versions have been previously described.  

Others developed include the EORTC-QLQ30 Prostate Module and Symptom 

Index.  

In 2003, Clark et al validated the PCaRQOLS, which measures the outcomes 

of treatment for early prostate cancer on 11 scales.  Seven are generically 
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relevant to older men including urinary control, sexual intimacy, sexual 

confidence, marital affection, masculine self-esteem, health worry and PSA 

concern.  Four of these relate to treatment experience: perceived cancer 

control, quality of treatment decision making, regret of treatment choice and 

cancer-related outlook(89).  Five point scales range from ‘not at all’ (score 1) 

to ‘very much’ (score 5).  Scores are standardised to a range between 0 and 

100. 

In this paper Clark and colleagues compared over 300 men with PCa and 

over 300 men without PCa in relation to the PCaRQOLS.  Irrespective of 

treatment modality in the PCa cohort, these patients had significantly lower 

scores on urinary control (mean 84.5 v 91), sexual intimacy (mean 56.1 v 

70.5) and sexual confidence (mean 35.0 v 46.4), with higher scores on PSA 

concern (mean 67.6 v 38.7).  Marital affection, masculine self-esteem and 

health worry showed a trend towards lower scores of the men with PCa 

however there were no statistically significant differences. 

1.2.4.f. Return	to	work	

The minimally invasive nature of laparoscopic and robotic approaches confers 

advantages in terms of hospital length of stay but also reduction in length of 

sick leave.  This has significant implications for the patient from a health and 

financial perspective but also a broader economic impact to society due to 

loss of productivity. Sick leave in cancer patients has been previously studied 

in a British cohort showing males were more likely than females to take no 

sick leave, however upon doing so often took longer periods of absence(90).  

Hohwu and colleagues compared length of sick leave after RARP (n=127) 

and ORP (n=147) showing the median of 11 days and 49 days 

respectively(91). Higher physical workload (HR 0.57, 95% CI 0.40-0.82) and 

higher clinical stage (T2-T3) were associated with longer convalescence. After 

adjustment for potential confounders patients undergoing the robotic 

approach were twice as likely to return to work at any time point during follow 
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up (HR 2.13, CI 1.62-2.80).  Other factors found to contribute to longer sick 

leave after RP include age and post-operative haematocrit(92).   

With greater patient education of robotic and minimally invasive surgical 

approaches, expectations of shorter convalescence may potentially bias 

comparison between open and robotic techniques.  Regardless there is a 

significant advantage to the patient and society of faster return to normal 

activities of daily living and work.   

1.2.4.g. EQ-5D-5L	

The EuroQol Group is composed of international multidisciplinary researchers 

who developed the EQ-5D standardised measure of health status to provide a 

simple means to measure health from both a clinical and economic 

perspective.  In 2005 the EQ-5D-5L was developed, it comprises five 

dimensions including mobility, self-care, usual activities, pain/discomfort, 

anxiety/depression rated on a 5-point scale from no problems to extreme 

problems.  Additionally a visual analogue scale (VAS) rates health on a scale 

of 0 to 100; 100 indicating the ‘best health you can imagine’ to zero ‘the worst 

health you can imagine’.  Responders are asked to mark an ‘X’ on the scale 

depicting how they feel today.  The score can be converted into an index 

value facilitating the calculation of quality-adjusted life years (QALYs)(93).  

This scoring system has been validated for use in prostate cancer 

patients(94). 

The quality of life measure is generic thus studies have recommended 

disease-specific utility instruments be utilised in conjunction for early prostate 

cancer(95).  Fourcade and colleagues stratified EQ-5D scores showing worse 

QOL scores in every domain with worsening urinary continence(96).  A study 

comparing HRQoL for PCa patients after RP and EBRT showed 

prostatectomy patients reported better generic functioning on EQ-5D both 

before (mean utility score 89 V 81) and after treatment (12 months mean 

utility score 90 V 82) than radiotherapy patients(97).   
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1.2.4.h. Short	form	Health	Survey	(SF)	

SF-12v2 is a multipurpose health questionnaire that measures eight health 

domains including physical functioning, role participation with physical health 

problems, bodily pain, general health, vitality, social functioning, role 

participation with emotional health problems and mental health.  The SF-6D is 

a scoring method that can be applied to either SF-36 or SF-12 questionnaires 

for use in economic evaluations and gives a health utility index.  In a general 

population sample in the US, physical component mean score was 

approximately 43 and mental component mean around 52. 

1.2.5. Trifecta and pentafecta outcomes 

The terms ‘trifecta’ has evolved to describe concomitant oncological, 

continence and potency outcomes.  Later this evolved to include 

complications and positive surgical margin status in a ‘pentafecta’ 

outcome(98).  A successful pentafecta outcome is defined as; no pads 

required for continence, the ability to achieve and maintain erections for 

sexual intercourse >50% of the time (with or without oral phosphodiesterase 5 

(PDE-5) inhibitors), no biochemical recurrence (PSA>0.2ng/mL), negative 

margin status and no post-operative complications as per the Clavien 

classification system.   

Patel and colleagues on describing this concept evaluated 1111 men after 

RARP of which 332 were preoperatively potent, had bilateral nerve-spare and 

had 1 year of follow up.  The pentafecta rate was achieved in 70.8% of these 

men at 12-months with age the only independently associated factor.  Another 

study showed six-months after LRP, 72.9% of patients achieved a pentafecta 

outcome, with age and prostate volume significantly associated with 

successful outcome. 

1.2.6. The effect of the learning curve and training on outcomes 

The effect of the surgical learning curve on outcomes after RP is well 

documented.  Perioperative outcomes including operative time, lengths of 



 44 

hospital stay and perioperative complications(99, 100) are reduced with 

greater surgeon experience and volume. Hashimoto and colleagues report 

significant reduction in operative time and complication rates at 25 and 50 

cases respectively.  In an Australian case series, operative time reduced 

considerably to 200 minutes by the 30-40
th
 RARP case(101).  Additionally, 

high hospital volumes have been shown to be associated with lower operative 

times, blood loss, length of stay(102), mortality, post-operative complications, 

readmission rates and overall costs(99). 

A large study from the Vattikuti institute evaluated the effect of training on 

outcomes after RP in 47,100 patients in the US over four years demonstrating 

that patients treated at residency and fellowship institutions are less likely to 

experience post-operative complications compared to non-teaching 

institutions; OR 0.92 and 0.82 respectively(103).  This also shows that rates 

were lower in fellowship compared to residency hospitals. Furthermore 

teaching institutions were less likely to experience prolonged LOS>3 days.   

Positive surgical margin and biochemical recurrence are also reduced 

significantly with greater surgical experience.  In two separate studies from Dr 

Vickers’ team at Memorial Sloan Kettering (MSK), there was a 15% absolute 

reduction in PSM rate between 10 and 250 cases (40% V 25%) for ORP(104), 

compared to a 4.8% absolute reduction for the same caseloads with 

LRP(105).  Thus improvements in outcomes accrue slower in LRP compared 

to ORP, technical challenges to learning the laparoscopic approach have 

been suggested as a potential explanation.  A review of literature showed 

PSM rates however may plateau as early as 80 cases(106). 

Similarly, Vickers and colleagues show biochemical recurrence rates appear 

to plateau around 250 operations with differences in five-year recurrence 

rates of 17.9% for 10 cases to 10.7% for >250 cases with ORP(107).  The 

learning curve is shown to be steeper again with LRP; 17% recurrence for 10 

cases, 16% for 250 cases and 9% after 750 cases(108). 



 45 

1.2.7. Downsides of robotic prostatectomy 

Despite the mounting literature documenting the advantages of RARP over 

ORP and LRP, there are several limitations of the approach.  RARP has the 

potential to encounter mechanical failure of the device although rates are very 

low, in the order of 0.2-0.4%.  Overall complication rates appear to be low 

however when using a standardised system such as Clavien Classification 

rates are higher indicating a need for a consistent approach to reporting of 

complications(109).  Even within this system there are difficulties, as grading 

relies on the management initiated and therefore doesn’t always reflect the 

severity of complication or longer-term morbidity.  

Other limitations reported by Murphy et al include non-standardised 

assessment and reporting of functional outcomes, limited availability of 

longer-term oncological data, high cost of the procedure and no demonstrable 

advantages for difficult cases such as large prostates or high BMI over other 

approaches(106). 

1.2.8. Summary 

In summary, although no randomised controlled trials exist to support the 

superiority of the robotic-assisted approach, large systematic reviews and 

meta-analyses have demonstrated that when compared to an open surgical 

approach, RARP offers shorter hospital stay, less blood loss and at least 

comparable complication and PSM rates.   Moreover, improved recovery of 

erectile function and urinary continence has also been reported.  Longer-term 

oncological data are still required to draw any definitive conclusions for 

improved cancer outcomes with the robotic approach, however trends appear 

to indicate advantages.   

The learning curve has an important impact on all outcomes and we should 

aim to reduce this wherever possible.  Currently LRP has a longer learning 

curve compared to other approaches.  Additionally training within institutions, 

especially of fellowship level, may have a positive impact on improving 

outcomes including post-operative complications and length of hospital stay.   
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Despite several limitations the tables appear to be tilting in favour of the 

robotic approach.  Maturity of oncological data will require time and 

randomised controlled trials are needed to draw better conclusions that will 

influence clinical practice going forward.  



 47 

 

1.3. Literature review - Economic impact 

There has been a number of health technology assessments (HTA) 

performed throughout the world evaluating the clinical effectiveness and cost-

effectiveness of robotic surgery. Three of these comprehensively address the 

economic perspective.  Ramsay et al. compare laparoscopic and robotic 

prostatectomy in the United Kingdom (UK) NHS setting, whereas Ho et al. on 

behalf of the Canadian Agency and Drugs and Technologies in Health 

(CADTH) and the Health Information and Quality Authority (HIQA) of Ireland 

both compare effectiveness across a range of robotic surgical procedures.  

Additionally in the health economic literature there are a number of papers 

that address this question however an overall paucity of data remains. 

Regarding clinical outcomes, HTA meta-analyses demonstrate overall trends 

towards better outcomes with RARP compared to ORP and LRP.  Compared 

to the open approach, RARP is associated with significant improvements in 

LOS, PSM rates, EBL, functional outcomes including sexual function and 

urinary continence(110, 111), and blood transfusion rates(111). Longer 

operative times were reported for the robotic approach, associated with the 

time required to dock the robot.  Improvements were also noted in overall 

complication rates and oncological outcomes such as biochemical recurrence, 

however were not statistically significant in these meta-analyses.   

Compared to LRP, the benefits of the robotic approach appear less marked 

and varied between HTAs. RARP was associated with statistically significant 

reductions in LOS(110, 111), operative time and blood loss(110).  

Additionally, Ramsay et al. demonstrated improvements in positive surgical 

margin rates (OR 0.69; CI 0.51 – 0.96) and specific complications including 

anastamotic leak, organ injury and Clavien IIIb complications(112).   An 

overall trend was noted towards improved functional outcomes with RARP 

over LRP in the HTA meta-analyses, yet none reached significance.  The 
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heterogeneity of the studies and scarcity of randomised controlled trials 

(RCTs) necessitate caution in interpreting results.    

In 2009 the Australian Safety and Efficacy Register of New Interventional 

Procedures – Surgical (ASERNIP-S), a subordinate of the Royal Australasian 

College of Surgeons (RACS), conducted a rapid systematic review of robotic-

assisted surgery compared with conventional surgical approaches for 

commonly performed urological, cardiac and gynaecological procedures.  In 

addition ASERNIP-S summarised the experience of a selection of surgeons in 

Australia using the robotic technology through semi-structured interview.  The 

authors conclude similarly that the robotic approach was at least efficacious 

as conventional open or laparoscopic surgery with significant advantages in 

decreased blood loss, transfusion rate, length of hospital stay and rate of 

severe complications(113).  Australian surgeons interviewed reiterated these 

findings. 

From an economic perspective, there is no doubt that robotic prostatectomy 

has proven more expensive than laparoscopic and open surgical approaches 

due to the cost of the capital purchase, maintenance and consumables(110-

112, 114, 115).  However, HTA assessments have shown that costs can be 

significantly reduced by increases in surgical volume(110-112).  Centralisation 

of prostatectomy to specialised centres(111),  multi-specialty robotic 

programs(110) and commercial negotiation(112) have also demonstrated cost 

reductions. 

The capital cost of the da Vinci surgical robot have been reported at €1.45 

million (USD$2 million) in Ireland(111) for the da Vinci S HS to CA$2.64 

million (USD$2.6 million) for the Si system in Canada(110) and £3.09 million 

(USD$5.08 million) for the Si dual console system in the UK(112).  The cost of 

maintenance in these studies varied between 6.7% of the capital purchase in 

Canada to 10.3% in Ireland.  

Several methods and economic models have been used to evaluate cost 

effectiveness however may reflect a particular health care setting and 
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therefore generalisability and comparisons are difficult.  The Canadian and 

Irish HTAs report similar incremental cost of RARP over and above ORP, 

CA$3,860(110) (~USD$3643) and €2,487(111) (~USD$3415) per procedure 

respectively.   In an Australian study, O’Malley et al retrospectively considered 

whether medical benefits scheme (MBS) funding for robotic prostatectomy 

was reasonable, demonstrating an incremental cost of AUD$2264 over ORP. 

Other studies report total mean costs of the procedure showing variation 

between USD$14,006 - $19901(110, 116-118) for RARP compared to 

USD$8686 - $15692(117, 118) for ORP.  Bolenz et al reported a comparison 

of direct hospital costs; RARP $6752, LRP $5687 and ORP $4437(115).   

However, this didn’t account for the additional cost of the robot capital and 

maintenance, an additional $340,000 per year, or $2698 per procedure where 

126 cases per year are performed. 

Yet another measure of economic effectiveness is incremental cost 

effectiveness ratio (ICER) per quality adjusted life year (QALY).  Ramsay et al 

demonstrate an ICER of £18,329/QALY for RARP over LRP utilising a da 

Vinci Si, however this decreased to £7,009 where an S model is used(112).  

The HIQA of Ireland show an ICER of €26,647/QALY(111).   

An arbitrary threshold is often acknowledged or set by a particular health care 

system and states the ‘willingness to pay’ to obtain one QALY.  In the UK 

study, the base case scenario would achieve the willingness to pay threshold 

56% of the time.  In Ireland however no base threshold is clearly established, 

therefore an ICER of €26,647/QALY would be cost effective 20% of the time if 

the threshold was set at €20,000, 63% of the time if €30,000 and in 85% of 

cases if set at €40,000 per QALY.    

In an Australian study, the ICER for robotic prostatectomy was estimated at 

$24,457 per QALY, the authors conclude the initial decision to implement 

MBS funding for RARP was reasonable(119).  Hohwu et al. take a unique 

approach and quantify economic effectiveness by an ICER per successful 
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treatment value, for RARP this is estimated at €64,343(120).  The costs 

considered in this analysis are not clearly specified. 

Two studies consider the profitability to the hospital based on the differences 

between reimbursement and outgoing costs, demonstrating a loss of 

approximately USD$4000 per case(117, 121) for a robotic prostatectomy. 

Regardless of the outcome measure, significant reductions in cost are 

achieved by increasing surgical volume.  Ramsay et al determine the cost for 

the robot and consumables to be £4225 per procedure for a Si dual machine 

where 150 cases per year are performed.  Cost fluctuates between £3467 

where 200 cases are performed to £10,287 for 50 cases.  A minimum 

caseload of 100-150 cases is suggested to maintain cost effectiveness. 

Similarly, the ICER varies between £18,329 up to £106,869 where 200 versus 

50 cases are performed respectively.  Highlighting the effect of surgical 

volume on cost to the hospital and society.  It should also be noted the 

economic model in this study also incorporates the cost of a PSM due to 

subsequent need for further cancer treatment.  The reduction in PSM 

conferred by RARP over LRP significantly reduces overall costs(112). 

The HIQA assessment show a variation in incremental cost per case between 

€4453 where 100 cases are performed per year with a 5-year robot lifespan, 

reduced to €1787 when 250 cases are performed and the robot maintains a 

life of ten years.  Studies speculate cost equivalence can be achieved with an 

increased caseload, others report cost will always still exceed ORP 

regardless(122). 

Several studies comment on the significant impact of the learning curve in 

raising the cost of RARP due to longer operative times, this decreases with 

surgeon experience(123, 124).  There is a line of thinking to suggest robotic 

prostatectomy may be better suited to high volume centres where this curve is 

better traversed(123). Furthermore, high volume centres are better able to   

manage acquisition and operating costs, and the training and personnel 

required for efficient operation of the specialised technology(110).  This must 
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be balanced against the restriction of access and equity for patients in rural 

and remote locations.  

A decreased period of convalescence from work after RARP is also 

suggested to decrease the cost to society compared to LRP(125) and 

ORP(91).   High physical workload, low salary and high tumour grade were 

more common in the ORP group and associated with longer sick leave.  This 

is potentially biased by prior patient expectations and education surrounding 

the robotic approach in recent years.  Patients expect a much shorter LOS 

and convalescence with the robotic technique. 

Previously there has been no randomised studies comparing cost 

effectiveness of surgical approaches however at the Royal Brisbane Hospital 

in Australia, a randomised controlled trial (RCT) is currently underway 

comparing robotic and open prostatectomy(126).  In addition to a clinical 

comparison, this study will conduct a cost effectiveness analysis reported as 

ICERs, cost consequences analysis and cost utility analysis.  As of 

September 2013, 269 men had been randomised; 133 to RARP and 136 to 

ORP with good retention rate over the first two years follow-up(127). In the 

Australian setting where open surgery is still the most common approach to 

RP, this RCT holds significant promise to shape prostatectomy patterns of 

care in Australia and potentially around the world. 

1.3.1. Limitations 

In the literature there is significant methodological variation in addressing cost 

effectiveness of robotic surgery in regards to study design, included costs and 

outcomes evaluated.  Additionally many studies reflect one heath care system 

or institution further reducing generalisability, and at the commencement of 

this research no RCTs exist evaluating clinical and cost effectiveness. 

Another limitation is that economic analyses identify a base-case scenario, 

built upon the most likely set of assumptions, the more variables involved in 

the model the more it is subject to uncertainty. Sensitivity analyses are often 
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performed to address this and gain insight into which assumptions are critical 

to determining the final cost.  Very few studies in the literature perform such 

analyses with the exception of the HTAs. 

There is also inherent difficulty when designing an economic model in 

determining which outcome variables will be costed.  The literature suggests 

that RARP may contribute to cost reductions in direct and indirect in-hospital 

costs, subsequent adjuvant therapy, cost to society from time away from 

work, cost of treatment for urinary incontinence and erectile dysfunction, cost 

of subsequent complications and potential further surgery and overall cost of 

QALYs.  It is very difficult to quantify all costs that the patient, hospital and 

society bears as a result of one surgical approach or another.  The more 

variables you introduce the greater uncertainty and error in the model.  This 

must be balanced when planning an economic model.  Hence other factors 

that potentially contribute to the long term cost were not factored into the 

model such as readmissions and length of return to work. 

1.3.2. Summary 

In summary, the cost of robotic prostatectomy is significantly greater than the 

open and laparoscopic approaches attributable to the cost of the capital, 

maintenance and consumables, and in some institutions longer operative 

times.  These costs may however be offset by significantly shorter length of 

hospital stay and improvements in clinical outcomes which lessen 

downstream cost to the patient, healthcare system and society. Assessment 

of this is somewhat limited by a paucity of level I evidence and inherent 

limitations of economic models.   

Cost reductions can potentially be achieved through increasing the caseload 

at the institution, increasing the lifespan of the robot, expansion into multiple 

specialties and commercial negotiation.  Moreover, centralisation to high 

volume centres has the potential to focus specialised care, reduce operative 

times, flatten the surgeon learning curve and better manage acquisition, 

operating costs and personnel training.  Acknowledged is the distinct 
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disadvantage of restricting access and equity to some patients.
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1.4. Purpose and relevance of this work 

The relevance and importance of evaluating the use of robotic surgery for the 

management of localised prostate cancer in the Victorian public health system 

cannot be underestimated.  

From an epidemiological perspective, PCa is now the most common solid 

malignancy in Australia over breast and bowel cancer.  In addition Australia 

and New Zealand has the highest age standardised incidence of Prostate 

cancer in the world.  Currently there are around 120,000 Australian men living 

with PCa and this number is set to increase due to the rising incidence and 

decreasing mortality rates over time.  Compounding this further is an ageing 

Australian population with the ‘baby boomer’ generation reaching maturity into 

the PCa ‘danger zone’.  One in seven men to 75years will develop PCa and 

one in five to 85 years.   

Furthermore PCa patterns of care and management paradigms are constantly 

evolving.  There has been a ‘stage migration’ toward earlier detection of PCa 

due to PSA testing, with rates of localised disease in Victoria increasing from 

69.5% to 92.9% over the prior two decades.  Also within this timeframe 

Victoria has seen 50% absolute increase in PCa being treated with curative 

intent (25 to 71%).  Although this is somewhat tempered by increasing rates 

of active surveillance, PCa will continue to pose an increasing health and 

economic burden to the Australian and Victorian health care systems. 

Robotic surgery is now the dominant approach to radical prostatectomy in the 

US and Europe with an emphasis towards high volume, centralised robotic 

centres.  Since its introduction to Epworth Hospital in 2003, RARP has also 

become the dominant approach in the Victorian private system.  Despite this, 

the Victorian public system lags behind what appears to be the standard 

internationally now, with open prostatectomy remaining the most widely 

utilised approach.   
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The first da Vinci robot in the Victorian public sector was installed at Peter 

Mac in July 2010 and the second at the Royal Melbourne Hospital (RMH) in 

April of 2013.  The capital purchase and associated costs of robotic surgery to 

the health system are not insignificant yet are potentially offset by 

improvements in clinical outcomes.  With Peter Mac data reaching early 

maturity it is of critical importance we now evaluate the health and economic 

impact of robotic surgery within the Victorian public system.  

From an economic standpoint, Victoria has experienced large budget cuts 

from the Commonwealth putting the state under significant financial pressure 

during this period of early establishment of the robotic program.  This makes it 

all the more important we are utilising expensive medical technology in the 

most cost effective manner whilst achieving the best patient outcomes. 

1.5. Knowledge gap  

Currently our evidence base relies on large systematic reviews and meta-

analyses, at the commencement of this research no RCTs have been 

published demonstrating the superiority of one approach to RP over another.  

Additionally we are unable to draw any conclusions on long-term oncological 

success of the robotic approach given the short length of follow up both 

internationally and in Australia. 

As part of an ARCaSP, Peter Mac has reported peri-operative, pathological 

and short-term oncological outcomes at least annually at national and state 

urological meetings. Comprehensive functional, medium term oncological and 

heath related quality-of-life outcomes have not been reported to date. With 

respect to cost, there is a paucity of data reporting the economic impact of 

such expensive technology in the public health system. This evaluation will 

form the first health technology assessment of robotic surgery in Australia and 

address all health outcomes comprehensively. 
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1.6. Research question and hypotheses 

1.6.1. Research question 

Can robotic assisted surgery for the management of localised prostate cancer 

improve patient outcomes in the Victorian public health sector and what is the 

cost? 

1.6.2. Research hypotheses 

Hypothesis 1:  Robotic prostatectomy has significantly influenced 

patterns of care of RP and will become the dominant approach in the Victorian 

public health system. 

Hypothesis 2: Compared to other surgical approaches, robotic 

prostatectomy in the Victorian public health system reduces perioperative 

morbidity including length of stay, blood transfusion rates and complications. 

Hypothesis 3: Compared to other surgical approaches, robotic 

prostatectomy in the Victorian public health system has at least comparable 

oncological, functional and quality-of-life outcomes 

Hypothesis 4: Compared to other surgical approaches, robotic 

prostatectomy in the Victorian public health system leads to improvements in 

outcomes that may offset the cost, despite greater direct hospital costs. 

1.7. Likely outcomes & recommendations for change 

This evaluation is likely to demonstrate the safe and effective implementation 

of robotic surgery into the Victorian public health system, with at least 

comparable clinical outcomes to open and laparoscopic prostatectomy in 

Victoria.  Additionally we envisage significant cost savings as a result of these 

clinical improvements that will partially offset the significant cost of the 

technology. 
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Moreover, our findings are expected to reflect international evidence that 

centralisation of RARP to high volume specialised centres may provide the 

best health and economic results going forward.   

Within the current ABF model there are some flaws that need addressing and 

may come to bear as a result of this evaluation.  The current case mix funding 

system does not currently reward hospitals for improvements in length of stay 

as patients are reimbursed a similar amount any stay within the inlier trim 

points.  Further to this, the reimbursement is reliant on the DRG, given this is 

the same regardless of open, laparoscopic or robotic approach, hospitals 

such as Peter Mac may be at a disadvantage in bearing the additional costs 

of the robotic technology.  

Also no dedicated ACHI or MBS codes exist for RARP, these currently fall 

under laparoscopic coding.  This means the government currently have no 

way of quantifying the numbers of RARP cases being performed in the private 

or public system in Victoria or Australia-wide.   We rely on Device 

Technologies the Australian distributor who maintains prospective records of 

patient numbers from every hospital with a da Vinci robot installation.   Likely 

recommendations will include the need for coding to recognise robotic cases 

and a dedicated MBS item number. 

1.8. Comparative cohort 

This evaluation is not a randomised controlled trial.  However, information 

about outcomes for radical prostatectomy will be gained from the Victorian 

Admitted Episodes Dataset (VAED), the Prostate Cancer Clinical Registry 

(PCR) and other existing data published at the local level for comparison.  

Where Victorian level data is not available, comparisons may be made with 

Australian or international literature. 
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2.1. Health impact analysis 

Components of this health and economic evaluation have been collated and 

analysed separately thus the methodology and results have been separated 

into the sections outlined below. 

2.1.1. Practice patterns and perioperative outcomes of radical 

prostatectomy in Victoria: A comparison of open, laparoscopic and 

robotic prostatectomy in 5130 patients over 3 years from the 

VAED 

Three data sets were extracted from the Victorian Admitted Episodes Dataset 

(VAED) using prostatectomy ACHI codes (See Table 2.3).  The primary data 

set (Dataset 1) was extracted for the time period July 14 2010 to April 13 2013 

to observe peri-operative outcomes between open, laparoscopic and robotic 

surgical approaches.  These dates were selected to ensure inclusion of only 

the Peter Mac RARP cases; July 14 2010 the date of the first robotic case at 

Peter Mac and April 13 2013 the day prior to the first robotic case performed 

at the RMH, hence excluding all RMH RARP cases.  Robotic prostatectomy 

falls under a laparoscopic ACHI code.  As Peter Mac patients were flagged 

within this dataset (but no other hospitals), and Peter Mac has not performed 

any laparoscopic prostatectomies, we were able to identify all robotic cases 

and make comparisons with ORP and LRP throughout Victoria.  In the private 

sector, LRP and RARP were not distinguishable therefore combined as a 

MIRP category.  Unfiltered this dataset contained 5657 patients.  This dataset 

was used to observe perioperative outcomes. 

The second dataset (Dataset 2) allowed us to observe practice patterns over 

three full financial years and thus make predictions of future patterns of care; 

July 1 2010 to June 30 3013.  Thirteen RARP cases were performed at the 

RMH between April 14 2013 and June 30 2013; hence this number was taken 

from the LRP coded group and added to the RARP public cohort to accurately 

reflect robotic numbers. Unfiltered this dataset contained 6160 patients. 
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The third dataset (Dataset 3) was used to perform a volume analysis of 

numbers of RPs performed at Victorian Public Hospitals.  This dataset was 

used primarily for the economic evaluation and contains data from three full 

financial years, July 1 2010 to June 30 2013 for every patient within the DRG 

code M01A or M01B.  This is in contrast to dataset 1 and 2 that were 

extracted based on ACHI prostatectomy codes, therefore prostatectomy 

patients were a subset within dataset 3.  In this dataset, only patients with 

hospital type ‘public’ were extracted.  Unfiltered this dataset contained 1292 

patients and after filtering for prostatectomy patients contained 1231 patients 

(prostatectomy accounts for 95.3% of DRG in dataset 3).  Dataset 3 was 

utilised for the volume analysis, as it was the only dataset that identified 

‘hospital ID’.  This was the case as only public hospitals were requested, for 

Dataset 1 and 2 private hospitals were included and for confidentiality reasons 

the ‘hospital ID’ was therefore de-identified. 

A search refinement process was undertaken for Dataset 1 and 2 to include 

only Vic-DRG codes M01A and M01B and a primary ICD diagnosis code of 

C61 malignant neoplasm of the prostate (See Table 1.2 for coding 

information).  Patients undergoing cystectomy should be coded under a 

different DRG however some crept into this dataset, therefore patients were 

excluded if they had a partial or total bladder excision (ACHI codes 37000 and 

37014 respectively) and for duplicate records.  In the primary dataset there 

were 22 patients excluded for these reasons; 1 bladder excision partial, 13 

bladder excisions total and 8 duplicate records (Appendix J: Search 

refinement explained). 

Final filtered datasets included 5130 patients for dataset 1 and 5581 for the 

dataset 2 after this search refinement process was applied. 

In the analysis of peri-operative outcomes dataset 1 was used, primary 

outcomes included patterns of care, length of stay and blood transfusion 

rates.  Secondary outcomes were numbers of MO1A patients, pelvic 

lymphadenectomy rates and ICU stay.   Other variables that were extracted 

from the VAED include the state patient is treated in, region of operation, 
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patient type, hospital location, numbers of M01A/M01B patients, rates and 

duration of continuous mechanical ventilation (CMV), hospital in the home 

(HITH) stay, ICU stay, selected comorbidities and complications and pelvic 

lymphadenectomy rates. Comorbidities and complications were hand selected 

for comparison and include type 1 and 2 diabetes mellitus, hypertension, 

acute kidney failure, acute myocardial infarction, hypotension, injury to viscera 

and pulmonary embolism. 

Comparisons were made, as listed below, for variables including LOS, blood 

transfusion rate, number of patients considered ‘complex’ patients via DRG 

coding (M01A), pelvic lymphadenectomy rates and numbers of patients 

requiring ICU admission and length of hours spent in ICU.  DRG coding of a 

MO1A patient signifies a more complex and resource intense patient 

compared to M01B.  The groups compared in this analysis include: 

• Public ORP V LRP V RARP 

• Private ORP V MIP (LRP & RARP) 

• Public ORP V Private ORP 

• Public MIP V Private MIP 

For the analysis of patterns of care and future predictions using dataset 2, 

trends fell in a linear pattern for all approaches both public and private.  

Therefore linear lines were used to predict future patterns of care for 2013-14 

and 2014-15, however these must be interpreted with caution as many 

variables make these projections unpredictable.  This study was approved by 

the Peter Mac Human Research Ethics Committee (HREC). 

Numbers of private RARP cases were established from personal 

communication with the Director of Robotic Surgery at Epworth and Cabrini 

Healthcare. 
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Statistical methods 

Descriptive summary of all variables includes mean, standard deviation, 

median and range for continuous variables, or as count and percentage with 

associated 95% exact binomial confidence interval for categorical variables.  

Continuous variables were compared among surgical approach (ORP, LRP 

and RARP) in public hospitals using the Kruskal-Wallis test with Pairwise 

comparisons using the Wilcoxon rank sum test.  The Wilcoxon rank sum test 

was used to compare continuous variables between public and private 

hospitals and between ORP and MIP in private hospitals.  Categorical 

variables were compared among groups (including pairwise comparisons) 

using the Chi-squared test.  All analyses were performed in R (version 3.0.1) 

and a p-value of <0.05 was considered statistically significant. 

2.1.2. Demographic, peri-operative and oncological outcomes at Peter 

Mac 

A prospective database was maintained of 257 consecutive patients having 

undergone RARP at Peter Mac over a 41-month period between July 14 2010 

and December 16 2013.  These patients were under the care of four 

consultant surgeons. This study was approved by the Peter Mac Human 

Research Ethics Committee (HREC). 

Three patients were excluded from the analysis; one underwent salvage 

prostatectomy post-radiotherapy and two had neo-adjuvant ADT before their 

RP at Peter Mac.  One patient had prior radiotherapy and two had prior ADT 

before their RP at Peter Mac.  The patient previously on ADT was part of a 

‘neo-adjuvant supercastration’ trial.  It was felt these patients were not 

analogous in many outcomes to the main cohort undergoing primary 

treatment of their localised prostate cancer via RP.   There were 254 patients 

included in the analysis after exclusions. 

Detailed data was collected including demographic, staging, perioperative, 

pathological, complication, oncological, all-cause mortality and some 
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functional outcomes.  Patient unique ID number was matched with the 

functional and quality of life dataset so analysis could be performed between 

datasets. Where data was missing from Peter Mac records, information was 

supplemented by the surgeons’ own records or from the medical records of 

other hospitals.  Prior to the installation of the robot at RMH, many patients 

were referred and subsequently followed up at the RMH, 19 patient records 

were extracted from RMH medical records to supplement our dataset. 

Risk stratification was completed using the D’Amico classification system(128) 

and complications up to 90 days post-operatively were classified utilising the 

Clavien grading system(129). ASA score was used to assess physical status 

of patients before surgery(130) and Charlson Comorbidity Index (CCI) used to 

estimate risk of death from comorbid disease(131).  The American Joint 

Committee on Cancer (AJCC) scoring system was used to classify 

pathological stage and histological features of prostate pathology 

specimen(132). 

Biochemical recurrence (BCR) was defined as PSA≥0.2ng/mL.  Oncological 

failure (OF) was defined as BCR or the start of adjuvant therapy.  In time to 

event analyses, BCR and OF were defined as the date of surgery to the first 

date at which these criteria were met.  In patients whom BCR or OF were not 

observed their recurrence or failure free time was censored at the date of last 

follow up.  For patients who did not have BCR but had adjuvant therapy for 

another reason, OF recurrence free time was censored at the start date of 

salvage therapy.  Reasons for this include patients at a higher risk of BCR 

including any combination of a positive surgical margin status, extra-capsular 

extension and/or high initial or increasing post-operative PSA.  Patients who 

died had their time to event censored at the last known follow-up where the 

patient was event free. 

No follow up was available for 27 patients; 10 were lost to follow up from the 

time of their operation and 17 were not due for their first follow up visit hence 

had not recorded their first post-operative PSA.  Oncological analysis was 

therefore conducted using 227 patients. 
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Urinary incontinence outcomes are reported using two datasets.  The first 

utilises data obtained from medical records for pad usage at 12-months follow 

up for the total cohort (n=254) and the second dataset uses question three of 

the EPIC-CP questionnaire.  The latter is a subset of the total cohort of 

patients and varies in the number of responders at each time point. 

Statistical analysis 

Descriptive summary of all variables includes mean, standard deviation, 

median, range and interquartile range for continuous variables, or as count 

and percentage with associated 95% exact binomial confidence interval for 

categorical variables. Comparisons were made with the most comparable 

literature including Victorian based datasets, where these were not available 

national and international studies were used for comparison. 

Time to biochemical recurrence and oncological failure were analysed using 

the Kaplan-Meier method using the R package ‘survival’ (version 2.37).  

Median time to follow up was estimated using the Reverse Kaplan-Meier 

method.   

Univariate analysis was performed to establish prognostic factors for BCR and 

OF. Cox proportional hazard regression models were used to estimate the 

effect of pathological stage, pathological Gleason (6, 7, ≥8), biopsy Gleason 

(6, 7, ≥8), clinical stage, BMI (continuous and <25, 25-30, >30), PSA 

(continuous and <10, 10-20, >20), D’Amico (low, intermediate, high), surgical 

margin (positive, negative), PSM length (≤1mm, >1mm), PSM location, 

focality (single focus, multifocal), extra-capsular extension (Y/N), lympho-

vascular invasion (Y/N) and seminal vesicle invasion (Y/N) on time to BCR 

and time to OF.  Variables with more than two groups were analysed as 

nominal variables. 

Post hoc testing on univariate outcomes were performed (Bonferroni 

corrected to correct for multiple comparisons).  As there were few recurrences 
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or failures of the total cohort, multivariate analysis was not performed.  A p-

value of <0.05 was considered statistically significant. 

2.1.3. Functional and quality-of-life outcomes at Peter Mac  

A prospective database was maintained of 258 consecutive patients 

undergoing RARP at Peter Mac between July 14 2010 and December 18 

2013.  This analysis included one additional patient compared to the 

previously described database evaluating demographic, perioperative and 

oncological outcomes.  Additionally, the three previously excluded patients 

who underwent salvage prostatectomy after radiotherapy or hormone therapy 

were included in this functional and QOL analysis. This study was approved 

by the Peter Mac HREC. 

A comprehensive ‘Prostate Cancer Research Survey’ was compiled 

incorporating several validated questionnaires on functional and QOL 

outcomes.   These were distributed pre-operatively and post-operatively at 3, 

6, 12, 24 and 36 months.  The pre-operative questionnaire included 

demographic detail and questions regarding other therapies received and six 

validated questionnaires including DCS, EPIC-CP, SHIM, HADS, EQ-5L-5D 

and SF-12v2. 

The post-operative questionnaires on the other hand do not include a DCS, 

but additionally include the PCaRQOL questionnaire and return to work 

questions at three and 12 months (Appendix K).  Consent was signed and the 

opportunity to withdraw outlined to all patients.  All data was collected and 

maintained to ethical standards with appropriate de-identifying ID numbers. 

The Australasian Prostate Cancer Research Centre at Epworth Healthcare 

was responsible for the initial compilation of the ‘Prostate Cancer Research 

Survey’ with the input from Associate Professor Murphy at Peter Mac.  This 

compilation was revised to include a return to work component and two QOL 

measures (EQ-5D-5L and SF-12v2).  Licencing and updated ethical approval 

was required for the EQ-5D-5L and SF-12v2 hence implementation of these 
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questionnaires and the return to work analysis were delayed.  As a result the 

sample size of questionnaires returned was fewer.  Additionally the project 

commenced with ethical approval for post-operative questionnaires including 

the 3, 6 and 12-month time intervals.  Ethical approval was updated to include 

24 and 36-month questionnaires at the same time as approval for the 

economic questionnaires, hence the sample size of these was also less. 

The EQ-5D-5L and SF-12v2 are validated QOL questionnaires that can be 

converted to utility weights and utilised in an economic analysis.  As the 

sample size was too low this could not be performed within the time 

constraints of this project however may be useful to establish a cost 

associated with quality adjusted life years (QALY) in future research as was 

our original intention. 

A monthly collation of questionnaires were prepared and staggered into two 

mail-outs per month to ensure patients were receiving the questionnaires 

approximately one to two weeks before the due date for completion. Due date 

was recorded as the time of questionnaire completion as patients invariably 

did not fill in the date of completion as requested. 

Collection of questionnaires commenced in May of 2012 hence the first 

questionnaire completed by any one patient may be at different time intervals.  

Given collection for this analysis was ceased December 18 2013, this has 

resulted in many patients within the 258 patient cohort having only completed 

one questionnaire at various time intervals.  For example a patient having 

their operation on September 16 2010 has completed one 36-month 

questionnaire.  On the other hand, a patient where RARP was performed on 

June 14 2012 has returned the pre-op, 3, 6 and 12-month questionnaires, the 

most complete set within this collection timeframe.  It must also be noted that 

some of the earlier patients never reached an appropriate time period to 

receive a questionnaire given the 24 and 36-month questionnaires received 

ethics approval at later date (n=33, including one deceased patient). 
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Of the three patients excluded from analysis due to prior radiotherapy or ADT, 

one patient returned one 12-month, another returned one 3-month and the 

third patient returned a pre-operative and 3-month questionnaire.  These were 

included in the analysis. 

Overall, three patients formally withdrew from the study, four questionnaires 

were returned to sender for incorrect addresses and two patients died during 

the period of the study. 

Five QOL instruments were summarised (total scores and subdomains if 

applicable) including the DCS, EPIC-CP, SHIM, HADS and PCaRQOLS.  

Predictors were identified for the DCS, SHIM and HADS only.  Changes in 

QOL scores were predicted where possible.  Finally associations between 

QOL instruments were estimated. 

In the EPIC-CP, subdomain and total mean scores were assessed however 

we also observed the percentage of patients who returned to a minimally 

important difference from baseline.  This methodology was utilised in a five-

year review of radical prostatectomy patients using EPIC-CP(78).  The 

minimally important difference was set at 0.5 SD from baseline as described 

by Norman et al(133). 

Regarding the SHIM score, due to a large number of minimum scores (1) 

obtaining ‘total SHIM’ estimates from a linear mixed model was not 

appropriate.  Instead a summary was provided of SHIM scores at 3, 6, and 12 

months according to baseline potency where the SIM scores were 

categorised as ≥17, 2-16 and minimum score (1).   

Scoring procedures for the PCaRQOLS was the most complex of all the 

questionnaires.  From the scoring on the questionnaires, a high score for most 

questions indicates desirable quality of life.  The exceptions are health worry 

and regret where high scores indicate greater worry and greater regret.  

Therefore the following scored responses needed to be reversed including 

urinary control, sexual intimacy, masculine self-esteem, marital affection and 
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cancer control (b-e only).  Scales are calculated as the sum of the individual 

items, which is standardised to a range between 0-100.  If all items are non-

missing the instructions are the following: 

a) Add the individual raw item responses 

b) Subtract the lowest possible total, which is 1 multiplied by the number 

of items 

c) Divide by the range of possible raw scores, which is 5 multiplied by the 

number of items minus the lowest possible total 

d) Multiplied by 100 

If at least half of the items are non-missing the average raw response of the 

non-missing items was imputed to the missing items as in the steps above.  If 

more than half were missing, then the scale was not calculated. 

Missing values in all other questionnaires were dealt with using the mean 

personal score of that subdomain and imputed into the missing cell.  If half of 

the subscore was missing the value was still computed.  If greater than half 

was missing the value was labelled as missing.  Personal mean score for 

missing values was utilised in the HADS, SHIM, EPIC-CP and DCS 

questionnaires.  The PCaRQOL scores had a system within its manual for 

dealing with missing values as described above.   

Finally, associations between various quality of life measures were analysed.  

Summary tables between one continuous variable and one categorical 

variable do not contain a p-value however this is shown in the corresponding 

graph.  In the comparison of two categorical variables the summary table 

contains a p-value (Barnard’s test).  The R2 describes what proportion of 

variation of the y-variable is explained by the variation in the x-variable.  The 

line in the graph is the best fitted linear relationship between the two 

continuous variables.  Although lines are drawn in each graph, it has to be 
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noted that for non-significant relationships the regression line is flat from a 

statistical point of view (i.e there is no relationship between the two variables, 

or, the slope of the line is not significantly different from zero). 

Statistical methods 

General 

Descriptive summary of all variables was performed including mean, standard 

deviation, median and range for continuous variables, and as a count, 

percentage and its associated 95% exact binomial confidence interval for 

categorical variables. All analyses were performed in R (version 3.0.1) and a 

p-value of <0.05 considered statistically significant. 

QOL analyses 

A patient’s QOL was considered to have changed significantly when the QOL 

scores during follow up exceeded the minimally important difference (MID; 0.5 

x SD of baseline scores within the corresponding sub or total scores) from 

their personal baseline score in the EPIC-CP.   

Univariate analyses were performed to identify prognostic factors for a DCS 

score ≥25 at baseline (≥25 represents patients with a potential problem 

regarding the decision for treatment), SHIM score ≥17 at 12 months (≥17 

represents patients that are potent or have mild erectile dysfunction) and 

HADS scores ≥8 at 12 months (for anxiety and depression separately where 

scores ≥8 represent patients with clinically significant anxiety or depression).  

Test used were the Barnard’s Unconditional Test with Wald Statistics for 

categorical predictors (e.g. family history of prostate cancer (Y/N)), Wilcox 

rank sum test (and t-tests where appropriate) for continuous predictors (e.g. 

age). 

Average scores at each of the time points (‘change over time’) for various 

QOL instruments were estimated using a linear mixed model (R package 
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NLME v. .1-110) to account for the dependence of QOL scores within patients 

and missing data. 

Inter-relations between various QOL instruments were drawn.  Statistical tests 

utilised include: 

• Two categorical QOL instruments were tested using the Barnard’s 

unconditional test with Wald statistics (e.g. DCS ≥25 (Y/N) Vs SHIM 

≥17 (Y/N)) 

• One categorical and one continuous QOL score was tested using 

Wilcox rank sum test (e.g. EPIC-CP total score at 12 months Vs HADS 

depression ≥8 at 12 months (Y/N)) 

• Two continuous variables were tested using linear regression analysis 

(e.g. actual SHIM score at 12 months Vs actual HADS depression 

score at 12 months) 

Box plots and scatter plots were provided to illustrate the relationship between 

QOL instruments.  Scatter plots have jitter applied to both axes to prevent 

displaying datapoints (for graphical purposes only). 

2.1.4. Transition from open to robotic-assisted radical prostatectomy in 

the public sector in Victoria: A single-centre comparison of 100 

consecutive cases 

Refer to Chapter 4.4, methodology included within Paper 2. 

2.1.5. Results of robotic surgery program at Peter Mac  

Results of this analysis are located in chapter six. Descriptive statistics 

including mean, median, standard deviation, range and interquartile range 

were used to describe continuous variables and number and percentage for 

categorical variables. 



 71 

For the more comprehensive analysis of robotic-assisted partial nephrectomy 

cases, outcomes of the first 41 patients to undergo RAPN performed by a 

single surgeon (DM) were reviewed, with data on all collected and recorded 

prospectively.  Following a dedicated laparoscopic fellowship, surgeon 

experience prior to commencing RAPN included 85 robotic prostatectomies, 

170 laparoscopic nephrectomies and 30 laparoscopic partial nephrectomies.  

Surgery was performed at Peter Mac between November 12 2010 and 

November 7 2013 (36 months). All patients underwent 3D computer 

tomography prior to surgery to determine tumour characteristics and RENAL 

nephrometry score (134). Preoperative parameters, including age, gender, 

BMI, ASA score, tumour characteristics, haemoglobin (Hb, g/L) creatinine (Cr, 

µmol/L) and estimated glomerular filtration rate (eGFR, mL/min/1.73 m
2
) were 

recorded. Postoperative complications to 90 days were graded according to 

the Clavien-Dindo score (135). 
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2.2. Economic impact analysis 

2.2.1. Purpose 

The purpose of this economic evaluation is to establish the cost of performing 

radical prostatectomy using the da Vinci robot in the Victorian public health 

system. 

2.2.2. Technology 

The technology being evaluated in the base case scenario is the 4-arm da 

Vinci S HD Surgical System (Intuitive Surgical Ltd, Sunnyvale, CA, USA) 

distributed by Device Technologies Australia PTY LTD.  This model is 

installed at Peter Mac.  Intuitive Surgical are the only manufacturer of robotic 

surgical technology and Device Technologies the only Australian distributor.  

Sensitivity analysis has also been performed utilising costs for the 4-arm da 

Vinci Si and Si dual console surgical systems (Intuitive Surgical Ltd, 

Sunnyvale, CA, USA). 

2.2.3. Comparators 

The incremental cost of RARP compared to ORP and LRP was analysed. 

2.2.4. Approach 

The purchase and use of a surgical robot incurs an acquisition cost (a capital 

cost), maintenance costs, and a cost for consumables for each patient.  

Repair costs may also be incurred on an ad hoc basis.  While these costs 

may be substantial, the use of a surgical robot may also lead to cost savings 

due to: 

a) A reduction in the average length of hospital stay; 
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b) A reduction in the frequency of blood transfusions associated with 

surgery and a reduction in the number of units of blood required for 

each transfusion; 

c) A potential reduction in subsequent rates of adjuvant therapy because 

of lower positive margin rates following surgery. 

d) A potential reduction in subsequent rates of complications   

A full economic assessment of the net cost, or the incremental cost, of 

robotic-assisted surgical procedures – the additional health care cost 

associated with using the surgical robot in comparison with one or more 

defined comparator procedures – requires that all of these cost impacts be 

taken into consideration.  While the gross cost of a surgical robot (the capital, 

maintenance and consumable costs associated with the robot) will be 

positive, the net cost which factors in the cost savings in (a)-(d) can be 

expected to lower and may even be negative. 

This study provides estimates of the gross cost of a surgical robot and 

estimates of the cost savings arising from (a) and (b) when used for robotic-

assisted laparoscopic prostatectomy (RARP), in comparison with open radical 

prostatectomy (ORP) and laparoscopic radical prostatectomy (LRP).  While 

cost savings arising from (c) and (d) may be important, their estimation 

requires a more complex model based upon longitudinal data on surgical 

rates in patients treated with each of these three surgical approaches.  This is 

beyond the scope of the present study. 

The approach to estimating the incremental cost of RARP in this study is 

necessitated by the fact that robotic surgery is a relatively new addition to the 

surgeon’s armamentarium in Australia.  As a result, the cost of RARP is not 

yet included in the cost weights associated with DRG funding of public 

hospitals.  It is therefore necessary to construct estimates of the difference 

that robotic-assisted surgery would make to the DRG costs of ORP and LRP.  

For example, in comparison with LRP, RARP could be expected to increase 
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the DRG cost because of the capital, maintenance and consumable costs 

involved but to reduce the DRG cost if it reduces average length of stay as 

per (a) above.  The approach therefore constructs estimates of the DRG costs 

of ORP and LRP, adds the gross cost of the surgical robot to these costs, and 

manipulates these DRG costs to obtain a DRG cost per day which can be 

used to estimate the cost savings associated with RARP in comparison with 

ORP and LRP.  Estimated cost savings associated with a reduction in blood 

transfusion rates are also included in this approach. 

For the purpose of this economic analysis, the WIES costs and weights from 

most recent complete financial year 2012-13 are used in the base-case 

scenario.  The WIES weights and unit cost are determined from previous 

years’ costing data provided from all 53 Victorian public hospitals.  For the 

2012-13 year, this was established from costing data provided between 2009-

10.  This financial year was an exception to the rule, as ordinarily costing data 

from the most recent complete financial year (2010-11) would have been 

utilised.  Given robotic surgery was not established in the Victorian public 

system until July 2010, we can be assured that no costs from robotic 

procedures at Peter Mac were integrated into WEIS cost weights and unit cost 

for 2012-13.   

2.2.4.a. VAED	datasets	used	to	deconstruct	the	DRG	

We utilised two datasets from the VAED in order to ‘break down the DRG’ and 

establish the average cost per day within the M01A/B DRG category for 2012-

13 financial year.  The datasets included: 

• All patients (n=1290) within the M01A/B DRG between 14
th 

July 2010 – 

13
th
 April 2013; separated by hospital location and LOS (Table 2.1) 

o Prostatectomy patients (n=1257) account for 97.4% of the 

overall DRG 
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• All prostatectomy patients between 1
st
 July 2012 – 14

th
 April 2013 to 

reflect most recent trends in LOS for each approach (Table 2.2).  This 

is a subset of the larger data extract of all prostatectomy patients 

between 14
th
 July 2010 – 13

th
 April 2013. 

For the purposes of this analysis all patients having radical prostatectomy 

performed in a Victorian public hospital were assumed to be publically funded 

patients (i.e. funding variations in private, DVA and TAC patients have not 

been taken into consideration).    

Table 2.1 Number, proportion and average length of stay (ALOS) of all patients 
within MO1A/B DRG between 14th July 2010 – 13th April 2013 by hospital type 
(Metro/Rural) and LOS category 

DRG	
Hospital	
location	

ALL	DRG	
n	 Prop	 ALOS	

M01A	 LOS	1	day	 Metro	 15	 0.036	 1	
		

	
Rural	 1	 0.002	 1	

		 LOS	2-20	days	 Metro	 283	 0.689	 5.311	
		

	
Rural	 97	 0.236	 5.814	

		 >20	days	 Metro	 14	 0.034	 30.643	
		

	
Rural	 1	 0.002	 48	

		 Totals	 		 411	 		 		
M01B	 LOS	1	-	11	days	 Metro	 689	 0.783	 3.406	
		

	
Rural	 180	 0.205	 3.893	

		 Outlier	>11	days	 Metro	 9	 0.010	 16.333	
		 		 Rural	 2	 0.002	 16	

	
Totals	 		 880	 		 		

DRG, Diagnosis Related Group; n, number; Prop, proportion; ALOS, average length 

of stay; LOS, length of stay; Metro, metropolitan 
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Table 2.2 Number, proportion and average length of stay of patients 
undergoing radical prostatectomy between 1st July 2012 – 14th April 2013 by 
LOS category. Yellow cell = proportion of total patients in M01A or M01B, 
orange cell = weighted ALOS for M01A or M01B, green cell = weighted ALOS 
for surgical approach. 

DRG	
ORP	 LRP	 RARP	

n	 Prop	 ALOS	 n	 Prop	 ALOS	 n	 Prop	 ALOS	
M01A	 LOS	1	day	 3	 0.04	 1	 1	 0.06	 1	 5	 0.5	 1	
		 LOS	2-20	days	 77	 0.94	 5.571	 15	 0.88	 4.267	 5	 0.5	 2.8	
		 >20	days	 2	 0.02	 37.5	 1	 0.06	 22	 0	 0	 0	
		 Subtotal	 82	 0.451	 6.183	 17	 0.33	 5.118	 10	 0.143	 1.9	
M01B	 LOS	1	-	11	days	 98	 0.98	 3.704	 33	 0.97	 3.182	 60	 1	 1.2	

		
Outlier	>11	
days	 2	 0.02	 17	 1	 0.03	 22	 0	 0	 0	

		 Subtotal	 100	 0.549	 3.970	 34	 0.67	 3.735	 60	 0.857	 1.2	

	
TOTAL	 182	 		 4.967	 51	 		 4.196	 70	 		 1.3	

DRG, Diagnosis Related Group; ORP, open radical prostatectomy; LRP, 

laparoscopic radical prostatectomy; RARP, robotic assisted radical prostatectomy; n, 

number; Prop, proportion; ALOS, average length of stay; LOS, length of stay; Metro, 

metropolitan 

2.2.4.b. Calculating	average	cost	per	day	within	DRG	

In 2012-13, the unit cost per WIES was $4164 for a metropolitan patient.  

Patients treated within a rural hospital location fell under one of three rural 

categories each with a different cost per WIES.  As the VAED data only 

separated hospital type by metropolitan or rural, an unweighted average of 

these three categories was applied for a cost per WIES of $4454.67 for a rural 

patient.  The reimbursement per patient within the DRG is shown in table 2.3.  

For example a M01B patient who has a two day LOS in a metropolitan 

hospital attracts a reimbursement of $4164 x 0.2609 = $10,663.59.    

WIES prices cover about 70-80% of the average cost of treating a patient as 

Victoria also uses block funding to complement the case-mix funding of 

hospital activity. A conservative 20% mark-up is applied to the DRG unit cost 

in our sensitivity analysis to account for the full cost of the procedure including 

that component which is funded from other sources(46). Using the example 

above the total cost of this uncomplicated patient undergoing prostatectomy is 

more accurately $12,796.31.  
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Table 2.3 Cost per unit WIES based on 2012-13 inlier and outlier LOS 
categories and cost weights.  Includes 20% mark-up of cost to account for the 
total cost of procedure funded by other sources. 

DRG	
	

Hospital	
location	

Cost	
weights	

DRG	Unit	cost	
w=1	

DRG	Unit	cost		
+20%	mark-up	

M01A	 LOS	1	day	 Metro	
2.2492	

$9,365.67	 $11,238.80	
		

	
Rural	 $10,019.44	 $12,023.33	

		 LOS	2-20	days	 Metro	
3.3112	

$13,787.84	 $16,545.40	
		

	
Rural	 $14,750.30	 $17,700.36	

		 >20	days	 Metro	
0.2282	

(a)$23,901.09	 $28,681.30	
		

	
Rural	 (b)$43,213.86	 $51,856.64	

M01B	 LOS	1	-	11	days	 Metro	
2.5609	

$10,663.59	 $12,796.31	
		

	
Rural	 $11,407.96	 $13,689.56	

		 Outlier	>11	days	 Metro	
0.2558	

(c)$16,344.04	 $19,612.85	
		 		 Rural	 (d)$17,105.49	 $20,526.58	

(a) M01A Inlier metro $13,787.84 + ($950.22 x ALOS >20 day trim point (30.643-20)) 

(b) M01A Inlier rural $14,750.30 + ($1,016.56 x ALOS >20 day trim point (48-20)) 

(c) M01B Inlier metro $10,663.59 + ($1,065.15 x ALOS >11 day trim point (16.333-11)) 

(d) M01B Inlier rural $11,407.96 + ($1,139.50 x ALOS >11 day trim point (16-11)) 

 

DRG, diagnosis related group; LOS, length of stay; Metro, metropolitan 

 

To calculate the average cost per day within the DRG for the financial year 

2012-13, first we obtained a weighted unit cost for the DRG based on the 

proportions in Table 2.1.  This was $17,084.59 for a M01A patient and 

$13,066.30 for a M01B patient. 

This is then divided by the weighted average LOS within the DRG (Table 2.1) 

to achieve the average cost per day within DRG.  The average weighted LOS 

was 6.21 days for a M01A patient and 3.67 days for a M01B patient. 

The average cost per day for the DRG is therefore $2752.36 

($17,084.59/6.21) for a M01A patient and $3563.75 ($13,066.30/3.67) for a 

M01B patient.  

2.2.4.c. Cost	offset	of	length	of	stay	

The average cost per day is the multiplied by the respective average weighted 

LOS for each of the surgical procedures to obtain a mean cost per discharge 

of ORP, LRP and RARP.  The additional capital, maintenance and 
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consumable costs of robotic prostatectomy over and above the DRG are then 

added to give a total cost of RARP.  This cost is described in section 3.2.4.d 

‘Resource cost of the da Vinci robot over and above the DRG’. 

2.2.4.d. Cost	offset	of	blood	transfusion	rate	

In a comprehensive analysis involving Peter Mac, the Australian Blood Bank, 

and Flinders Medical Centre, Bielby and colleagues determined the 

conservative cost per single unit of packed red blood cell (PRBC) transfusion 

in Australia to be between $649-699(136).  This includes the cost of all 

aspects of transfusion including clinical decision-making, ordering and 

managing inventory, phlebotomy, laboratory processes, transportation of 

blood, inpatient and outpatient administration and the management of 

transfusion reactions.  The average number of red cell units per patient 

episode was 2.4. 

Data extracted from the VAED of all prostatectomy patients was utilised to 

establish blood transfusion rates between RARP, LRP and ORP.  The period 

between 1
st
 July 2012 and 14

th
 April 2013 was used to reflect the most recent 

patterns in blood transfusion requirements.  The VAED data codes for 

whether a patient required a blood transfusion but not how many units were 

required.  Therefore, for the base-case scenario a conservative estimate of 

two units of PRBC per person was utilised and included using a conservative 

estimate of $649 per unit.  This is a likely underestimate as Bielby et al report 

an average number of units per patient episode of 2.4. 

In the period 1
st
 July 2012 – 14

th
 April 2013, the PRBC transfusion 

requirement for ORP, LRP and RARP was 11%, 3.9% and 0% respectively.  

Based on Peter Mac performing 86 RARP cases in the most recent year 

between 1
st
 November 2012 and 31

st
 October 2013 (out of total 124 robotic 

cases) the cost of blood transfusion per case for each surgical approach was 

established (Table 2.4).   ORP and LRP incur an additional cost of $142.78 

and $50.62 per case respectively due to the cost associated with blood 

transfusion requirement. 
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Table 2.4 Cost per case incurred from a patient requiring a blood transfusion 
per surgical approach  

Procedure 

Proportion requiring 

BT 

ORP 

11.0% 

LRP 

3.9% 

RARP 

0% 

Average number of 

BT cases per year 

9.5 3.4 0.0 

Total cost of BTs per 

year 

$12,279.08 $4,353.49 - 

Cost per case $142.78 $50.62 - 

BT, blood transfusion; ORP, open radical prostatectomy; LRP, 

laparoscopic radical prostatectomy; RARP, robotic assisted 

radical prostatectomy 

 

The cost per case for blood transfusions was then included in the cost of 

ORP, LRP and RARP, resulting in a cost offset against the incremental cost of 

RARP. The final result is incremental cost of RARP compared to ORP and 

LRP taking into account the two cost offsets arising from the shorter average 

of length of stay and lower blood transfusion rates associated with RARP. 

2.2.4.e. Resource	cost	of	da	Vinci	robot	over	and	above	the	DRG	

Costs of the da Vinci robot, consumables, maintenance and repairs are 

distributor quoted costs from Device Technology’s official pricing guidelines in 

Australian dollars (Device Technologies Australia PTY LTD, Melbourne, 

Australia: Personal communication July – December 2013).  These costs 

were cross-referenced against invoiced records at Peter Mac. 

The cost of the capital, maintenance and repairs are based on a robotic 

caseload of 124 cases per year, the most recent annual number of robotic 

surgical cases completed at Peter Mac between 1
st
 November 2012 and 31

st
 

October 2013.  This figure is used in the base-case and reflects the most 

recent trends.   
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2.2.4.e.i. Capital	annualisation	

The capital cost of the da Vinci robot needs to be annualised and then related 

to the volume of robotic procedures performed per year (n=124).  The capital 

cost of the system can be annualised as follows (Levin 1983, p70)(137) 

Equation 2  Annualisation of capital cost 

Ca = (V-R)a 

Where Ca is the annualised capital cost of the equipment, obtained by 

multiplying the acquisition cost of the equipment V, after deducting its 

estimated residual value R, by an annualised factor a.  The annualisation 

factor is obtained by the following formula: 

Equation 3 Annualisation factor a 

 

 

 

Where r is the interest rate (5% or 0.05 used in this model) and x is the length 

of life of the robot (7 years in the base case scenario).  Further to this the 

capital cost per RARP case is established from the annual cost of the capital 

(Ca) with the utilised capacity of the robot factored in as well as the number of 

procedures performed per year (124 cases).  To obtain the utilised capacity 

the following factors are considered including available operating weeks per 

year (48 weeks), available days per week (5 days), available hours per day 

(10 hours), capacity utilisation of the robot during available time (25.8%). 

Intuitive Surgical produce three different models of the robotic surgical system 

with acquisition costs shown in table 2.5.  Included in the robotic system are 

the surgeon console, patient side cart, vision system, camera starter kit (1 

camera, 2 endoscopes, cables), an accessory base starter key and training 

instrument starter kit.  These acquisition costs are indicative only, the 

a =      r (1 – r )
x
 

          (1 + r )
x
 - 1 
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purchase of each robotic surgical system is subject to some commercial 

negotiation with the distributor.   

Table 2.5 Acquisition costs for da Vinci surgical systems  

Da Vinci surgical system Acquisition cost (AUD) 

S HD $2,800,000
(a)

 

Si $3,500,000
(b)

 

Si dual console $4,300,000
(c)

  

(a) Quoted Device Technologies Australia Pty Ltd May 2013 

(b) Quoted Device Technologies Australia Pty Ltd September 2013 

(c) Quoted Device Technologies Australia Pty Ltd January 2014  

 

The base case estimate of the annualised capital cost used in this study is 

based on the acquisition cost of the da Vinci S
HD

.  It is assumed that the 

system has a residual value of zero at the end of its life.  The length of the 

robot life utilised in the base case is seven years (commonly used in the 

literature) and the interest rate calculated at 5% per annum (which is the 

discount rate specified in the Guidelines for submissions for listing of drugs on 

the PBS)(138). The annualised costs are illustrated in table 2.6. 

 

Table 2.6 Annualised capital cost of the da Vinci SHD Surgical System 

Acquisition cost $2,800,000 

Length of life 7 years 

Interest rate (annual) 5% 

Annualised capital cost
(a)

 $483,840 

*Calculated using equations 2 and 3 

 

Conversion of this annualised capital cost into a capital cost per RARP 

requires information on the time available for use of the robotic surgical 

system over a year, the capacity utilisation of the system within that available 

time, and the average duration of a robotic procedure.  The values of these 

three parameters used in the base case in this study, and the resulting 
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average capital cost per RARP procedure, are shown in Table 3.3.  The 

average capital cost per RARP procedure is $3907. 

 

Table 2.7 Average capital cost of robotic surgical system per RARP procedure 

Average weeks per year
(a)

 48 

Available days per week 5 

Available operating hours per day
(b)

 10 

Capacity utilisation during available time 

(%)
(c)

 

25.8% 

Average duration of a RARP procedure 

(hours)
(d)

 

5 

Average capital cost per RARP procedure $3907 

(a) Includes holiday period, five public holidays, one nursing study day, three conference 

days and reduced working days 

(b) Including 0730-1730 working hours 

(c) Based on 480 potential theatre sessions available per year to perform RARP (two 

sessions per day) and the most recent robotic surgery caseload performed per year 

at Peter Mac (124/480) 

(d) Based on the total time the da Vinci robot is out of action to perform a robotic 

procedure, including anaesthetic time. 

 

2.2.4.e.ii. Cost	of	consumables	

The cost of consumables per case was calculated for the da Vinci S HD old 

pricing (14
th
 July 2010 – 31

st
 December 2012), da Vinci S HD new pricing 

(From 1
st
 January 2013) and the da Vinci Si new pricing (From 1

st
 January 

2013) as shown in Appendix R.  These costs are again indicative and are 

subject to commercial negotiation. 

The base case scenario utilises the new pricing for the da Vinci S HD 

consumables to reflect the most up-to-date costs.  In the base case the cost 

of consumables is $4014.17 per case including the cost of five instruments 

with a 10-use lifespan and disposable items including the drapes and the lap 

module with limited shelf life.  Roughly a 10% cost reduction in consumables 

occurred from the 1
st
 of January 2013 (previously $4,459.18 per case).  For 
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the Si machine the cost of consumables under the new pricing regime is 

slightly higher at $4074.32 per RARP case. 

2.2.4.e.iii. Cost	of	maintenance	

The cost of maintenance per case was calculated as 9% of the capital cost for 

all three models.  Included in the purchase contract is 12 months’ warranty 

that also covers the first year of service and maintenance contract.  Costs are 

again subject to commercial negotiation.  Maintenance cost of the da Vinci Si 

dual console has provided at much less than 9% of the capital by Device 

Technologies, for consistency 9% is used in this analysis however this will 

likely overestimate the costs associated with the Si dual machine. 

The annual maintenance costs are shown in table 2.8 however this does not 

factor in the first year of maintenance included in the warranty. Based on a 7-

year lifespan of the robot with the first year of maintenance included in the 

purchase price and 124 robotic procedures performed per year (base-case), 

the average cost of maintenance per robotic procedure is $1,744. 

Table 2.8 Annual maintenance cost for the da Vinci Surgical Systems  

Da Vinci surgical system Maintenance cost (AUD) 

S HD $252,000(a) 

Si $315,000(b) 

Si dual $387,000(c) 

(a) Quoted Device Technologies Australia Pty Ltd May 2013 

(b) Quoted Device Technologies Australia Pty Ltd September 2013 

(c) Set at 9% of the capital cost for consistency however quoted at 

$250,000 by Device Technologies Australia Pty Ltd January 2014 

2.2.4.e.iv. Repair	

Repair costs for endoscopes are not included in the warranty or maintenance 

cost.  These costs are subject to commercial negotiation.  Cost of repair per 

endoscope is $9,000 for an S HD surgical system.  
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The Peter Mac experience has been utilised in the base-case scenario 

whereby roughly 5 endoscopes have required repair over a 3-year timeframe.  

An estimate of 1.5 endoscopes repaired per year was therefore used in the 

base-case.  The cost of repair per case based on 124 robotic cases per year 

being performed is therefore $109.01.   

2.2.4.f. Stats	analysis	

All calculations were performed in Microsoft Excel. 

2.2.5. Sensitivity analysis 

In an economic analysis, a sensitivity analysis is utilised to observe the impact 

of changing the base-case values of important variables to assess the 

robustness of the base-case results.  One and two-way sensitivity analyses 

were conducted on the incremental costs of RARP compared with ORP and 

LRP.   

Variables included in the sensitivity analysis were changes in surgical case 

volume (100-200 cases), life span of the robot (5 to 10 years) and cost of the 

consumables (10% reduction from current new prices on Si).  Additionally the 

effect of a 10%, 20% and 30% mark-up was applied to account for funding 

obtained from other sources.  This is potentially a more accurate 

representation of the total cost to the government. Microsoft Excel was used 

to perform all sensitivity analyses. 

2.2.6. Return to work analysis 

The return to work evaluation was implemented into the three and 12-month 

questionnaire around August 2013, therefore minimal data was obtained.  

Ethics approval was obtained from an HREC approved board.   Questions 

included the number of days taken off work by 3 and 12-months post-

operatively.  Additionally the number of days before returning to activities of 

daily living at 3-months and if employed the number of days where light duties 

were required before returning to full working capacity.  Patients were also 
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asked about the level of physical activity required in their job.  Simple 

frequencies were used to describe the available data. 
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4.1. Practice patterns and perioperative outcomes of radical 

prostatectomy in Victoria: A comparison of open, 

laparoscopic and robotic prostatectomy in 5130 patients 

over 3 years from the VAED  

In the primary analysis of perioperative outcomes in Victoria prior to filtering 

dataset one (n=5657), 1234 patients were treated publically at 23 different 

Victorian hospitals (61% metropolitan) and 3896 were treated privately at 29 

Victorian hospitals (72% metropolitan).  However these numbers potentially 

include a large number of non-prostatectomy patients and will not be 

applicable to the prostatectomy patients only.  

A descriptive summary of all data is demonstrated in Appendix I for data 

extracted between 14
th
 July 2010 – 13

th
 April 2013.  Of all radical 

prostatectomies performed, 72.5% (3721/5130) occur in the age range 

between 55 and 69 years.  Of the 5130 patients, 181 (3.5%) travelled from 

interstate for their treatment and of these patients 10% (n=18) underwent 

RARP at Peter Mac.  Eighteen of the total 190 (9%) RARPs performed at 

Peter Mac are non-Victorians indicating a significant number of patients are 

travelling from around Australia to receive care.  Private patients treated in the 

public system are proportionally highest for RARP (18%) compared to ORP 

(8%) or LRP (6%).   

4.1.1. Patterns of care and future predictions 

Over the last three years there has been significant change in the patterns of 

care for the surgical treatment of localised prostate cancer.  Of all RPs 

performed in the last three financial years, 75.8% (4233/5581) were 

performed privately.  Table 3.1 illustrates the decreasing number of RPs being 

performed each year overall, but also within the public and private sectors 

separately.  It is difficult to deduce over this timeframe whether the 

proportions of RPs performed per year in the public or private sector are 

changing. 
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Between 2010-11 and 2012-13 there was an 11.5% (228/1986) decrease in 

RPs performed in Victoria.  When separated by health sector there is a 

greater reduction in public patients (-17.3%) compared to private patients (-

9.6%) over this 3-year period.  If projections follow linear trends in 2013-14 

there will have been a 17.7% (352/1986) decrease in total numbers over the 

four years prior. 

Table 4.1 Number and percentage change of radical prostatectomies in Victoria 

performed over the last three financial years including 2013-14 projected 

estimates. 

Financial 

year 

Public 

N (%) 

Private 

N (%) 

Total number 
RPs per year 

% Change of 

total from prior 

financial year 

2010-11 485 (24.4) 1501 (75.6) 1986  

2011-12 462 (25.1) 1375 (74.8) 1837 - 7.5% 

2012-13 401 (22.8) 1357 (77.2) 1758 - 4.3% 

2013-14 366 (22.4) 1268 (77.6) 1634 - 7.1% 

 

In the Victorian public system, while rates of LRP have remained fairly stable, 

ORP has decreased from 73% to 58% and RARP has risen from 10% to 26% 

of all RPs (Table 3.2).  If the linear trends continue, RARP is estimated to 

overtake ORP as the dominant approach to radical prostatectomy around 

mid-2014 (Figure 3.1).  This time frame is likely to be an underestimate as the 

addition of the RMH da Vinci robot in April 2013 will very likely accelerate 

projected estimates. 
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Table 4.2 Numbers of radical prostatectomies in 2010-11, 2011-12 and 2012-13 

financial years between surgical approaches in Victorian public hospitals. 

 Financial year Projected 
estimates 

Surgical 
approach 

2010-11 
(n=485) 

2011-12 
(n=462) 

2012-13 
(n=401) 

2013-14 
(n=366) 

Public ORP 352 (73%) 299 (65%) 231 (58%) 173 (47%) 

Public LRP 86 (18%) 80 (17%) 67 (17%) 59 (16%) 

Public RARP 47 (10%) 83 (18%) 103 (26%)(a) 134 (37%) 

(a) 13 RARP at RMH between 14 April 2013 – 31 June 2013 

 

Figure 4.1  Number of radical prostatectomies performed between 2010-11 and 

2012-13 and predictions for the following two financial years for each of the 

surgical approaches for public hospitals.  

 Year

Nu
m

be
r o

f p
ro

ce
du

re
s 

pe
rfo

rm
ed

2010/11 2011/12 2012/13 2013/14 2014/15

0

50

100

150

200

250

300

350 ●

●

●

●

●

●

●

●

Public ORP
Public LRP
Public RARP



 102 

Minimally invasive prostatectomy (MIP) is the dominant approach in the private 

sector increasing from 54% in 2010-11 to 61% in 2012-13 (Table 3.3).  Projected 

estimates predict a further increase to 64.5% (818/1268) by end of financial year 

2013-14 (Table 3.2 and Figure 3.2).  Of the private patients undergoing MIP, we 

were able to establish from the four private Victorian hospitals that have a robot, 717 

out of 823 cases (87.1%) in 2012-13 were performed robotically and therefore 106 

(12.9%) performed laparoscopically. Therefore in the private system in 2012-13, 

39.4% of RP were performed open, 52.8% robotically and 7.8% laparoscopically.  

Comparison with the public figures for 2012-13 is shown in Table 3.4. 

Table 4.3 Number of radical prostatectomies in 2010-11, 2011-12 and 2012-13 

financial years between private ORP and private MIP 

 Financial year Projected 
estimates 

Surgical 
approach 

2010-11 
(n=1501) 

2011-12 
(n=1375) 

2012-13 
(n=1357) 

2013-14 
(n=1268) 

Private ORP 691 (46%) 595 (43%) 534 (39%) 450 (35.5%) 

Private MIP 810 (54%) 780 (57%) 823 (61%)
(a)

 818 (64.5%) 

(a) 
RARP accounts for 87.1% (n=717) and LRP 12.9% (n=106) 
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Figure 4.2  Number of radical prostatectomies performed between 2010-11 and 
2012-13 and predictions for the following two financial years for each of the 
surgical approaches for private hospitals. 

 

 

Table 4.4 Numbers of RP performed by approach in the public versus private 
sector in 2012-13. 

RP approach Public Private Subtotal 

RARP 103 (26%) 717 (53%) 820 (47%) 

ORP 231 (58%) 534 (39%) 765 (44%) 

LRP 67 (17%) 106 (8%) 173 (10%) 

Subtotal 401 1357 1758 

 

If we compare overall numbers in the public and private sector in the most 

recent financial year 2012-13, MIP is now performed more commonly in 56% 

(993/1758) than to ORP in 44% (765/1758) of cases.  MIP overtook ORP as 

the dominant approach in Victoria in 2011-12.    
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With the establishment of the Peter Mac robotic program there has been a 

shift in the number of patients being performed in metropolitan versus rural 

centres.   Of all patients undergoing ORP, LRP and RARP, 69%, 89% and 

100% respectively are performed in metropolitan centres (Table 3.5).   This 

shows that minimally invasive approaches are more commonly performed in 

metropolitan hospitals as might be expected. 

Table 4.5 Numbers of RPs performed by hospital location and surgical 
approach during 2012-13 in the Victorian public system. 

 ORP LRP RARP 

Metro 611 (69%) 207 (89%) 233 (100%) 

Rural 271 (31%) 26 (11%) 0 

 

Over the last three financial years the number of radical prostatectomies 

performed in the metropolitan Victorian public hospitals has increased slightly 

overall from 75% to 79%, with a reciprocal decline in those performed rurally 

(Table 3.6). 

Table 4.6 Numbers of RPs performed by financial year and hospital location in 
the Victorian public system 

 2010-11 2011-12 2012-13 

Metro 365 (75%) 368 (80%) 318 (79%) 

Rural 120 (25%) 94 (20%) 83 (21%) 

 

4.1.2. Length of stay 

Length of hospital stay for radical prostatectomy varies between surgical 

approaches in the private and public health sectors.  In the public system, 

RARP has a significantly shorter mean LOS at 1.43 days (±1.34) compared to 

LRP at 3.57 days (±2.67) and ORP 4.84 days (±3.47).  A similar improvement 



 105 

is observed for the minimally invasive approach compared to open in the 

private system (3.07 V 5.24 days; p<0.001). 

Table 4.7 Length of hospital stay for radical prostatectomy in the public and 
private sector. 

Variable 

LOS days 

Public ORP Public LRP Public RARP P-value Private 

ORP 

Private MIP P-value 

Mean (SD) 

Median [range] 

4.84 (3.47) 

4 [1-48] 

3.57 (2.67) 

3 [1-22] 

1.43 (1.34) 

1 [1-21] 

<0.001 5.24 (2.61) 

5 [1-43] 

3.07 (1.79) 

3 [1-31] 

<0.001 

 

Additional comparisons between public and private MIP (2.53 V 3.07; 

p<0.001) and public and private ORP (4.84 V 5.24; p<0.001) both showed 

significantly improved LOS when the procedure was performed publically. 

4.1.3. Blood transfusion rates 

Blood transfusion rates for radical prostatectomy vary between surgical 

approaches.  In the Victorian public system, RARP at Peter Mac has not 

resulted in any blood transfusions since the robotic program was established.  

This is a significant improvement on public LRP (6%) and ORP (15%) rates.  

MIP has also lead to significant improvements in transfusion rate in the private 

sector; 17% ORP versus 2% MIP (p<0.001). 

Table 4.8 Blood transfusion rates n (%) for radical prostatectomy in the Victoria 
public and private sector. 

Public ORP Public LRP Public RARP P-value Private ORP Private MIP P-value 

123 (15%) 12 (6%) 0 (0%) <0.001 278 (17%) 40 (2%) <0.001 

 

Additional comparisons between public and private MIP (3% V 2%; p=0.21) 

and public and private ORP (15% V 17%; p=0.37) reveal no differences in 

blood transfusion rates between health care sectors. 
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4.1.4. Secondary outcomes 

Rates of pelvic lymphadenectomy (LAD) performed vary significantly between 

surgical approaches.  In the public system, Peter Mac performs significantly 

less pelvic LAD with the robotic approach compared to LRP and ORP 

throughout the rest of Victoria.  In the private system there are also 

significantly less performed with a minimally invasive approach.  Comparison 

between public and private MIP (4% V 7%; p=0.04) shows rates of pelvic LAD 

are comparable.  In contrast there is a significantly higher rate in the private 

compared to public system for ORP (19% V 53%; p<0.001).  These rates are 

highly dependent on the surgeon and coding staff utilising the correct 

ACHI/MBS codes and there are several ways in which these rates can be 

influenced (See limitations). 

Table 4.9 Pelvic lymphadenectomy rates, DRG M01A status and ICU admission 
and hours of radical prostatectomy patients in the Victorian public and private 
sector. 

N (%) Public ORP 

(n=815) 

Public LRP 

(n=211) 

Public RARP 

(n=208) 

P-value Private ORP 

(n=1676) 

Private MIP 

(n=2220) 

P-value 

Pelvic 

LAD 

152 (19%) 15 (7%) 2 (1%) <0.001 278 (17%) 40 (2%) <0.001 

M01A 302 (37%) 54 (26%) 23 (12%) <0.001 278 (17%) 40 (2%) <0.001 

ICU stay 

Mean hrs 

72 (9%) 

41.1 

12 (6%) 

28.75 

11 (6%) 

39.36 

0.46 

0.16 

390 (23%) 

29.31 

209 (9%) 

28.85 

<0.001 

0.21 

 

There are a significantly less M01A patients in the robotic cohort (12%) 

compared to the laparoscopic (26%) and open (37%) group.  Similarly there 

are reduced numbers of M01A patients with MIP compared to ORP (2% V 

17%; p<0.001).   When performing ORP in the private system (17%) there are 

less M01A patients than in the public (37%) system (p<0.001).  Likewise 

private MIP has less M01A patients than public (8% V 20%; p<0.001). 

Intensive care unit admission was more common for ORP than MIP privately 

(9% V 23%; p<0.001) however there was no difference in admission rates in 
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the public system.  With regard to the open approach ICU admission was less 

in the public system (8%) compared to private (23%) but there were no 

differences between public and private for MIP. 

Selected complications and comorbidities are identified in appendix I. There 

were almost negligible rates of hypertension and diabetes recorded and little 

difference between all surgical approaches.   Given the high rates in society 

this is a likely underestimate.  Similarly acute kidney failure, acute myocardial 

infarction, injury to viscera and pulmonary embolism were recorded in very 

low quantities (0-2%) with little difference between the groups.  In contrast 

rates of hypotension were lowest in the RARP (4%) group with a trend to 

higher rates with the open approach (17% public, 9% private). 

4.1.5. Hospital volume analysis  

A third dataset provided by the VAED included all patients within the DRG 

M01A or M01B category between 14
th
 July 2010 – 13

th
 April 2014 (dataset 3).  

This was the only dataset where hospital name was not de-identified, thus 

was utilised to determine the numbers of RPs performed within Victorian 

public hospitals.  This data was not available for private hospitals. 

There were 20 out of all 53 Victorian public hospitals (37.7%) that undertook 

radical prostatectomy during this time.  The mean and median (SD; IQR) 

number of RPs performed annually in Victorian public hospitals was 22, 14 

(21.7; 7.63-30.9).  

Table 3.10 depicts the number of Victorian public hospitals and their 

respective ALOS based on surgical volume at the institution.  Forty per cent 

(8/20) of hospitals perform under 10 RP cases per year, and 70% perform 

under 30.  Only two hospitals including Peter Mac perform more than 50 

cases per year.   When the Peter Mac RARP patients are removed from this 

cohort there is very little effect of ALOS by increasing surgical volume.  
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Table 4.10 Number of Victorian public hospitals and their average length of 
hospital stay based on numbers of radical prostatectomies performed between 
14th July 2010 – 13th April 2013 

Volume of RPs 

per annum  

Number of 

Victorian hospitals 

Average LOS 

(days)
(d)

 

0-9 8
(a)

 4.67 

10-29 6 4.51 

30-49 4 4.38 

≥50 2
(b)

 3.26
(c)

 

Peter Mac  1.71 

(a) RMH included, no robotic patients included  

(b) Peter Mac (RARP and ORP) included 

(c) Peter Mac excluded ALOS 4.79 days 

(d) Overall mean LOS 22 days, median 14 days, SD 21.7d, IQR 7.63 – 30.91 
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4.2. Perioperative, oncological and functional outcomes at Peter 

Mac 

4.2.1. Demographic characteristics 

Demographic outcomes of the study population are illustrated in table 3.11.  

The mean age was 60.9 (±6.5) years and mean BMI 27.8 (±4.3), with nearly 

half of all patients (47%) in the 25-29.9 BMI range. Mean ASA score is 1.9 

(±0.6) and age adjusted CCI 4.8 (±0.6).  A history of abdominal surgery was 

noted in 18.1% of patients and an additional 11.8% and 1.6% had inguinal 

hernia repair and vasectomy respectively. 

In this cohort of patients the mean PSA was 7.5 (±5.1) with the majority (81%) 

having a PSA <10. Over half (61%) of patients had clinical stage T1c on 

digital rectal examination. Gleason sum on prostate biopsy was 5-6, 7 and 8-

10 in 39%, 52% and 8% of patients respectively. D’Amico risk stratification 

was 32% low risk, 56% intermediate risk and 12% high risk PCa in this group. 

Prostate biopsy was obtained via transrectal ultrasound (TRUS) in 93% of 

cases.  Alternative methods for histological diagnosis include transperineal 

(TP) template prostate biopsy (3%) and transurethral resection of the prostate 

(TURP) in one case (0%). Data was missing in 4% of cases.  The mean 

number of cores taken for all biopsy specimens was 17 with a mean number 

of 5.5 positive cores.  MRI was utilised as an adjunct to pre-operative staging 

in 32% of all patients. 

Table 4.11 Demographic characteristics of 254 consecutive patients 

undergoing RARP at Peter Mac between July 2010 and December 2013. 

Characteristics Value 

Age, years 

Mean ±SD 

Median (IQR) 

 

60.9, 6.5 

61 [57-65.8] 

BMI, kg/m
2 

Mean ±SD 

 

27.8, 4.3 
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Median (IQR) 

<20 

20-24.9 

25-29.9 

30-34.9 

≥35 

Missing 

27.2 [25.1-30.9] 

4, 2% 

39, 22% 

84, 47% 

42, 24% 

8, 5% 

77 

ASA Score 

Mean ±SD 

Median (IQR) 

Missing 

 

1.9, 0.6 

2 [2-2] 

155 

CCI (age corrected) 

Mean ±SD 

Median (IQR) 

Missing 

 

4.8, 0.9 

5 [4-5] 

16 

Past history of abdominal surgery 

Yes (excl hernia, vasectomy) 

Hernia 

Vasectomy  

Missing 

 

46, 18.1% 

30, 11.8% 

4, 1.6% 

174 

PSA 

Mean ±SD 

Median (IQR) 

<10 

10-19.9 

≥20 

Missing 

 

7.5, 5.1 

6.2 [4.7-9] 

204, 81% 

43, 17% 

6, 2% 

1 

Clinical stage 

T1c 

T2a 

T2b 

T2c 

T3 

 

155, 61% 

42, 17% 

42, 17% 

10, 4% 

5, 2% 
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Biopsy Gleason Sum 

5-6 

7 

8-10 

 

100, 39% 

133, 52% 

21, 8% 

D’Amico risk category 

Low 

Intermediate 

High 

 

82, 32% 

141, 56% 

31, 12% 

Biopsy cores 

Mean number taken (range) 

Mean positive (range) 

 

17 (6-110); missing 14 

5.5 (1-38); missing 16 

No. Pre-operative MRI scans 82, 32% 

BMI, body mass index; SD, standard deviation; IQR, interquartile range; ASA, 

American Society of Anesthesiologists; CCI, Charlson comorbidity index; 

PSA, prostate specific antigen; MRI, magnetic resonance imaging 

 

4.2.2. Peri-operative outcomes including complications 

Perioperative outcomes are reported in Table 3.12. The mean operative time 

was 224.2 (±60.3) minutes for RARP with significant trainee involvement in up 

to 80% of each case. Figure 3.3 illustrates the mean operative time per half 

year; a peak in operative time is demonstrated between January 2011 – June 

2011 with the introduction of a robot-naïve consultant to the team.  This 

reduces to baseline with time.  
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Figure 4.3 Average operating time (mins) per half year for all surgeons 

 

Estimated blood loss averaged 166mls (±162.6) with no blood transfusion 

requirement in any patient.  Nearly half of all patients (46%) underwent a 

partial nerve sparing approach, with 27% having full or no nerve sparing in 

each group.  Lymphadenectomy was performed in 17 patients (6.7%), mostly 

high-risk.   A right and bilateral inguinal hernia repair was performed during 

the RARP case in two patients; mean operative time of these cases was not 

prolonged (222.5mins). There were no conversions to an open approach. 

 

The mean and median LOS was 1.3 and 1 days respectively with 84% of 

patients discharged by post-operative day one and 94% discharged by day 

two.  Mean number of days to ICD removal was 11.5 (±3.4). 

 

Table 4.12 Peri-operative outcomes of 254 patients undergoing RARP at Peter 

Mac between July 2010 and December 2013. 

Theatre time, mins 

Mean ±SD 

Median (IQR) 

Missing 

 

224.2, 60.3 

210 [190-220] 

17 

Estimated blood loss (EBL), mls 

Mean ±SD 

Median (IQR) 

Missing 

 

166.1, 162.6 

100 [50-200] 

19 

Jul 2010 - 
Dec 2010
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Nerve sparing 

Full nerve sparing 

Partial nerve sparing 

No nerve sparing 

Missing 

 

47, 27% 

81, 46% 

48, 27% 

78 

Lymphadenectomy, n (%) 17, 6.7% 

Length of stay, days 

Mean ±SD 

Median (IQR), range 

Discharge by day 1 

Discharge by day 2 

 

1.3, 1.1 

1 [1-1], 1-10 

84% 

94% 

IDC out, days 

Mean ±SD 

Median (IQR) 

Missing 

 

11.5, 3.4 

10 [10-13.3] 

30 

Blood transfusion rate 0, 0% 

Conversion to open 0, 0% 

 

Clavien complications were noted in 27.6% of the overall cohort, of which 

minor complications (I-II) were present in 22.9% and major complications (III-

V) in 4.7% of patients.  There were no deaths.    

 

The most common complication was the use of antibiotics for urinary tract 

infection (UTI) (5.1%) or wound infections (3.1%).  Ileus requiring nasogastric 

tube (NGT) insertion occurred in one patient (0.4%).  Similarly, rectal injury, 

acute renal failure (ARF) requiring haemodialysis and an acute coronary 

syndrome (ACS) occurred in one patient each (0.4%).  

 

Delayed procedures requiring general anaesthetic after 90 days post-

operatively occurred in 39 patients.  The most common procedure was the 

need for cystoscopy ± dilatation ± removal of a hem-o-lok clip (3.7%).  
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Table 4.13 Complications of 254 patients undergoing RARP at Peter Mac 

between July 2010 and December 2013. 

Clavien complications  

Total 

I 

II 

IIIa 

IIIb 

IV 

V 

Minor (I-II) 

Major (III-V) 

 

70, 27.6% 

21, 8.3% 

37, 14.6% 

5, 2.0% 

6, 2.3% 

1, 0.4% 

0, 0% 

58, 22.9% 

12, 4.7% 

Specific complications 

Chipped tooth 

Neuropraxia 

Corneal abrasion 

Urine leak 

Antibiotics for wound infection 

Antibiotics for UTI 

Antibiotics for unknown/other 

Ileus requiring NGT 

Rectal injury 

ACS 

ARF requiring haemodialysis 

 

2, 0.8% 

2, 0.8% 

3, 1.2% 

6, 2.4% 

8, 3.1% 

13, 5.1% 

5, 2.0% 

1, 0.4% 

1, 0.4% 

1, 0.4% 

1, 0.4% 

Delayed procedures under GA  

(>90 days) 

Urethral sling 

Inguinal hernia repair 

Port-site hernia repair 

Cystoscopy ± dilation ± hem-o-

lok clip removal 

 

 

4, 1.6% 

2, 0.8% 

6, 2.4% 

9, 3.7% 

UTI, urinary tract infection; NGT, nasogastric tube; ACS, acute coronary 

syndrome; ART, acute renal failure; GA, general anaesthetic 
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4.2.3. Pathological outcomes 

Pathological outcomes are illustrated in Table 3.14.  Over half of all patients 

had pathological stage T2c (57%) on histological examination of the prostate, 

followed by T3a tumours (26%).  T3c and T4 cancers were rare to observe in 

the final specimen (0% rounded). Pathological Gleason sum score of 5-6, 7 

and 8-10 was noted in 19%, 74% and 7% of patients respectively.   

Positive surgical margins were found in 27% of the overall cohort; 16.3% 

(27/166) in T2 tumours and 47.1% (41/87) in T3 tumours.  Twenty-nine per 

cent of all PSMs were multifocal in location, with 32% found at the apex, 24% 

at the base and 9% in another location such as laterally or posteriorly.  Length 

of PSM was >1mm 59% of the time, with margins ≤1mm were present in 41% 

of all cases. 

Extra-capsular extension, seminal vesicle invasion and lympho-vascular 

invasion were present in 31%, 8% and 7% of all PCa histology respectively.   

The mean total and amputated (minus seminal vesicles) prostate weight was 

51.4g and 45.8g respectively with large prostates (≥70g) present in 18.8% of 

cases. 

Table 4.14 Pathological outcomes of 254 patients undergoing RARP at Peter 

Mac between July 2010 and December 2013. 

Pathological stage 

T2a 

T2b 

T2c 

T3a 

T3b 

T3c 

T4 

 

15, 6% 

5, 2% 

146, 57% 

66, 26% 

20, 8% 

1, 0% 

1, 0% 

Pathological Gleason sum 

5-6 

7 

 

47, 19% 

189, 74% 
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8-10 18, 7% 

Surgical margin, n (%) 

Positive 

Negative 

 

68, 26.7% 

186, 73.3% 

PSM by pathological stage 

T2 

T3 

T4 

 

27/166, 16.3% 

41/87, 47.1% 

0/1, 0% 

PSM location* 

Apex 

Base 

Multifocal 

Other 

Missing 

 

21, 32% 

16, 24% 

19, 29% 

6, 9% 

2, 3% 

PSM length 

≤1mm 

>1mm 

 

28, 41% 

40, 59% 

Extra-capsular extension 80, 31% 

Seminal vesicle invasion 20, 8% 

Lympho-vascular invasion 18, 7% 

Focality of tumour specimen 

Multifocal 

Single focus 

 

190, 75% 

64, 25% 

Prostate weight, g 

Total, mean (range) 

Amputated, mean (range) 

≥70g 

 

51.4 (23-146) 

45.8 (21-135) 

29, 18.8% 

PSM, positive surgical margin 

*In assigning location priority was given for apex/base assignment over other 

location e.g. posterior apex was labelled apex, lateral only labelled ‘other’. 
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As demonstrated in Table 3.15, the PCR of Victoria report significantly higher 

rates of PSM overall in their cohort (ORP 65.3%; RARP 20%; LRP 7.4%) 

compared to the Peter Mac cohort (34.9% V 26.7%; p=0.025). However no 

significant differences were found by pathological stage; pT2 Peter Mac 

16.3% v PCR 21.8% (p=0.18) or pT3 Peter Mac 47.1% v PCR 54.6% 

(p=0.31).  

Table 4.15 Comparison of PCR and Peter Mac PSM rates 

PSM rates  Peter Mac PCR p-value 

Overall 26.7% 34.9% 0.025 

pT2 tumours 16.3% 21.8% 0.18 

pT3 tumours 47.1% 54.6% 0.31 

 

4.2.4. Oncological outcomes 

Oncological follow-up was available for 227 of the 254 patients (89%). 

Twenty-seven patients did not have follow-up available, ten were lost to 

follow-up directly after their operation and 17 were not due for their first follow-

up visit hence had not had their first post-operative PSA performed. 

Of the 227 patients, 19 (8.4%) had biochemical recurrence (PSA≥0.2ng/mL) 

and 22 (9.7%) had oncological failure (PSA≥0.2ng/mL or commencement of 

adjuvant therapy).  Adjuvant therapy with radiotherapy (XRT) &/or androgen 

deprivation therapy (ADT) was required in 6.6% of all patients.  Of these 15 

patients, 60% were treated with radiotherapy alone and 20% with ADT alone.  

Another three patients (20%) received a combination of the two therapies 

(Figure 3.16). 

Watchful waiting was employed for seven patients (3.1%) with high post-

operative PSA levels.  These patients were considered to have likely micro-

metastatic disease not appropriate for XRT and will commence ADT therapy 

once their PSA reaches a cut-off threshold determined by the treating team.   
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Two patients of the total cohort (0.8%) are known to be deceased for reasons 

other than their prostate cancer (Figure 3.17). 

Table 4.16 Oncological outcomes of 227 patients undergoing RARP at Peter 

Mac between July 2010 and December 2013. 

Oncological outcomes N, % 

No adjuvant therapy required 

Adjuvant therapy required 

Radiotherapy only 

ADT only 

Radiotherapy & ADT (sequentially) 

ADT & radiotherapy (sequentially) 

Watchful waiting 

Lost to follow up 

Pending first follow up PSA 

205, 90.3% 

15, 6.6% 

9 (60%) 

3 (20%) 

2 (13.3%) 

1 (6.7%) 

7, 3.1% 

10, 4.4% 

17, 7.5% 

ADT, androgen deprivation therapy; PSA, prostate specific antigen, 

PCa, prostate cancer 

 

Table 4.17 All cause and prostate cancer specific mortality for 254 patients 
undergoing RARP at Peter Mac between July 2010 and December 2013. 

Mortality N, % 

All cause 

PCa specific 

2, 0.8% 

0, 0% 

 

4.2.4.a. Time	to	biochemical	recurrence	

Time to biochemical recurrence after RARP is demonstrated in the Kaplan-

Meier curve in Figure 3.4.  Median time to follow up was 12.6 months (95% CI 

12.0 – 16.4 months).  BCR occurred in 19 patients. Biochemical recurrence 

free survival at 12, 24 and 36 months is estimated at 91.4%, 90.5% and 

90.5% respectively (Table 3.18). 
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Figure 4.4 Kaplan-Meier curve for time to biochemical recurrence after robotic 
assisted radical prostatectomy including 95% confidence intervals (dashed 
lines). 

 

Table 4.18 One, two and three year estimates of biochemical recurrence free 

survival after RARP 

Months post RARP Estimated proportion 
BCR free 

95% CI 

12 0.914 0.877-0.953 

24 0.905 0.864-0.948 

36 0.905 0.864-0.948 

 

On univariate analysis, significant predictors for time to biochemical 

recurrence include pathological stage, pathological Gleason sum, biopsy 

Gleason sum, clinical stage, pre-operative PSA level, D’Amico risk category, 

PSM status, ECE, lympho-vascular invasion (LVI) and seminal vesicle 

invasion (SVI) (p<0.001).  Tumours that are multifocal in nature compared to 

a single focus display a trend towards increased BCR (p=0.06). Variables that 

did not affect BCR include BMI (p=0.28), PSM length (p=0.60) and PSM 
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location (p=0.26).  Post-hoc testing was performed to establish the difference 

between categories within these variables as shown in Table 3.19. 

Regarding pathological stage, patients were grouped into three categories; P1 

(T2a, T2b and T2c tumours), P2 (T3a tumours) and P3 (T3b, T3c and T4).  

Patients with P3 tumours had a 12.06 higher risk of BCR compared to P1.  

Similarly P2 at 3.88 times higher risk of BCR compared to a P1 tumours 

(p<0.001). Patients with a Gleason sum score on pathology of ≥8 had 14.54 

higher risk of BCR compared to those with Gleason 6 cancer (p<0.001).  It 

was demonstrated that the higher Gleason score ≥8 differs significantly from 

Gleason 7 and Gleason 6 prostate cancer, however Gleason 7 does not differ 

significantly from Gleason 6 in terms of predicting for BCR.  Similarly, biopsy 

Gleason sum conferred an increased risk of BCR for scores ≥8 compared to 6 

(HR 14.51, p<0.001) and 7, however there was no increased risk of BCR 

having Gleason 7 compared to Gleason 6 disease (HR 2.35, 95% CI 0.64-

8.69).   

Clinical stage was grouped into three categories; C1 (T1-2a), C2 (T2b) and 

C3 (T2c-3) tumours.  C1 tumours differ in risk of BCR from both C2 and C3 

tumours, however there is no risk difference between C2 and C3 clinical 

stages.   Similarly, low PSA levels of <10 differ significantly in terms of risk 

compared to patients with a PSA of 10-20 and >20 however there is no 

significantly risk difference demonstrated between a PSA of 10-20 and PSA of 

>20.  D’Amico risk predicts time to BCR between the intermediate and high 

groups, and also the low and high groups, however D’Amico low risk does not 

significantly differ from the intermediate risk level. 

The presence of a positive surgical margin, extra-capsular extension, lympho-

vascular invasion and seminal vesicle invasion conferred an increased risk of 

BCR of 3.56 [95% CI 1.44-8.87], 5.12 [95%CI 1.94-13.49], 14.88 [95% CI 

5.99-36.99] and 6.26 [95% CI 2.37-16.52] respectively (p<0.001).  Patients 

with a multifocal tumour on histology showed a trend towards increased BCR 

compared to those with a single focus of tumour (HR 0.42, 95% CI 0.17-1.06, 

p=0.06), however the difference was not statistically significant.  Given the 
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small sample size (n=19) of patients encountering BCR, multivariate analysis 

was not performed.   

Table 4.19 Predictors for time to biochemical recurrence on univariate analysis 

after RARP at Peter Mac 

Variable Level Reference 
 level 

Hazard ratio (95% 
CI) P-value 

Pathological stage 3a 2abc 3.88 (1.23-12.23) 
<0.001

a
 

3bc+4 2abc 12.06 (3.82-38.08) 

Pathological Gleason 

sum 

7 6 1.09 (0.24-5.06) 
<0.001

b
 

8+9 6 14.54 (3.05-69.28) 

Biopsy Gleason sum 7 6 2.35 (0.64-8.69) 
<0.001

c
 

8+9 6 14.51 (3.74-56.3) 

Clinical stage (DRE) T2b T1-2a 3.38 (1.17-9.75) 
<0.001

d
 

T2c-3 T1-2a 8.58 (2.8-26.28) 

BMI (categorical) 25-30 <25 2.86 (0.34-23.75) 
0.28 

>30 <25 4.78 (0.56-40.94) 

BMI (continuous)     1.13 (0.99-1.28) 0.06 

PSA (categorical) 10-20 <10 4.11 (1.59-10.66) 
<0.001

e
 

>20 <10 10.27 (2.21-47.65) 

PSA (continuous)     1.1 (1.05-1.14) <0.001 

D'Amico Inter Low 2.63 (0.57-12.17) 
<0.001

f
 

High Low 12.06 (2.56-56.82) 

PSM Yes No 3.56 (1.44-8.78) 0.003 

PSM length >1mm <= 1mm 0.72 (0.21-2.49) 0.60 

PSM location Apex Base 0.22 (0.02-2.14) 
0.26 

Multifocal Base 1.13 (0.25-5.07) 

Single vs. multifocal Multifocal Single 0.42 (0.17-1.06) 0.06 

Extra-capsular 

extension 
Yes No 5.12 (1.94-13.49) <0.001 

Lympo-vascular 

invasion 
Yes No 14.88 (5.99-36.99) <0.001 

Seminal vesicle 

invasion 
Yes No 6.26 (2.37-16.52) <0.001 

CI, confidence interval; DRE, digital rectal examination; BMI, body mass index; PSA, 

prostate specific antigen; PSM, positive surgical margin 

Post-hoc testing (Bonferroni corrected to correct for multiple comparisons) 

a
 All three levels differ significantly from each other 

b
 6 does not differ from 7, 7 differs from 8+9, 6 differs from 8+9 

c 
6 does not differ from 7, 7 differs from 8+9, 6 differs from 8+9 

d
 T1-2a differs from T2b, T2b does not differ from T2c-3, T1-2a differs from T2c-3 

e
 <10 differs from 10-20, 10-20 does not differ from >20, <10 differs from >20

 

f
 Low does not differ from inter, inter differs from high, low differs from high
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Figure 4.5a-n  Kaplan-Meier curves of variables considered in the univariate 
prognostic factor analysis for time to biochemical recurrence. 

a) Clinical stage (p<0.001) 

 

 

b) Biopsy Gleason sum (p<0.001) 
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c) PSA (p<0.001) 

 

d) Pathological stage (p<0.001) 
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e) Pathological Gleason sum (p<0.001) 

 

f) D’Amico risk score (p<0.001) 
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g) Positive surgical margin status (p<0.001) 

 

h) Extra-cellular extension (p<0.001) 

 

PSM
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i) Lympho-vascular invasion (p<0.001) 

 

j) Seminal vesicle invasion (p<0.001) 

 

Lympovascular invasion
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k) Focality (p=0.06) 

 
 

l) Body mass index (p=0.28) 

 

 

Single vs. multifocal
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m) Positive surgical margin length (p=0.6) 

 

 
n) Positive surgical margin location (p=0.26) 
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4.2.4.b. Time	to	oncological	failure	

Time to oncological failure after RARP is illustrated in the Kaplan Meier curve 

in Figure 3.6.  Median time to follow up was 12.9 months (95% CI 12.0-17.1 

months).  OF occurred in 22 patients.  Oncological failure free survival at 12, 

24, and 36 months is estimated at 90.8%, 89.0% and 85.4% respectively 

(Table 3.20). 

Figure 4.6 Kaplan-Meier curve for time to oncological failure after robotic 

assisted radical prostatectomy including 95% confidence intervals (dashed 

lines). 

 

Table 4.20 One, two and three year estimates of oncological failure free 

survival after RARP 

Months post RARP Estimated proportion 
OF free 

95% CI 

12 0.908 0.870-0.949 

24 0.890 0.845-0.937 

36 0.854 0.777-0.940 
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On univariate analysis, significant predictors of time to OF include 

pathological stage, pathological Gleason sum, biopsy Gleason sum, clinical 

stage, PSA level, D’Amico risk classification, PSM status, extra-capsular 

extension, lympho-vascular invasion and seminal vesicle invasion (p<0.001).  

Similar to time to BCR, multifocality of tumour shows a trend towards 

increased risk of OF (p=0.052).  Variables that did not affect BCR include BMI 

(p=0.31), PSM length (p=0.94) and PSM location (p=0.26).  Post-hoc testing 

was performed to establish the difference between categories within these 

variables as shown in Table 3.21. 

Patients with pathological stage P3 tumours had a 11.62 (95%CI 4.02-33.45) 

higher risk of OF compared to P1 tumours.  Similarly P2 had 3.79 times 

higher risk of OF compared to P1 tumours (p<0.001).  Patients with Gleason 

sum score on pathology for ≥8 had 17.04 (95% CI3.54-54.85) higher risk of 

OF compared to those with Gleason 6 cancer (p<0.001).  It was noted that the 

higher Gleason score ≥8 differs significantly from Gleason 7 and Gleason 6 

prostate cancer, however Gleason 7 does not differ significantly from Gleason 

6 in terms of predicting for OF.  The predictive nature of the biopsy Gleason 

sum on OF differs slightly from its effect on BCR, in that all three categories 

differ significantly from each other. 

Clinical stage CI differ in risk of OF from both C2 and C3 tumours, however 

there is no difference in risk between C2 and C3 clinical stages. Similarly, low 

PSA levels of <10 differ significantly in terms of risk compared to patients with 

a PSA of 10-20 and >20 however there is no significantly risk difference 

demonstrated between a pre-operative PSA of 10-20 and PSA of >20.  

D’Amico risk predicts time to OF between all three risk groups. 

The presence of a positive surgical margin, extra-capsular extension, lympho-

vascular invasion and seminal vesicle invasion conferred an increased risk of 

OF of 3.89 [95% CI 1.68-9.03], 5.28 [95%CI 2.15-12.98], 13.18 [95% CI 5.48-

31.71] and 6.3 [95% CI 2.56-15.49] respectively (p<0.001).  Patients with a 

multifocal tumour on histology showed a trend towards increased BCR 
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compared to those with a single focus of tumour (HR 0.44, 95% CI 0.19-1.03, 

p=0.052), however the difference was not statistically significant.  Given the 

small sample size (n=22) of patients encountering BCR, multivariate analysis 

was not performed.   

Table 4.21 Predictors for time to oncological failure on univariate analysis after 
RARP at Peter Mac 

Variable Level Reference 
level 

Hazard ratio (95% 
CI) 

P-
value 

Pathological stage 3a 2abc 3.79 (1.31-10.92) 
<0.001

a
 

3bc+4 2abc 11.62 (4.02-33.54) 

Pathological Gleason sum 7 6 1.47 (0.33-6.57) 
<0.001

b
 

8+9 6 17.04 (3.54-81.96) 

Biopsy Gleason sum 7 6 3.13 (0.88-11.09) 
<0.001

c
 

8+9 6 14.12 (3.64-54.85) 

Clinical stage (DRE) T2b T1-2a 3.31 (1.25-8.72) 
<0.001

d
 

T2c-3 T1-2a 7.19 (2.45-21.1) 

BMI (categorical) 25-30 <25 1.82 (0.37-8.82) 
0.313 

>30 <25 3.12 (0.63-15.55) 

BMI (continuous)     1.11 (0.99-1.25) 0.087 

PSA (categorical) 10-20 <10 4.73 (1.97-11.38) 
<0.001

e
 

>20 <10 10.19 (2.21-46.9) 

PSA (continuous)     1.1 (1.06-1.14) <0.001 

D'Amico Inter Low 3.52 (0.79-15.72) 
<0.001

f
 

High Low 11.92 (2.53-56.19) 

PSM Yes No 3.89 (1.68-9.03) 0.001 

PSM length >1mm ≤1mm 0.96 (0.3-3.03) 0.941 

PSM location Apex Base 0.22 (0.02-2.14) 
0.262 

Multifocal Base 1.13 (0.25-5.07) 

Single vs. multifocal Multifocal Single 0.44 (0.19-1.03) 0.052 

Extra-capsular extension Yes No 5.28 (2.15-12.98) <0.001 

Lympo-vascular invasion Yes No 13.18 (5.48-31.71) <0.001 

Seminal vesicle invasion Yes No 6.3 (2.56-15.49) <0.001 

CI, confidence interval; DRE, digital rectal examination; BMI, body mass index; PSA, 

prostate specific antigen; Inter, Intermediate; PSM, positive surgical margin 

Post-hoc testing (Bonferroni corrected to correct for multiple comparisons) 

a
 All three levels differ significantly from each other 

b
 6 does not differ from 7, 7 differs from 8+9, 6 differs from 8+9 

c 
All three levels differ significantly from each other 

d
 T1-2a differs from T2b, T2b does not differ from T2c-3, T1-2a differs from T2c-3 

e
 <10 differs from 10-20, 10-20 does not differ from >20, <10 differs from >20

 

f
 All three levels differ significantly from each other 
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Figure 4.7a-n Kaplan-Meier curves of variables considered in the univariate 
prognostic factor analysis for time to oncological failure. 

a) Clinical stage (p<0.001) 

 

b) Biopsy Gleason sum (p<0.001) 
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c) PSA (p<0.001) 

 

d) Pathological stage (p<0.001) 
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e) Pathological Gleason sum (p<0.001) 

 

f) D’Amico risk score (p<0.001) 

 

Pathological gleason score
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g) Positive surgical margin status (p<0.001) 

 

h) Extra-cellular extension (p<0.001) 
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i) Lympho-vascular invasion (p<0.001) 

 

j) Seminal vesicle invasion (p<0.001) 

 

Lympovascular invasion
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k) Focality (p=0.052) 

 
 

l) Body mass index (p=0.313) 

 
 

Single vs. multifocal
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m) Positive surgical margin length (p=0.941) 

 
 

n) Positive surgical margin location (p=0.262) 
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4.2.5. Functional outcome: Urinary continence recovery  

Two different datasets were available to determine urinary continence 

outcomes at 12 months.  The first dataset utilises hospital medical records 

from all 254 prospectively collected patients.  The second dataset utilises 

question three of the EPIC-CP questionnaire; “How many pads per day have 

you been using for urinary leakage”.  Potential responses include none, one 

pad per day, two pads per day or three or more pads per day.  Results from 

both datasets are summarised below.    

Of the total cohort, 178 patients (70%) had follow up at 12 months post-

operatively, 76 patients had not reached the 12 months’ post-operative time 

point.  Of the patients who had reached the 12-month follow up period, 128 

(72%) had documented pad usage per day.   

Of these patients 79% (101/128) were fully continent at 12 months using a 

zero pad definition and 93% (119/128) were continent using a zero or security 

pad definition.  The mean number of pads per day at 12 months was 0.3 

(±0.72, range 0-4). 

Of the subset of patients who completed the EPIC-CP questionnaires, results 

are shown in Table 3.22.  Preoperatively (n=113 responders), 95.6% and 

98.2% were continent using a zero and security pad definition respectively.  At 

12-months (n=59 responders), 81.4% of patients were fully continent using 

zero pads per day and 94.9% of patients were continent using none or 

security pad per day.  Mean number of pads per day is 0.305.  These results 

compare similarly to the data available from the total cohort. These are patient 

reported outcomes however are therefore potentially confounded by 

responder bias.  The sample size of patients completing EPIC-CP at 24 and 

36 months is small.  Further continence and erectile function outcomes are 

discussed in chapter 4.3. 

Table 4.22 Percentage of patients fully continent using a zero and security pad 
definitions and mean pads/day from EPIC-CP questionnaire. 
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Time period 0 pads/day 0-1 pad/day Mean pads/day 

Pre-operative (n=113) 95.6% 98.2% 0.08 

3 months (n=75) 40% 77.3% 1.09 

6 months (n=60) 70% 93.3% 0.4 

12 months (n=59) 81.4% 94.9% 0.305 

24 months (n=21) 72.4% 89.7% 0.437 

36 months (n=9) 66.7% 100% 0.33 

 

4.2.6. Functional outcome: Erectile function recovery 

Of patients who completed a 12-month questionnaire (n=59), 19 had SHIM 

scores of 17 or greater at baseline (i.e. considered potent at baseline).  Five 

out of the 19 patients had full nerve sparing.  Zero of these five had SHIM 

scores of 17 or higher at 12-months.  Therefore, 0% of patients who were 

preoperatively potent and had bilateral nerve sparing were potent at 12-

months. 
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4.3. Functional and quality of life outcomes at Peter Mac 

Of the total 257 consecutive patients undergoing RARP at Peter Mac, 224 

patients were mailed at least one questionnaire (33 did not reach an 

appropriate timeframe to receive a questionnaire).  Of these 181 patients 

responded to at least one questionnaire 80.8% (181/224). Therefore, 43 

patients (19.2%) who were sent questionnaires did not return any. 

Of 511 questionnaires sent, a total of 346 questionnaires completed, an 

overall response rate of 67.7%.  Response rates for the pre-operative, 3, 6, 

12, 24 and 36-month questionnaires were 83.3% (115/138), 62.0% (75/121), 

55.6% (59/106), 69.4% (59/85), 69.0% (29/42) and 47.4% (9/19) respectively. 

Not all questionnaires were completed for each patient at each time point.  

Appendix L provides an overview of the QOL instruments returned.  Nineteen 

patients (10.5%) had a complete questionnaire set (pre-operative, 3, 6 and 12 

month) up to 12-months follow-up. 

4.3.1. Demographic outcomes 

Of all preoperative questionnaires (n=138), a variable number of patients 

completed each of the demographic questions.  Results are shown in table 

3.23.  Nearly three-quarters of patients were married (73%) and the vast 

majority (93.7%) were Caucasian in race.  In around half of all patients’ school 

education was the highest-level qualification achieved, with 27.3% having a 

TAFE qualification and 19.2% having a University degree.  Sixty-eight per 

cent of patients were in an income bracket up to AUD$80,000.  Regarding 

employment, most patients were full time (43%) or retired (34.2%), a small 

number were unemployed due to disability (6.1%).  Additionally the majority 

held paid jobs (59.4%) over being self-employed (40.6%). 
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Table 4.23 Demographic outcomes completed on pre-operative questionnaire 
assessment  

Marital status (n=115) 

Never married 

Divorced or separated 

Married 

Living with partner but not married 

Widowed 

 

4, 3.5% 

16, 13.9% 

84, 73% 

9, 7.8% 

2, 1.7% 

Race (n=111) 

Caucasian 

Asian 

Other 

 

104, 93.7% 

3, 2.7% 

4, 3.6% 

Qualification (n=114) 

School education 

Undergraduate degree 

Postgraduate training 

TAFE qualification 

 

61, 53.5% 

11, 9.6% 

11, 9.6% 

31, 27.3% 

Average income (n=22) 

<40K 

40-80K 

80-120K 

120-160K 

 

7, 31.8% 

8, 36.4% 

2, 9.1% 

5, 22.7% 

Employment status (n=114) 

Full time 

Part time 

Unemployed, not interested in 

returning to work 

Unemployed, looking for work 

Unemployed, disabled 

Retired 

 

49, 43% 

12, 10.5% 

3, 2.6% 

 

4, 3.5% 

7, 6.1% 

39, 34.2% 

Employment pay status (n=64) 

Paid 

Self-employed 

 

38, 59.4% 

26, 40.6% 
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Regarding family history of PCa, 60 of 181 (33%) patients have at least 1 

relative with PCa.   Forty-eight patients (26.5%) had at least one first degree 

relative and nine patients (5%) had two or more first-degree relatives. The 

average number of affected relatives was 1.6.  Of these patients, 37 had an 

affected father, 26 an affected brother, 5 affected grandfathers (maternal and 

paternal), 9 had affected uncles and 4 affected cousins.  The average age of 

diagnosis for each relative was 67, 60, 71, 70, and 58 years respectively. 

There was one identical twin in the group who did not record a brother with a 

family history.  Interestingly, there were five patients who were non-identical 

twins, two of whom had one brother affected and one whom had three 

brothers affected. 

4.3.2. Decisional Conflict Scale (DCS) 

Of the 115 patients who had a baseline pre-operative QOL assessment, DCS 

was completed for 113 patients.  Due to the fact many patients had a 

minimum score (0) the mean/SD/median/range of scores only include patients 

whose DCS score was not the minimum score.   

Table 3.24 summarises the DCS total and subscale scores for patients 

completing the pre-operative questionnaire.  Overall 37% of patients prior to 

RARP had difficulty implementing a decision regarding their treatment (score 

of 25 or higher) and 3% experienced scores associated with decisional delay 

or feeling unsure about going ahead with RARP (score of 37.5 or higher).  

Figure 3.8 depicts the number of patients and total DCS scores. 

The majority of patients (58%) felt informed of their options and the benefits 

and risks of undergoing RARP (Informed subscale), with 42% (95% CI 33-52) 

expressing some difficulty in decision making, however none had scores 

associated with decisional delay.  The majority of patients were clear about 

their decision and what mattered to them on the ‘Values subscale’ with 46% 

potentially unsure (score ≥25).  On the ‘Support subscale’ the majority of 
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patients (53%) felt supported in their decision with an element of uncertainty 

in 47% (95% CI 37-57).  Fifty-two per cent of patients experienced some 

uncertainty in their decision-making (Uncertainty subscale) but the majority 

(56%) were overall happy and satisfied with their decision (Effective 

subscale). 

Table 4.24 Summary of baseline DCS scores in patients completing the pre-
operative questionnaire at Peter Mac (n=113). 

DCS  Baseline DCS score 

N, % [95% CI] 

Informed subscale 

Score ≥25 

Score ≥37.5 

Mean, SD 

Median (range) 

 

48, 42% [33-52] 

0, 0% [0-3] 

22.1, 6.3 

25 (8.3-33.3) 

Values subscale 

Score ≥25 

Score ≥37.5 

Mean, SD 

Median (range) 

 

53, 46% [37-56] 

3, 3% [1-7] 

23.7, 7.3 

25 (8.3-41.67) 

Support subscale 

Score ≥25 

Score ≥37.5 

Mean, SD 

Median (range) 

 

53, 47% [37-57] 

2, 2% [0-6] 

23.0, 8.2 

25 (8.3-50) 

Uncertainty subscale 

Score ≥25 

Score ≥37.5 

Mean, SD 

Median (range) 

 

59. 52% 43-62] 

11, 10% [5-17] 

26.0, 11.9 

25 (8.3-58.3) 

Effective subscale 

Score ≥25 

Score ≥37.5 

 

50, 44% [35-54] 

7, 6% [3-12] 
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Mean, SD 

Median (range) 

23.8, 8.6 

25 (6.3-50) 

Total score 

Score ≥25 

Score ≥37.5 

Mean, SD 

Median (range) 

 

42, 37% [28-47] 

3, 3% [1-8] 

19.3, 10.2 

23.4 (1.56-42.2) 

 

Figure 4.8 Histogram of DCS total scores.  Dashed lines indicate DCS scores of 
25 and 37.5 

 

4.3.2.a. Predictors	of	DCS	score	of	25	or	higher	

Of the 113 patients with total DCS score at baseline, 42 (37%; 95% CI 28%-

47%) had a DCS score of 25 or higher associated with difficulty implementing 

decisions.  Age, D’Amico risk, PSA, nor marital status’ were predictors of 

difficulty in implementing the decision to undergo RARP.  There was not 

enough data to establish whether having a family history of PCa predicted 
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decisional conflict in treatment.  Univariate analyses are demonstrated in table 

3.25. 

Table 4.25 Results of univariate analysis to identify predictors for difficulty in 
implementing a decision (DCS scores of 25 or higher). 

Variable Statistic DCS score <25 DCS score 25+ P-
value Age Mean (SD) 62.03 (6.64) 61.10 (6.30) 0.47 

Median [range] 62 [43 - 76] 62.5 [48 - 70] 

N 69 40 

D’Amico Intermediate/High 51 (74% [62 - 

84]) 

25 (62% [46 - 

77]) 

0.30 

Low 18 (26% [16 - 

38]) 

15 (38% [23 - 

54]) Missing 2 2 

PSA 

(categorical) 

≤10 52 (75% [64 - 

85]) 

32 (82% [66 - 

92]) 

0.57 

>10 17 (25% [15 - 

36]) 

7 (18% [8 - 34]) 

Missing 2 3 

PSA 

(continuous) 

Mean (SD) 8.15 (4.48) 7.30 (3.42) 0.40 

 Median [range] 7.3 [1.2 - 22] 6.8 [2.9 - 18.8] 

 N 69 39 

Family history of 

prostate cancer 

No 13 (81% [54 - 

96]) 

7 (78% [40 - 

97]) 

† 

Yes 3 (19% [4 - 46]) 2 (22% [3 - 60]) 

Missing 55 33 

Marital status Married or  

de facto 

59 (83% [72 - 

91]) 

33 (79% [63 - 

90]) 

0.73 

Other 12 (17% [9 - 

28]) 

9 (21% [10 - 

37]) † Not enough data patients with family history of prostate cancer to do the 

analysis. 

4.3.3. EPIC-CP 

A summary of all EPIC-CP scores is provided in Appendix N.  Of the symptom 

scores recorded in the EPIC-CP the urinary incontinence score, urinary 

irritation/obstruction score and sexual symptom score are of most relevance 

to patients undergoing RARP.  Bowel and vitality/hormonal scores relate more 

specifically to radiotherapy and hormone therapy related QOL respectively.  

All questions refer to the patients’ health and symptoms in the four weeks 

prior to completing the survey.  Higher scores indicate worse QOL. 
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Question one stands alone and does not form part of a symptom score, it 

refers to how much of a problem urinary function is for the patient in the 4 

weeks prior. Pre-operatively 11% of patients stated urinary function is a 

moderate to big problem for them.  At 3 months post-operatively this 

increased to 26% but decreased to 8% by 12-months (below pre-operative 

levels).  Interestingly at 24 and 36 months this increased to 17 and 22% 

respectively. 

The mean ‘Urinary Incontinence Symptom Score’ (out of 12) was 1.97 (±1.46) 

at baseline, peaking at 4.11 (±2.75) at 3-months but returning to 2.7 (±1.46) at 

12-months. Once again the mean score increases slightly at 24 and 36 

months, to 3.18 and 3.43 respectively.  Table 3.26 summarises the number 

(%) of patients at any post-operative period that return to within 0.5 SD 

(minimally important difference) of the pre-operative baseline. At 3, 6 and 12 

months 25%, 36% and 47% of patients respectively had returned to the 

baseline pre-operative level, demonstrating an improvement in urinary 

incontinence symptoms over time.  Therefore 53% had not reached baseline 

scores by 12-months. 

Mean urinary irritation/obstruction symptom score similarly peaked at 3-

months (3.72) and return to near baseline by 12-months (2.68).  RARP had 

less effect on urinary irritation/obstruction compared to incontinence, with 

69%, 80% and 86% returning to baseline scores at 3, 6, and 12 months 

respectively. 

RARP impacted most significantly on sexual symptom scores post-

operatively.  Mean baseline score was 4.45 (±3.03), peaking at 8.06 at 3-

months with gradual improvement in the mean score up to 36-months of 7.32 

(±3.14).  Around one fifth (20%) had returned to baseline sexual symptom 

scores by 3 months with little improvement to 12-months (24%).  

With respect to prostate cancer QOL EPIC-CP score (out of 60), scores peak 

at 3-months post-operatively (17.14), trough at 12-months (13.97) then 

include almost to early postoperative levels (16.89) by 3-years (Figure 3.9).  
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This follows a similar trend seen in question one and the urinary incontinence 

symptom score.  Table 3.26 shows the 3, 6 and 12 months return to baseline 

of 19%, 35% and 26% respectively.  

 
Table 4.26 Summary of the number (%) of patients returning to baseline EPIC-
CP scores 

EPIC-CP Domain 
Baseline 
standard 
deviation 

Variable 

3 
months 

n (%) 
6 

months 
n (%) 

12 
months 

n (%) 

Question 1 

(Overall, how much of a 

problem has your urinary 

function been for you?) 

Not 

applicable 

N complete 67 53 38 

Back to original 

category or better 

29 

(43%) 

28 

(53%) 

26 

(68%) 

Urinary Incontinence Symptom 

Score  

(out of 12)  
1.22 

 

N complete 67 53 38 

Score < baseline + 

MID 

17 

(25%) 

19 

(36%) 

18 

(47%) 

Urinary Irritation/Obstruction 

Symptom Score  

(out of 12)  
2.14 

 

N complete 64 50 36 

Score < baseline + 

MID 

44 

(69%) 

39 

(80%) 

31 

(86%) 

Bowel Symptom Score  

(out of 12)  

  
1.76 

 

N complete 65 50 37 

Score < baseline + 

MID 

50 

(77%) 

47 

(96%) 

30 

(81%) 

Sexual Symptom Score  

(out of 12)  

  
3.26 

 

N complete 65 53 38 

Score < baseline + 

MID 

13 

(20%) 
9 (17%) 9 (24%) 

Vitality/Hormonal Symptom 

Score  

(out of 12)  
2.24 

 

N complete 65 51 37 

Score < baseline + 

MID 

46 

(72%) 

37 

(73%) 

31 

(84%) 

Overall Prostate Cancer QOL 

Score  

(out of 60)  
6.82 

 

N complete 61 49 35 

Score < baseline + 

MID 

11 

(19%) 

17 

(35%) 
9 (26%) 

MID, minimally important 

difference. 
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Figure 4.9 Estimated average EPIC-CP scores (range 0-60) for baseline and all 
post-operative time points from a linear mixed model.  BL = Baseline 

 

4.3.4. SHIM 

SHIM scores at baseline were available for 106 patients.  Of these, not all 

patients were assessed at 3, 6 and 12-months post-surgery, and if they were 

assessed their SHIM score was not necessarily always available, hence a 

reduced sample size was noted with time. A summary of total SHIM scores at 

each time point is demonstrated in Appendix N.  Lower scores indicate more 

significant erectile dysfunction.  We have utilised a definition of ≥17 (mild ED 

to potent) as being potent in our cohort of patients.  

At baseline 58% (61/106) were considered pre-operatively potent based on 

this definition, therefore a considerable number of patients had pre-existing 

erectile dysfunction (42%).  The percentage of patients considered potent up 

to 1 year varied between 6-9% (Appendix O). 

A summary of SHIM scores at 3, 6 and 12-months post-operative time points 

based on pre-operative potency is illustrated in table 3.27.  Of those pre-
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operatively potent, only 11%, 10% and 11% are considered post-operatively 

potent at 3, 6 and 12-months.  Of patients who are not preoperatively potent 

(SHIM score 1-16), only 4% are considered potent at 3 months and 0% at 6 

and 12 months, demonstrating the impact of return of potency when patients 

have pre-existing erectile dysfunction.  Of patients who had a minimum score 

(SHIM=1) at 12 months 87% were noted in the previously not potent versus 

50% in the previously potent group.   

Table 4.27 Summary of total SHIM scores for all patients who had completed a 
SHIM baseline assessment (n=106) according to pre-operative potency (Total 
SHIM score <17 Vs ≥17) 

Pre-op  
potency SHIM score Baseline 

n (%) 

3 months 
n (% [95% CI]) 

6 months 
n (% [95% CI]) 

12 months 
n (% [95% CI]) 

Not 

potent 
≥17 0 (0%) 1 (4% [0 - 21]) 0 (0% [0 - 18]) 0 (0% [0 - 22]) 

2-16 38 (84%) 8 (33% [16 - 55]) 3 (16% [3 - 40]) 2 (13% [2 - 40]) 

Minimum score (1) 7 (16%) 15 (62% [41 - 81]) 16 (84% [60 - 97]) 13 (87% [60 - 98]) 

N 45 24 19 15 

Potent ≥17 61 (100%) 4 (11% [3 - 27]) 3 (10% [2 - 27]) 2 (11% [1 - 35]) 

2-16 0 13 (37% [21 - 55]) 13 (45% [26 - 64]) 7 (39% [17 - 64]) 

Minimum score (1) 0 18 (51% [34 - 69]) 13 (45% [26 - 64]) 9 (50% [26 - 74]) 

N 61 35 29 18 

 

Of patients considered pre-operatively potent who underwent a bilateral nerve 

sparing procedures (n=5), none were considered potent at 12-months by a 

SHIM ≥17 definition. 

4.3.4.a. Predictors	of	potency	at	12	months	

 Of the 59 patients who had a 12-month SHIM assessment, 4 patients had a 

missing SHIM score.  Of the remaining 55 patients, 49 (89%) had a SHIM 

score of <17, 6 (11%) had a SHIM score of 17 or higher.  Age was not 

associated with potency in our cohort and numbers were too low to test 

whether nerve sparing or pre-operative potency had an effect on potency at 

12-months. 
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Table 4.28 Univariate analysis to identify predictors potency at 12-months 
post-operatively (SHIM 17 or higher) 

Variable Level N 
Patients with 
SHIM score 

≥17 
Odds ratio p 

Age   54 6 (11%) 
1.004 (0.929-

1.085) 
0.70 

Nerve sparing Full nerve sparing 12 0 (0%)  † 

  No nerve sparing 10 2 (20%)    

  
Partial nerve 

sparing 
8 0 (0%)    

Pre-operative 

potency 
SHIM score <17 15 0 (0%)  † 

  SHIM score ≥17 18 2 (11%)    

† sample size too small to calculate 

4.3.5. HADS 

The hospital anxiety and depression score classifies patients into non-case 

(0-7), borderline case (8-10) and case (11-12) with clinically significant anxiety 

and depression considered for scores ≥8.  A summary of scores is provided in 

Appendix P for all categories and Table 3.29 for clinically significant scores.  

Figures of mean scores for depression and anxiety at each time point are 

illustrated in Figure 3.10a and 3.10b. 

Clinically significant anxiety was noted in 22% of patients pre-operatively and 

depression in 4%. There appears to be very little change in either score at any 

time post-operatively with between 20-28% experiencing anxiety and 7-12% 

experiencing depression post-operatively.  Perhaps notably the highest rates 

(12%) of clinically significant depression was noted at 3-months.  

Table 4.29 Summary of total SHIM scores for all patients who had a complete 
SHIM baseline assessment (n=106) according to pre-operative potency (Total 
SHIM score <17 vs ≥17). 

HADS  
subdomain Grouping 

Baseline 
n (% [95% 

CI]) 

3 months 
n (% [95% 

CI]) 

6 months 
n (% [95% 

CI]) 

12 months 
n (% [95% 

CI]) 

24 months 
n (% [95% 

CI]) 

36 months 
n (% [95% 

CI]) 
Anxiety Non case 

(0-7) 

87 (78% [69 - 

85]) 

59 (80% [69 

- 88]) 

46 (78% [65 

- 88]) 

47 (80% [67 

- 89]) 

21 (72% [53 

- 87]) 

7 (78% [40 - 

97]) 

8-21 
25 (22% [15 - 

31]) 

15 (20% [12 

- 31]) 

13 (22% [12 

- 35]) 

12 (20% [11 

- 33]) 

8 (28% [13 - 

47]) 

2 (22% [3 - 

60]) 

Depression Non case 

(0-7) 

107 (96% [90 

- 99]) 

64 (88% [78 

- 94]) 

55 (93% [84 

- 98]) 

53 (90% [79 

- 96]) 

26 (90% [73 

- 98]) 

8 (89% [52 - 

100]) 

8-21 
5 (4% [1 - 

10]) 

9 (12% [6 - 

22]) 

4 (7% [2 - 

16]) 

6 (10% [4 - 

21]) 

3 (10% [2 - 

27]) 

1 (11% [0 - 

48]) 
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Figure 4.10 Estimated HADS anxiety (a) and depression scores (b) based on a 
linear mixed model.  BL = Baseline. 

a) HADS anxiety score 

 

b) HADS depression score 

 

Months from surgery

Es
tim

at
ed

 H
AD

S 
an

xi
et

y 
sc

or
e

BL 3 6 12 24 36

0

2

4

6

8

●

●

●
●

●

●

Months from surgery

Es
tim

at
ed

 H
AD

S 
de

pr
es

si
on

 s
co

re

BL 3 6 12 24 36

0

2

4

6

8

●

●

●

●

●

●



 153 

4.3.5.a. Predictors	of	HADS	anxiety	scores	of	8	or	higher	at	12	months	

Twelve of the 59 patients (20%; 95% CI 11-33%) who had completed a 12-

month assessment had HADS anxiety scores ≥8.  Of all variables considered 

in univariate analysis only a clinically significant HADS depression score at 

12-months was shown to be associated with the HADS anxiety score at 12 

months (Table 3.30).  However due to the low numbers of patients with HADS 

anxiety scores of 8 or higher these results should be interpreted with caution. 

Age, PSA, D’Amico risk, positive surgical margin status, DCS score ≥25 at 

baseline nor the occurrence of a positive family history for prostate cancer 

were associated with clinically significant anxiety 12-months after RARP.  

Association with Gleason score could not be established due to low numbers 

with scores 6 or ≥8. 

Table 4.30 Results of the univariate logistic regression to identify predictors 
for HADS anxiety score of 8 or higher 

Characteristic statistic HADS anxiety <8 HADS anxiety ≥8 P-value 
Age Mean (SD) 63.04 (5.93) 61.33 (4.64) 0.30 

Median [range] 64 [49 - 75] 62 [54 - 72] 

N 46 12 

PSA (categorized) ≤10 35 (76% [61 - 87]) 11 (92% [62 - 100]) 0.57 

>10 11 (24% [13 - 39]) 1 (8% [0 - 38]) 

Missing 1 0 

PSA (continuous) Mean (SD) 8.89 (8.55) 6.03 (3.66) 0.15 

Median [range] 6.64 [1.9 - 55] 5.1 [1.2 - 16] 

N 46 12 

D’Amico Low 14 (30% [18 - 46]) 3 (25% [5 - 57]) 0.99 

Intermediate/High 32 (70% [54 - 82]) 9 (75% [43 - 95]) 

Missing 1 0 

DCS score at 

baseline 
<25 21 (66% [47 - 81]) 3 (60% [15 - 95]) 0.95 

≥25 11 (34% [19 - 53]) 2 (40% [5 - 85]) 

Missing 15 7 

Gleason 6 6 (13% [5 - 26]) 0 (0% [0 - 26]) † 

7 37 (80% [66 - 91]) 10 (83% [52 - 98]) 

8+9 3 (7% [1 - 18]) 2 (17% [2 - 48]) 

Missing 1 0 

HADS depression 

score at 12 

months 

<8 46 (98% [89 - 100]) 7 (58% [28 - 85]) <0.001 

≥8 1 (2% [0 - 11]) 5 (42% [15 - 72]) 

Positive surgical No PSM 36 (78% [64 - 89]) 10 (83% [52 - 98]) 0.82 
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Characteristic statistic HADS anxiety <8 HADS anxiety ≥8 P-value 
margin (PSM) PSM 10 (22% [11 - 36]) 2 (17% [2 - 48]) 

Missing 1 0 

Family history of 

prostate cancer 
No 31 (74% [58 - 86]) 6 (67% [30 - 93]) 0.82 

Yes 11 (26% [14 - 42]) 3 (33% [7 - 70]) 

Missing 5 3 

 

4.3.5.b. Predictors	of	HADS	depression	scores	of	8	or	higher	at	12	months	

Six of the 59 patients (10%; 95% CI 4-21%) who had completed a 12-month 

assessment had HADS depression scores ≥8.  Of all variables considered in 

univariate analysis only a clinically significant HADS anxiety score at 12-

months was shown to be associated with the HADS depression score at 12-

months (Table 3.31).  Due to low numbers of patients with HADS depression 

scores 8 or higher (n=6) these results should again be interpreted with 

caution.  Patients with clinically significant depression score at 12 months 

were 32 times more likely (95% CI: 10-106) to have a clinically significant 

anxiety score at 12-monhts compared to patients with a HADS depression 

score below 8. 

Age, PSA, D’Amico risk, positive surgical margin status, DCS score ≥25 at 

baseline nor the occurrence of a positive family history for prostate cancer 

were associated with clinically significant depression 12-months after RARP.  

Association with Gleason score could not be established due to low numbers 

with scores 6 or ≥8. 

Table 4.31 Results of the univariate logistic regression to identify predictors 
for HADS depression scores of 8 or higher 

Characteristic Statistic HADS depression 
<8 

HADS depression 
≥8 P-value 

Age Mean (SD) 62.79 (5.88) 61.83 (3.97) 0.61 

Median [range] 63 [49 - 75] 63 [54 - 65] 

N 52 6 

PSA 

(categorized) 
<=10 41 (79% [65 - 89]) 5 (83% [36 - 100]) 0.57 

>10 11 (21% [11 - 35]) 1 (17% [0 - 64]) 

Missing 1 0 

PSA 

(continuous) 
Mean (SD) 8.44 (8.17) 7.06 (4.62) 0.66 

Median [range] 6.5 [1.2 - 55] 5.99 [2.9 - 16] 
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Characteristic Statistic HADS depression 
<8 

HADS depression 
≥8 P-value 

N 52 6 

D'Amico Intermediate/Hig

h 
37 (71% [57 - 83]) 4 (67% [22 - 96]) 

0.97 

Low 15 (29% [17 - 43]) 2 (33% [4 - 78]) 

Missing 1 0 

DCS score at 

baseline 
<25 23 (68% [49 - 83]) 1 (33% [1 - 91]) 0.30 

>=25 11 (32% [17 - 51]) 2 (67% [9 - 99]) 

Missing 19 3 

Gleason score 6 5 (10% [3 - 21]) 1 (17% [0 - 64]) † 

7 43 (83% [70 - 92]) 4 (67% [22 - 96]) 

8+9 4 (8% [2 - 19]) 1 (17% [0 - 64]) 

Missing 1 0 

HADS anxiety at 

12 months 
0-7 46 (87% [75 - 95]) 1 (17% [0 - 64]) 0.002 

8-21 7 (13% [5 - 25]) 5 (83% [36 - 100]) 

Positive surgical 

margins (PSM) 
No PSM 42 (81% [67 - 90]) 4 (67% [22 - 96]) 0.52 

PSM 10 (19% [10 - 33]) 2 (33% [4 - 78]) 

Missing 1 0 

Family history of 

prostate cancer 
No 33 (72% [57 - 84]) 4 (80% [28 - 99]) 0.92 

Yes 13 (28% [16 - 43]) 1 (20% [1 - 72]) 

Missing 7 1 
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4.3.6. Prostate Cancer Related Quality of Life Scales  

Higher scores on the PCaRQOLS indicate better QOL except for heath worry 

and regret subdomains where higher scores indicate greater worry and regret.  

A summary of PCaRQOLS is demonstrated in Appendix Q.  Overall scores for 

urinary control, marital affection, masculine self-esteem, cancer control, 

informed decision subdomains are high (mostly >70) and do not demonstrate 

significant variation of pattern at any time point post operatively.  Similarly 

regret scores are pleasingly low overall after RARP with a mean of 11.99 at 3 

months and 10.66 at 12-months.  The sample size of patients completing the 

36-month questionnaire is small and hence requires caution in interpretation. 

Noticeably, sexual confidence scores are low overall after RARP with mean 

scores at 3, 6, and 12 months of 27.11, 28.11 and 24.22 respectively, 

demonstrating little improvement with time. Mean outlook scores decline over 

time from 65.25 at 3-months decreasing to 25 at 36-months.  Health worry 

mean score are 18.62 at baseline, this nadirs at 16.46 at the 6-month mark 

but then gradually increases with a means score of 23.15 at 36 months.  

Interestingly scores for PSA concern decrease over time, the two do not 

appear interrelated. Figure 3.11a-j illustrate all domain scores over time. 

Figure 4.11a-j Estimated PCaRQOLS over time for each of the domains 
separately, as estimated by a linear mixed model. 
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a) Urinary control 

 

b) Sexual confidence 
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c) Marital affection 

 

d) Masculine self esteem 
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e) Informed decision 

 

f) Cancer control 
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g) Outlook 

 

h) PSA concern 
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i) Regret  

 

j) Health worry 
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4.3.7. Allied Heath input 

Of 181 patients, 21 documented having had a psychology session, 13 pre-

operatively and 8 at a post-operative time point.  The average number of 

sessions attended preoperatively was two and post-operatively three.  

Regarding physiotherapy, 73 of 181 patients saw a physiotherapist, 24 pre-

operatively with an average of one and a half sessions. 

Four patients who had filled in questionnaires stated they had radiotherapy 

and 1 patient had ADT.  This could imply a potential bias in people who are 

completing these questionnaires. 

4.3.8. Interrelated scoring systems 

In this analysis we evaluated potentially clinically significant associations 

between health-related quality of life measures including the effect of 

decisional conflict on HADS scores and PCaRQOL subdomains including 

cancer control, regret and outlook.  Additionally the effect of HADS scores 

(anxiety and depression) on overall EPIC scores and all domains of 

PCaRQOL were analysed.  The effect of SHIM score on sexual confidence 

and regret was observed and also informed decision on regret. 

Statistically significant associations were demonstrated between higher 

decisional conflict scores pre-operatively and low PCa related outlook scores 

at 12-months.  Higher HADS anxiety scores were found to be associated with 

higher overall PCa related QOL on EPIC-CP, lower urinary control scores, 

lower sexual confidence scores, lower marital affection scores, lower 

masculine self-esteem scores and greater regret.  Regarding higher HADS 

depression scores, associations were found with higher EPIC score overall, 

lower urinary control, marital affection, lower masculine self-esteem, higher 

regret and lower outlook scores.   

Additionally there were a positive correlation between improved erectile 

function scores on SHIM and higher sexual confidence at 12-months.  Finally 
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the more informed a patient felt at 12 months after RARP the less regret was 

experienced at that time. 

No association was demonstrated between decisional conflict scores pre-

operatively and HADS anxiety and depression scores, cancer control or regret 

scores at 12-months.  There was no association of HADS anxiety scores at 12 

months on cancer control, informed decision, outlook, PSA concern or SHIM 

scores at 12-months.  Additionally no association was found between HADS 

depression scores at 12-months and sexual confidence, cancer control, 

informed decision, PSA concern or SHIM scores at 12-months 
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4.3.8.a. DCS	vs.	HADS	depression	score	at	12	months	(p=0.3)	

There is no correlation between difficulty in implementing a decision pre-

operatively and experiencing clinically significant depression at 12-months 

post-operatively. 

Table 4.32 Summary of DCS according to HADS depression scores 

 

  HADS depression score at 12 
months 

 

Variable  0-7 8-21 P-value 

DCS score (at 

baseline) 

<25 23 (68% [49 - 83]) 1 (33% [1 - 91]) 
0.30 

  ≥25 11 (32% [17 - 51]) 2 (67% [9 - 99]) 

  Missing 19 3 

 

 

Figure 4.12 Association between DCS (pre-operatively) and HADS depression 
at 12-months 
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4.3.8.b. DCS	vs	HADS	anxiety	score	at	12	months	

 

There is no significant association between difficulty in implementing a 

decision to under RARP and clinically significant anxiety at 12-months post-

RARP. 

Table 4.33 Summary of HADS anxiety scores according to DCS 

  HADS anxiety score at 12 months  

Variable  0-7 8-21 P-value 

DCS score (at 

baseline) 

<25 21 (66% [47 - 81]) 3 (60% [15 - 95]) 0.95 

  ≥25 11 (34% [19 - 53]) 2 (40% [5 - 85]) 

  Missing 15 7 

 

Figure 4.13 Association between DCS (pre-operatively) and HADS anxiety at 12 
months 
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4.3.8.c. DCS	vs	PCaRQOL	cancer	control	score	at	12-months	

There is no significant association between problems implementing a decision 

to undergo RARP pre-operatively and concern over cancer control at 12-

months post-operatively. 

Table 4.34 Summary of PCaRQOL cancer control according to DCS 

  DCS 

Variable  <25 ≥25 
PCaRQOL cancer 

control score at 12 

months 

  

  

Mean (SD) 83.12 (15.17) 79.71 (26.58) 

Median [range] 85 [45 - 100] 80 [0 - 100] 

N 24 13 

Missing 0 0 

 

Figure 4.14 Association between DCS (pre-operatively) and PCaRQOL cancer 
control scores at 12-months 
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4.3.8.d. DCS	vs	PCaRQOL	regret	score	at	12-months	

There is no association between difficulty implementing a decision to undergo 

RARP pre-operatively and regret for undertaking the procedure at 12 months 

post-operatively. 

Table 4.35 Summary of PCaRQOL regret score according to DCS 

 

 

 

 

 

Figure 4.15 Association between DCS (pre-operatively) and PCaRQOL regret 
scores at 12-months 
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  DCS 

Variable  <25 ≥25 

PCaRQOL regret score 

at 12 months 

  

  

Mean (SD) 7.71 (16.22) 14.13 (20.38) 

Median [range] 0 [0 - 55] 0 [0 - 55] 

N 24 13 

Missing 0 0 
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4.3.8.e. DCS	vs	PCaRQOL	outlook	score	

Difficulty initiating a decision to undergo RARP pre-operatively on DCS was 

associated with lower PCa outlook at 12-monts, however the variation in 

outlook score that is explained by DCS scores is low (13.3%). 

 

Table 4.36 Summary of PCaRQOL outlook score according to DCS 

  DCS 

Variable  <25 ≥25 

PCaRQOL outlook 

score at 12 months 

  

  

Mean (SD) 60.94 (31.78) 38.46 (29.96) 

Median [range] 68.75 [0 - 100] 50 [0 - 87.5] 

N 24 13 

Missing 0 0 

 

 

Figure 4.16 Association between DCS (pre-operatively) and PCaRQOL outlook 
scores at 12 months 
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4.3.8.f. HADS	anxiety	vs	Total	EPIC-CP	score		

Clinically significant scores for anxiety on HADS at 12-months were 

associated with higher overall HR QOL scores on EPIC-CP at 12-months. 

Table 4.37 Summary of total EPIC-CP score according to HADS anxiety score 

  HADS anxiety score at 12 months 

Variable  0-7 8-21 

Total EPIC-CP score at 

12 months  

   

Mean (SD) 12.18 (7.13) 20.83 (5.62) 

Median [range] 11 [2 - 33] 21.5 [13 - 29] 

N 46 12 

Missing 1 0 

 

Figure 4.17 Association between HADS anxiety score at 12 months and total 
EPIC-CP score at 12-months 
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4.3.8.g. HADS	depression	at	12	months’	vs	total	EPIC-CP	score	

Clinically significant scores for depression on HADS at 12-months were 

associated with higher EPIC-CP score at 12 months. 

Table 4.38 Summary of Total EPIC-CP score according to HADS depression 
score 

  HADS depression score at 12 
months 

Variable  0-7 8-21 

Total EPIC-CP score at 

12 months  

   

Mean (SD) 12.51 (6.55) 26.67 (4.03) 

Median [range] 12 [2 - 31] 26.5 [22 - 33] 

N 52 6 

Missing 1 0 

 

Figure 4.18 Association between HADS depression score at 12-months and 
total EPIC-CP score at 12-months 
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4.3.8.h. HADS	anxiety	vs	PCaRQOL	urinary	control	

Clinically significant scores for anxiety at 12-months were significantly 

associated with worse PCaRQOL urinary control at 12-months 

Table 4.39 Summary of PCaRQOL urinary control score according to HADS 
anxiety score at 12-months 

  HADS anxiety score at 12 months 

Variable  0-7 8-21 

PCaRQOL urinary 

control score at 12 

months 

Mean (SD) 93.29 (10.28) 74.48 (25.06) 

Median [range] 96.88 [53.13 - 100] 79.69 [15.63 - 100] 

N 47 12 

Missing 0 0 

 

Figure 4.19 Association between HADS anxiety score at 12-months and 
PCaRQOL urinary control score at 12-months. 
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4.3.8.i. HADS	anxiety	vs	PCaRQOL	sexual	confidence	

Clinically significant scores for anxiety at 12-months post-operatively are 

significantly associated with lower sexual confidence at 12-months post-

operatively.  However the R2 is very low at 7.4% variation in sexual 

confidence scores explained by HADS anxiety scores. 

Table 4.40 Summary of PCaRQOL sexual confidence score according to HADS 
anxiety score 

  HADS anxiety score at 12 
months 

Variable  0-7 8-21 

PCaRQOL sexual 

confidence  score 

at 12 months 

Mean (SD) 29.12 (27.39) 6.25 (12.78) 

Median 

[range] 

21.88 [0 - 93.75] 0 [0 - 43.75] 

N 44 12 

Missing 3 0 

 

Figure 4.20 Association between HADS anxiety score at 12-months and 
PCaRQOL sexual confidence score at 12-months 
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4.3.8.j. HADS	anxiety	vs	PCaRQOL	marital	affection	

Clinically significant scores for anxiety at 12-months were significantly 

associated with lower marital affection scores at 12-months post-operatively. 

Table 4.41 Summary of PCaRQOL marital affection score according to HADS 
anxiety score 

  HADS anxiety score at 12 months 

Variable  0-7 8-21 

PCaRQOL marital 

affection score at 12 

months 

Mean (SD) 90.81 (16.64) 61.67 (23.96) 

Median [range] 100 [25 - 100] 62.5 [33.33 - 100] 

N 39 10 

Missing 8 2 

 

Figure 4.21 Association between HADS anxiety score at 12 months and 
PCaRQOL marital affection score at 12-months 
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4.3.8.k. HADS	anxiety	vs	PCaRQOL	masculine	self	esteem	

Clinically significant anxiety at 12-months was associated with lower 

masculine self-esteem scores at 12-months post-operatively. 

Table 4.42 Summary of PCaRQOL masculine self-esteem score according to 
HADS anxiety score 

  HADS anxiety score at 12 months 

Variable  0-7 8-21 

PCaRQOL masculine 

self esteem score at 12 

months 

Mean (SD) 88.07 (16.63) 37.50 (19.74) 

Median [range] 93.75 [31.25 - 100] 34.38 [12.5 - 65.63] 

N 47 12 

Missing 0 0 

 

Figure 4.22 Association between HADS anxiety score at 12-months and 
PCaRQOL masculine self-esteem score at 12-months 
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4.3.8.l. HADS	anxiety	vs	PCaRQOL	cancer	control	

There was no association between HADS anxiety scores at 12-months and 

PCaRQOL cancer control scores at 12-months post-operatively. 

Table 4.43 Summary of PCaRQOL cancer control score according to HADS 
anxiety score 

  HADS anxiety score at 12 months 

Variable  0-7 8-21 

PCaRQOL cancer 

control score at 12 

months 

Mean (SD) 81.41 (22.33) 74.17 (16.35) 

Median [range] 85 [0 - 100] 77.5 [45 - 95] 

N 47 12 

Missing 0 0 

 

Figure 4.23 Association between HADS anxiety score at 12-months and 
PCaRQOL cancer control score at 12-months 
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4.3.8.m. HADS	anxiety	vs	PCaRQOL	informed	decision	

There is no association between clinically significant anxiety scores on HADS 

at 12-months and feeling informed of treatment decisions score at 12-months. 

Table 4.44 Summary of PCaRQOL informed decision score according to HADS 
anxiety score 

  HADS anxiety score at 12 months 

Variable  0-7 8-21 

PCaRQOL informed 

decision score at 12 

months 

Mean (SD) 83.09 (24.55) 82.08 (17.25) 

Median [range] 90 [0 - 100] 87.5 [45 - 100] 

N 47 12 

Missing 0 0 

 

Figure 4.24 Association between HADS anxiety score at 12-months and 
PCaRQOL informed decision score at 12-months 
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4.3.8.n. HADS	anxiety	vs	PCaRQOL	regret	

Clinically significant anxiety at 12-months was associated with higher levels of 

regret 12-months after RARP.  However variation in regret score explained by 

HADS anxiety score is only 9.2%.  Regret score did not differ significantly 

between patients with HADS anxiety scores <8 compared to patients who 

scored ≥8. 

Table 4.45 Summary of PCaRQOL regret score according to HADS anxiety 
score 

  HADS anxiety score at 12 
months 

Variable  0-7 8-21 

PCaRQOL regret 

score at 12 months 

Mean (SD) 7.85 (14.76) 21.67 (26.91) 

Median 

[range] 

0 [0 - 55] 15 [0 - 85] 

N 47 12 

Missing 0 0 

 

Figure 4.25 Association between HADS anxiety score at 12 months and 
PCARQOL score at 12-months 
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4.3.8.o. HADS	anxiety	vs	PCaRQOL	outlook	

There was no association between clinically significant anxiety at 12-months 

and outlook towards PCa 12-months post-prostatectomy. 

Table 4.46 Summary of PCaRQOL outlook score according to anxiety score 

  HADS anxiety score at 12 months 

Variable  0-7 8-21 

PCaRQOL outlook 

score at 12 months 

Mean (SD) 51.86 (33.98) 36.46 (33.05) 

Median [range] 50 [0 - 100] 37.5 [0 - 100] 

N 47 12 

Missing 0 0 

 

Figure 4.26 Association between HADS anxiety score at 12-months and 
PCaRQOL outlook score at 12-months 
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4.3.8.p. HADS	anxiety	vs	PCaRQOL	PSA	concern	

Clinically significant anxiety at 12-months was not associated with higher PSA 

concern scores at 12-months. 

Table 4.47 Summary of PCaRQOL PSA concern score according to HADS 
anxiety score 

  HADS anxiety score at 12 months 

Variable  0-7 8-21 

PCaRQOL PSA 

concern score at 12 

months 

Mean (SD) 68.09 (31.15) 64.58 (34.47) 

Median [range] 75 [0 - 100] 62.5 [12.5 - 100] 

N 47 12 

Missing 0 0 

 

Figure 4.27 Association between HADS anxiety score at 12-months and 
PCaRQOL PSA concern score at 12-months 
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4.3.8.q. HADS	anxiety	vs	PCaRQOL	health	worry	

Clinically significant anxiety on HADS at 12-months was significantly 

associated with greater PCa-related health worry at 12-months. 

Table 4.48 Summary of PCaRQOL health worry according to HADS anxiety 
score 

  HADS anxiety score at 12 months 

Variable  0-7 8-21 

PCaRQOL health 

worry score at 12 

months 

Mean (SD) 9.40 (13.97) 24.31 (19.69) 

Median [range] 4.17 [0 - 58.33] 20.83 [0 - 70.83] 

N 47 12 

Missing 0 0 

 

 

Figure 4.28 Association between HADS anxiety score at 12-months and 
PCaRQOL health worry score at 12-months 
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4.3.8.r. HADS	depression	vs	PCaRQOL	urinary	control	

Clinically significant scores for depression were associated with lower urinary 

control at 12-months. 

Table 4.49 Summary of PCaRQOL urinary control score according to HADS 
depression score 

  HADS depression score at 12 months 

Variable  0-7 8-21 

PCaRQOL urinary 

control score at 12 

months 

Mean (SD) 92.22 (11.78) 65.11 (28.19) 

Median [range] 96.88 [50 - 100] 65.62 [15.63 - 93.75] 

N 53 6 

Missing 0 0 

 

Figure 4.29 Association between HADS depression score at 12-months and 
PCaRQOL urinary control score at 12-months 
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4.3.8.s. HADS	depression	vs	PCaRQOL	sexual	confidence	

Clinically significant depression at 12-months was not associated with sexual 

confidence scores at 12-months. 

Table 4.50 Summary of PCaRQOL sexual confidence score according to HADS 
depression scores 

  HADS depression score at 12 months 

Variable  0-7 8-21 

PCaRQOL sexual 

confidence l score at 

12 months 

Mean (SD) 26.38 (27.30) 6.25 (7.91) 

Median [range] 15.62 [0 - 93.75] 3.12 [0 - 18.75] 

N 50 6 

Missing 3 0 

 

Figure 4.30 Association between HADS depression score at 12-months and 
PCaRQOL sexual confidence score at 12-months 
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4.3.8.t. HADS	depression	vs	PCaRQOL	marital	affection	

Clinically significant depression on HADS at 12-months was associated with 

lower marital affection scores at 12-months. 

Table 4.51 Summary of PCaRQOL marital affection score according to HADS 
depression score 

  HADS depression score at 12 months 

Variable  0-7 8-21 

PCaRQOL marital 

affection score at 12 

months 

Mean (SD) 87.40 (19.87) 66.67 (26.88) 

Median [range] 100 [25 - 100] 66.66 [33.33 - 100] 

N 43 6 

Missing 10 0 

 

Figure 4.31 Association between HADS depression score at 12-months and 
PCaRQOL marital affection score at 12-months 
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4.3.8.u. HADS	depression	vs	PCaRQOL	masculine	self	esteem	

Clinically significant depression scores on HADS at 12-months were 

associated with lower masculine self-esteem scores at 12-months. 

Table 4.52 Summary of PCaRQOL masculine self-esteem score according to 
HADS depression score 

  HADS depression score at 12 months 

Variable  0-7 8-21 

PCaRQOL masculine 

self esteem score at 12 

months 

Mean (SD) 81.58 (23.68) 44.27 (30.96) 

Median [range] 90.63 [12.5 - 100] 34.38 [12.5 - 100] 

N 53 6 

Missing 0 0 

 

Figure 4.32 Association between HADS depression score at 12-months and 
PCaRQOL masculine self-esteem score at 12-months 
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4.3.8.v. HADS	depression	vs	PCaRQOL	cancer	control	

Clinically significant depression on HADS at 12-months were not associated 

with concern for cancer control at 12-months. 

Table 4.53 Summary of PCaRQOL cancer control score according to HADS 
depression score 

  HADS depression score at 12 months 

Variable  0-7 8-21 

PCaRQOL cancer 

control score at 12 

months 

Mean (SD) 79.55 (22.37) 83.33 (7.53) 

Median [range] 85 [0 - 100] 80 [75 - 95] 

N 53 6 

Missing 0 0 

 

Figure 4.33 Association between HADS depression score at 12-months and 
PCaRQOL cancer control score at 12-months 
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4.3.8.w. HADS	depression	vs	PCaRQOL	informed	decision	

Clinically significant depression on HADS at 12-months as not associated with 

informed decision score at 12-months. 

Table 4.54 Summary of PCaRQOL informed decision score according to HADS 
depression score 

  HADS depression score at 12 months 

Variable  0-7 8-21 

PCaRQOL informed 

decision score at 12 

months 

Mean (SD) 84.81 (22.89) 65.83 (19.08) 

Median [range] 90 [0 - 100] 67.5 [45 - 95] 

N 53 6 

Missing 0 0 

 

Figure 4.34 Association between HADS depression score at 12-months and 
PCaRQOL informed decision score at 12-months 
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4.3.8.x. HADS	depression	vs	PCaRQOL	regret	

Clinically significant depression scores on HADS at 12-monhts were 

associated with higher regret for undertaking RARP at 12-months. 

 

Table 4.55 Summary of PCaRQOL regret score according to HADS depression 
score 

  HADS depression score at 12 months 

Variable  0-7 8-21 

PCaRQOL regret score 

at 12 months 

Mean (SD) 6.67 (13.14) 45.83 (22.68) 

Median [range] 0 [0 - 55] 40 [25 - 85] 

N 53 6 

Missing 0 0 

 

Figure 4.35 Association between HADS depression score at 12-months and 
PCaRQOL regret score at 12 months 
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4.3.8.y. HADS	depression	vs	PCaRQOL	outlook	

Clinically significant depression on HADS at 12-months was associated with 

worse PCa related outlook at 12-months.  Outlook score did not differ 

significantly between patients with HADS depression scores <8 compared to 

patients who scored ≥8. 

Table 4.56 Summary of PCaRQOL outlook score according to HADS 
depression score 

  HADS depression score at 12 months 

Variable  0-7 8-21 

PCaRQOL outlook 

score at 12 months 

Mean (SD) 51.18 (34.43) 27.08 (22.94) 

Median [range] 50 [0 - 100] 31.25 [0 - 50] 

N 53 6 

Missing 0 0 

 

Figure 4.36 Association between HADS depression score at 12-months and 
PCaRQOL outlook score at 12-months 
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4.3.8.z. HADS	depression	vs	PCaRQOL	PSA	concern	

Clinically significant depression on HADS at 12-months was not associated 

with higher PSA concern scores at 12-months. 

Table 4.57 Summary of PCaRQOL PSA concern score according to HADS 
depression score 

  HADS depression score at 12 months 

Variable  0-7 8-21 

PCaRQOL PSA 

concern score at 12 

months 

Mean (SD) 70.05 (30.65) 43.75 (32.36) 

Median [range] 75 [0 - 100] 31.25 [12.5 - 100] 

N 53 6 

Missing 0 0 

 

Figure 4.37 Association between HADS depression score at 12-months and 
PCaRQOL PSA concern score at 12-months 
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4.3.8.aa. HADS	depression	vs	PCaRQOL	health	worry	

Clinically significant depression on HADS at 12-months was associated 

greater PCa-related health worry at 12-months. 

Table 4.58 Summary of PCaRQOL PSA concern according to HADS depression 
score 

 

  HADS depression score at 12 months 

Variable  0-7 8-21 

PCaRQOL health 

worry score at 12 

months 

Mean (SD) 11.16 (16.05) 23.61 (15.06) 

Median [range] 4.17 [0 - 70.83] 18.75 [8.33 - 

41.67] N 53 6 

Missing 0 0 

 

 

Figure 4.38 Association between HADS depression score at 12-months and 
PCaRQOL health worry score at 12-months 
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4.3.8.bb. HADS	anxiety	vs	SHIM	

There was no association between clinically significant anxiety on HADS at 

12-months and lower SHIM scores at 12-months. 

Table 4.59 Summary of SHIM scores according to HADS anxiety score 

  HADS anxiety score at 12 months  

Variable  0-7 8-21 P-value 

SHIM score at 12 

months 

  

  

1-16 38 (86% [73 - 95]) 11 (100% [72 - 100]) 
0.23 

17-25 6 (14% [5 - 27]) 0 (0% [0 - 28]) 

Missing 3 1 

 

Figure 4.39 Association between SHIM score at 12-months and HADS anxiety 
at 12-months 
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4.3.8.cc. HADS	depression	vs	SHIM	

There was no association between clinically significant depression on HADS 

at 12-months and lower SHIM scores at 12-months. 

Table 4.60 Summary of SHIM scores according to HADS depression scores 

 

  HADS depression score at 12 months  

Variable  0-7 8-21 P-value 

SHIM score at 12 

months 

  

  

1-16 43 (88% [75 - 95]) 6 (100% [54 - 100]) 
0.48 

17-25 6 (12% [5 - 25]) 0 (0% [0 - 46]) 

Missing 4 0 

 

Figure 4.40 Association between SHIM score at 12-months and HADS 
depression at 12-months 
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4.3.8.dd. SHIM	vs	PCaRQOL	sexual	confidence	

Lower erectile function on SHIM at 12-months was associated with lower 

sexual confidence scores at 12-months. 

Table 4.61 Summary of PCaRQOL sexual confidence score according to SHIM 
score 

  SHIM  score at 12 months 

Variable  0-16 17-25 

PCaRQOL sexual 

confidence score at 12 

months 

Mean (SD) 19.97 (21.60) 61.46 (34.33) 

Median [range] 12.5 [0 - 75] 62.5 [0 - 93.75] 

N 46 6 

Missing 3 0 

 

Figure 4.41 Association between SHIM score at 12-months and PCaRQOL 
sexual confidence score at 12-months 
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4.3.8.ee. PCaRQOL	informed	decision	vs	PCaRQOL	regret		

Patients who felt more informed at 12-months experienced less regret 

regarding their decision to undergo RARP at 12-months. 

Figure 4.42 Association between PCaRQOL informed decision at 12-months 
and PCaRQOL regret score at 12-months 
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4.4. Paper 2: Transition from open to robotic-assisted radical 

prostatectomy in the public sector in Victoria A single-

centre comparison of 100 consecutive cases 
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4.5. Discussion 

Robotic surgery in the Victorian public health system has changed patterns of 

care of radical prostatectomy and has led to significant improvements in 

health outcomes reflecting that observed internationally.   With increasing 

adoption of robotic surgery in Australia and a second robot being installed in 

the Victorian public sector in April of 2013, this effect will be heightened. 

Interestingly despite an overall increase in the incidence of prostate cancer, 

the numbers of patients undergoing RP in Victoria has declined both in the 

public and private sector, 17.3% and 9.6% respectively over the last three 

years.  This decline is consistent with increasing rates of active surveillance 

(AS) in low risk PCa and therefore fewer patients undergoing active treatment.  

This trend is in contrast to the increasing rates of RP performed in Victorian 

patients diagnosed with localised disease from 13.5% in 1993(29) to 43.9% in 

2011(28).   

Weerakoon et al showed of all low and intermediate NCCN risk patients 

identified in the Victorian PCR 14.6% (912/6221) were on AS with the number 

of men in Victoria progressing to intervention lower than what is shown in the 

international literature(139).  Australia has high rates of AS compared to other 

countries in the world and hence the number undergoing RP may continue to 

decline or stabilise in the coming years. 

RARP is the dominant surgical approach to RP in Victoria in 2012-13 over 

both health sectors (47%) and privately (53%).  In the Victorian public sector 

ORP still remains the dominant approach performed 58% of the time in 2012-

13, however rates are expected to decrease to 48% for the current financial 

year.  At this rate RARP will overtake ORP in mid-2014 as the preferred 

approach with projected estimates at 36% for the 2013-14 year.  Rates of 

LRP in the public system have remained fairly stable over recent years at 

around 17%.   
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Evans and colleagues documented that between 2008-2011 of those 

undergoing RP in the public and private sector, 65.3% had ORP, 20% RARP 

and 7.4% LRP.  In contrast in the 2012-13 financial year 47% had ORP, 44% 

RARP and 10% LRP exemplifying the fast shifting paradigm towards robotic 

surgery.  Of all cases around three-quarters are performed privately which 

has remained fairly constant over the last 3 years.   

Prior to the installation of the da Vinci robot at Peter Mac in July 2010, our 

institution was performing approximately 12-14 ORPs per year.  Most recently 

in 2012-13 90 RARP were performed at Peter Mac, representing significant 

changes in referral patterns within the state.   There has been an absolute 

increase of 4% in the number of patients undergoing RP in metropolitan 

hospitals in the public sector from 2010-11 to 2012-13 for all approaches 

(75.3% to 79.3%).  Therefore it is likely a portion of patients who were 

previously having RP performed rurally is now being referred to larger 

metropolitan centres. Consistent with this is a greater proportion of Peter Mac 

patients (9%) compared to the overall cohort undergoing RP (3.5%) coming 

from interstate for their treatment.  Thus we accept our first hypothesis to be 

correct, RARP has significantly influenced patterns of care of RP and will 

become the dominant approach in the Victorian public health system. 

Improvements in peri-operative outcomes with the robotic approach are well 

documented in the literature specifically LOS and EBL.  Our results from the 

Peter Mac prospectively collected database (n=254) show an ALOS of 1.3 

days, median of 1 day with 84% and 94% of patients discharged by day one 

and two respectively.  The VAED, a subset of this Peter Mac database (n= 

208), showed a significantly improved ALOS of 1.43 days for Peter Mac 

robotic patients compared to 3.57 days with the laparoscopic and 4.84 days 

with the open approach in the Victorian public health system (p<0.001).  

Furthermore, in the comparison of 50 early robotic and 50 open cases at 

Peter Mac there is a significant four-day reduction in median LOS (5 vs 1 day; 

p<0.001).  In this analysis, patient discharge by day one and two was 0% and 

2% with ORP compared to 80% and 92% with RARP respectively.  These 

results of RARP compare well with international series which show an ALOS 
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of 1.9 days(49). Therefore we have demonstrated within our own institution 

and the Victorian public health system that the introduction of the robotic 

technology has significantly reduced LOS and our results compare favourably 

to international literature. 

Regarding LOS in the private sector, we have demonstrated significant 

improvements in LOS with the minimally invasive approach over open (3.07 v 

5.24 days; p<0.001).  When comparing public and private sectors, public LOS 

is significantly shorter regardless of approach and it is likely there are ‘cultural’ 

reasons for this.   Importantly patient education and expectations around early 

discharge have been shown to facilitate shorter LOS, this is emphasised at 

Peter Mac.  Secondarily, less financial pressure in the private system may 

also account for this longer ALOS.  A previous systematic review of RP in 

Australasia showed LOS for LRP to be 2.87 days compared to 2.85 days for 

RARP.  As most included studies were from private sector experience this 

LOS for RARP in Australasia compared similarly to the MIP private cohort in 

Victoria (3.07 days), which includes a small portion of laparoscopic patients. 

EBL and blood transfusion rates in a large international meta-analysis were 

166mls and 2% respectively for RARP.  Our results compare well with the 

same EBL (166mls) and a zero blood transfusion requirement at Peter Mac to 

date. Robotic technology has significantly improved transfusion rate 

compared to LRP (6%) and ORP (15%) in the Victorian public sector 

(p<0.001).  In our comparison of robotic and open cases at Peter Mac, blood 

transfusion rate improved with RARP (0% vs 6%; p=0.24) however this wasn’t 

statistically significant due to the small sample size.  In an Australian meta-

analysis transfusion occurred in 8% of cases for LRP and 1.7% for RARP.  

Our results of RARP within the Victoria public system also compare 

favourably to national data. 

Regarding operative time, Peter Mac’s RARP cases take longer at 224.2 mins 

compared to international figures at 152 minutes(49).  The ARCaSP at Peter 

Mac is an internationally recognised robotic teaching institution where trainees 

and fellows perform up to 80% of RARP cases.  This comes at a cost to 
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operating time and given this commitment to training the next generation of 

robotic surgeons, it is unlikely the mean operative time will significantly 

decrease going forward.  There are currently four consultants performing 

RARP at Peter Mac, one whom has transitioned to from open to robotic 

surgery and experienced an initial learning curve in operative time.  

Throughout the world different methods are used for documenting 

complication rates making comparisons between series difficult.  Increasingly 

the urological community are adopting the Clavien-Dindo Classification as the 

standardised methodology(109).  Regardless of method a commitment to 

conscientious monitoring has been shown to reduce complications(57).   Our 

RARP rates are 27.6% overall with Clavien I to V grading in order of 8.3%, 

14.6%, 4.3%, 0.4% and no deaths.  Novara et al in their meta-analysis 

comparatively show rates of 9% total with grade I to V rates of 4%, 3% 2%, 

0.4% and 0.02%. Peter Mac’s complication rate overall is greater than any of 

the rates in this meta-analysis (range up to 26%), however the primary 

difference is in minor complication rates (I-II: 22.9% v 7%).  A large proportion 

of Peter Mac’s Clavien II category (26/37, 70%) are made up of patients who 

required antibiotics for wound infection, UTI or an undocumented cause.  Our 

nurses follow patients fastidiously in the days and weeks after surgery before 

their first medical review and document electronically any antibiotics that are 

initiated by the general practitioner.  Many hospitals would fail to capture such 

events as accurately therefore we suspect this account is a more accurate 

representation of the true complication rates. 

Our comparison of open and robotic cases revealed no statistically significant 

difference in complications however the greater rates of minor complications 

observed (34% v 22%; p=0.24) in the open group were mostly attributable to 

the greater blood transfusion requirement.  Within the VAED data, we 

attempted to compare individual complications for all surgical approaches 

however the accuracy of the data relies on appropriate documentation of 

complications by medical staff in hospital notes and accuracy of coding by 

medial administration.  Therefore it is likely co-morbidities and complications 

are significantly underestimated from the figures in Appendix I.  For example, 
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rates of hypertension in the RARP cohort are 2% in the VAED, however the 

AIHW reports that 32% of all men over age 25 have high blood pressure(140).  

Other comparisons between surgical approaches internationally have found 

comparable complication rates, 10.3% ORP, 10.98% LRP and 10.3% RARP.    

With respect to our initial hypothesis complications rates of robotic 

prostatectomy are at least comparable to other surgical approaches, with no 

statistically significant improvement demonstrable in the Victorian public 

system to date.  Lack of standardised reporting systems hinders the ability to 

draw definitive conclusions also. 

Positive surgical margins were found in 27% of all RARP patients with 16.3% 

in pT2 tumours and 47.1% in pT3 tumours.  This is somewhat improved from 

the early Peter Mac experience of the first 50 cases where 30% had PSMs 

overall, and 19% in pT2 and 53% in pT3. In the comparison with ORP, trends 

to improved PSM rates were observed for the robotic approach but the 

differences were not statistically significant.  ORP PSM rates were 40% 

overall (p=0.4), 32% for pT2 (p=0.26) and 56% for pT3 (p>0.99).   With a 10% 

absolute difference in PSM rates in this study in favour of RARP, it is plausible 

that with a larger sample size this difference may become meaningful.   

At the conclusion of this research, Yaxley et al. published the results of the 

Brisbane RCT comparing RARP versus ORP in the Lancet(147).  PSM rates 

were 10% in the ORP group and 15% in the RARP cohort.  Superiority testing 

showed that the two proportions were not significantly different.  Given only 

short term outcomes have been reported, to 12 weeks, there is no further 

oncological data reported and longer term follow up is required. 

However in meta-analysis of comparative studies no difference has been 

shown between RARP and ORP or RARP and LRP margin rates(58).  

Cathcart et al in a review of Australasian PSM results showed significant 

variation between studies with total PSM rates between 12% to 46.7% for 

open, 8% to 23% for LRP and 15.5% to 21.2% for RARP cases. 
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The PCR observed overall PSM rates in the public and private sector to be 

27.2% with 16.1% pT2 and 50.7% pT3 tumours.  However PSM rates were 

significantly greater in the public sector (p<0.001).  The Peter Mac public 

RARP experience reports significantly improved PSM rates overall compared 

to the PCR public hospital data overall (26.7% V 34.9%; p=0.025) however by 

pathological stage differences were not statistically significant for pT2 tumours 

(16.3% V 21.8%; p=0.18) or pT3 tumours (47.1% V 54.6%; p=0.31).  

The RMH recently reported their early experience of robotic surgery in the 

second Victorian public hospital demonstrating PSM rates of 40% overall 

(10/25); 28.6% pT2 and 54.5% pT3 tumours(141).  On an international scale, 

Novara et al in a large meta-analysis showed PSM rates to be 15% overall for 

RARP series with 9% pT2 and 37% pT3 tumours.  Comparatively the 

experience in Victoria and Australia demonstrates higher rates of PSM overall 

and by pathological stage particularly in the public system.  This may in part 

be explained by significant trainee input into cases.  

PSM status is used as a surrogate oncological marker as it has been shown 

to be significantly associated with BCR and OF.  In the literature BCR is the 

most commonly reported measure of oncological outcome.  Our data showed 

that 8.4% experienced BCR at a mean of 12.6 months’ follow-up. Compared 

to an earlier Australian private series of 400 patients, Murphy et al show BCR 

rates of 13.3% at 22 months follow up(43).  In the review of Australasian 

studies, BCR for ORP varies and was reported between 13.8-45% at a mean 

follow up 32.3-108 months.  In the Victorian public sector, RARP rates of BCR 

are promising compared to Australia wide and international data however is 

limited to short and medium term results.  Longer-term data is required to 

make accurate comparisons to other RARP datasets and other surgical 

approaches. 

In a large analysis of 1384 patients at a high volume tertiary centre, Menon et 

al report BCFS rates of 95.5% and 90.6% at one and three years 

respectively(61).  In comparison, Peter Mac has demonstrated rates of 91.4% 

and 90.5% at one and three years respectively.  This data is limited by short 
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length of follow-up however early results are comparable and promising for 

RARP in the Victorian public health system. 

Oncological failure as a measure is potentially a more accurate marker of 

oncological success as it includes BCR but also those who have proceeded to 

adjuvant therapy for a high potential for recurrence.  In this instance our OF 

rates are 9.7% with OFFS of 90.8%, 89% and 85.4% at one, two and three 

years respectively.  Of 227 patients with oncological follow up in the Peter 

Mac RARP cohort, 15 (6.6%) have had some form of adjuvant therapy.  Nine 

patients underwent radiotherapy only, 3 patients ADT only, two patients have 

had radiotherapy then ADT sequentially and one patient with ADT then 

radiotherapy sequentially.  Seven patients are currently suspected of having 

micro-metastasis and will commence ADT once the PSA level reaches a pre-

determined level. 

On univariate analysis, significant predictors for time to BCR and OF were 

similar including pathological stage, pathological Gleason sum, biopsy 

Gleason sum, clinical stage, pre-operatively PSA level, D’Amico risk category, 

PSM status, ECE, LVI and SVI.  Of these, high pathological stage, high 

D’Amico risk and the presence of lympho-vascular invasion conferred the 

highest increased risk of BCR at 12.06, 12.06 and 14.88 times the lowest risk 

categories or absence of LVI respectively.   Multifocal tumours in comparison 

to single focus tumours displayed a trend towards increased BCR and OF but 

not significantly so.  Factors that were not predictors in our cohort included 

BMI, PSM length and PSM location.  Peri-neural invasion was not assessed.  

These factors have all previously been shown to be associated with BCR.   

Functional and quality of life outcomes have been comprehensively analysed 

in our cohort of RARP patients, however no comparative group was used for 

direct comparison.   An overall response rate of 67.7% with the highest rates 

for the preoperative (83.3%) and one-year (69.4%) time points.  There is no 

acceptable minimum standard for response rate to questionnaires however 

Johnson et al in a review of journal policy around the minimum response rates 

for publication, found that although none of the journals had formal policies, 
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one indicated that “only in ‘rare’ instances did a study with a response rate of 

less than 60% get accepted for publication”(142).  This has been highly cited 

since as an acceptable standard, therefore our overall response rate meets 

acceptable limits.   

In the earlier half of the year, response rates were approximately 10-20% 

lower than this, in order to increase rates several tactics were employed.  

Firstly a short individualised letter was hand written to patients requesting 

participation and thanking them for involvement in specific questionnaires that 

had been returned previously.  As a result a typed cover letter for each time 

point was removed, decreasing the volume of paperwork overall.  The total 

length of the questionnaires varied depending on the time point however most 

were 16 pages in length.  We consider this to be considerably lengthy despite 

steps taken to minimise the responder burden.  In light of this and the overall 

nature of the questions being somewhat ‘sensitive’, an overall response rate 

of 67.7% could be considered reasonably high.  It is likely patient expectations 

play a role here.  At Peter Mac we reinforce the importance of these 

questionnaires at the pre-operative RoCaP meeting and in telephone consults 

during our nurse led PCa clinic at various times post-operatively. 

The demographic of patients completing the questionnaires included a large 

proportion of married (73%) and Caucasian patients (93.7%), which begs the 

question of whether there is an element of responder bias introduced.  

Potentially these patients are more inclined to complete the questionnaires.  

With respect to work, most commonly patients were employed full time (43%); 

the potential for these patients to be busier was not a deterrent to completing 

the questionnaire. 

Family history of PCa was reviewed in the questionnaire.  A third of all 

patients (33%) had at least 1 relative and roughly a quarter (26.5%) with at 

least one first degree relative.  With this history we know these patients were 

at an increased risk of developing PCa in the first instance.  A research 

question that was not explored in this study is whether this subset of patients 

had a more aggressive phenotype, faster progressing tumour or higher 
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chance of BCR.  These questionnaires will be ongoing and this could be 

potentially explored in the future with a greater sample size of patients has 

been obtained with a family history. 

Urinary incontinence remains one of the most important causes of morbidity 

after radical prostatectomy.   Our full cohort of Peter Mac patients had 12-

month continence rates of 79% and 93% at 12-months using a zero and zero 

or security pad definition respectively.  Alternatively using our questionnaire 

dataset, continence rates of 81.4% using a zero pad and 94.9% using a zero 

or security pad definition were found.  

These results could equally be reported as 21% and 7% incontinence rates 

for zero pad or 18.6% and 5.1% for zero to security pad groups respectively.   

These figures fall within the range of results demonstrated in the large meta-

analysis by Ficarra and Colleagues.  Incontinence rates were reported as 

16% (4-31%) at 12 months using a zero pad definition and 9% (8-11%) rate at 

12 months using a zero or security pad definition(50).  This also compares 

favourably to the early account of RARP in an Australian private hospital, 

91.4% continence with a zero or security pad definition at 12-months(43).  

Therefore from a continence perspective we have safely integrated RARP into 

the Victorian public health system with at least comparable results to large 

Australian private sector and international experience. 

The Brisbane based RCT by Yaxley and colleagues that has held so much 

promise, has currently reported six and 12-week continence data based on 

the urinary domain of EPIC. This shows no difference between urinary 

continence scores in the RARP and ORP groups at either time interval(147).  

This is not surprising given the normal time to recovery.  Urinary continence 

scores are generally reported at the 12-month time frame.  This hypothesis 

has been criticised as not being realistic and “the notion that there would be a 

difference in sexual and urinary function at 12 weeks following ORP or RARP 

is fanciful”(148).  
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It is worth noting the RCT single surgeon comparison of LRP and RARP.  

Porpiglia et al. compared perioperative, functional and oncological outcomes.  

There was improved continence rate utilising RARP over LRP at 12 months in 

this study (95.0% over 83.3% respectively; p<0.042)(149). 

The EPIC-CP questionnaire also includes assessment of urinary continence.  

Urinary function and urinary incontinence mean scores worsen after 

prostatectomy, peaking at 3-months and stabilising by 12-months.  

Interestingly both decline at 24 and 36 months.  The same phenomenon is 

observed in the review of EPIC-CP scores post radical prostatectomy.  Parker 

et al report a stabilising of mean urinary function scores between 12 and 48 

months then a decline between 48 and 60 months(78).   In this study 36% of 

patients returned to their baseline urinary incontinence score at 12 months 

after ORP, comparatively a greater proportion (47%) returned to baseline in 

our cohort 12-months after RARP.  Mean urinary irritation/obstruction score 

did not deviate from baseline as much as urinary function and incontinence 

scores post-operatively.  Parker and colleagues observed similar results to 

our own with 81.3% returning to baseline compared to a slightly improved 

86% in the Peter Mac RARP cohort.    

Urinary control is also measured on the PCaRQOL questionnaire.  A mean 

score of 91 has been reported in a cohort of men without prostate cancer 

(control) and 84.5 in men with prostate cancer who haven’t undergone any 

form of active treatment(89).  Our men who underwent RARP had 

comparatively high mean scores of 83.32 at 3-months post op with 89.46 at 

12-months.  Once again we observe a reduction in score over time between 

12 and 36 months.   

Sexual function is significantly affected after RP with evidence of improved 

outcomes after RARP compared to ORP in the literature(51).   We reported 

rates of patients returning to baseline sexual symptom score of 24% after 

RARP at 12-months.  This compares favourably to the previously mentioned 

study where 21.8% return to baseline function was reported at 12-months(78).     

Commonly 12-month potency rates are reported for patients who are pre-
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operatively potent and undergo bilateral nerve sparing.  In our cohort only five 

patients of the 59 who had completed 12-month questionnaires met this 

criterion.  Of these no patients were potent based on a SHIM score 17 or 

greater definition.  This sample size is too small to be able to make any 

accurate comparisons to the literature. 

Patients performing a SHIM assessment were divided into those who were 

preoperatively potent (≥17) and those who were not, 11% of patients pre-

operatively potent were still potent at 12-months and no patients who had pre-

existing erectile dysfunction returned to potency at 12-months as might be 

expected.  A majority (87%) of patients who had pre-operative erectile 

dysfunction only achieved scores of one (minimum score) at 12-months post-

operative.  This indicates those patients who had very low confidence of 

obtaining an erection and did not attempt intercourse at all in this period.  This 

reinforces how significant of an impact RP has on erectile and sexual function. 

The large Brisbane RCT by Yaxley and colleagues, similarly to urinary 

function, reported no difference in sexual function (Sexual domain of EPIC an 

IIEF) at six and 12-weeks(147).  There is no surprise at these results given 

the normal time to recovery of sexual function is much greater and generally 

reported at the 12-month time interval.  Longer term follow up may still provide 

conclusive differences between groups.  In comparison, the RCT by Porpiglia 

et al showed significantly improved potency at 12-months of RARP over LRP 

treated with nerve sparing technique (80% versus 54.2% respectively; 

p<0.02)(149). Of note this is a single surgeon experience with a small sample 

size. 

Sexual confidence was examined in the PCaRQOL questionnaire and 

noticeably low scores were achieved after RARP.  Clark et al found men 

without prostate cancer, mean sexual confidence are 46.4 compared to men 

with prostate cancer (but with no active intervention) were 35(89).  

Comparatively our cohort after RARP showed a mean score 12-months post-

operatively of 24.2 demonstrating little improvement with time.  Additionally a 

positive correlation was noted between improved erectile function on SHIM 
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scores and higher levels of sexual confidence at 12-months post-operative.  

Depression and anxiety was not associated with reduced erectile function 12-

months post-RARP. 

Quality of life is an important outcome measure that is difficult to quantify and 

often not captured in a health outcome analyses.  Decisional conflict is 

common in decisions around prostate cancer management due to the variety 

of treatment options.  Difficulty with implementing a decision was noted in 

37% of patients and 3% experienced scores associated with decisional delay 

or feeling unsure about going ahead with RARP.  This compares well with a 

study of patients on active surveillance with 63% decisional difficulty and 19% 

rates of feeling unsure about treatment options(143). 

Anxiety and depression were measured using the HADS questionnaire in our 

study.  Pre-operatively, 22% of patients experienced anxiety and 4% of 

patients experience scores associated with clinically significant depression.  

These fluctuated very little at any of the post-operative time points, perhaps 

notably the largest increase from baseline the 3-month time point where 12% 

patients were noted to have significant depression scores.  These two 

conditions also appear interrelated as a clinically significant depression score 

at 12-months predicted for having a clinically significant anxiety score at 12-

months and vice versa.  A study by Sharpley et al reported 12% and 16% of 

patients met criteria for anxiety and depression respectively in a cohort of men 

just diagnosed with prostate cancer.  In comparison more of our men 

experienced significant anxiety but less experienced depression.   

Other quality of life measures on the PCaRQOLS include marital affection, 

masculine self-esteem, cancer control, informed decision, health outlook, 

health worry, regret and PSA concern.  In all cases there is very little 

fluctuation between baseline and post-operative scores, all confidence 

intervals increasing with the decreasing sample size at each time point, the 

later questionnaires must therefore be interpreted with some caution.  The 

most noticeable change over time however is in health outlook whereby mean 

scores decrease from 55.25 to 25 between three and 36-month 
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questionnaires.  However the sample size becomes quite small at the last 

time point (n=9). 

Between some of these HRQOL measures included in this questionnaire ‘set’ 

we were able to draw some clinically significant associations.  A statistically 

significant association was demonstrated between higher decisional conflict 

pre-operatively and worse PCa-related outlook scores at 12-months.  This 

could plausibly be related to a personality type or could be confounded by 

depression or anxiety.  Both depression and anxiety were found to be 

significantly associated with reduction of several QOL outcomes.  Clinically 

significant anxiety was associated with higher total PCa related QOL score on 

EPIC-CP, lower urinary control, lower sexual confidence, lower marital 

affection scores, lower masculine self-esteem and greater levels of regret.  

Similarly depression was significantly associated with all these outcomes and 

in addition lower outlook scores.   

How significant these associations truly are, is unclear as someone with 

depression who has not undergone RP, may experience the same 

associations such as lower sexual confidence and self-esteem. Finally the 

more informed patients felt at 12-months post-operative, the less regret was 

experienced.  Ongoing education may be a useful tool to ameliorate regret 

and maintain patient satisfaction and overall positivity after their RP 

procedure. 

4.6. Limitations 

Perhaps the greatest limitation of this study is that is it not randomised to 

other surgical approaches, this would greatly assist in drawing definitive 

conclusions.  In the analysis of LOS and blood transfusion rates, a large 

(n>5000) complete retrospective dataset from the VAED provides a complete 

and accurate means of comparison between approaches in the health and 

economic analysis.  Where direct comparison wasn’t available, results were 

assessed against previous Victorian based data or otherwise national and 
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international literature.  It must also be noted the limitation of retrospective 

analysis of a prospective database. 

With respect to the VAED analysis, several technical points limited our 

analysis.  A rigorous search refinement process was established to ensure 

only patients having undergone RP for localised prostate cancer were 

captured.  This refinement was performed across multiple datasets, which 

allowed us to achieve the information we required for specific outcomes.  We 

were unable to establish which patients had robotic or laparoscopic converted 

to open procedures from this dataset.  There were three patients in dataset 1 

who had duplicate records for an open and laparoscopic code.  Potentially 

these were cases converted however it is likely there are more that have not 

been captured in such a large dataset. 

Another difficulty with the data is that there is no code to distinguish a robotic 

from a laparoscopic procedure.  Fortunately, although the VAED did not 

identify each individual hospital in dataset one or two, they did identify Peter 

Mac patients and patient URN numbers.  This allowed us to accurately cross-

reference these patients against our records.  By selecting a date range to 

capture only Peter Mac RARP patients we were then able to make accurate 

comparisons between surgical approaches.  In the future, not having a robotic 

prostatectomy coding system will make it very difficult to perform such 

analysis and plan for service provision in Victoria for such a commonly 

performed procedure.   

Additionally, this dataset utilises a complex coding system of DRGs, ICD and 

ACHI codes which require an in depth understanding of the coding in the 

context of the ABF system in order to perform any analysis.  For some 

outcome measures such as length of stay, accurate record for every patient is 

essential for hospital reimbursement therefore there will be next to no error in 

this data.  Blood transfusion will require manual coding however its provision 

is readily identifiable from medical records and unlikely to be missed.  

Additionally the coding of a blood transfusion does not necessarily change 

reimbursement to the hospital so if there was any doubt over whether 
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hospitals were attempting to extract additional funds through coding this item, 

this would not be the case.  It is open to discussion as to whether funding 

influences hospital coding, although this should not occur as codes of conduct 

exist to prevent such activity. 

Other variables including pelvic lymphadenectomy rates, ICU stay, DRG 

M01A/B, comorbidities and complications appear to be subject to some 

variability and therefore our analysis of these outcomes is limited.  Pelvic LAD 

rates rely on the theatre team entering the correct code at the time of the 

operation.  This is an uncommon procedure so often the code for laparoscopic 

prostatectomy without pelvic LAD is provided.  This leads to an 

underestimation of the true rates from the VAED and an inaccurate 

comparison.  Reimbursement is provided privately for performing pelvic LAD 

hence these rates may be recorded more accurately.    

Additionally our review of specific comorbidities and complications in this 

dataset demonstrates very low rates, which aren’t consistent with rates 

observed in the general population.  This underestimation is either due to 

comorbidities and complications not being documented appropriately in the 

medical notes or coders not accurately recording them.  Interestingly, as 

discussed in section 2.1.6.b.ii, prior to 2013-14 a M01A (resource intense) 

patient who undergoes RP yet is discharged by day 1 did not attract as high 

reimbursement as if that same person stayed 2 days or was a M01B patient.   

Therefore there is no financial incentive to the hospital to ‘look for’ the co-

morbidities and complications that might elevate them from a M01B to M01A 

patient.    

Another potential limitation is the methodology used to predict future patterns 

of care.  Coincidentally the changes over time of each surgical approach fell in 

a linear pattern.  This was used to predict future patterns of care, however 

with the addition of the second robot to the Victorian public system and 

gathering momentum of the robotic approach, it is likely the RARP figures will 

have been underestimated and ORP overestimated.  The potential is present 
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for RARP to overtake ORP as the dominant approach even earlier than mid-

2014. 

Short time to follow up and no direct comparative group limit oncological 

evaluation in our study.  In addition, ten patients were lost to follow up 

reducing the sample size.  Assessment of recovery of erectile function in pre-

operatively potent men who’d undergone bilateral nerve sparing was not 

possible due to such a small subset of patients meeting this criterion.  As this 

is a commonly reported measure of potency our comparison to other literature 

was somewhat limited in this respect.  Additionally small sample size limited 

the calculation of trifecta and pentafecta outcomes. 

A difficulty with making outcome comparisons with some literature is that a 

significant portion of each procedure at Peter Mac is performed with trainee 

input (up to 80% per case).  Some studies have shown this has the potential 

to improve outcomes however for a measure such as positive surgical 

margins where there is an established technical learning curve, there is 

potential for rates to be higher.  The PCR found significantly higher rates of 

PSMs in public compared to private hospitals in Victoria.  This may explain 

why rates are higher compared to international comparisons. 

In regards to the functional and QOL questionnaires, the length and detail of 

questioning would favour patients where English is their first language and 

this may create a responder bias.    Additionally the time required to complete 

the questionnaire may also decrease our response rate.  A potential drawback 

of our analysis is the limited collection period.  Questionnaires have been 

captured over approximately one and a half years therefore analysis of data is 

based on comparisons between time intervals of potentially different patients.  

For instance one patient may’ve only completed one 24-month questionnaire.  

Our study would benefit from a longer follow up time for questionnaire 

collection with comparison of the same group of patients over time.   

An additional limitation is that the introduction of the 24 and 36-month 

questionnaires as well as the return to work and economic questionnaires was 
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introduced at a later time point therefore the sample size of patients having 

completed these is small.  This creates large confidence intervals around the 

mean scores and necessitates caution in interpreting results.  Some of the 

associations between HRQOL outcomes it is difficult to draw any significant 

clinical associations.  For instance a patient with anxiety or depression is 

more likely to experience regret after prostatectomy.  It is questionable 

whether these patients are more susceptible to such an outcome anyway.  

Regardless these questionnaires are still measured in a cohort of post-

prostatectomy patients and should bear some clinical significance. 

Overall, several of the limitations discussed make it difficult to draw definitive 

conclusions about our hypotheses.  Overall this study would benefit from a 

longer period of follow up from an oncological, functional and quality of life 

standpoint.  Additionally a comparative cohort would aid in better assessment 

of the hypotheses for some outcome measures. 
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The economic analysis reports the incremental cost of RARP over ORP and 

LRP in the base case scenario for the three different da Vinci robot models (S, 

Si and Si dual console).  This utilises 2012-13 WIES weights and VAED data 

and integrates the cost variability due to average LOS and blood transfusion 

rates.  One and two-way sensitivity analyses has been performed to observe 

the effect of varying surgical caseload, lifespan of the robot, changes in the 

cost of consumables and a variable mark-up in the DRG cost to account for 

the ‘full’ cost of the procedure i.e. the proportion funded from other sources 

outside the case-mix reimbursement. 

The average cost per day of a M01A and M01B patient was $2,294 and 

$2,970 respectively (Table 4.1) in the 2012-13 financial year based on VAED 

data.  

Table 5.1 Average cost per day (ACD) for a patient in the M01A/B DRG in 2012-
13 

DRG group Average cost per day (ACD) in DRG 

M01A $2,294 

M01B $2,970 

 

Utilising the average LOS and proportions of patients shown in Table 3.2 

(most recent VAED data July 2012 to April 2013), the weighted mean cost per 

discharge for ORP, LRP and RARP was $12,867, $11,309 and $3,677 (Table 

5.2).  With the additional costs of the da Vinci S robot added ($9774.34) to a 

total of $13,452 (Table 4.2). 

 Table 5.2 Mean cost per discharge by surgical approach utilising the ACD and 
ALOS weighted for M01A and M01B DRGs. 

Surgical approach Weighted mean cost per discharge 

($) 

ORP $12,867 

LRP $11,309 
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RARP (exclusive of robot costs) $3,677 

RARP (including robot costs)
(a)

 $13,452 

(a) Addition cost of robot in base case $9774.34 

 

5.1. Incremental Cost of RARP over ORP and LRP 

Using the da Vinci S model, the incremental cost of RARP over ORP and LRP 

was $442 and $2,092 respectively when ALOS and blood transfusion costs 

were applied (Table 4.3).  The ACD/ALOS cost saving was $9,190 for ORP 

and $7,631 for LRP for all surgical models.  The additional costs of the da 

Vinci S robot per case were $9774. 

For the da Vinci Si model, the incremental cost of RARP over ORP and LRP 

was $1,933 and $3,583 respectively (Table 4.4).  The additional costs of the 

da Vinci Si robot per case were $11,265.   

When using the da Vinci Si dual console the incremental cost of RARP over 

ORP and LRP was $3,548 and $5,198 respectively (Table 4.5).  The 

additional cost of the da Vinci Si dual console per case was $12,880 

The WIES cost weights, unit cost and inlier trim points changed for the 2013-

14 financial year.  When we input the 2012-13 VAED dataset into the updated 

2013-14 WIES calculation the mean cost per discharge for the base case, 

ORP, LRP and RARP are $13,156, $11,983 and $13,831 respectively 

accounting for LOS only.  The incremental cost of RARP over ORP and LRP 

(with blood transfusion cost offset included) is $533 and $1,798 respectively.  

This is not dissimilar to the year prior, $442 incremental cost over ORP and 

$2092 over LRP.  
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Table 5.3 Calculation of total and incremental cost of RARP compared with ORP and LRP for the da Vinci S robot on 2012-13 WIES 
weights and VAED data (These two tables show two different presentations of results for the incremental cost of RARP.  The second 
table shows more detail on the ACD/ALOS cost offset for RARP). 

 

 

Total	cost/case Blood	cost	offset
for	RARP

Incremental	cost
of	RARP

ORP $12,867 $143 $442

LRP $11,309 $51 $2,092

RARP $13,452

Total	cost
Incremental	cost	
over	ORP	and	

LRP
(1) (2) (3) (4) (5)

=(1)+(2)-(3)-(4)
(6)

=(5)-(1)

ORP $12,867 $9,774 $9,190 $143 $13,309 $442

LRP $11,309 $9,774 $7,631 $51 $13,401 $2,092

RARP
DRG	cost	per	
discharge

Additional	cost	
for	robot

ACD/ALOS	cost	
saving

Blood	
transfusion	cost	

saving
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Table 5.4 Calculation of total and incremental cost of RARP compared with ORP and LRP for the da Vinci Si robot on 2012-13 WIES 
weights and VAED data (These two tables show two different presentations of results for the incremental cost of RARP.  The second 
table shows more detail on the ACD/ALOS cost offset for RARP). 

Total	cost/case Blood	cost	offset
for	RARP

Incremental	cost
of	RARP

ORP $12,867 $143 $1,933

LRP $11,309 $51 $3,583

RARP $14,943
 

Total	cost
Incremental	cost	
over	ORP	and	

LRP
(1) (2) (3) (4) (5)

=(1)+(2)-(3)-(4)
(6)

=(5)-(1)

ORP $12,867 $11,265 $9,190 $143 $14,800 $1,933

LRP $11,309 $11,265 $7,631 $51 $14,892 $3,583

RARP
DRG	cost	per	
discharge

Additional	cost	
for	robot

ACD/ALOS	cost	
saving

Blood	
transfusion	cost	

saving
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Table 5.5 Calculation of total and incremental cost of RARP compared with ORP and LRP for the da Vinci Si dual console on 2012-13 
WIES weights and VAED data (These two tables show two different presentation of results for the incremental cost of RARP.  The 
second table shows more detail on the ACD/ALOS cost offset for RARP). 

 

Total	cost/case Blood	cost	offset
for	RARP

Incremental	cost
of	RARP

ORP $12,867 $143 $3,548

LRP $11,309 $51 $5,198

RARP $16,557

Total	cost
Incremental	cost	
over	ORP	and	

LRP
(1) (2) (3) (4) (5)

=(1)+(2)-(3)-(4)
(6)

=(5)-(1)

ORP $12,867 $12,880 $9,190 $143 $16,414 $3,548

LRP $11,309 $12,880 $7,631 $51 $16,507 $5,198

RARP
DRG	cost	per	
discharge

Additional	cost	
for	robot

ACD/ALOS	cost	
saving

Blood	
transfusion	cost	

saving
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5.2. Sensitivity analysis  

5.2.1. One-way sensitivity analyses 

Table 4.6 illustrates the effect of varying surgical caseload, lifespan of the 

robot, cost of consumables and of including a cost mark-up to account for 

funding from other sources (ABF accounts for 70-80% of the total cost of the 

inpatient episode) on the base-case scenario.  As the volume of robotic cases 

increases the additional cost of the robot (Capital, maintenance, consumables 

and repairs) is apportioned out and reduces from $11,148 when 100 cases 

are performed to $7,581 when 200 are performed.  Cost equivalence of RARP 

compared to ORP is achieved between 125-150 cases.  However more cases 

need to be performed for RARP to be cost neutral with LRP, between 175 to 

200 cases (Figure 4.1).  The incremental costs of RARP over LRP is greater 

because LRP makes LOS gains in comparison to an ORP which makes it 

more cost effective.  Cost neutrality is indicated by the transition from red to 

blue text in table 4.6 and by the ORP/LRP lines crossing the x-axis ($0 

incremental cost of RARP over another approach). 

By varying the model of robot to a Si or Si dual console the incremental costs 

above ORP and LRP increase.  RARP is $1,933 more expensive than ORP 

when 124 robotic cases are performed on the Si machine.  This incremental 

difference increases to $3,548 more than an ORP where a Si dual console is 

used.  Compared to LRP, RARP is $3,583 more expensive with a Si and 

$5,198 more expensive per case with a Si dual console based on a surgical 

volume of 124 cases. 

Reduction in the cost of consumables also reduces the incremental cost of 

RARP over other approaches in the base case scenario.  A 10% reduction in 

the cost of consumables improves the incremental cost over ORP from $442 

in the base-case to $40 per case. Similarly, a 10% reduction improves the 

incremental cost of RARP over LRP from $2092 in the base-case to $1691 

per case. 
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Changing the lifespan of the robot significantly alters the cost per case in the 

base-case scenario.  The incremental cost of RARP over ORP varies from 

$1,641 when the robot has a 5-year lifespan to being $450 less expensive 

than an ORP procedure when the lifespan is extended to 10 years.  The cost 

of RARP over LRP varies between $3,292 and $1,201 when the lifespan of 

the robot is extended from 5 years to 10 years respectively. 

Finally, when a mark-up on the unit cost for one WIES unit is applied, the 

ACD is greater and therefore there is a larger effect of LOS differences such 

that the incremental costs between procedures is greater.  As case-mix 

funding accounts for only 70-80% of the total cost of the inpatient episode, we 

have explored the effect of a 10%, 20% and 30% cost mark-up.  In all 

scenarios RARP becomes more cost effective than an ORP procedure where 

124 cases are performed per year.  A mark-up between 20-30% means 

RARP is roughly cost neutral with a LRP where 124 cases are performed.   

Furthermore, figure 4.2 and 4.3 illustrate the effect on incremental cost of 

varying surgical caseload utilising the da Vinci Si or da Vinci Si dual console. 

Using a da Vinci Si model cost equivalence with an ORP is achieved at a 

surgical volume of around 170 cases.  More than 200 cases would need to be 

performed to meet equivalence with a LRP using a Si model.  Where a Si dual 

console is utilised, over 200 robotic procedures need to be performed to meet 

cost equivalence with either surgical approach. 
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Table 5.6 One-way sensitivity analyses of incremental cost of RARP over ORP 
and LRP varying volume of cases, cost and life of the robot and DRG costs. 
Red text indicates RARP costs are greater, blue text indicates a negative cost 
of RARP in comparison to the other surgical approach. 

Variable	
Value	

Total	
cost	of	
robot	
per	
case^	
($)	

Incremental	cost	per	
case	of	RARP	over:*	

($)	

Base	case	 Sensitivity	
Analysis	 ORP	 LRP	

		 	 	 	
	

		
Volume	of	cases	

	 	 	 	
		

No.	of	robotic	cases	per	
year	 124	 100	 11,148				 1,815				 3,466				
		

	
125	 9,721				 388				 2,039				

		
	

150	 8,770				 -563				 1,088				
		

	
175	 8,090				 -1,242				 408				

		
	

200	 7,581				 -1,752				 -101				
Cost	and	life	of	robot	

	 	 	 	
		

Acquisition	cost	of	robot	($)	 $2,800,000	
	 	 	

		
Si	

	
$3,500,000	 11,265				 1,933				 3,583				

Si	dual	console	
	

$4,300,000	 12,880	 3,548				 5,198				
		

	 	 	 	
		

Reduction	in	consumables	
cost	 0%	 5%	 9,574				 241				 1,892				
		

	
10%	 9,373				 40				 1,691				

		
	

15%	 9,172				 -160				 1,490				
		

	 	 	 	
		

Length	of	life	of	robot	 7	yrs.	 5	yrs	 10,974				 1,641				 3,292				
		

	
10	yrs	 8,883				 -450				 1,201				

		
	 	 	 	

		
DRG	costs	

	 	 	 	
		

Markup	of	'unit	cost	for	
w=1'		 0%	 10%	 	n.a.		 -477				 1,329				

		
	

20%	 	n.a.		 -1,396				 566				
		

	
30%	 	n.a.		 -2,315				 -197				

		 		 		 		 		 		
^  n.a. = not affected 
*  Incremental cost in red indicate incremental cost is positive, i.e. RARP is more expensive 

than the comparator, and conversely for incremental costs in blue. 
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Figure 5.1 Incremental cost of RARP using the da Vinci S and varying robotic caseload 
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Figure 5.2 Incremental cost of RARP using the da Vinci Si and varying robotic caseload 
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Figure 5.3 Incremental cost of RARP using the da Vinci Si dual console and varying robotic caseload 
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5.2.2. Two-way sensitivity analyses 

5.2.2.a. Da	Vinci	S	model	

As the lifespan of the robot is extended and the number of robotic cases 

performed per year increases the cost per procedure and therefore 

incremental cost of RARP over other procedures is reduced.  If the lifespan of 

the da Vinci S model was extended to 10 years, the robotic program at Peter 

Mac with a caseload of 124 cases would already be meeting cost equivalence 

with the open approach (Table 4.7 and Figure 4.4).  Compared to LRP 

however the caseload would need to be increased to 150-175 cases to be 

cost neutral (Figure 4.5).   

By altering the caseload between 100 and 200 cases and the lifespan 

between five and ten years, the incremental cost of RARP over ORP lies 

between $3,301 extra to being $2,304 more cost effective.  Similarly 

compared to LRP the incremental cost lies between $4,951 extra to being 

$653 more profitable. 

Table 5.7 Incremental cost of RARP when both the number of robotic cases per 
year and length of robot are varied for the da Vinci S robot 

RARP	vs	ORP	 		 		 		
Length	of	life	of	robot	

No.	of	robotic	cases	per	year	 5	 7	 10	
100	 3,301		 1,815		 711		
125	 1,577		 388		 -495		
150	 428		 -563		 -1,299		
175	 -393		 -1,242		 -1,873		
200	 -1,009		 -1,752		 -2,304		

RARP	vs	LRP	 		 		 		
Length	of	life	of	robot	

No.	of	robotic	cases	per	year	 5	 7	 10	
100	 4,951		 3,466		 2,361		
125	 3,227		 2,039		 1,155		
150	 2,078		 1,088		 351		
175	 1,257		 408		 -223		
200	 642		 -101		 -653		
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Figure 5.4 Two-way sensitivity analysis of incremental cost of RARP over ORP using the da Vinci S model and varying annual 
number of cases and life of robot  
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Figure 5.5 Two-way sensitivity analysis of incremental cost of RARP over LRP using the da Vinci S model and varying annual number 
of cases and life of robot 
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5.2.2.b. Da	Vinci	Si	model	

Utilising the da Vinci Si model, cost neutrality is achieved with an open 

approach between 150-175 cases if the lifespan is 7 years or between 125-

150 cases where the lifespan is 10 years (Table 4.8 and Figure 4.6).  In 

contrast with this model, even extending the lifespan to 10 years and 

performing 200 robotic cases does not achieve cost equivalence (Table 4.8 

and Figure 4.7).  

 By altering the caseload between 100 and 200 cases and the lifespan 

between five and ten years, the incremental cost of RARP over ORP lies 

between $5,504 extra to being $1,496 more cost effective.  Similarly 

compared to LRP the additional cost of RARP is between $155-$7,155. 

Table 5.8 Incremental cost of RARP when both the number of robotic cases per 
year and length of robot are varied for the da Vinci Si robot 

 

RARP	vs	ORP	 		 		 		
Length	of	life	of	robot	

No.	of	robotic	cases	per	year	 5	 7	 10	
100	 5,504		 3,647		 2,267		
125	 3,352		 1,866		 762		
150	 1,917		 679		 -242		
175	 892		 -169		 -958		
200	 123		 -805		 -1,496		

RARP	vs	LRP	 		 		 		
Length	of	life	of	robot	

No.	of	robotic	cases	per	year	 5	 7	 10	
100	 7,155		 	5,298		 	3,917		
125	 5,002		 	3,517		 	2,412		
150	 3,567		 	2,329		 	1,409		
175	 2,542		 	1,481		 	692		
200	 1,774		 	845		 	155		
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Figure 5.6 Two-way sensitivity analysis of incremental cost of RARP over ORP using the da Vinci Si model and varying annual 
number of cases and life of robot 
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Figure 5.7 Two-way sensitivity analysis of incremental cost of RARP over LRP using the da Vinci Si model and varying annual 
number of cases and life of robot 
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5.2.2.c. Da	Vinci	Si	Dual	Console	

The capital cost of the da Vinci Si dual console is significantly greater than the 

other models.  Cost neutrality is only achieved with an open approach when 

the lifespan is extended to 10 years and nearly 200 robotic cases are 

performed per year (Table 4.9 and Figure 4.8).  Cost equivalence is not 

achieved even at the upper limits of the variables considered compared to 

LRP (Table 4.9 and Figure 4.9).  

By altering the caseload between 100 and 200 cases and the lifespan 

between five and ten years, the incremental cost of RARP over ORP lies 

between $7,928 extra to being $654 more cost effective.  Compared to LRP 

the additional cost of RARP is between $997-$9,579. 

Table 5.9 Incremental cost of RARP when both the number of robotic cases per 
year and length of robot are varied for the da Vinci Si dual console 

RARP	vs	ORP	 		 		 		
Length	of	life	of	robot	

No.	of	robotic	cases	per	year	 5	 7	 10	
100	 7,928		 5,647		 3,951		
125	 5,291		 3,466		 2,109		
150	 3,533		 2,012		 881		
175	 2,277		 973		 4		
200	 1,335		 194		 -654		

RARP	vs	LRP	 		 		 		
Length	of	life	of	robot	

No.	of	robotic	cases	per	year	 5	 7	 10	
100	 9,579		 	7,297		 	5,601		
125	 6,941		 	5,116		 	3,759		
150	 5,183		 	3,662		 	2,532		
175	 3,927		 	2,624		 	1,655		
200	 2,986		 	1,845		 	997		
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Figure 5.8 Two-way sensitivity analysis of incremental cost of RARP over ORP using the da Vinci Si dual console and varying annual 
number of cases and life of robot 
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Figure 5.9 Two-way sensitivity analysis of incremental cost of RARP over LRP using the da Vinci Si dual console and varying annual 
number of cases and life of robot 
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5.3. Return to work analysis 

Eighteen of 20 patients who returned the 3-month questionnaire since the 

return to work analysis was implemented answered the question of how many 

days were required to return to normal activities of daily living (ADLs).  The 

mean number of days required to return to normal ADLs after RARP was 20.2 

(range 1-40).   

Only seven of 20 patients answered how many days off work were required in 

the first 3-months after RARP, presumably many of these patients may not be 

working any longer.  The average was 22.4 days (range 0-56).  Of these 

patients, two were able to return to full work activity upon starting back.  The 

other five patients performed light duties for an average of 24 days before 

returning to full work capacity (range 4-56).  The patient who required 56 days 

of light duties performed physically strenuous work, lifting over 10kg at least a 

quarter of work time.   

The mean total number of days off work required in the first 12-months after 

RARP was 26.9 days (range 0-63) of those who answered this question 

(n=8).  The data is immature in this analysis and requires further data 

collection to increase the sample size. 
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5.4. Discussion 

This is the first health technology assessment (HTA) of robotic surgery 

performed in Australia. To date HTAs that include an economic analysis have 

been performed in Canada, Ireland and the UK.  Each has utilised a different 

methodology with a variety of outcome measures.  Our analysis utilises the 

ABF system and government level data in order to obtain an average cost per 

day for an inpatient episode within the DRG.  The ALOS based on the most 

recent trends for each surgical approach in Victoria are used to establish the 

cost per discharge.  For the robotic group the additional costs over and above 

the DRG including capital, maintenance, consumables and repairs is added to 

this figure.  Our primary outcome measure is incremental cost of RARP over 

ORP or LRP.  One and two-way sensitivity analyses were performed around 

the base-case scenario.  As far as we know this is the first economic model in 

the world to assess robotic surgery by deconstructing the ABF or case-mix 

model. 

The strengths of this economic model are that the results are generalizable to 

and reproducible by any country that utilises an ABF system and there is 

greater accuracy given the use of government level data.  The VAED captures 

every patient undergoing RP in Victoria therefore is a large, accurate and 

complete dataset from which we are able to draw definitive conclusions.   

Additionally, we eliminate the difficulty of using hospital level costing data for 

our analysis, which becomes less reproducible outside of that institution.  In 

effect we are able to take an average of costing data from all 53 Victorian 

public hospitals over the 2009-10 financial year, as this is the information 

used to form the 2012-13 WIES weights and unit cost.  As prostatectomy 

accounts for the vast majority (>95%) of the DRG, an average cost per day 

within the DRG is representative of the cost of prostatectomy. 
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In every aspect of the economic evaluation we have utilised the most recent 

data available.  The analysis is based upon the 2012-13 WIES weights and 

unit cost as this is the most recent year with a complete patient dataset from 

the VAED.  Additionally the cost of consumables is the most recently quoted 

by Device Technologies and trends in LOS and blood transfusion rates are 

observed from the most recent financial year.   

In this analysis we have taken into account the cost offset of LOS and blood 

transfusion rates.  These outcomes related directly to the inpatient stay.  In 

the longer term there are other factors that potentially affect the cost to the 

hospital, patient and society.  These include complications, PSM rates and the 

downstream need for adjuvant therapy, erectile dysfunction aids and 

medications, and incontinence measures to name a few.  A patient’s period of 

convalescence from work also creates a cost to society.  These measures 

become extremely difficult to quantify within one economic model, hence we 

have opted to include only outcomes that relate directly to the cost of the 

inpatient episode.  With complete and accurate data on these measures we 

have created a robust economic model from government level data. 

The sole distributor of the Da Vinci robot in Australia, Device Technologies 

Pty Ltd provided the cost of the capital, maintenance, repairs and 

consumables. All costs quoted are subject to commercial negotiation.  

Regarding the capital cost calculation, all attempts were made to ensure 

figures used in the calculations were accurate, reasonable and justifiable.   

Capital was costed over a 48 week operating year, 5 days per week, 10 

available operating hours per day and on the basis that the da Vinci robot is 

occupied for 5 hours (1 theatre session) for each patient including anaesthetic 

time.  An interest rate of 5% is included in the annualisation of the capital cost 

as outlined in the 2008 Guidelines for preparing submissions to the 

Pharmaceutical Benefits Advisory Committee prepared by the Australian 

Department of Health and Ageing(138). 
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The life span of the robot in the base-case scenario is seven years.  This 

figure is used in other HTAs of robotic surgery and refers more specifically to 

the economic life of the robot.  From a technical perspective it is plausible that 

the robot could continue to function beyond this timeframe.  There have been 

three versions of the da Vinci surgical system.  The ‘da Vinci’ or ‘da Vinci 

Standard’ was released in 1999 and its end of life was 2013-14. The da Vinci 

S and Si were released and 2006 and 2009 respectively however there has 

been no end of life announcement for these models.  Peter Mac purchased a 

second hand Da Vinci S in 2010 that has now been in use for 3.5 years.  A 

new $1.2 billion development will be the home of the new Peter Mac from 

2016.  Potentially this will be an appropriate time for an upgrade to the current 

surgical system, at which point its lifespan would reach around 6.5 years.  

Similar to the 7-year lifespan quoted in the base-case analysis.  

The cost of consumables is outlined in the Device Technologies pricing list 

and is readily available.  In January 2013 a price change took effect whereby 

the cost of consumables was reduced 9.9%.  We have utilised the most up to 

date cost in our analysis. Small reductions in the cost of consumables have a 

considerable impact on the overall episode cost. As noted in the one-way 

sensitivity analysis (Table 4.6) a further 10% reduction (total cost of 

consumables per case $3,612) to the base-case scenario would mean the 

cost of RARP is $477 less than an open procedure and $1,329 more 

expensive than the laparoscopic approach.  There has been some discussion 

through personal correspondence with the distributor that a price reduction in 

consumables may take effect in 2014 however to date this has not been 

announced. 

The cost of repairs to the endoscopic equipment has been modelled off the 

Peter Mac experience for this analysis.   Peter Mac has required repair of five 

endoscopes over a three-year period each at a cost of approximately $9,000.  

Once again however this is subject to commercial negotiation and potentially 

dependent on the extent of damage.  We have used an estimate whereby 1.5 

endoscopes require repair in any one-year for our base-case analysis.  There 

will be variability in this number at every institution. 
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The cost per inpatient episode for an ORP, LRP and RARP is $12,867, 

$11,309 and $13,453 respectively when the additional costs of the robot are 

included and LOS differences only are taken into account.  Therefore it could 

be stated that LRP is the most cost effective procedure.  However what has 

not been taken into consideration is the cost associated with the laparoscopic 

equipment.  The cost of equipment and repairs is potentially greater than 

$100,000 however it would be very difficult to factor this into the economic 

model, as multiple companies produce the equipment at different costs and 

each institution utilises it for a variable number of procedures.   The cost of 

LRP is therefore understated and the incremental costs of RARP over LRP 

overstated.  Few LRPs are being performed in Victoria now (17% in 2012-13) 

and rates are decreasing slowly in the public sector with time.  Additionally 

Ramsay et al in the UK HTA showed higher rates of perioperative morbidity 

and PSM rates with LRP compared to RARP.  This conferred a significant 

economic benefit for RARP.  It is also noteworthy that LRP does not have the 

training capabilities of the robotic console and there is an economic benefit for 

this.   

It must be noted that the total cost per inpatient episode in the base-case 

scenario does not factor in funding from other sources that accounts for the 

total cost of the procedure.  ABF only covers 70-80% of the inpatient episode 

with the remaining primarily coming from block funding.  If a conservative 20% 

mark up is applied to these figures then the total cost of the inpatient episode 

for ORP, LRP and RARP is closer to $15, 440, $13,570 and $14,187 

respectively when only LOS is factored into the calculation.  In this instance, 

the cost of RARP becomes less than ORP and LRP remains the most cost 

effective approach.  The 20% mark-up has also been assessed in one-way 

sensitivity analysis and the incremental cost of RARP over ORP and LRP is 

$1,396 less expensive and $566 more expensive respectively when the cost 

of blood transfusion is also included.   

Studies that report the total mean costs of RARP showed variation between 

USD$14,006 - $19,001 for RARP compared to USD$8686 - $15,692.  Some 

of these studies include cost offset associated with LOS differences, other do 
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not.  From our results both the base-case and marked-up total cost of an 

inpatient episode lie within these ranges found in other studies. 

The incremental cost of RARP over ORP and LRP is $442 and $2,092 

respectively using a da Vinci S robot, $1,933 and $3,583 respectively using a 

da Vinci Si, and $3,548 and $5,198 respectively using a da Vinci Si dual 

console.  The Irish HTA reports incremental cost of RARP to be €2,850 using 

a Da Vinci S system, where 150 cases are performed per year and the robot 

has a 7-year lifespan.  Our results in comparison show that for all the same 

parameters there is a cost saving of $563 to perform a RARP procedure over 

ORP or an additional $1,088 compared to LRP.   

The Canadian HTA reported an incremental cost of RARP of $3,860 over 

ORP and $4,625 over LRP for a caseload of 130 patients per year and 

lifespan of 7 years utilising a da Vinci Si model.  Comparatively, our results 

show for a 124 patient caseload and all other similar parameters that the 

incremental cost of RARP over ORP ($1,933) and LRP ($3,583) is 

significantly less.   

The UK HTA reported an incremental cost of £4,225 (~AUD$7,740) per case 

for only the cost of a da Vinci Si dual console robot and the cost of 

consumables where 150 cases were performed per year.  Although not a 

direct comparison we found the additional cost of the robot including capital, 

maintenance, consumables and repairs was $12,880 for a da Vinci Si dual 

console where 124 procedures were performed.  

Interestingly, in 2013-14 the WIES weights, unit cost and trim points were 

updated by the IHPA to better reflect the earlier discharge of RP patients.  

Specifically the inlier trim points changed from 2-20 days in a M01A and 1-11 

days in a M01B patient to 1-14 days in a M01A and 1-9 days in a M01B 

patients.  This eliminates the problem from the 2012-13 financial year 

whereby M01A patients, despite being more ‘complex’, were attracting 

reduced reimbursement by being discharged on post-operative day one.  
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As there was not a full 2013-14 VAED dataset available at the time this 

analysis was performed to deconstruct the DRG and come up with an ACD for 

the 2013-14 year, we instead utilised the 2012-13 VAED data in the 2013-14 

WIES model.  Interestingly the ACD reimbursement for the 2013-14 year 

became less for a complex M01A patient ($2,060 V $2,294) and greater for a 

M01B patient ($3,401 V $2,970).  The mean cost per discharge by surgical 

approach was greater for ORP ($13,156 V $12,867), LRP ($11,983 V 

$11,309) and RARP ($13,831 V $13,452) using the 2013-14 WIES model.  

The also resulted in a greater incremental cost of RARP over ORP ($533 V 

$442) but reduced incremental cost of RARP over LRP ($1,798 V $2,092). 

In all aspects of this economic evaluation conservative figures have been 

used as not to underestimate the cost of the robot or overestimate the cost of 

the other approaches.  For example the cost of a blood transfusion was $649 

at 2 units per discharge ($1,298) however in reality the cost is likely greater. 

Another interesting point for discussion is the impact of positive surgical 

margin status on economic outcomes.  Ramsay and colleagues reported a 

significantly improved PSM rate for RARP compared to LRP on meta-

analysis.  Higher PSM rates translated to lower QALYs, greater need for 

further treatment and hence higher costs overall.  When using the differences 

in PSM rates found in the meta-analysis, RARP was associated with an 

incremental cost per QALY that was less than the typical threshold used by 

the NHS when the number of procedures performed per year approached 

150.  The effect of differences in PSM rates was not analysed in this 

evaluation, nor was the effect of differences in complication rates, erectile 

dysfunction and incontinence management. 

Period of convalescence from work is another factor that would have an 

economic impact to society.  The cost was not analysed in this evaluation 

however some results of a return to work analysis were obtained from a small 

sample size of patients.  Hohwu et al reported the median number of days 

with sick leave was 11 in the RARP and 49 in the ORP group(144).  In our 

cohort the median number of days for RARP was 30 days however these 
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results should be interpreted with caution due to a very small sample size 

(n=8). 

The introduction of multidisciplinary robotic surgery will most certainly lower 

the costs as you distribute the cost of the robot over a greater number of 

cases.  Of course, to be most accurate an individual analysis of each 

operation would need to be performed.  Regardless, it is evident that the 

majority of the cost comes from the additional costs of the robot itself. 

Therefore, based on our sensitivity analysis, increased volume equates to 

significant cost savings.  In the setting of radical prostatectomy where the 

numbers of patients requiring this surgery are limited and not expanding 

exponentially, a multidisciplinary robotics program would expand numbers 

and assist in maintaining economic viability of a robotic surgery program. 

It would also be interesting to gain insight into whether having a dual console 

with the da Vinci Si improved the training of the surgeons and their assistants, 

and whether this led to better outcomes and a reduction in cost.  This is 

beyond the scope of this analysis.  Additionally, time in the OR was not 

factored into this analysis, all cases were assumed to be a morning or 

afternoon full list in length.  No other cases were ever listed in addition to a 

RARP case.  I acknowledge however that if an ORP or LRP case were 

shorter in length, and another case was added to the list, this potentially 

increases the revenue for the hospital.  This is outside the scope of this 

economic model. 

In regard to our original hypothesis, we are able to conclude that although 

there are significant costs associated with the robot, length of stay and blood 

transfusion rates provide a significant cost offset. However RARP is still more 

expensive than ORP or LRP in the base-case scenario. 

5.5. Limitations 

An economic model is based on a set of assumptions around which there can 

be significant variability.  This can be addressed through sensitivity analyses.  
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The more variables included in a model the more variability exist within it.  

Another strength of this analysis is that it only takes two inpatient variables 

with comprehensive data into consideration, LOS and blood transfusion rates. 

The downside to this is that other factors that may affect medium to long term 

costs that have not been considered.  Specifically need for further adjuvant 

therapy, complications, the management of erectile dysfunction and 

incontinence, readmissions and the burden of delayed return to work. 

On a more technical point, one could argue that where we take the additional 

costs of the robot which has depreciation included, then add it to the ABF 

model where “capital and depreciation costs are excluded”, we are not 

comparing like with like(48). The result of this is an overestimation of the 

incremental cost of RARP.  
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6.1. Overview 

In May 2010, The Board of Peter Mac approved the installation of a da Vinci© 

SHD surgical robot and the first surgical case was performed on July 14 2010.   

Over the next three financial years 281 procedures were performed, with now 

over 350 to the end of 2013.  This chapter provides the broader context within 

which the high volume robotic prostatectomy program is delivered. 

The robotic surgery program is a multispecialty program incorporating 

Urology, Colorectal and Thoracic surgery and has recently expanded into 

Head and Neck surgery in 2015.  There are currently 6 different robotic 

procedures performed including robotic assisted radical prostatectomy 

(RARP), robotic assisted partial nephrectomy (RAPN), ultra-low anterior 

resection, abdomino-perineal resection, thymectomy, mediastinal tumour 

resection and mediastinal lymph node dissection &/or biopsy.  Urology 

(RARP, RAPN) currently remains the dominant specialty utilising the robot at 

Peter Mac accounting for approximately 90% of all robotic surgery, this is 

consistent with Australia wide data.  

At Peter Mac, we received funding from the Victorian Policy Advisory 

Committee on Technology, Department of Health (DOH), to evaluate robotic 

surgery within the Victorian public health system.  This thesis will form the 

basis for this evaluation.  Herein an activity summary is provided of the first 

three years of the Academic Robotic Cancer Surgery Program (ARCaSP) with 

figures reported until November 2013 for robotic assisted partial nephrectomy 

(RAPN) cases as provided to the DOH.  Figure 5.1 shows the increase in 

urological caseload, a steady colorectal program and the introduction of 

robotics to thoracic surgery in early 2012. 
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Figure 6.1 Number of cases by specialty at six monthly intervals 
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Table 6.1 Patient demographic, pre-operative data and peri-operative outcomes 
after RARN at Peter Mac 

Variable Value 
Total cases/lesions 

Total patients 

Age (years), mean (SD; range) 

Sex, male  

BMI (kg/ m2), mean (range) 

ASA, mean  

Comorbidities 

     CCI, mean (SD) 

     Hypertension  

     Diabetes Mellitus 

     Previous abdominal surgery 

Laterality 

Right 

Site 

Upper  

Mid 

Lower 

Diameter (mm), mean (SD; range) 

Cystic component 

RENAL score 

Low (4 – 6) 

Moderate (7 - 9) 

High (10 – 12) 

Mean (SD; range) 

42 

41 

59.3 (11.1; 28-75) 

27 (64.3%) 

29.1 (7.9; 22.8-42) 

2  

 

4.5 (0.76) 

20 (47.6%) 

5 (11.9%) 

12 (28.5%) 

 

20 (47.6%) 

 

10 (23.8%) 

11 (26.2%) 

16 (38.1%) 

32 (12; 11 – 55) 

7 (16.7%) 

 

11 (26.2%) 

30 (71.4%) 

1 (2.4%) 

6.8 (1.3; 4 – 10) 
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Operative time (mins), mean (SD; range) 

WIT (mins), mean (SD; range) 

Collecting system repair (mean) 

Without CS repair (mean) 

EBL (mls), mean (SD; range) 

LOS (days), mean, median (SD; range) 

Blood transfusion 

Conversion to open 

151 (29.7; 100 – 240) 

17.6 (6.6; 6 – 50*) 

18.9 

13.9 

166.7 (214.5; 20 – 1050) 

3, 3 (0.8; 2 – 6) 

1 (2.4%) 

0 

Postoperative complications 

Clavien-Dindo grade** 

     Grade 1 

     Grade 2 

     Grade 3a 

     Grade 3b 

     Grade 4 

5 (11.9%) 

 

0 

2 (4.8%) 

1 (2.4%) 

1 (2.4%) 

1 (2.4%) 

ASA, American Society of Anaesthesiologists; BMI, Body Mass Index; CCI, Charlson 

Co-morbidity Index; RENAL, Radius Endophytic/exophytic properties, Nearness of 

tumour to collecting system, Anterior/Posterior Location relative to polar lines; SD, 

standard deviation; EBL, Estimated blood loss; LOS, Length of stay; WIT, Warm 

ischemia time; CS, Collecting system 

* There was one case with prolonged WIT of 50 minutes where a branch of the renal 

vein required repair during renorrhaphy after removal of a deep hilar tumour. This 

operation was complicated by the location of the tumour and the comorbidity of 

ankylosing spondylitis that affected patient positioning.  Furthermore the patient had 

presented with bilateral renal cell carcinoma therefore clearly all efforts were made to 

preserve both kidneys. 

** Five Clavien complications occurred. One patient required blood transfusion 

(Clavien 2) and radiologically-guided embolisation (Clavien 3a) for ongoing 

haematuria, while another was readmitted for haematuria and renal colic, requiring 

stent placement (Clavien 3b). One patient with premorbid cardiovascular risk was 

placed in intensive care due to a myocardial infarction and was transferred to a private 

hospital with no further serious sequelae (Clavien 4).  Minor complications included 

fever and UTI, both requiring antibiotics (Clavien 2). 
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Table 6.2 Pathological and oncological outcomes after RAPN at Peter Mac 

Variable Value 
Size tumour (mm), mean (SD; range) 

Positive margin rate 

     Malignant 

     Total 

Histology 

Malignant 

Benign 

Malignant histology 

Clear cell 

Papillary 

Chromophobe 

Tubulocystic 

Cystic 

Benign histology 

Angiomyolipoma 

Oncocytoma 

T stage 

pT1ab 

pT2 

pT3 

Oncological recurrence 

27.9 (11.8; 7 – 55) 

 

0 (0%) 

2* (4,7%) 

 

34 (81.0%) 

7 (19.0%) 

 

24 (57.1%) 

4 (9.5%) 

3 (7.1%) 

1 (2.4%) 

1 (2.4%) 

 

2 (25%) 

6 (75%) 

 

33 (97.1%) 

0 (0%) 

1 (2.9%) 

0 

Follow up (months), mean  8.3 

SD, standard deviation. 

* Both patients with positive surgical margins had benign masses, one was 

found to be an angiomyolipoma while the other was an oncocytoma. Neither 

patient has demonstrated evidence of disease recurrence at 23 months and 

one-month follow-up, respectively.   
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6.2.1. Comparison of Peter Mac data to international literature 

The series of RAPN at Peter Mac is at least comparable to large international 

series (Table 6.3).  The results almost mimic that found by Kalifeh and 

colleagues, a single centre series from the Cleveland Clinic for 427 patients.  

Importantly a similar WIT is achieved with a similar level of tumour complexity. 

High-grade complications however appear slightly higher. The oncological 

outcomes have been compared to a large multi-institution European RAPN 

series reported by Benway et al as results were reported similarly.  More 

malignant pathology is found on histology as around 10% of patients receive a 

biopsy to better select malignant tumours for removal.  There have been no 

recurrences however follow-up is limited to date and requires longer-term 

follow up. 

Table 6.3 Comparison of Peter Mac RAPN outcomes compared to large 
international case series 

Outcomes Peter Mac 
RAPN 
series 

(2010-2013) 
N=42 

Khalifeh et al 
(2013) 

European 
Urol 

N=204 

Benway et al 
(2010) 

European 
Urol 

N=183 

Perioperative, mean 
Age, yrs 
BMI, kg/m2 
CCI 
Tumour size, mm 
RENAL, score 
Op time, mins 
WIT, mins 
EBL, mls 
LOS, days 

 
59.3 
29.1 
4.5 

32mm 
6.8 
151 
17.6 
166 

3 

 
59.1 
29.8 
4.2 

30mm 
7.2 

189.1 
17.9 
270 
3.7 

 

Oncological 
Malignant pathology 
PSM – Malignant 
Recurrence rate 

 
81% 
0% 
0% 

 
Survival 

outcomes 
reported 

 
69% 
2.7% 
0% 
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Mean follow up 8.3months 26 months 

Major complications 3 high grade 
(III-V) 
(7.2%) 

2 intraop 
(1.5%) 

5 high grade 
(3.7%) 

 

 

6.3. Robotic Assisted Colorectal Procedures 

The colorectal unit currently performs ultra-low anterior resection (ULAR) and 

recently introduced abdomino-perineal resection (APR) to their scope of 

robotic procedures. There were 15 procedures performed over 36-months, 13 

ULARs and 2 APRs.  Outcome data is outlined in Table 6.4 and 6.5. 

Table 6.4 Demographic and perioperative outcomes for robotic assisted 
colorectal procedures at Peter Mac 

Mean age 62.3 

Mean operative time (mins) 342.5 

Length of stay total (days), mean (range) 19 (5-116) 

Mean estimated blood loss (mls) 287.5 (100 – 500) 

Transfusion rate (no. patients) 1 patient (8 units) 

Conversion to open 3 

 

Table 6.5 Clavien complications  <90 days for robotic assisted colorectal 
procedures at Peter Mac 

Clavien N Comments 

I – II 2 Blood transfusion, hydrocortisone for peri-orbital swelling 

IIIa 2 Post op ileus requiring NGT, sepsis (BlCl+) 

IIIb 3 Colonoscopy to investigate post op PR bleed 
Colonic ischaemia closure of loop ileostomy and 
formation of end colostomy 
EUA perineal sinus after resection 
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IV  1 ICU – persistent hypotension requiring support 

V 0  

NGT, Nasogastric tube; BlCl+, Blood culture positive; PR, per rectal; EUA, 
Examination under anaesthesia; ICU, Intensive care unit 
 

6.4. Robotic Assisted Thoracic Procedures 

Since the introduction of thoracic procedures to Peter Mac in 2012, 10 

thymectomies, 2 resections of mediastinal tumours and 1 lymph node biopsy 

have been performed with the robotic approach.  There have been no 

significant complications and no conversations to open.  Basic outcome data 

for robotic assisted thymectomy  is reported in Table 6.6 & 6.7. 

Table 6.6 Demographic and peri-operative outcomes of robotic assisted 
thymectomy at Peter Mac 

Mean age 47.8 (33 – 60) 

Mean operative time (mins) 193.2 (130 – 240) 

Length of stay total (days) 4 (2 – 8)  

Transfusion rate (no. 
patients) 

0 

Conversion to open 0 

 
Table 6.7 Clavien complications <90days for robotic assisted thymectomy at 
Peter Mac 

Clavien N Comments 

I - II 4 • Prolonged hypertension requiring amlodipine 

• Rash requiring hydrocortisone 

• Pneumonia requiring antibiotics 

• Prolonged stay constipation requiring aperients 

Clavien III - V 0  
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6.5. Summary statistics – Department of Health 

The Department of Health report quarterly data on median time to treatment 

of prostatectomy patients at Peter mac(145).  Between October 2012 to 

September 2013 there has been progressive decline per quarter of 119, 100, 

87 and 67 days until treatment.  This potentially reflects the reducing wait 

times as a result of the second robot in the Victorian public system at the 

Royal Melbourne Hospital.  Previously RMH patients were referred across to 

Peter Mac, this referral base is no longer present.  The numbers of RARP per 

quarter have remained fairly stable despite the reduction in wait times; 26, 22, 

23 and 23 patients who underwent RARP at Peter Mac as reported by the 

DoH. 
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7.1. Conclusion 

Patterns of care for the surgical management of localised prostate cancer are 

changing within the Victorian health system.  Robotic prostatectomy is now 

the dominant approach overall and is predicted to overtake open 

prostatectomy in the public system within the next six months.  Interestingly, 

despite the increased prevalence of PCa, the rates of patients undergoing RP 

is decreasing due to increasing rates of active surveillance in low risk PCa.  

This has implications from a financial perspective as economic viability of a 

robotic program is maintained by adequate surgical volume. Radical 

prostatectomy is performed in low volumes in most Victorian public hospitals. 

Length of hospital stay is significantly shorter for the robotic approach 

compared to other surgical approaches in Victoria and this has a significant 

cost offset.  Similarly blood transfusion rates are significantly improved with 

RARP conferring an additional cost benefit.  In our study the rates of 

complications are comparable between approaches however non-

standardised reporting measures make comparisons difficult. 

Positive surgical margin rates overall are significantly improved with RARP in 

Victoria compared to the overall rates reported by the PCR, however 

differences by pathological stage are not evident.  There is likely to be a cost 

benefit from differences in PSM rates due to a reduced need for downstream 

adjuvant therapy however this was not measured in our analysis.  It appears 

in other HTAs that lower PSM rates result at case volumes over 150, which 

significantly reduces cost. 

In regards to oncological outcomes, biochemical recurrence free survival rates 

were comparable to large international series however medium to long-term 

data is required to better evaluate oncological success.  There is a similar lack 

of maturity of oncological data internationally.  Predictors of progression to 

BCR in our study include pathological stage, pathological Gleason score, 

biopsy Gleason score, clinical stage, pre-operative PSA, D’Amico risk 
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category, positive surgical margin status and presence of extra-capsular 

extension, lympho-vascular invasion and seminal vesicle invasion. 

Continence 12-months after RARP, urinary symptom scores on EPIC-CP and 

urinary control scores on PCaRQOL were at least comparable to similar 

literature internationally.  Interestingly both questionnaire scores mimic the 

pattern seen in other studies, an initial worsening of score at 3-months post-

prostatectomy with improvement to 12 months and decline again at later time 

points. 

Sexual function is significantly affected after RARP in our cohort.  Sexual 

symptom score on EPIC-CP is at least comparable to a similar study, with 

improved number of patients returning to baseline function after surgery.  Our 

study reinforces known concepts that patients who have pre-operative erectile 

dysfunction have worse potency outcomes after RARP.  Also worse erectile 

function is significantly associated with lower sexual confidence 12-months 

after RARP. 

In addition, clinically significant depression and anxiety in our patients were 

shown to be associated with reduced quality of life in the domains of urinary 

control, sexual confidence, marital affection, masculine self-esteem and levels 

of regret.  Depression specifically was also associated with worse health 

related outlook.  Furthermore, informed patients experienced less regret 

associated with their procedure in our cohort. 

From an economic perspective, our study shows that improvements in length 

of stay with the robotic approach result in significant reductions in overall 

costs.  However the mean cost per discharge was still the most expensive for 

RARP and least expensive for LRP.  This was reflected in the greater 

incremental cost of RARP over LRP than ORP in the base-case. The cost 

differential between RARP and the other approaches increases with the Si 

and Si dual consoles.  Increasing the case volume, extending the lifespan of 

the robot and reductions in the cost of consumables, significantly offset costs 
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of the robot.  Commercial negotiation of the cost of capital and maintenance 

with the distributor will also considerably reduce cost. 

To maintain economic viability of a da Vinci robot, surgical volume must be 

maintained.  Given prostatectomy accounts for the majority of procedures 

performed but the numbers of patients undergoing radical prostatectomy is 

decreasing, the number of robots in the Victorian public sector must cater to 

demand.  Too many robots and not enough patients will make robotic 

programs less viable.  One measure to counteract this is further expansion of 

multispecialty programs to increase volume of robotic procedures. 

Peter Mac has safely implemented robotic surgery into the Victorian public 

health system.  RAPN perioperative and short-term oncological outcomes are 

comparable to what has been achieved internationally, and suggests that 

RAPN can be a safe technique for kidney cancer in the Victorian public and 

private setting.  Additionally colorectal and thoracic surgery has been safely 

introduced in small numbers and further evaluation of outcomes will be 

necessary in the future. 

Going forward, longer term follow-up of functional and oncological outcomes 

is required.  The much anticipated Brisbane-based RCT by Yaxley et al. which 

compares RARP versus ORP has not yet reached maturity.  To date this 

phase 3 study has not shown any differences in PSM, urinary or sexual 

function at six and 12-weeks, yet this is not unexpected given the long natural 

history of urinary and sexual function recovery.  While this study may still 

provide some long awaited answers, it has encountered some criticism for the 

vast difference in experience between the surgical arms and not controlling for 

trainee input.  It seems even level 1 evidence may not provide us with all the 

answers.  
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7.2. Contribution to the Economic Science of Robotic Surgery 

This work contributes to only a handful of HTAs assessing the cost 

effectiveness of robotic surgery around the world, and is the first health 

technology assessment (HTA) of robotic surgery to be performed in Australia. 

As far as we are aware, this is the first economic model in the world to assess 

robotic surgery by deconstructing the ABF or case-mix model. Hence, the 

results are reproducible and generalizable to any country that utilises the ABF 

system.   

Combining the expertise of health economist Dr. Jim Butler PhD and the 

expertise in robotic surgery of myself, Professor Murphy and the Peter Mac 

team makes for a strong economic model with very specific attention to detail 

in all facets of the models’ construction.   

This is a significant contribution to the economic science of robotic surgery, 

and is consistent with other international economic comparisons.  Specifically, 

the UK HTA by Ramsay et al. demonstrated a throughput of >150 cases per 

year may be sufficient to justify allocation of resources for a robotic surgery 

program.  This recommendation was adopted by and incorporated into the 

NICE guidelines.  By comparison, we found a similar economic viability where 

a surgical caseload of 140 robotic cases per year are performed.   

7.3. Prospective for the future and recommendations 

Over time we are likely to observe radical prostatectomy becoming a more 

specialised procedure filtered to metropolitan high-volume centres. However 

some provision of RP to regional areas will need to be maintained for equity 

and access to care.    

Urological procedures currently account for greater than 90% of all robotic 

procedures, the majority being radical prostatectomy.  There is potential for 

more robotic surgical systems to be installed in the Victorian public health 

system in an economically viable manner if RARP remains the primary 

procedure (given LOS gains) but expansion into other specialties also occurs 
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to further apportion cost.  The uptake of robotic surgery by other specialties in 

Australia has been slower than observed internationally.   

With the da Vinci robot off patent it is possible that other competitors could 

jeopardise the Intuitive Surgical monopoly in the near future.  It is hoped this 

would decrease the cost of the capital, maintenance and consumables and 

potentially hasten technological advances in the field.  However it will be 

extremely difficult for a competitor to supersede the years of research and 

development and commercial relationships already established by Intuitive 

Surgical, let alone at a lesser cost. 

From this health and economic impact analysis of robotic management of 

localised prostate cancer in the Victorian public health system we have 

recognised several areas for improvement.  Recommendations are outlined 

below: 

• Establishment of an ACHI code for robotic prostatectomy to identify 

numbers of RARP cases and better account for the provision of 

services going forward in the Victorian public system is necessary.  A 

logical approach would be to use the ACHI codes 37209-02, 37210-02 

and 37211-01.  This will distinguish RARP from LRP patients.  

However this coding system still utilises the same MBS code.  For the 

provision of private services this may need to be revised. 

• This economic analysis provides the basis for a more comprehensive 

submission to MSAC for a new MBS code for robotic prostatectomy.   

• To support the increased costs associated with a robotic surgery 

program, particularly while surgical caseload is building and expansion 

into other surgical specialties occurring, the provision of a robotic co-

payment would bridge this gap. This would be in a similar vein to the 

AAA and ASD co-payments.  It is unclear when the da Vinci S model 

will become obsolete however if a da Vinci Si was introduced into the 

public health system a co-payment of between $1933 and $3583 per 
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patient episode, i.e. the incremental cost of RARP over ORP and LRP 

respectively, might be a reasonable co-payment.  In saying this, it is 

anticipated the distributor will soon reduce the cost of the capital, 

maintenance and consumables. 

• The Victorian public health system performed around 400 RPs in 2012-

13, of which one quarter was performed robotically.  With one 

established da Vinci S robot in the Victorian public system performing 

around 100 RARPs per year at Peter Mac and a second robotic 

program in establishment phase at the RMH, it is not unreasonable that 

the Victorian public system could support another robot.  Optimally a 

hospital with an established caseload of RPs would better ensure 

economic viability, particularly a hospital with a large caseload of 

ORPs, as the greatest cost offset from LOS will be observed. 

• If the da Vinci Si dual console were to reduce in price, there is a 

significant argument for installation of this model from a teaching and 

training perspective.  A similar argument could be made for the newer 

Xi dual console model not included in this economic analysis.  The 

advantage and cost benefit in the long term of training is very difficult to 

quantify however the robot provides an optimal platform for training of 

the next generation of surgeons with a shorter learning curve than LRP 

and the added clinical advantages over ORP demonstrated in the 

literature. 
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APPENDIX A – Robot installations in Australia as at January 2016 

Hospital	 State	 Type	 Year	of	first	
installation	

Model	 Year	of	
decommission	

Year	of	
upgrade	

Model	 Current	
model	

Epworth	Hospital,	Richmond	 VIC	 Private	 2003	 Standard	 2011	 2011	 Si	Dual	 Si	Dual	
Royal	Adelaide	Hospital,	Adelaide*	 SA	 Public	 2004	 Standard	 2013	 X		 X	 X		
Epworth	Eastern	Hospital,	Box	Hill	 VIC	 Private	 2005	 Standard	 2011	 2011	 Si	 Si	
St	Vincent's	Hospital,	Darlinghurst	 NSW	 Public	 2005	 Standard	 2011	 2011	 Si	 Si	
Ascot	Hospital,	Auckland	 NZ	 Private	 2007	 Standard	 2014	 X	 X	 X	
Grace	Hospital,	Tauranga	 NZ	 Private	 2007	 Standard	 2014	 2014	 Si	 Si	
St	John	of	God	Hospital,	Subiaco	 WA	 Private	 2007	 S	 2013	 2013	 Si	 Si	
Greenslopes	Private	Hospital,	Greenslopes	 QLD	 Private	 2008	 Standard	 2012	 2012	 Si	 Si	
Royal	Brisbane	Hospital,	Brisbane	 QLD	 Public	 2008	 S	

	 	 	
S	

Southern	Cross	Hospital,	Christchurch	 NZ	 Private	 2009	 Standard	 2013	 2013	 SI	 Si	
Wesley	Hospital,	Brisbane	 QLD	 Private	 2009	 S	 2013	 2013	 Si	 Si	
Peter	MacCallum	Cancer	Centre,	Melbourne	 VIC	 Public	 2010	 S	

	 	 	
S	

Epworth	Freemasons	Hospital,	Melbourne	 VIC	 Private	 2011	 Si	
	 	 	

Si	
Cabrini	Healthcare,	Malvern	 VIC	 Private	 2011	 Si	

	 	 	
Si	

Macquarie	Private	Hospital,	North	Ryde	 NSW	 Private	 2012	 Si	
	 	 	

Si	
Strathfield	Private	Hospital,	Strathfield	 NSW	 Private	 2012	 Si	

	 	 	
Si	

Sydney	Adventist	Hospital,	Wahroonga	 NSW	 Private	 2012	 Si	
	 	 	

Si	
Hurstville	Private	Hospital,	Hurstville	 NSW	 Private	 2012	 Si	

	 	 	
Si	

Westmead	Private	Hospital,	Westmead	 NSW	 Private	 2012	 Si	
	 	 	

Si	
Nepean	Public	Hospital,	Kingswood	 NSW	 Public	 2012	 Si	Dual	

	 	 	
Si	Dual	

John	Flynn	Hospital,	Tugan	 QLD	 Private	 2013	 Si	
	 	 	

Si	
St	Andrew’s	Hospital,	Adelaide	 SA	 Private	 2013	 S	 2015	 2015	 Xi	 Xi	
Royal	Melbourne	Hospital,	Melbourne	 VIC	 Public	 2013	 S	

	 	 	
S	

Wesley	Hospital	#2,	Brisbane#	 QLD	 Private	 2013	 Si		 2015	 2015	 Xi	 Xi	
St	Andrew’s	Hospital,	Toowoomba	 QLD	 Private	 2013	 Si	 	 	 	 Si	
Hollywood	Private	 WA	 Private	 2014	 Xi	 	 	 	 Xi	
Knox	Hospital	 VIC	 Private	 2014	 Si	 	 	 	 Si	
Allamanda	Private,	Gold	Coast	 QLD	 Private	 2015	 Xi	 	 	 	 Xi	
Ashford	Private,	Adelaide	 SA	 Private	 2015	 Xi	 	 	 	 Xi	
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Princess	Alexandra,	Brisbane	 QLD	 Public	 2015	 S	 	 	 	 S	
Holy	Spirit	Northside,	Brisbane	 QLD	 Private	 2015	 Xi	 	 	 	 Xi	
Mater	Private	Hospital,	Sydney	 NSW	 Private	 2015	 Xi	 	 	 	 Xi	
Campbelltown,	Sydney	 NSW	 Private	 2015	 Si	 	 	 	 Si	
Life	house,	Sydney	 NSW	 Private	 2016	 Xi	Dual	 	 	 	 Xi	Dual	
RPA,	Sydney	 NSW	 Public	 2016	 Xi	Dual	 	 	 	 Xi	Dual	
St	George,	Sydney**	 NSW	 Private	 2016	 Xi	 	 	 	 Xi	
* Decommissioned October 2013, public-private partnership established 
** Due for installation early 2016, not currently active at January 2016 
# Wesley Hospital purchased a second Si machine which sits in a separate operating theatre.  Through upgraded core programming they have 
dual capability but does not account for a true ‘dual console’ installation. 
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APPENDIX B – Numbers of robotic procedures performed in Australia to end of 2015. Courtesy: Device Technologies, personal 
correspondence 
 

Specialty 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 

Urology 7 151 346 488 774 1277 2033 2216 2580 3225 3991 4514 5396 26978 

Gynae 0 0 0 0 10 34 76 78 94 192 258 443 713 1898 

Cardiac 0 49 84 76 49 48 45 32 36 41 20 34 36 550 

ENT 0 0 0 0 0 8 29 19 36 74 81 142 195 584 

General 0 0 0 7 2 0 2 4 16 40 89 191 352 703 

Thoracic 0 0 1 0 3 3 2 4 13 16 32 46 36 156 

Gynae; Gynaecology, ENT; Ear, nose and throat 
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APPENDIX C – Academic Robotic Cancer Surgery Program (ARCaSP) Multidisciplinary Team 2012-13 
 

Director of ARCaSP 
• Associate Professor Declan Murphy 

 
Senior Medical team 
 
Urologists 

• Associate Professor Declan Murphy 
• Mr Jeremy Goad 
• Mr Daniel Moon 
• Associate Professor Nathan Lawrentschuk 

 
Thoracic Surgeons 

• Associate Professor Gavin Wright 
• Mr Stephen Barnett 

 
Colorectal Surgeons 

• Professor Alexander Herriot 
• Mr Craig Lynch 

 
Anaesthetists 

• Dr Bernhard Riedel and colleagues 
 
Junior Medical Team 
 
Fellows (RMH/Peter Mac) 

• Dr Reid Graves (Aug 2013 – July 2014) 
• Dr Wouter Everaerts (Aug 2013 – July 2014) 
• Dr Lincoln Tan (Aug 2012 – July 2013) 
• Dr Kevin O’Connor (Aug 2012 – July 2013) 

 

Junior Medical team continued 
 
Urology SET 6 trainee (Peter Mac/RMH) 

• Dr Adam Landau (Feb 2013 – Jan 2014) 
• Dr Jim Duthie (Feb 2012 – Jan 2013) 

 
Registrars & Residents 

• Rotating from various Victorian hospitals 
 
Uro-Oncology Research Fellow (Masters of Surgery) 

• Dr Marnique Basto (Feb 2013 – Jan 2014) 
 
Nursing and Allied Health 
 
Robotic Surgery Nurse Co-ordinator 

• Ms Emma Birch 
 
Sexual Health and Erectile Dysfunction (SHED) Clinic, 
Nurse Practitioner 

• Ms Kathryn Schubach 
 
Psychologist 

• Kelly Elsegood 
 
Continence Physiotherapist – referral to RMH 

• Anne-Florence Plante 
 
Social Worker 

• Denise Beovich 

 



 284 

 
APPENDIX D – Structure of the Australian health care system and its flow of funds 
 

 

Courtesy of the Victorian Department of Health, http://health.vic.gov.au/abf/nfr.htm 
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APPENDIX E – Unit cost per WIES ($) for acute inpatient services based on hospital location and patient type in 2012-13(48) 
 
 

Payment Metropolitan $ Outer Metro & 
Large Regional 

Regional & Large 
Sub-regional $ 

Sub-regional & 
Local $ 

Public WIES 19 4,164 4,278 4,504 4,582 

Private WIES 19 3,165 3,252 3,423 3,483 

TAC WIES 19 3,733 3,836 3,698 3,761 

DVA WIES 19 4,257 4,373 4,604 4,684 
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APPENDIX F – Clavien-Dindo Classification of complications up to 90 days post-operative(129) 

 
 

Grade Definition 

I Any deviation from the normal post-operative course without the need for pharmacological treatment or surgical, endoscopic and 
radiological interventions. 
Acceptable therapeutic regimens are: drugs as anti-emetics, antipyretics, analgesics, diuretics and electrolytes and physiotherapy.  
This grade also includes wound infections opened at the bedside. 

II Requiring pharmacological treatment with drugs other than such allowed for grade I complications. 
Blood transfusion and total parenteral nutrition are also included. 

IIIa Requiring surgical, endoscopic or radiological intervention not under general anaesthesia 

IIIb Requiring surgical, endoscopic or radiological intervention under general anaesthesia 

IVa Life-threatening complication (including CNS complications) requiring ICU management – single organ dysfunction (including dialysis) 

IVb Life-threatening complication (including CNS complications) requiring ICU management – multi organ dysfunction 

V Death of a patient 

Suffix ‘d’ If the patient suffers from a complication at the time of discharge the suffix “d” (for ‘disability’) is added to the respective grade of 
complication.  This label indicates the need for follow-up to fully evaluate the complications 

CNS, central nervous system; ICU, intensive care unit 



APPENDIX G – “Early urinary continence recovery after robot-assisted 
radical prostatectomy in older Australian men”  
 
 
 



 288 

 
 



 289 

 
 



 290 

 
 



 291 

 
 



 292 



 293 

 
APPENDIX H – “Laparoscopic versus Robotic-Assisted Radical 
Prostatectomy: An Australian single surgeon series” 
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APPENDIX I – Summary of all VAED variables according to surgical approach and hospital type expressed as ‘count (% [95% 

confidence interval]).  NB. ‘Public MIP’ is a combination of Public LRP and Public RARP. 

  Victorian public hospitals Victorian private hospitals 

  Public ORP  
(n=824) 

Public LRP  
(n=211) 

Public RARP  
(n=199) 

Public MIP  
(n=410) 

Private ORP  
(n=1676) 

Private LRP/RARP  
(n=2220) 

Age group             

35-39                0 (0% [0 - 0]) 0 (0% [0 - 2]) 0 (0% [0 - 2]) 0 (0% [0 - 1]) 0 (0% [0 - 0]) 2 (0% [0 - 0]) 

40-44                9 (1% [1 - 2]) 5 (2% [1 - 5]) 5 (3% [1 - 6]) 10 (2% [1 - 4]) 6 (0% [0 - 1]) 20 (1% [1 - 1]) 

45-49                42 (5% [4 - 7]) 10 (5% [2 - 9]) 4 (2% [1 - 5]) 14 (3% [2 - 6]) 54 (3% [2 - 4]) 92 (4% [3 - 5]) 

50-54                73 (9% [7 - 11]) 33 (16% [11 - 21]) 19 (10% [6 - 15]) 52 (13% [10 - 16]) 134 (8% [7 - 9]) 236 (11% [9 - 12]) 

55-59                189 (23% [20 - 26]) 47 (22% [17 - 28]) 52 (26% [20 - 33]) 99 (24% [20 - 29]) 301 (18% [16 - 20]) 408 (18% [17 - 20]) 

60-64                214 (26% [23 - 29]) 59 (28% [22 - 35]) 61 (31% [24 - 38]) 120 (29% [25 - 34]) 425 (25% [23 - 28]) 591 (27% [25 - 29]) 

65-69                221 (27% [24 - 30]) 42 (20% [15 - 26]) 43 (22% [16 - 28]) 85 (21% [17 - 25]) 467 (28% [26 - 30]) 601 (27% [25 - 29]) 

70-74                68 (8% [6 - 10]) 15 (7% [4 - 11]) 13 (7% [4 - 11]) 28 (7% [5 - 10]) 242 (14% [13 - 16]) 227 (10% [9 - 12]) 

75-79                7 (1% [0 - 2]) 0 (0% [0 - 2]) 2 (1% [0 - 4]) 2 (0% [0 - 2]) 42 (3% [2 - 3]) 42 (2% [1 - 3]) 

80-84                1 (0% [0 - 1]) 0 (0% [0 - 2]) 0 (0% [0 - 2]) 0 (0% [0 - 1]) 4 (0% [0 - 1]) 1 (0% [0 - 0]) 

90-94                0 (0% [0 - 0]) 0 (0% [0 - 2]) 0 (0% [0 - 2]) 0 (0% [0 - 1]) 1 (0% [0 - 0]) 0 (0% [0 - 0]) 

State             

Victoria 802 (97% [96 - 98]) 207 (98% [95 - 99]) 181 (91% [86 - 95]) 388 (95% [92 - 97]) 1644 (98% [97 - 99]) 2115 (95% [94 - 96]) 

non-Victorian 22 (3% [2 - 4]) 4 (2% [1 - 5]) 18 (9% [5 - 14]) 22 (5% [3 - 8]) 32 (2% [1 - 3]) 105 (5% [4 - 6]) 

Region             

Barwon-South Western 44 (5% [4 - 7]) 19 (9% [6 - 14]) 0 (0% [0 - 2]) 19 (5% [3 - 7]) 165 (10% [8 - 11]) 106 (5% [4 - 6]) 

Eastern Metro 157 (19% [16 - 22]) 22 (10% [7 - 15]) 30 (15% [10 - 21]) 52 (13% [10 - 16]) 277 (17% [15 - 18]) 758 (34% [32 - 36]) 

Gippsland 65 (8% [6 - 10]) 5 (2% [1 - 5]) 8 (4% [2 - 8]) 13 (3% [2 - 5]) 73 (4% [3 - 5]) 60 (3% [2 - 3]) 

Grampians 57 (7% [5 - 9]) 3 (1% [0 - 4]) 6 (3% [1 - 6]) 9 (2% [1 - 4]) 77 (5% [4 - 6]) 28 (1% [1 - 2]) 

Hume 81 (10% [8 - 12]) 6 (3% [1 - 6]) 19 (10% [6 - 15]) 25 (6% [4 - 9]) 38 (2% [2 - 3]) 103 (5% [4 - 6]) 

Loddon Mallee 52 (6% [5 - 8]) 8 (4% [2 - 7]) 19 (10% [6 - 15]) 27 (7% [4 - 9]) 75 (4% [4 - 6]) 100 (5% [4 - 5]) 

non-Victorian 22 (3% [2 - 4]) 4 (2% [1 - 5]) 18 (9% [5 - 14]) 22 (5% [3 - 8]) 32 (2% [1 - 3]) 105 (5% [4 - 6]) 

North-West Metro 166 (20% [17 - 23]) 132 (63% [56 - 69]) 79 (40% [33 - 47]) 211 (51% [47 - 56]) 240 (14% [13 - 16]) 525 (24% [22 - 25]) 
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  Victorian public hospitals Victorian private hospitals 

  Public ORP  
(n=824) 

Public LRP  
(n=211) 

Public RARP  
(n=199) 

Public MIP  
(n=410) 

Private ORP  
(n=1676) 

Private LRP/RARP  
(n=2220) 

Southern Metro 180 (22% [19 - 25]) 12 (6% [3 - 10]) 20 (10% [6 - 15]) 32 (8% [5 - 11]) 699 (42% [39 - 44]) 435 (20% [18 - 21]) 

Patient type             

Compensable 0 (0% [0 - 0]) 0 (0% [0 - 2]) 0 (0% [0 - 2]) 0 (0% [0 - 1]) 0 (0% [0 - 0]) 1 (0% [0 - 0]) 

DVA 0 (0% [0 - 0]) 0 (0% [0 - 2]) 0 (0% [0 - 2]) 0 (0% [0 - 1]) 49 (3% [2 - 4]) 17 (1% [0 - 1]) 

Ineligible 1 (0% [0 - 1]) 0 (0% [0 - 2]) 0 (0% [0 - 2]) 0 (0% [0 - 1]) 2 (0% [0 - 0]) 1 (0% [0 - 0]) 

Private 68 (8% [6 - 10]) 13 (6% [3 - 10]) 37 (19% [13 - 25]) 50 (12% [9 - 16]) 1624 (97% [96 - 98]) 2196 (99% [98 - 99]) 

Public 755 (92% [90 - 93]) 198 (94% [90 - 97]) 162 (81% [75 - 87]) 360 (88% [84 - 91]) 1 (0% [0 - 0]) 5 (0% [0 - 1]) 

Hospital location             

Metropolitan 580 (70% [67 - 73]) 186 (88% [83 - 92]) 199 (100% [98 - 100]) 385 (94% [91 - 96])     

Rural 244 (30% [27 - 33]) 25 (12% [8 - 17]) 0 (0% [0 - 2]) 25 (6% [4 - 9])     

Not specified         1676 (100% [100 - 100]) 2220 (100% [100 - 100]) 

Major Male Pelvic 
Procedures              

With Catastrophic or Severe 

CC 
302 (37% [33 - 40]) 54 (26% [20 - 32]) 23 (12% [7 - 17]) 77 (19% [15 - 23]) 249 (15% [13 - 17]) 178 (8% [7 - 9]) 

Without Catastrophic or 

Severe CC 
522 (63% [60 - 67]) 157 (74% [68 - 80]) 176 (88% [83 - 93]) 333 (81% [77 - 85]) 1427 (85% [83 - 87]) 2042 (92% [91 - 93]) 

Length of stay (LOS)             

Mean (SD) 4.84 (3.47) 3.57 (2.67) 1.43 (1.34) 2.53 (2.38) 5.24 (2.61) 3.07 (1.79) 

Median [range] 4 [1 - 48] 3 [1 - 22] 1 [1 - 11] 2 [1 - 22] 5 [1 - 43] 3 [1 - 31] 

LOS type             

Multi day stay 810 (98% [97 - 99]) 204 (97% [93 - 99]) 39 (20% [14 - 26]) 243 (59% [54 - 64]) 1656 (99% [98 - 99]) 1934 (87% [86 - 88]) 

Overnight stay 7 (1% [0 - 2]) 4 (2% [1 - 5]) 160 (80% [74 - 86]) 164 (40% [35 - 45]) 16 (1% [1 - 2]) 283 (13% [11 - 14]) 

Same day stay 7 (1% [0 - 2]) 3 (1% [0 - 4]) 0 (0% [0 - 2]) 3 (1% [0 - 2]) 4 (0% [0 - 1]) 3 (0% [0 - 0]) 

Blood transfusion             

Not required 701 (85% [82 - 87]) 199 (94% [90 - 97]) 199 (100% [98 - 100]) 398 (97% [95 - 98]) 1398 (83% [82 - 85]) 2180 (98% [98 - 99]) 

Required 123 (15% [13 - 18]) 12 (6% [3 - 10]) 0 (0% [0 - 2]) 12 (3% [2 - 5]) 278 (17% [15 - 18]) 40 (2% [1 - 2]) 

Continuous mechanical 
ventilation (CMV)             

CMV required (count of 

patients) 
5 (1% [0 - 1]) 3 (1% [0 - 4]) 1 (1% [0 - 3]) 4 (1% [0 - 2]) 5 (0% [0 - 1]) 10 (0% [0 - 1]) 

Duration (days; mean (SD)) 25.00 (25.54) 4.00 (0.00) 5.00 (NA) 4.25 (0.50) 7.60 (7.30) 11.50 (6.67) 
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  Victorian public hospitals Victorian private hospitals 

  Public ORP  
(n=824) 

Public LRP  
(n=211) 

Public RARP  
(n=199) 

Public MIP  
(n=410) 

Private ORP  
(n=1676) 

Private LRP/RARP  
(n=2220) 

Duration (days; median 

[range]) 
15 [3 - 61] 4 [4 - 4] 5 [5 - 5] 4 [4 - 5] 5 [2 - 20] 12.5 [3 - 20] 

Hospital in the house (HITH)             

HITH required 22 (3% [2 - 4]) 6 (3% [1 - 6]) 1 (1% [0 - 3]) 7 (2% [1 - 3]) 2 (0% [0 - 0]) 1 (0% [0 - 0]) 

Duration (days; mean (SD)) 8.82 (6.13) 10.50 (4.68) 4.00 (NA) 9.57 (4.93) 6.00 (7.07) 5.00 (NA) 

Duration (days; median 

[range]) 
7 [3 - 27] 11 [5 - 18] 4 [4 - 4] 11 [4 - 18] 6 [1 - 11] 5 [5 - 5] 

Intensive care unit (ICU)             

ICU required 72 (9% [7 - 11]) 12 (6% [3 - 10]) 11 (6% [3 - 10]) 23 (6% [4 - 8]) 390 (23% [21 - 25]) 209 (9% [8 - 11]) 

Duration (days; mean (SD)) 41.15 (32.07) 28.75 (20.67) 39.36 (44.90) 33.83 (34.05) 29.31 (24.74) 28.85 (19.92) 

Duration (days; median 

[range]) 
31.5 [4 - 173] 17 [7 - 64] 22 [1 - 161] 22 [1 - 161] 24 [1 - 257] 24 [1 - 213] 

Pelvic lymphadenectomy 

done              

No 672 (82% [79 - 84]) 196 (93% [89 - 96]) 197 (99% [96 - 100]) 393 (96% [93 - 98]) 787 (47% [45 - 49]) 2068 (93% [92 - 94]) 

Yes 152 (18% [16 - 21]) 15 (7% [4 - 11]) 2 (1% [0 - 4]) 17 (4% [2 - 7]) 889 (53% [51 - 55]) 152 (7% [6 - 8]) 

Comorbidities             

Type 1 diabetes 1 (0% [0 - 1]) 1 (0% [0 - 3]) 0 (0% [0 - 2]) 1 (0% [0 - 1]) 2 (0% [0 - 0]) 4 (0% [0 - 0]) 

Type 2 diabetes 36 (4% [3 - 6]) 6 (3% [1 - 6]) 10 (5% [2 - 9]) 16 (4% [2 - 6]) 60 (4% [3 - 5]) 68 (3% [2 - 4]) 

Type 1 or type 2 diabetes 37 (4% [3 - 6]) 7 (3% [1 - 7]) 10 (5% [2 - 9]) 17 (4% [2 - 7]) 62 (4% [3 - 5]) 72 (3% [3 - 4]) 

Hypertension 27 (3% [2 - 5]) 6 (3% [1 - 6]) 5 (3% [1 - 6]) 11 (3% [1 - 5]) 56 (3% [3 - 4]) 47 (2% [2 - 3]) 

Other Comorbidity 450 (55% [51 - 58]) 118 (56% [49 - 63]) 79 (40% [33 - 47]) 197 (48% [43 - 53]) 654 (39% [37 - 41]) 898 (40% [38 - 43]) 

Complications             

Acute kidney failure 17 (2% [1 - 3]) 2 (1% [0 - 3]) 3 (2% [0 - 4]) 5 (1% [0 - 3]) 7 (0% [0 - 1]) 15 (1% [0 - 1]) 

AMI 0 (0% [0 - 0]) 1 (0% [0 - 3]) 1 (1% [0 - 3]) 2 (0% [0 - 2]) 6 (0% [0 - 1]) 3 (0% [0 - 0]) 

Hypotension 143 (17% [15 - 20]) 17 (8% [5 - 13]) 7 (4% [1 - 7]) 24 (6% [4 - 9]) 150 (9% [8 - 10]) 80 (4% [3 - 4]) 

Injury of viscera 16 (2% [1 - 3]) 4 (2% [1 - 5]) 1 (1% [0 - 3]) 5 (1% [0 - 3]) 9 (1% [0 - 1]) 4 (0% [0 - 0]) 

Pulmonary embolism 4 (0% [0 - 1]) 0 (0% [0 - 2]) 0 (0% [0 - 2]) 0 (0% [0 - 1]) 0 (0% [0 - 0]) 1 (0% [0 - 0]) 

Other complication 33 (4% [3 - 6]) 3 (1% [0 - 4]) 1 (1% [0 - 3]) 4 (1% [0 - 2]) 16 (1% [1 - 2]) 22 (1% [1 - 1]) 

 



APPENDIX J – Search refinement of Victorian Admitted Episodes Dataset 
(VAED) – Dataset 1 explained 
 

1. Separation dates: 

• Dataset 1: 14th July 2010 – 13th April 2013  

2. ACHI codes including; (n=5657) 

• ORP [1167] 

Ø Suprapubic 37200-03 

Ø Retropubic 37200-04 

Ø Other open prostatectomy 37200-05 

Ø Radical prostatectomy 37209-00 

Ø Radical prostatectomy with bladder neck reconstruction 

37210-00 

Ø Radical prostatectomy with bladder neck reconstruction 

and pelvic lymphadenectomy 37211-00 

• Other closed prostatectomy [1167] 

Ø Laparoscopic radical prostatectomy 37209-01 

Ø Laparoscopic radical prostatectomy with bladder neck 

resection 37210-01 

Ø Laparoscopic radical prostatectomy with bladder neck 

reconstruction and pelvic lymphadenectomy 37211-01 

 

3. Filtered by Vic-DRG code – M01A and M01B (n=5221; 436 excluded) 

4. Filtered by primary diagnosis code – C61 malignant neoplasm of the 

prostate (n=5152; excluded 69) 

5. Excluded procedure code for cystectomy in all ACHI coded columns 

including (n=5138; excluded 14) 

• 37000 Bladder partial excision (n=1) 

• 37014 Bladder total excision (n=13) 

6. Excluded patients due to double records of same patient (n=5130; 

excluded 8) 

• Exact duplicates (2) - Patients (PUK code) – 14096446, 

16431255, one deleted of each 
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• Two x Open prostatectomy codes coded per patient (3) - Patient 

(PUK code) 

Ø PUK 15350978 - 3721100 and 3720900 codes, 3720900 

excluded as other includes this and pelvic LAD 

Ø PUK 17329124 - 3720900 and 3721000 codes – 3720900 

excluded 

Ø PUK 18517347 – 372005 and 3721000 codes – 3720005 

excluded 

• Open and Lap codes per patient (3) – Lap codes excluded for 

these as open procedure confers the additional LOS and 

complication risk of open procedure. 

Ø PUK 14345894 – 3721100 and 3721101. Exclude 

3721101. 

Ø PUK 15057491 – 3720900 and 3720901. Exclude 

3720901 

Ø PUK 16538885 – 3720901 and 3720900. Exclude 

3720901 

 

Finer detail of refinement process 

 

All remaining ACHI codes on 5130 patients were decoded to determine if any 

additional procedure (in addition to prostatectomy) would impact the 

perioperative outcomes.  Codes were examined individually by a clinical team 

that included Professor Declan Murphy (Urologist) and Dr Marnique Basto.  

Only codes for partial and total bladder excision were excluded as a result. 

 

Prostatectomy codes listed in table 2.3 were included in this analysis.  There 

was discussion among the clinical team over removing codes 37200-03, 37200-

04, 37200-05 and 37209-00 as it was thought there was potential that these 

procedures could be performed on patient that did not have prostate cancer.  

However only 6 patients who had these codes were included in the final 

dataset.  On closer examination of these patients, one was a Peter Mac patient 
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who on cross reference with our internal medical records had undergone a 

radical prostatectomy and should be included in the cohort.  Additionally all 

these patients had been pre-filtered for C61 ICD code for malignant neoplasm 

of the prostate, hence we assume were all performed for prostate cancer. 

 

To double check that this dataset was appropriately reflecting radical 

prostatectomies, all the Peter Mac patients were identified within the dataset.  

The VAED provided the URN numbers for Peter Mac patients hence we were 

able to cross-reference these patients against our internal records.  All Peter 

Mac patients on our prospectively collected database and the VAED dataset 

matched up.  This was additional confirmation that the data extracted and 

search refinement process had adequately captured all radical prostatectomy 

patients in Victoria for the period defined. 

 

This refinement process involved input from the experts listed below.  Our final 

check and balance included Kirsty Anderson, manager of Data Collections at 

the Department of Health Victoria cross checking the data extract and search 

refinement. 

• Simon Jarmon – Clinical costing manager, Peter Mac 

• Shane Ryan – Executive Director of Clinical Operations, Peter Mac 

• Jim Butler – Health Economist, Australian National University Canberra 

• Declan Murphy – Urologist, Director of Robotic Surgery, Peter Mac 

• Kirsty Anderson – Manager of Data Collections, Department of Health  
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APPENDIX K – Description of functional and quality of life questionnaires 

 

Questionnaire No. Qus Time period (months) Validation 

Demographics 14 Pre-op APCRC 

DCS 16 Pre-op O’Connor 1993 

Other therapies 6 Pre-op, 3, 6, 12, 24, 36 APCRC 

EPIC-CP 16 Pre-op, 3, 6, 12, 24, 36 Chang 2011 

Comprehensive PCa 

QOL 

6 Pre-op, 3, 6, 12, 24, 36 Miller 2006 

SHIM 5 Pre-op, 3, 6, 12, 24, 36 Rosen 1999 

HADS 14 Pre-op, 3, 6, 12, 24, 36 Zigmond 1983 

PCaRQOLS 55 Pre-op, 3, 6, 12, 24, 36 Clark 2003 

Return to work 3 

1 

3 

12 

Hohwu 2009 

EQ-5D-5L 6 Pre-op, 3, 6, 12, 24, 36 Brooks 1996 

SF-12v2 7 Pre-op, 3, 6, 12, 24, 36 Maruish 2012 

Pre-op, pre-operative; APCRC, Australasian Prostate Cancer Research Centre 

(Richmond, VIC); DCS, decisional conflict scale; EPIC-CP, expanded prostate 

cancer index composite – clinical practice; PCa, prostate cancer; QOL, quality of 

life; SHIM, sexual health inventory for men; HADS, hospital anxiety and 

depression scale; PCaRQOLS, prostate cancer related quality of life scale 
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APPENDIX L – Functional and quality of life questionnaires  

 

Preoperative questionnaire included only, this is representative of all 

questionnaire subtypes except the return to work analysis.  Please refer to 

Chapter 2.2.7 for questions included in return to work analysis at three and 12-

months.  See graph Appendix K for questionnaire subtypes included at each 

questionnaire time point. 
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APPENDIX M – Overview of QOL assessments completed  

 

Time points at which QoL 
Assessments were done 

Number of  
patients 

0      30 
0,3     23 
0,6    2 

0,12   6 
0,3,6    22 

0,3,12   3 
0,6,12   10 

0,3,6,12   19 
3     4 

3,6    3 
3, 12   1 

6    1 
6,12   2 

12   18 
24  28 

24,36 1 
36 8 

Total 181 



APPENDIX N – Summary of EPIC-CP scores at all time points 
 

EPIC-CP Level Baseline 3 months 6 months 12 
months 

24 
months 36 months 

Question 1 

(Overall, how much 
of a problem has 
your urinary 
function been for 
you?) 

No Problem 61 (54%) 16 (22%) 16 (27%) 20 (34%) 4 (14%) 4 (44%) 
Very small problem 25 (22%) 30 (41%) 18 (31%) 21 (36%) 9 (31%) 2 (22%) 

Small problem 15 (13%) 8 (11%) 19 (32%) 13 (22%) 11 (38%) 1 (11%) 
Moderate problem 12 (11%) 12 (16%) 5 (8%) 5 (8%) 4 (14%) 0 (0%) 

Big problem 0 (0%) 7 (10%) 1 (2%) 0 (0%) 1 (3%) 2 (22%) 

Missing 2 2 0 0 0 0 

Urinary 
Incontinence 
Symptom Score 
(out of 12)  

Minimum score (0) 79 (69%) 12 (16%) 11 (19%) 16 (27%) 3 (10%) 2 (22%) 
 Score >0 35 (31%) 63 (84%) 48 (81%) 43 (73%) 26 (90%) 7 (78%) 

Missing 1 0 0 0 0 0 
Patients with non-minimum 
score:             

Mean (SD) 1.97 
(1.46) 4.11 (2.75) 2.70 (1.56) 2.70 (1.46) 3.18 (2.05) 3.43 (1.99) 

Median [range] 2 [1 - 9] 3 [1 - 12] 2 [1 - 9] 2 [1 - 9] 2.5 [1 - 10] 3 [1 - 6] 
Urinary 
Irritation/Obstruction 
Symptom Score 
(out of 12)  

Minimum score (0) 43 (39%) 22 (29%) 18 (31%) 24 (41%) 6 (21%) 4 (44%) 
 Score >0 67 (61%) 53 (71%) 40 (69%) 34 (59%) 23 (79%) 5 (56%) 

Missing 5 0 1 1 0 0 
Patients with non-minimum 
score:             

Mean (SD) 2.80 
(2.10) 3.72 (2.81) 2.40 (1.35) 2.68 (1.90) 2.52 (1.78) 4.00 (2.65) 

Median [range] 2 [1 - 9] 3 [1 - 12] 2 [1 - 5] 2 [1 - 8] 2 [1 - 6] 3 [1 - 8] 
Bowel Symptom 
Score (out of 12)  

Minimum score (0) 83 (75%) 54 (72%) 48 (83%) 42 (71%) 19 (66%) 7 (78%) 
 Score >0 28 (25%) 21 (28%) 10 (17%) 17 (29%) 10 (34%) 2 (22%) 

Missing 4 0 1 0 0 0 
Patients with non-minimum 
score:             

Mean (SD) 3.00 
(2.39) 3.14 (2.01) 4.60 (4.30) 3.26 (2.28) 3.00 (2.26) 5.00 (5.66) 
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EPIC-CP Level Baseline 3 months 6 months 12 
months 

24 
months 36 months 

Median [range] 2 [1 - 9] 3 [1 - 8] 2.5 [1 - 12] 3 [1 - 9] 2 [1 - 6] 5 [1 - 9] 
Sexual Symptom 
Score (out of 12)  

Minimum score (0) 29 (26%) 2 (3%) 1 (2%) 0 (0%) 1 (3%) 0 (0%) 
 Score >0 83 (74%) 71 (97%) 58 (98%) 58 (100%) 28 (97%) 9 (100%) 

Missing 3 (3%) 2 (3%) 0 (0%) 1 (2%) 0 (0%) 0 (0%) 
Patients with non-minimum 
score:             

Mean (SD) 4.45 
(3.03) 8.06 (3.11) 7.73 (2.85) 7.64 (3.39) 7.32 (3.14) 8.44 (2.96) 

Median [range] 4 [1 - 12] 8 [1 - 12] 8 [2 - 12] 7 [1 - 12] 7.5 [2 - 12] 9 [2 - 12] 
Vitality/Hormonal 
Symptom Score 
(out of 12)  

Minimum score (0) 56 (50%) 28 (38%) 21 (36%) 23 (39%) 11 (38%) 3 (33%) 
 Score >0 56 (50%) 46 (62%) 38 (64%) 36 (61%) 18 (62%) 6 (67%) 

Missing 3 1 0 0 0 0 
Patients with non-minimum 
score:             

Mean (SD) 3.01 
(2.37) 3.46 (2.45) 3.01 (2.10) 2.97 (2.27) 3.42 (2.55) 3.67 (1.21) 

Median [range] 2 [1 - 9] 2.5 [1 - 12] 2 [1 - 12] 2 [1 - 9] 2 [1 - 8] 3.5 [2 - 5] 
Overall Prostate 
Cancer QOL Score 
(out of 60)  

Minimum score (0) 4 (4%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

 Score >0 101 
(96%) 72 (100%) 58 (100%) 58 (100%) 29 (100%) 9 (100%) 

Missing 10 3 1 1 0 0 
Patients with non-minimum 
score:             

Mean (SD) 8.08 
(6.78) 

17.14 
(9.81) 

14.10 
(6.88) 

13.97 
(7.66) 

15.07 
(7.77) 

16.89 
(10.13) 

Median [range] 6 [1 - 32] 16 [2 - 47] 14 [1 - 37] 12.5 [2 - 
33] 15 [1 - 34] 16 [2 - 37] 
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APPENDIX O – Summary of Total SHIM scores at each of the time points 
 

SHIM score Statistic Baseline 3 months 6 months 12 months 24 months 36 months 

 N 106 70 58 55 29 9 
Continuous 
  

 16.00 (8.66) 4.51 (6.21) 3.88 (5.79) 4.84 (6.88) 7.17 (6.72) 5.89 (7.99) 

Median [range] 19 [1 - 25] 1 [1 - 24] 1 [1 - 24] 1 [1 - 25] 5 [1 - 25] 1 [1 - 21] 
Categorizeda 
  
  
  
  

Potent (22-25) 41 (39% [29 - 49]) 1 (1% [0 - 8]) 2 (3% [0 - 12]) 3 (5% [1 - 15]) 1 (3% [0 - 18]) 0 (0% [0 - 34]) 

Mild ED (17-21) 20 (19% [12 - 28]) 5 (7% [2 - 16]) 2 (3% [0 - 12]) 3 (5% [1 - 15]) 1 (3% [0 - 18]) 2 (22% [3 - 60]) 

Mild to moderate ED (12-16) 14 (13% [7 - 21]) 3 (4% [1 - 12]) 2 (3% [0 - 12]) 2 (4% [0 - 13]) 6 (21% [8 - 40]) 0 (0% [0 - 34]) 

Moderate ED (8-11) 5 (5% [2 - 11]) 6 (9% [3 - 18]) 3 (5% [1 - 14]) 4 (7% [2 - 18]) 2 (7% [1 - 23]) 0 (0% [0 - 34]) 

Severe ED (1-7) 26 (25% [17 - 34]) 55 (79% [67 - 87]) 49 (84% [73 - 93]) 43 (78% [65 - 88]) 19 (66% [46 - 82]) 7 (78% [40 - 97]) 
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APPENDIX P – Summary of HADS anxiety and depression scores at baseline and each of the time points. 
 
 

HADS  
 Grouping Baseline 

n (% [95% CI]) 
3 months 

n (% [95% CI]) 
6 months 

n (% [95% CI]) 
12 months 

n (% [95% CI]) 
24 months 

n (% [95% CI]) 
36 months 

n (% [95% CI]) 
Anxiety 
  
  
  

Non case (0-7) 87 (78% [69 - 85]) 59 (80% [69 - 88]) 46 (78% [65 - 88]) 47 (80% [67 - 89]) 21 (72% [53 - 87]) 7 (78% [40 - 97]) 
Borderline case (8-10) 19 (17% [11 - 25]) 9 (12% [6 - 22]) 11 (19% [10 - 31]) 7 (12% [5 - 23]) 6 (21% [8 - 40]) 2 (22% [3 - 60]) 

Case (11-21) 6 (5% [2 - 11]) 6 (8% [3 - 17]) 2 (3% [0 - 12]) 5 (8% [3 - 19]) 2 (7% [1 - 23]) 0 (0% [0 - 34]) 
Depression 
  
  
  

Non case (0-7) 107 (96% [90 - 99]) 64 (88% [78 - 94]) 55 (93% [84 - 98]) 53 (90% [79 - 96]) 26 (90% [73 - 98]) 8 (89% [52 - 100]) 
Borderline case (8-10) 4 (4% [1 - 9]) 5 (7% [2 - 15]) 3 (5% [1 - 14]) 3 (5% [1 - 14]) 2 (7% [1 - 23]) 1 (11% [0 - 48]) 

Case (11-21) 1 (1% [0 - 5]) 4 (5% [2 - 13]) 1 (2% [0 - 9]) 3 (5% [1 - 14]) 1 (3% [0 - 18]) 0 (0% [0 - 34]) 



 327 

 
APPENDIX Q – Summary of Prostate Cancer Related QOL Scales 
 

Variable Statistic 3 months 6 months 12 months 24 months 36 months 
Urinary control Mean (SD) 83.32 (23.09) 92.70 (9.18) 89.46 (16.16) 82.53 (20.52) 80.21 (33.84) 
  Median [range] 93.75 [0 - 100] 96.66 [62.5 - 100] 96.88 [15.63 - 100] 93.75 [31.25 - 100] 100 [0 - 100] 
  N 73 58 59 29 9 
Sexual confidence Mean (SD) 27.11 (26.00) 28.81 (29.75) 24.22 (26.63) 33.41 (31.40) 23.61 (27.74) 
  Median [range] 18.75 [0 - 100] 18.75 [0 - 100] 12.5 [0 - 93.75] 25 [0 - 100] 18.75 [0 - 87.5] 
  N 69 59 56 29 9 
Marital affection Mean (SD) 89.45 (21.22) 89.00 (19.95) 84.86 (21.63) 90.18 (16.36) 84.38 (18.60) 
  Median [range] 100 [0 - 100] 100 [33.33 - 100] 100 [25 - 100] 100 [50 - 100] 87.5 [50 - 100] 
  N 64 50 49 28 8 
Masculine self esteem Mean (SD) 76.10 (25.79) 81.86 (24.03) 77.79 (26.74) 80.00 (24.07) 62.85 (34.28) 
  Median [range] 85.94 [0 - 100] 90.63 [0 - 100] 90.63 [12.5 - 100] 90.63 [12.5 - 100] 68.75 [0 - 100] 
  N 74 58 59 29 9 
Cancer control Mean (SD) 75.68 (23.78) 79.92 (20.29) 79.94 (21.33) 81.81 (21.35) 70.56 (31.77) 
  Median [range] 80 [5 - 100] 80 [20 - 115] 85 [0 - 100] 90 [5 - 100] 80 [5 - 100] 
  N 74 59 59 29 9 
Informed decision Mean (SD) 89.73 (13.50) 87.37 (17.55) 82.88 (23.12) 86.21 (19.76) 70.56 (36.70) 
  Median [range] 95 [45 - 100] 95 [30 - 100] 90 [0 - 100] 95 [40 - 100] 75 [0 - 100] 
  N 74 59 59 29 9 
Regret Mean (SD) 11.99 (22.84) 6.19 (14.15) 10.66 (18.48) 11.90 (21.06) 24.44 (43.33) 
  Median [range] 0 [0 - 90] 0 [0 - 55] 0 [0 - 85] 0 [0 - 85] 0 [0 - 100] 
  N 74 59 59 29 9 
Outlook Mean (SD) 56.25 (32.80) 52.97 (34.92) 48.73 (34.09) 42.41 (32.69) 25.00 (34.80) 
  Median [range] 50 [0 - 100] 50 [0 - 100] 50 [0 - 100] 50 [0 - 100] 12.5 [0 - 100] 
  N 74 59 59 28 9 
Health worry Mean (SD) 18.62 (23.55) 16.46 (21.92) 12.43 (16.28) 13.42 (14.48) 23.15 (30.27) 
 Median [range] 12.5 [0 - 100] 12.5 [0 - 100] 8.33 [0 - 70.83] 8.33 [0 - 62.5] 16.67 [0 - 100] 
 N 74 59 59 29 9 
PSA concern Mean (SD) 65.24 (38.26) 68.64 (32.86) 67.37 (31.57) 62.93 (36.97) 54.17 (34.23) 
  Median [range] 75 [0 - 100] 75 [0 - 100] 75 [0 - 100] 75 [0 - 100] 62.5 [0 - 100] 
  N 73 59 59 29 9 



 328 

 
 
APPENDIX R – Cost of da Vinci Surgical System consumables 

Item	

Reference	
Number	for	

S	

Reference	
Number	for	

Si	
Items	
per	box	 Uses	

Da	Vinci	S	
Total	cost	old	

(Jul	14	2010	-	Dec	31	2012)	

Da	Vinci	S	
Total	cost	new	

(Jan	1	2013	-	Dec	31	2013)	

Da	Vinci	Si	
Total	cost	new	

(Jan	1	2013	-	Dec	31	2013)	
	 	 	 	 	 Total	 Per	case	 Total	 Per	case	 Total	 Per	case	
Consumables	required	per	case	 		 		 		 		 		 		 		 		 		 		
Instruments	 		 		 		 		 		 		 		 		 		 		
Large	Needle	Driver	-	8mm	(1)	 INS-420006	 INS-420006	 1	 10	 $6,393.20	 $639.32	 $5,753.88	 $575.39	 $5,753.88	 $575.39	

Large	Needle	Driver	-	8mm	(2)	 INS-420006	 INS-420006	 1	 10	 $6,393.20	 $639.32	 $5,753.88	 $575.39	 $5,753.88	 $575.39	

Maryland	Bipolar	Forceps	 INS-420172	 INS-420172	 1	 10	 $7,846.30	 $784.63	 $7,061.67	 $706.17	 $7,061.67	 $706.17	

Monopolar	Curved	Scissors	(Hot	Shear)	 INS-420179	 INS-420179	 1	 10	 $9,299.40	 $929.94	 $8,369.46	 $836.95	 $8,369.46	 $836.95	

Prograsp	Forceps	 INS-420093	 INS-420093	 1	 10	 $6,393.20	 $639.32	 $5,753.88	 $575.39	 $5,753.88	 $575.39	

Subtotal	instruments	 		 		 		 		 		 $3,632.53	 		 $3,269.28	 		 $3,269.28	

	 	 	 	 	 	 	 	 	 	 	Accessories	(Disposable)	 		 		 		 		 		 		 		 		 		 		

Disposable	Accessory	Kit	4	arm(a,b)	 INS-420258	 INS-420291	 5	 1	 $3,400.02	 $680.00	 $3,060.02	 $612.00	 $3,400.02	 $680.00	

8mm	bladeless	obturator	 INS-420023	 INS-420023	 24	 1	 $1,637.04	 $68.21	 $1,494.90	 $62.29	 $1,494.90	 $62.29	

Scissor	Tip	Cover	 INS-400180	 INS-400180	 10	 1	 $581.00	 $58.10	 $522.90	 $52.29	 $522.90	 $52.29	

Vision	Accessories	 		 		 		 		 		 		 		 		 		 		

Lamp	Module,	Model	Y1866	 INS-950076	 N/A	 1	 100(c)	 $2,034.00	 $20.34	 $1,830.60	 $18.31	 N/A	 N/A	

Lamp	Module,	Model	Y1903	 N/A	 INS-950093	 1	 200(c)	 N/A	 N/A	 N/A	 N/A	 $2,092.32	 $10.46	

Subtotal	Accessories	&	vision	 		 		 		 		 		 $826.65	 		 $744.89	 		 $805.05	

Total	consumables	 		 		 		 		 		 $4,459.18	 		 $4,014.17	 		 $4,074.32	
	
	

	 	 	 	 	 	 	 	 	 	Equipment	included	in	capital	cost	 		 		 		 		 		 		 		 		 		 		

Vision	Accessories	 		 		 		 		 		 		 		 		 		 		
Camera	Head	and	cable	 INS-380609	 INS-380926	 1	 1	 $116,240.00	 		 $104,616.00	 		 $124,231.50	 		

12mm	Endoscope	0	degrees	 INS-311464	 INS-370890	 1	 1	 $43,590.00	
	

$39,231.00	 		 $41,846.40	 		

12mm	Endoscope	30	degrees	 INS-311465	 INS-370891	 1	 1	 $43,590.00	
	

$39,231.00	 		 $41,846.40	 		
Bifurcated	light	lead	(S)	light	guide	
cable	(Si)	 INS-951021	 INS-951026	 1	 1	 $2,761.00	

	
$2,484.90	 		 $7,323.12	 		
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Blue	Fibre	Cable	Kit	 N/A	 INS-380989	 1	 1	 N/A	 		 N/A	 		 $6,538.50	 		
Da	Vinci	S	Console	to	Patient	Cart	
Cable	Kit	 INS-380980	 N/A	 1	 1	 $3,386.88	 		 $3,386.88	 		 N/A	 		
Da	Vinci	S	Console	to	Vision	system	
cable	Kit	 INS-380981	 N/A	 1	 1	 $5,217.62	 		 $5,217.62	 		 N/A	 		

Cannula	mount	12mm,	camera	eth	 INS-371521	 INS-371521	 1	 1	 $1,717.00	 		 $1,701.00	 		 $1,717.00	 		

Camera	arm-	sterile	adaptor	 INS-370534	 N/A	 1	 1	 $2,761.00	
	

$2,484.90	 		 N/A**	 		

Camera	head-	sterile	adaptor	 INS-311613	 N/A	 1	 1	 $4,358.00	
	

$3,922.20	 		 N/A**	 		

Universal	Target	Alignment	 INS-370678	 INS-370678	 1	 1	 $1,453.00	
	

$1,307.70	 		 $1,307.70	 		

Accessories	(Re-usable)	 		 		 		 		 		 		 		 		 		 		
Cannula	8mm	(3	required,	costs	are	
totals)	 INS-420002	 INS-420002	 1	 1	 $4,880.70	 	(1626.90	x3)	 $4,392.63	

	(1464.21	
x3)	 $4,392.63	 	(1464.21	x3	

Blade	protector	 INS-340084	 INS-340084	 1	 1	 $158.00	 		 $184.00	 		 $184.00	 		

Latching	obturator,	blunt		 INS-420008	 INS-420008	 1	 1	 $1,598.30	
	

$1,438.00	 		 $1,438.47	 		

Latching	obturator,	sharp		 INS-420005	 INS-420005	 1	 1	 $1,584.00	 		 $1,495.00	 		 $1,495.00	 		

Wrench,	Emergency	Grip	Release	 INS-710142	 INS-710142	 1	 1	 $204.00	
	

$184.00	 		 $184.00	 		

Cannula	gage	pin	
	 	 	 	 	

		
	

		
	

		

Fibre	optic	cleaning	cable	kit	
	 	 	 	 	

		
	

		
	

		
Subtotal	consumables	included	in	INS-
2000HD	(capital	cost	robot)	 		 		 		 		 $233,499.50	 		 $211,276.83	 		 $232,504.72	 		

 
(a) Disposable accessory kit 4 arm includes camera arm drape, camera head drape, instrument arm drape (x3), cannula seals (x3) required for one case 
(b) Si drapes are more expensive as they have the camera arm sterile adaptor and camera head adaptor within it 
(c) 500 hours for S, 1000 hours for Si, given approximately 5 hours per case costs as 100 and 200 uses for S and Si respectively.  Likely slight overestimate as lamp 

module usually lasts longer than the recommended lifespan 
 



APPENDIX S – “Early Experience and Operative Technique of Robotic-
Assisted Partial Nephrectomy” 
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