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Abstract 

Background 

The advantages of laparoscopic colorectal surgery, such as shorter hospital stay and reduced post-

operative pain, have led to it becoming the standard of care for colorectal diseases in much of the 

Western world.  However, the limitations of laparoscopic instrumentation such as 2-dimensional 

imaging, poor ergonomics and straight fixed tip instruments have limited its application in rectal 

surgery, where accurate dissection in narrow deep cavities is required.  Robotic systems were 

designed to overcome these limitations and are increasingly adopted for rectal resections.  

Although the feasibility and safety of robotic rectal surgery has been established, it is debated 

whether the technological advances of robotic surgery offer superior clinical and oncological 

outcomes.  Considering the high costs associated with robotic rectal surgery, its clinical 

effectiveness needs to be demonstrated.  In addition, for colorectal surgeons to adopt robotic rectal 

surgery it needs to have an acceptable learning curve and there is a need for a training pathway 

that ensures patient safety.  Finally, considering the development of the most advanced robotic 

platform – the da Vinci Xi – its clinical outcomes for rectal resections require further investigation 

to establish efficacy. 

Aims 

The aim of this programme of research is to explore the gaps in the literature regarding the use of 

robotic surgical systems for rectal surgery and investigate its clinical effectiveness.  In particular, 

the presented research aims to add to the knowledge base by investigating the following topics in 

robotic rectal surgery: 1) urogenital function, 2) high-risk patient outcomes, 3) learning curves, 4) 

da Vinci Xi training pathway and new technology assessment.  This will be achieved by performing 

several studies, each specifically designed to address a specific research question.   

Methods 

Five retrospective observational studies (2.1, 2.2, 3, 4.1, 4.2) were conducted in order to investigate 

the subjects of research presented in this thesis.  In addition, a randomised controlled trial (study 

1) has been designed to provide level 1 evidence for the urogenital functional outcomes of robotic 

versus laparoscopic rectal surgery in male patients. 

Results 

Six studies investigating the four topics listed in the aims above are included in this programme of 

research.  Study 1 is a randomised control trial investigating the urogenital function of robotic vs 



ii 

laparoscopic rectal surgery patients.  This trial, which is in the process of entering the recruitment 

phase, aims to provide level 1 evidence and establish the urogenital benefits offered by robotic 

rectal surgery.  Studies 2.1 and 2.2 present data that supports the hypothesis that robotic rectal 

surgery could potentially lead to improved post-operative clinical outcomes compared to 

laparoscopy when applied in patients that are considered technically challenging.  Study 3 found 

that experienced laparoscopic colorectal surgeons may undergo a short learning process when 

changing from laparoscopic to robotic rectal surgery and skills attained during laparoscopic rectal 

resections are transferable to robotic surgery.  The final two studies are specific to the da Vinci Xi 

operating platform.  Study 4.1 demonstrated that a structured training programme for robotic 

rectal resection surgery is feasible, safe and effective.  Finally, study 4.2 showed the Xi system can 

lead to improved clinical and oncological short-term outcomes such as length of stay, lymph node 

yield and R0 clearance. 

Conclusions 

The above studies conclude that robotic rectal surgery is a mode of surgery that in the hands of 

appropriately trained colorectal surgeons may lead to clinical benefits to its patients and is easier 

to learn than laparoscopic surgery, with previous laparoscopic surgery training shortening the 

learning process.  In addition, with the application of a structured training programme robotic rectal 

surgery can be taught safely and effectively in a timely manner and the da Vinci Xi offers certain 

technological advances that might help further improve patient outcomes.  The results of this 

programme of research add to the current evidence base and offer evidence-based 

recommendations for further research. 
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Chapter 1 - Introduction 

1.1 Introduction to this thesis 

In 2018 the National Health Service (NHS) celebrated its 70th anniversary and remarkably,  the NHS’s 

founding principle - free care for all on the basis of need, not ability to pay – has stood the test of 

time [1].  However, pressures on the NHS are greater than ever.  People are living longer with 

greater co-morbidities, medical intervention is increasingly in demand, the expectations of service 

users are growing and staff pressures are on the rise [1].  Simply increasing cashflow will not suffice, 

and if the NHS is to continue to deliver high quality cost-effective care there is a need to innovate 

[2].  Delivering better, cost effective care through innovation is key to a sustainable NHS and this is 

why the NHS ‘Five Year Forward View’ document sets research and innovation as one of its key 

priorities [3].  As supported by the NHS Innovation and Technology Programme, one of the main 

areas of innovation in our era is technology, since new technological advances help improve the 

quality and efficiency of patient care [4]. 

Rectal surgery comprises a significant bulk of the NHS workload, with approximately 5000 rectal 

cancer resections performed annually in England and Wales alone [5].  This field has seen 

remarkable change over the last 30 years since the introduction of the total mesorectal excision 

(TME) [6] including delivery and standard of care increases, in line with patient expectations.  The 

introduction of minimally invasive surgery is reported to have had a profound effect on patient 

outcome improvement and new innovative ways to further advance patient experience and 

outcomes are continuously sought by the international community [7–10].  Robotic surgical 

systems are at the forefront of surgical technology and their application in rectal surgery might be 

key to further improving clinical outcomes and improving the quality of life of thousands of patients 

per year [11–14].  However, considering the increased costs associated with this technology, for it 

to be streamlined in the NHS its feasibility of learning, effectiveness and outcomes in rectal surgery 

need to be meticulously examined to increase the known evidence base.  This thesis presents the 

research conducted over three years, investigating the role and effectiveness of robotic rectal 

surgery and seeking to determine whether robotic rectal surgery is truly a worthy investment for 

the NHS and other national health care trusts likewise.  
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1.2 Background 

Minimally invasive surgery was first introduced in the form of laparoscopic surgery in the 1970s 

[15].  At that time general surgery practice lived by the dogma that “big problems required big 

operations” [15].  As a result, minimally invasive surgery struggled to find its promise among general 

surgeons [15].  However, laparoscopic surgery was more warmly received by gynaecologists and it 

was not until 1982 when a German gynaecologist performed the first “endoscopic 

appendicectomy” that general surgeons took notice [15].  Recognising the possibility that general 

surgery could lose part of its routine practice to the gynaecologists, a German surgeon, Erich Mühe 

responded by performing the first laparoscopic cholecystectomy in 1985 [16].  Despite Mühe’s 

patients benefiting from a rapid recovery, just as with all proposed change, his procedure was 

initially opposed and ridiculed, before being widely accepted as the new standard [15, 16]. 

Following this, an emerging public interest and support for laparoscopic cholecystectomy paved the 

way for minimally invasive surgery in general surgery [15].  In 1991 the first laparoscopic colectomy 

was performed [17].  However, early concerns regarding port site metastasis and inferior 

oncological outcomes delayed its widespread application for colon cancer [18].  It was not until the 

Clinical Outcomes of Surgical Therapy (COST) study group trial results were published in 2004 [19] 

that laparoscopic colectomy became accepted practice in the management of colorectal cancer 

[20]. Laparoscopic colorectal cancer surgery increased in popularity, became evidence based with 

multiple multicentre trials demonstrating oncological efficacy and illuminated superior short term 

outcomes such as less post-operative pain, better cosmesis, shorter hospital stay and earlier return 

to normal function when compared to open surgery [7–10, 21–23]. 

1.2 The limitations of laparoscopic rectal surgery 

Despite laparoscopic colorectal surgery’s established benefits and success in surgical colectomy, it 

continues to present a challenge in the most technically demanding colorectal procedures [24].  

Limits to laparoscopic colorectal surgery include 2-dimensional imaging, an unstable assistant 

dependent camera, poor ergonomics, straight fixed tip instruments and a magnified tremor effect 

[25].  These challenges are especially relevant when operating in narrow spaces such as the pelvis, 

making laparoscopic rectal surgery particularly difficult [26], evident from the poor number of 

overall procedures, high conversion rates and reported steep learning curve of laparoscopic rectal 

surgery [9, 10, 26, 27].  One example that illustrates these challenges was reported in 2009 in the 

USA where less than 20% of rectal resections were performed laparoscopically and the conversion 

rate was exceptionally high at 46.2% [26, 28, 29].   
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In 2005 a large multicentre randomised controlled trial (RCT) of laparoscopic versus open surgery 

for colorectal cancer was published [9] (Conventional versus Laparoscopic-Assisted Surgery In 

Colorectal Cancer (CLASICC)) and despite suggesting laparoscopy’s feasibility for colonic cancer it 

did not recommend its routine use for rectal cancer.  This is due to the conversion rate being 34% 

for rectal cancer and laparoscopic rectal surgery patients had a higher complication and positive 

circumferential resection margin (CRM) rate when compared to open surgery [9].  Similarly, In 2013 

the COlorectal cancer Laparoscopic or Open Resection II (COLOR II) trial was published [10], an RCT 

specifically designed to compare the surgical outcomes of patients having laparoscopic versus open 

rectal cancer surgery.  Despite demonstrating superior short-term outcomes for the laparoscopic 

group, the conversion rate was still relatively high at 17% and the positive CRM rate was 10% in 

both groups [10].  More recently,  and contrary to the previous studies findings, two published 

multicentre non-inferiority RCTs investigating the role of laparoscopic rectal surgery failed to 

demonstrate that laparoscopic surgery is non-inferior to open surgery [30, 31], essentially implying 

that the routine use of laparoscopic surgery for rectal cancer is not supported.  In these trials 

conversion rate was 11% and 9% respectively [30, 31], with both trials using a composite of gross 

pathological and histological specimen evaluation characteristics as their primary outcome.   

1.3 Robotic surgical systems 

In the 1990s the first robotic surgical system was piloted [26].  Designed to overcome the limitations 

of laparoscopic surgery by providing stable 3-dimensional views from a surgeon controlled camera, 

angulated instruments with 7 degrees of freedom1 and markedly improved ergonomics and tremor 

filtering [32–34].  This has led to the increasing adoption of robotic surgery across many surgical 

specialties over the last 10 years and its increasing application in colorectal and in particular rectal 

surgery [35].  The reported effectiveness of robotic colorectal surgery is evident from the increasing 

number of trials published on the subject every year since the first robotic colectomy was 

performed by Weber in 2002  [36, 37].    

In a review published in 2016 by Panteleimonitis et al [26] (appendix 1)2, the history of robotic 

surgical systems, their role in colon and rectal surgery as well as their advantages and disadvantages 

are discussed.  At present the da Vinci surgical system designed by Intuitive Surgical® is the only 

clinically applied platform for robotic surgery.  However, this is likely to change in the near future, 

with a number of new robotic surgical platforms being developed.  The da Vinci surgical system 

 
1 defined in physics as the number of independent parameters that define a mechanical systems 
configuration 
2 S. Panteleimonitis, A. Parvaiz, Robotic colorectal surgery, Surg. (2017) 1–6. 
doi:10.1016/j.mpsur.2016.12.004. 
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consists of a surgeon console, a patient side cart with four interactive arms and a vision cart (figure 

1-3).  The surgeons sit on the console, in non-sterile attire, from which they have access to a stable 

three-dimensional view of the anatomy and control the side cart arms through the master controls.   

   

Figure 1. Patient side cart (robot cart)  Figure 2. Vision cart and dual surgeon console  

 

 

Figure 3. Example of theatre layout during robotic rectal surgery  
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1.4 Robotic surgery for the rectum 

The advanced ergonomics and camera views of the robotic system are particularly attractive in 

rectal surgery where accurate dissection in narrow deep cavities is required [32–34, 36, 38] and 

could be a major factor for the uptake of robotic surgery for pelvic procedures rather than 

abdominal ones.  For example, in a recent South Korean study, the number of robotic rectal cancer 

cases had increased from 185 in 2008 to 490 in 2013, while in contrast the number of cases had 

dropped from 110 in 2009 to only 10 in 2013 for colonic cancers [39].  Robotic rectal surgery is now 

performed in many parts of the world and its adoption is rapidly gaining pace among colorectal 

surgeons [26, 34, 40, 41]. 

Numerous studies so far have investigated the safety and feasibility of robotic rectal surgery with 

multiple systematic reviews now published that summarise their findings [11–13, 34, 41–45].  

Although the feasibility and safety of robotic rectal surgery has been established, it is widely 

debated whether it offers superior clinical or oncological outcomes when compared to laparoscopic 

surgery [11, 12, 45–47, 13, 34, 35, 40–44].  Furthermore, most of the evidence regarding robotic 

rectal surgery is based on small scale retrospective non-randomised studies.  As a result, the 

majority of the literature is rated as low quality and subject to significant bias, making it hard to 

draw any substantial conclusions.  However, because of the attached higher costs associated with 

robotic rectal surgery [48], high quality research is required demonstrating that its technological 

advantages translate into validated clinical effectiveness [26]. 

1.5 Aim of thesis and topics of focus 

This thesis describes the primary research performed for this programme of research investigating 

the role of robotic rectal surgery conducted between 2015-2018.  This thesis adds to the knowledge 

base by further investigating the following topics in robotic rectal surgery: urogenital function, high-

risk patient outcomes, learning curves, da Vinci Xi training pathway and new technology 

assessment.  This was achieved by performing a number of studies, each specifically designed to 

address a specific question.  Therefore, this thesis will: 

1) Examine whether robotic rectal surgery can lead to superior postoperative urological and 

sexual function outcomes when compared to laparoscopic rectal surgery. 

2) Investigate whether robotic rectal surgery can help improve surgical outcomes in 

technically demanding patients such as obese and ‘high-risk’ patients. 

3) Examine the learning curve of robotic rectal surgery and whether robotic rectal surgery is 

easier to learn for surgeons with prior laparoscopic rectal surgery experience. 
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4) Describe and examine the surgical outcomes and effectiveness of a structured training 

pathway for robotic rectal surgery with the latest robotic platform, the da Vinci Xi®.  

Furthermore, investigate the feasibility and safety of the da Vinci Xi® and compare its 

surgical outcomes with those of the previous robotic platform (da Vinci Si®).  Finally, data 

from 240 robotic rectal resections from three hospitals will be examined in order to offer 

an overall overview of the short-term outcomes achieved with robotic rectal surgery in the 

hands of trained robotic colorectal surgeons. 

These studies shall be presented in Chapters 4-7, with each chapter focusing on one topic.   

1.6 Layout and structure of thesis 

Following the introduction, the thesis continues by examining the relevant literature (Chapter 2, 

literature review).  The literature review will be thematically separated, each theme corresponding 

to the different questions this thesis will address.  Following this, Chapter 3 will summarise the 

methodology used for the different studies.  This chapter will provide a summary of the combined 

methodology, since the methods used for each study will be described in their corresponding 

section.  Chapters 4-7 will each focus on the research areas described above, with each chapter 

including the studies specifically designed to address the questions of each topic.  Chapter 7 

investigates both the role of a structured training programme and clinical outcome assessment of 

the da Vinci Xi®.   

The final chapter (Chapter 8) will provide the discussion.  This chapter will include a summary of the 

key findings, the limitations and strengths of the research performed, a description of how the 

studies have contributed to the available literature and any future suggestions for research in the 

topics addressed. 

1.7 Chapter Summary 

This chapter set the scene and context for historical advancements in surgery, it has established the 

questions that have arisen and set the scene for this programme of research. In addition, the aims 

and scope of this work along with the intended layout have been discussed and are intended as a 

departure point for the rest of this thesis. 

 

 



7 

Chapter 2 - Literature review 

2.1 Introduction to literature review 

The objective of this chapter is to critically analyse and discuss the literature relevant to this 

programme of research.  The review of the literature provides the foundation, overview and 

discussion of knowledge most relevant to this research [49].  Therefore, this chapter examines the 

current knowledge regarding the role of robotic rectal surgery in each of the examined topics of 

this thesis:  

• urogenital function  

• high-risk patient outcomes  

• learning curve  

• da Vinci Xi®: training pathway & new technology assessment 

To begin, a brief background of the current evidence investigating robotic rectal surgery will be 

presented.  This will be followed by a description of the search strategies applied to identify the 

research studies that inform the research presented in this thesis.  Following this, a critical review 

of the literature will be provided for each topic addressed by this programme of research.  In doing 

so, all relevant studies that meet the inclusion criteria for review shall be summarised, discussed 

and have their methodology critically appraised.  Methodological assessment will be based on 

criteria similar to those recommended by the Critical Appraisal Skills Programme (CASP) and 

Scottish Intercollegiate Guidelines Network (SIGN) organisations [50, 51]. 

The literature reviews for each topic will end with a brief conclusion and suggestions for future 

direction, followed by the aim of the proposed studies conducted and presented in this thesis.  

Table 1 provides a summary of the present literature of each topic, its limitations, the suggested 

requirements for future research and the studies proposed in this thesis in response to the gaps in 

the available evidence.  Figure 4 presents a flowchart of the topics reviewed and later examined in 

this thesis. 
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Topic 1

Urological and sexual function after robotic rectal surgery

Does robotic rectal surgery result in better urogenital outcomes when compared to 
laparoscopic surgery?  This is a potential advantage for robotic rectal surgery since the 

robotic platform allows for precise dissection in narrow fields such as the pelvis therefore 
minimising accidental damage of the pelvic autonomic nerves.  This topic is examined first 

since it is hypothesised to be an area where robotic surgery is likely to demonstrate a clinical 
advantage over laparoscopic surgery that can improve the quality of life of patients receiving 

rectal surgery.

Topic 2

Short-term outcomes of high-risk patients receiving robotic rectal surgery.

Do high-risk patients benefit from the robotic approach when compared to the laparoscopic 
approach? This is another potential advantage for the robotic platform since it is in difficult 
cases where the robot is likely to be of greater benefit.  The robot was designed to address 
the pitfalls of laparoscopy, which are more prominent in technically challenging cases.  This 
topic is examined since it is another area hypothesised to demonstrate a clinical advantage 

for the robotic platform.

Topic 3

Learning curve of robotic rectal surgery

Taking aside clinical benefit, for robotic rectal surgery to be widely accepted its learning 
curve needs to be similar or shorter to that of laparoscopy and for laparoscopic surgeons to 

know that they won’t have to embark on a new long learning curve from the beginning.  
Robotic rectal surgery is intuitive and the instruments replicate the surgeon’s hands motions.  

This, in conjunction with the 3-D view offered by robotic surgery is hypothesised to make 
robotic surgery easier to learn. In addition, hand-eye coordination and spatial awareness 
skills are likely to be transferrable, therefore reducing the learning curve of robotic rectal 

surgery in those with laparoscopic experience.  This topic examines these hypotheses.



9 

   

 

 

Figure 4. Flow chart of each topic investigated in this thesis showing the rationale for each study 

  

Topic 4

Research regarding the da Vinci Xi

1) Implementation of a robotic rectal surgery training programme with the da Vinci 
Xi

2) Assessment of the new technology, analysis of outcomes and comparison with the 
da Vinci Si

The final topic of this thesis includes the research conducted specific to the new 
robotic platform, the da Vinci Xi, and is subdivided into two sections.  The first section 

carries on from the learning curve study and examines the implementation of a 
structured training programme for robotic rectal surgery with the da Vinci Xi.  This is 

because for any new technology to be safely and successfully implemented a 
structured training scheme is required.  The second section accesses whether the 

technological advances of the Xi system – which also comes with a higher purchase 
cost- offers any improvement on clinical outcomes over the previous robotic system.
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Table 1. Table summarising the present literature of each topic, its limitations, the suggested requirements for future research and the studies proposed in 

this thesis in response to the gaps in the evidence. 

Topic Questions to be 
answered 

Summary of present 
evidence 

Limitations of present 
literature 

Future direction Studies conducted 

Urogenital function 
following robotic 
rectal surgery 

Does robotic surgery 
improve urogenital 
dysfunction after 
rectal surgery when 
compared to 
laparoscopic 
surgery? 

Trend towards better 
urogenital function 
following robotic 
surgery compared to 
laparoscopic surgery in 
male patients.  
Limited evidence for 
female patients. 

Studies do not 
investigate urogenital 
function of male and 
female patients 
independently. 
Current evidence based 
on retrospective, non-
randomised and small 
sample sized studies. 

Further studies with 
larger sample sizes 
required that examine 
independently the 
urogenital function of 
male and female 
patients after rob vs lap 
surgery. 
A well designed RCT, 
specifically designed to 
investigate urogenital 
function, with regular 
follow up and inclusion 
of urodynamics is 
required. 

Study 1 
Well-designed RCT 
specifically designed to 
investigate the 
urogenital function of 
rob vs lap rectal 
surgery in male 
patients. 
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Robotic rectal 
surgery in the 
obese and high-risk 
patients 

Does robotic surgery 
offer superior short-
term outcomes in 
obese and high-risk 
patients when 
compared to 
laparoscopic 
surgery? 

Trend towards better 
outcomes in robotic 
surgery. 

Studies are few in 
numbers, retrospective, 
non-randomised in 
nature and include small 
sample sizes. 
No logistic regression 
analysis 

Further studies with 
larger sample sizes are 
required. 

Study 2.1 
Comparative 
retrospective 
observational study of 
rob vs lap rectal 
surgery of high-risk 
patients with larger 
sample size. 
Study 2.2 
Comparative 
retrospective 
propensity-score 
matched study of rob 
vs lap rectal surgery of 
obese patients with 
larger sample size. 

The learning curve 
of robotic rectal 
surgery 

What is the learning 
curve of robotic 
rectal surgery?  
Does prior 
laparoscopic rectal 
experience help 
shorten the learning 
curve of robotic 
rectal surgery? 

Great variation in 
number of cases 
required to reach 
competence (15-44) 
reported but learning 
curve probably shorter 
than that of lap surgery. 
Previous lap experience 
does not seem to be 
necessary in order to 
undertake rob rectal 
surgery but whether it 
helps shorten the 
learning curve is not 
investigated. 

Inconsistency of results 
due to differences in 
study design b/n studies.  
Most of them investigate 
learning curve of single 
surgeon, only use 
operation time as a proxy 
for competence 
achievement and do not 
consider the surgeons 
previous lap experience. 

Studies investigating the 
learning curve of rob 
rectal surgery and the 
effect of previous lap 
experience on it are 
required.   
Future studies are 
required that: a) apply 
multiple variables on 
learning curve 
investigation, b) apply 
CUSUM curves, c) 
consider the surgeons 
previous experience. 

Study 3 
Comparative 
retrospective 
observational study 
comparing the rob 
rectal surgery learning 
curves of two 
surgeons, one with 
vast prior lap 
experience and one 
with relatively less 
experience. CUSUM 
curves of multiple 
variables applied and 
the surgeons previous 
lap experience is used 
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as a target for the 
construction of the 
CUSUM curves.   
Propensity score 
matching applied to 
match rob with lap 
rectal surgery patients 
for each surgeon. 

da Vinci Xi and 
integrated table 
motion (ITM): 
Training pathway 
for robotic rectal 
surgery and 
assessment of new 
technology 

Is there an effective 
training pathway for 
the da Vinci Xi that 
offers good clinical 
outcomes?  
 
Is surgery with the da 
Vinci Xi safe and does 
it offer any improved 
clinical outcomes 
when compared to 
the da Vinci Si? 
 

Only one study 
specifically investigating 
a training programme 
for robotic rectal 
surgery, which 
demonstrates its 
adoption with good 
clinical outcomes. 
Feasibility of rectal 
surgery with the da 
Vinci Xi demonstrated 
in a small number of 
case series and 
comparative studies 
with the Si.  

Minimal evidence on 
training pathways for 
robotic rectal surgery. 
Only one study reports 
the use of ITM when 
investigating the 
outcomes of the da Vinci 
Xi.  All studies include 
small sample sizes and 
not all focus on rectal 
surgery. 

More evidence on the 
role of a training 
pathway in robotic 
rectal surgery is 
required. 
Further larger-scale 
studies investigating the 
short-term outcomes 
the da Vinci Xi & ITM 
required.    

Study 4.1 
Retrospective large-
scale case series 
describing and 
examining the training 
pathway for rectal 
surgery with da Vinci Xi 
& ITM.  Cases derived 
from three surgeons 
taught by the same 
technique and same 
proctor. 
Study 4.2 
Comparative 
retrospective 
observational study 
comparing the short-
term outcomes of the 
da Vinci Xi & ITM vs da 
Vinci Si for rectal 
surgery. 
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2.2 A Background of robotic rectal surgery 

This section sets the background for the literature search, giving a brief but critical review of the 

evidence available for robotic rectal surgery. The below points are discussed in further detail in a 

published review article titled “Robotic colorectal surgery” [26] (appendix 1)1. 

The first published report of a robotic colectomy was published by Weber in 2002 [37].  Since then 

robotic colorectal surgery has steadily gained place amongst conventional surgical techniques, with 

an increasing number of studies published every year on the subject [36].  Following initial case 

series descriptions [33, 52–54], studies comparing surgical outcomes of robotic with laparoscopic 

colorectal surgery were soon to follow [7, 55–58].   

Although the implementation of robotic rectal surgery was quick to gain pace, that of colonic 

surgery was slower [35].  This is perhaps dur to the abdominal cavity procedures such as right 

hemicolectomy and sigmoid colectomy being relatively uncomplicated and can be easily performed 

laparoscopically [35].  Therefore, the reported increased costs associated with robotic surgery 

dissuaded surgeons from performing robotic colonic surgery 2.  As a result, most of the literature 

on robotic colorectal surgery focuses on rectal surgery, which is the focus of this programme of 

research. 

The feasibility and safety of robotic rectal surgery has been established [11, 12, 34, 36, 40–45].  

These studies have now investigated the short-term and oncological outcomes of robotic rectal 

surgery with several published systematic reviews and meta-analysis summarising their results [11, 

12, 45, 13, 34, 36, 40–44].  Much of the current evidence regarding short-term outcomes seems to 

support that robotic rectal surgery takes longer than laparoscopic surgery, but robotic surgery 

results in equivalent or often favourable conversion rates and blood loss and similar length of stay, 

morbidity and anastomotic leak rate.  A lower conversion rate for robotic rectal surgery was also 

reported in the largest comparative observational study to date, an American study analysing the 

data of 956 robotic rectal resections and comparing them with those of 5,447 laparoscopic rectal 

resections [40]. 

Studies of oncological outcomes can be divided into those that use oncological surrogate markers 

for oncological safety (such as CRM positivity and TME specimen quality) or those that measure the 

long-term oncological outcomes such as disease-free survival, overall survival and recurrence rate.   

Current evidence supports equivalence in oncological outcomes between robotic and laparoscopic 

 
1 S. Panteleimonitis, A. Parvaiz, Robotic colorectal surgery, Surg. (2017) 1–6. 
doi:10.1016/j.mpsur.2016.12.004. 
2 An exception to this is complete mesocolic excision (CME) for right colon cancer  
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rectal surgery [13, 35, 45–47] with few studies having demonstrated superior outcomes in terms of 

CRM positivity rate and TME specimen quality [13, 34, 36].  Similarly, the current published 

literature in relation to long term oncological outcomes supports equivalence with laparoscopic 

surgery [47].  However, a recently retrospective study of 448 patients published study by Kim et al 

[59] found that robotic surgery was a good prognostic factor for overall survival and cancer-specific 

survival. This is the first study suggesting oncological benefit for robotic surgery without the use of 

oncological surrogate markers such as CRM positivity rate to assess oncological efficacy. 

Cost analysis is another factor that is prevalent.  For example, current literature supports that 

robotic surgery is more expensive than laparoscopic surgery [25, 28, 60, 61].  However, cost 

assessment is often reported as a subjective measure with costs of theatre room time, equipment 

and post-operative length of stay being easier to assess than costs associated with patient 

morbidity and quality of life, which are harder to define.  This could explain the wide range in costs 

reported amongst the literature, with many of the studies reporting higher costs for robotic rectal 

surgery, varying from a threefold increase to an increase of only 20%.   

Before drawing any substantial conclusions, it should be considered that the majority of the current 

evidence is based on retrospective, non-randomised studies.  In addition, many of these studies 

contain small sample sizes and do not consider the effect of the surgeon learning curve on the 

reported outcomes.  RCTs are considered the gold standard for obtaining high level evidence [62].  

However, one of the fundamental challenges of surgical RCTs is the inability to blind the surgeon, 

the inherent variability of surgery and the challenges caused by surgical learning curves when 

evaluating new techniques [63, 64], causing wide variability.  

To date there are only two larger scale (>40 patients) RCTs examining the outcomes of robotic 

versus laparoscopic rectal surgery [65, 66].  The first one, the RObotic vs LAparoscopic Rectal 

Resection (ROLARR) trial [65, 67] recruited 471 patients (237 robotic, 234 laparoscopic) and is the 

biggest multicentre RCT examining the surgical outcomes of robotic vs laparoscopic rectal surgery.  

The ROLARR trials primary outcome was actual surgical conversion rate which was found to be 

similar between the two groups.  Similarly, TME specimen quality, CRM positivity, 30-day 

complication rate and urogenital function questionnaire scores were reported as similar between 

the two arms [28, 65].  The second RCT came from South Korea and recruited 163 patients (81 

robotic, 82 laparoscopic) [66].  This trial’s primary outcome measure was quality of TME specimen, 

which did not differ between the two arms.  Secondary outcomes results were also largely similar 

between the two arms (CRM positivity, lymph node yield, 30-day morbidity, bowel function 

recovery and quality of life), with the exception of sexual function, which was better in the robotic 
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arm 12 months after surgery.  Both trials prove the feasibility and safety of robotic rectal surgery 

but neither managed to show a clear benefit for it when compared to laparoscopic surgery on their 

primary outcomes.   

Considering the increased costs of the robotic platform, it is apparent that for robotic rectal surgery 

to become routine practice evidence on clinical superiority is required.  The research presented in 

this thesis focuses on the areas that the robotic platform is potentially more likely to have more of 

an impact on rectal surgery.   

2.3 Search strategies for this literature review 

In order to obtain a comprehensive understanding of the studies available to inform this 

programme of research, far-reaching literature searches of the MEDLINE electronic database were 

conducted.  Boolean operators were applied in order to search the literature.  The exact search 

terms and date of searches are mentioned in each corresponding section.  In addition, manual 

searches of reference lists of appropriate articles were conducted to identify further relevant 

articles. 
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2.4 Urogenital function following robotic rectal surgery 

A comprehensive systematic review of the urogenital functional outcomes following robotic rectal 

surgery was published in 2016 and forms part of this research [68] (appendix 2)1.  This section 

summarises the key evidence surrounding urogenital function in robotic rectal surgery.  In addition, 

a study published on this subject, as an output from this programme of research will be discussed 

at the end of this section [69] (appendix 3)2. 

2.4.1 Introduction 

Urological and sexual dysfunction is an unfortunate common consequence of rectal surgery, quoted 

between 0-27% and 10-55% respectively [70–75].  It is primarily caused by iatrogenic injury to the 

autonomic nerves during rectal resection surgery [76–78].  This is a reported drawback often 

underappreciated by physicians that significantly and adversely affects the quality of life of patients 

[79–82].   Historically, it was believed that the magnified views offered by laparoscopic surgery in 

the pelvis would help preserve the nerves and therefore improve postoperative urogenital 

outcomes [83].  However, despite studies demonstrating a benefit for laparoscopic surgery over 

open surgery [83], the majority of the studies, including a published systematic review, have shown 

that laparoscopy has failed to live up to this expectation [82, 84].  This is because of the inherent 

difficulties of laparoscopic instruments when operating in narrow spaces such as the pelvis [84].  

Robotic instrumentation was designed to overcome those limitations and therefore may help 

preserve the autonomic nerves.   

Furthermore, the majority of the examined literature regarding robotic rectal surgery focuses on 

surgical outcomes such as conversion rate, length of stay and anastomotic leak.  However, applying 

these outcomes to investigate a surgical approach can overlook the importance of precision offered 

by one method over another.  Precision surgery implies the fine dissection of the specimen over 

the embryological planes, avoiding any collateral iatrogenic injury of surrounding structures.  For 

this to be better examined, there would be a need to investigate the functional outcomes of rectal 

surgery such as urogenital function.  In order to minimise iatrogenic injury of surrounding structures 

 
1 S. Panteleimonitis, J. Ahmed, M. Harper, A. Parvaiz, Critical analysis of the literature investigating urogenital 
function preservation following robotic rectal cancer surgery, World J. Gastrointest. Surg. 8 (2016) 744. 
doi:10.4240/wjgs.v8.i11.744. 

2 S. Panteleimonitis, J. Ahmed, M. Ramachandra, M. Farooq, M. Harper, A. Parvaiz, Urogenital function in 

robotic vs laparoscopic rectal cancer surgery: a comparative study, Int. J. Colorectal Dis. 32 (2017) 241–248. 
doi:10.1007/s00384-016-2682-7. 
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during rectal surgery precise dissection is required.  Therefore, it is important to investigate 

whether the robotic platform can offer an advantage in this field. 

2.4.2 Review of relevant articles 

 A comprehensive MEDLINE search applying the following search terms and Boolean operators was 

performed in August 2017: (“rectal cancer” OR “colorectal cancer”) AND (robot* OR “da Vinci”) 

AND (sexual OR urolog* OR urinary OR erect* OR ejaculat* OR impot* OR incontinence).  The 

literature search for our published systematic review [68] was performed in October 2015, since 

then three research articles have been published examining the urogenital outcomes of patients 

receiving robotic vs laparoscopic rectal surgery via the use of validated functional questionnaires 

[66, 85, 86].  Table 2 provides a summary of all the studies that compare the urogenital functional 

outcomes of patients receiving robotic rectal resection surgery with a control via validated 

standardised questionnaires (including the ones cited in the systematic review previously 

undertaken). 

A total of 9 studies compare the urogenital outcomes of patients receiving robotic versus 

laparoscopic or open rectal surgery using validated standardised questionnaires (8 laparoscopic, 1 

open).  Of those studies only two are RCTs while the rest are comparative observational studies (2 

prospective, 5 retrospective).  Only six of those studies were specifically designed to assess 

urogenital function, with the other three reporting urogenital function as one of their secondary 

objectives.   

Combining all nine studies, the population consisted of 335 patients that received robotic, 335 

laparoscopic and 22 open rectal surgeries.  Post-operative urological and sexual function was 

reported to be significantly better in the robotic arm in three and seven studies respectively.  

However, only one study for urological function [87] and two for sexual function [81, 87] reported 

an interval change from baseline that was better in the robotic group.  To simplify, the majority of 

the studies have reported superior sexual function outcomes (n=7) for the robotic arm, but only 

two studies actually demonstrated that function deteriorated less in the robotic arm than it did in 

the laparoscopic arm.  Equally, for urological function only one out of the three studies reporting 

favourable urological outcomes for the robotic arm demonstrated that urological function 

deteriorated less in the robotic arm than it did in the laparoscopic arm. 



18 

Table 2. Summary of studies investigating urogenital functional outcomes of robotic vs laparoscopic rectal surgery 

Study and 
year 

Country  Study design No of 
cases for 
urogenital 
outcomes 

Study 
specifically 
examines 
urogenital 
outcomes 

Follow 
up 
period 
in 
months 

Full or 
Hybrid 
robotic 
procedure 

Key findings 

Kim et al[87] 
(2012) 

Korea Comparative -
prospective 

30 rob vs 
39 lap 

Yes 1, 3, 6, 
12 

Hybrid Urological function 
Urological function recovered faster in robotic group (3 months vs 6 
months). 
IPSS change from baseline lower in robotic group at 3 months (p=0.036). 
Mean voiding volume deterioration lower in 3 and 6 months in robotic 
group (p=0.007, p=0.049). 
Similar outcomes at 12 months in both groups for male urological 
function. 
Sexual function 
Quicker recovery of sexual function in robotic group (6 months vs 12 
months). 
No difference in IIEF change from baseline between two groups at any 
stage. 
Erectile function and libido deteriorated significantly more in lap group 
at 3 months. 

Park et al[88] 
(2013) 

Korea Comparative -
retrospective 

14 rob vs 
15 lap 

No Not 
stated 
 

Hybrid Urological function 
Deterioration of IPSS scores in 3 months which recovered by 6 months 
in both groups. 
Sexual function 
Better sexual function scores at 3 and 6 months in robotic group. 
No difference in IIEF change from baseline between two groups at any 
stage. 
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D'Annibale 
et al[89] 
(2013) 

Italy Comparative -
retrospective 

30 rob vs 
30 lap 

No 1, 12 Full Urological function 
Deterioration of IPSS scores in 3 months which recovered by 12 months 
in both groups. 
Sexual function 
Erectile function restored 1 year post-operatively in robotic group 
(p=0.066) and partially in lap group (p=0.048). 
No statistical comparison of IIEF change from baseline b/n 2 groups at 
any stage. 

Park et al[81] 
(2014) 

Korea Comparative -
retrospective 

32 rob vs 
32 lap 

Yes 3, 6, 12 Hybrid Urological function 
IPSS scores elevated post-operatively in both groups. 
At 12 months IPSS change from baseline lower in robotic group but non- 
significant (p=0.051). 
Sexual function 
Quicker recovery of sexual function in robotic group (6 months vs 12 
months). 
IIEF deterioration significantly higher in lap group at 6 months (p=0.03). 

Ozeki et 
al[90] 
(2015) 

Japan Comparative -
prospective 

15 rob vs 
22 open 

Yes 3, 6, 12 Full Urological function 
No statistical deterioration of IPSS scores in either group. 
Sexual function 
IIEF scores unchanged at 3, 6 and 12 months in both groups. 

Morelli et 
al[91] 
(2015) 

Italy Comparative -
retrospective 

30 rob vs 
30 lap 

Yes 1, 6, 12 
 

Not stated Male urological function 
Voiding and incontinence worse 1 month in both groups, incontinence 
recovered by 6 -12 months in both groups. 
Female urological function 
No difference between the pre- and post- operative scores in both 
groups. 
Male sexual function 
Quicker recovery of erectile and orgasmic function in robotic group (6 vs 
12 months). 
No difference in IIEF change from baseline between two groups at any 
stage. 
Female sexual function 
FSF worse at 1 and 6 months and restored by 12 months, in both groups. 

Schmiegelow 
et al[85] 
(2016) 

Denmark Comparative -
retrospective 

40 rob vs 
57 lap 

Yes Variabl
e, one 
off 

Not 
specified 

No difference between robotic or laparoscopic TME in urogenital 
outcomes. 
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RCT: Randomised controlled trial; Robot: Robotic; lap: Laparoscopic; f/u: Follow up; IPSS: International Prostatic Symptoms Score (score for assessing 
male urological function; IIEF: International index of erectile function: (score for assessing male sexual function). 

Kim et al[66] 
(2017) 

Korea RCT 73 rob vs 
66 lap 

No 3 
weeks, 
3 & 12 
months 

Full Sexual function 12 months postoperatively was better in the robotic 
group than in the laparoscopic group. 

Wang et 
al[86] 
(2017) 

China RCT 71 rob vs 
66 lap 

Yes 12 Not stated Male urological function 
Deterioration in IPSS scores in the laparoscopic group but not robotic 
group 12 months after surgery. 
IPSS scores better in the robotic group 12 months after surgery. 
Male sexual function 
Deterioration in IIEF scores in both groups 12 months after surgery. 
IIEF scores better in the robotic group 12 months after surgery. 
Laparoscopic surgery was a risk factor for sexual dysfunction when 
compared to robotic surgery. 
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Arguably, the reason behind the discrepancy between reported outcomes is that there are 

differences in the way studies report their functional outcomes.  Many studies will compare the 

post-operative functional questionnaire scores with the pre-operative scores to assess whether 

there was a significant deterioration in function (e.g. sexual function deteriorated in the 

laparoscopic arm but not the robotic).  This comparison infers whether function deteriorated in one 

arm or the other, but it doesn’t report the actual deterioration in either arm (i.e. current evidence 

does not report if the deterioration in function was worse in the laparoscopic group or not when 

compared to the robotic group).   

Furthermore, there are studies that simply compare the post-operative scores of the two different 

arms (e.g. at 12 months after surgery sexual function scores were better in the robotic arm [66, 

86]).  However, this does not reflect the pre-operative scores and hence any reported difference 

between the two arms may be due to differences in the baseline function of the groups rather than 

the actual deterioration of function caused by surgery.  Moreover, three studies report that 

function recovered faster in one arm over the other [81, 87, 91].  Methodologically, the studies 

reach their conclusion by comparing the post-operative scores at any given time with the pre-

operative scores for each arm and assessing whether they are statistically different (e.g. at the 

robotic arm at 3 months post-operative sexual function was worse compared to baseline, but not 

at 6 months).  When the results reach a plateau the authors report that the function in that group 

has recovered (e.g. robotic sexual function recovered at 6 months).  In order to address the 

limitations of the above studies and demonstrate superiority in a meaningful way there is a need 

to compare the results between the two techniques.   

Investigating the methodology of the Wang et al [86] study further shows superior urological and 

sexual functional outcomes in the robotic arm.  Examining the data relating to sexual function, the 

reported scores deteriorated in both groups 12 months after surgery but were better in the robotic 

group 12 months after surgery.  However, the role of baseline function has not been accounted for 

or reported.  Although the tables in this study provide the detailed scores, they do not actually 

compare the change in function between the two groups.  Further criticism of the data analysis of 

this study is that it proceeds by examining whether mode of surgery (robotic or laparoscopic) is a 

risk factor for sexual dysfunction.  However, it does not apply a logistic regression model to do this, 

which is the most recognised statistical method in medical journals in assessing the effect of 

predictor variables on dependent outcomes [92]; instead it simply compares the percentage of 

patients with sexual dysfunction in each arm and concludes that laparoscopic surgery is a risk factor 

for sexual dysfunction since there were a higher percentage of patients with sexual dysfunction in 
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this group.  Therefore, there are significant limitations to this study that could be better 

investigated. 

The study published by Kim et al [87] reports a lower deterioration for the robotic arm in both 

urological and sexual function that was statistically significant (p=0.036).  Even though this was not 

the case for the global sexual function score, erectile function and libido sub-scores were found to 

deteriorate more in the laparoscopic group.  In addition, this is the only study to assess urological 

function by also applying baseline urodynamic studies.  Kim et al [87] demonstrated that voiding 

volume deterioration was lower in the robotic group at 3 and 6 months (p=0.007, p=0.049).  This 

adds an objective measurement into urological function assessment, which combined with the 

questionnaire scores, strengthens their results.   

Two of the nine studies identified were RCTs [66, 86] and both included a sample size of >135 

patients.  The study, authored by Kim et al [66], is discussed earlier in this chapter.  In this study 

urogenital function was one of many secondary outcomes assessed.  In fact, data relating to 

urogenital assessment was achieved by analysing part of the quality of life questionnaires (EORTC 

QLQ CR38) as there were no questionnaires specific to urological or sexual function given to 

patients.   

The second RCT by Wang et al [86] primarily focuses on urogenital function and uses the most 

commonly applied questionnaires for urological and sexual function (IPSS and IIEF).  However, as 

discussed above this study does not report the differences in function deterioration between the 

two groups and assesses whether surgical approach (robotic vs laparoscopic) is a risk factor for 

sexual dysfunction without applying a logistic regression model or considering any confounding 

factors.  In addition, no power calculation was conducted and the trial is not reported according to 

the CONSORT statement.  Furthermore, the urogenital function results of the ROLARR trial [65] 

identified no differences in urogenital functional outcomes between the two arms.  However, 

limitations included that urogenital function was only one of various secondary endpoints in this 

study and there was only one post-operative follow up period at 6 months. 

Overall, the current evidence presents several limitations.  These include uncomprehensive study 

design, small sample populations, lack of stringent follow up and limitations to the methods and 

types of data collected.  In addition, the lack of randomisation, retrospective design and small 

number of cases in the majority of studies represent further limitations [81, 85, 87–91] .  

Additionally, the prospective studies did not report the number of patients excluded during 

recruitment, the number of patients refusing to participate and the number of drop outs.  In five 

studies patients were only able to receive robotic surgery if they covered the extra costs 
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themselves, leaving the patients that couldn’t afford it opting for laparoscopic or open surgery 

instead [66, 81, 87, 88, 90]. Therefore, the validity of the data is potentially skewed since patients 

that opted for robotic surgery were more likely to be from a higher socio-economic background, 

which is a potential confounding factor. 

Patients in the robotic cohort either had a fully robotic procedure or a hybrid procedure as seen in 

table 2.  The main difference between the two approaches is that in the hybrid approach robotic 

rectal dissection is preceded by laparoscopic mobilisation of the left colon and ligation of the 

inferior mesenteric vessels.  It is possible that the difference in approach could influence urogenital 

outcomes due to iatrogenic injury to autonomic nerves during the laparoscopic phase of the hybrid 

approach.  Supporters of the fully robotic approach would advocate that robotic dissection around 

the inferior mesenteric artery pedicle is an essential step of the procedure for identification and 

preservation of the periaortic nerves [38], which is where the superior hypogastric plexus lies.  

Moreover, the paired hypogastric nerves are susceptible to injury during mobilisation of the 

rectosigmoid colon from the gonadals and the ureter [75], a step performed laparoscopically during 

the hybrid approach.  Since injury to those nerves can lead to urogenital dysfunction, the hybrid 

approach might not exploit the full potential of the robotic system. 

There have been a number of other studies investigating the urogenital function of robotic surgery 

[52, 54, 98, 99, 56, 57, 71, 93–97].  However, none compare the results with that of a control group 

[52, 54, 71, 93–95] or do not use functional scores in order to assess urogenital function [56, 57, 

96–99].  Studies not applying standardised validated scores when assessing urogenital function 

simply reported the incidence of dysfunction. The limitations present in this method of reporting 

are the inability to quantify dysfunction and the difficulty in defining what makes a case. 

Nevertheless, several of those studies reported a reduced post-operative incidence of urogenital 

dysfunction in the robotic arm [56, 97–99]. 

There have been two meta-analyses published on male urological and sexual function scores of 

patients receiving robotic vs laparoscopic rectal surgery [14, 41].  For urological function, the 

reviews pooled the data from three studies and found that at 3 months scores had deteriorated 

more in the laparoscopic group.  However, this was not the case at 6 months following surgery and 

at 12 months the two meta-analyses reported contradictory results, with one study reporting less 

of a deterioration for the robotic group [14] while the other reporting no difference [41].  In relation 

to male sexual function, the meta-analyses pooled the data for erectile function only.  Both reviews 

demonstrated favourable erectile function scores for the robotic group at 3 and 6-months following 

surgery. Comparing these results, the overall quality of a meta-analysis is limited to the quality of 
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its primary studies, and since the quality of the evidence available is low, the results of the available 

meta-analysis are of equally low quality. 

The majority of the current research focuses on the urogenital outcomes of male patients and it is 

reported that only 9% of female patients have a discussion regarding post-operative sexual 

dysfunction before surgery [70].  Despite female sexual dysfunction prevalence following rectal 

surgery ranging between 65-80% [82], further analysed in the systematic review (appendix 2), only 

a few studies specifically assess the urogenital outcomes of female patients [91, 93, 94] and only 

one of those does so by using standardised questionnaires [91].  

2.4.3 Urogenital function in robotic vs laparoscopic rectal cancer surgery: a comparative study 

Following the conclusions of the systematic review we published on the subject [68]  we conducted 

a retrospective comparative observational study comparing the urological and sexual function of 

male and female patients receiving robotic vs laparoscopic rectal cancer surgery [69].  This study 

was published in the International Journal of Colorectal Diseases in October 2016 and formed part 

of the research submitted for an MRes degree.  A full copy of the article published is given in 

appendix 3.  

This study was designed to highlight and consider the gaps in the literature in this topic and to 

provide the framework for the study described in Chapter 4 of this thesis.  At publication it 

presented the largest study to investigate the urogenital function of patients receiving robotic vs 

laparoscopic rectal surgery applying standardised validated questionnaires and it independently 

investigated the functional outcomes of male and female patients.  Data from 126 patients was 

collected (48 rob vs 78 lap) with all robotic patients being operated on using the fully robotic 

approach. Baseline urological and sexual function of male and female patients for both groups was 

presented and the interval change of function after surgery was analysed and compared between 

the two cohorts.  

The results demonstrated that robotic rectal cancer surgery might offer better postoperative 

urological and sexual outcomes compared to laparoscopic surgery in male patients and better 

urological outcomes in females.  Whilst composite male urological function (MUF), male sexual 

function (MSF) and female urological function (FUF) scores deteriorated in the laparoscopic group, 

this was not the case for the robotic group.  Mean composite score change from baseline for MUF, 

MSF and FUF favoured the robotic group. 

These results add a significant contribution to the body of evidence on this topic and set the scene 

for study 1 of this thesis. 
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2.4.4 Conclusions and future direction 

There is inconsistency reported in the results across the research examining the urogenital 

outcomes of robotic rectal surgery.  In addition, studies are subject to significant bias and there is 

a lack of high-quality evidence supporting any particular approach for preservation of urogenital 

function following rectal surgery.  Nevertheless, the literature does support that the robotic 

approach could reduce urogenital dysfunction following rectal surgery, and this notion is supported 

by several review articles [14, 28, 35, 41, 100, 101].  In females the evidence on urogenital function 

is limited due to the lack of studies specifically investigating female urogenital function. 

Further research is required in order to establish whether robotic rectal surgery can offer superior 

urogenital outcomes.  Despite the presence of two RCTs and the ROLARR trial, there is a need for a 

well-designed RCT specifically designed to investigate the urogenital function of patients receiving 

robotic vs laparoscopic rectal surgery.  In addition, studies with regular follow up intervals are 

required to assess how quickly function recovers in each group and urogenital function should also 

be assessed via means of urodynamic studies to make a more objective evaluation.  Furthermore, 

further studies examining the role of female urogenital function are required. 

2.4.5 The future direction and place within this programme of research 

Considering the gaps in the literature discussed above, study 1 was designed, detailed in Chapter 4 

of this thesis. Study 1 is an RCT, whose short title is the UROLE trial (Urogenital function in RObotic 

vs Laparoscopic rEctal surgery trial), which is currently in the process of opening for recruitment 

(2018).  The aim of this RCT is to establish whether robotic rectal surgery reduces urogenital 

dysfunction following rectal surgery when compared to laparoscopic surgery.  In this thesis the 

protocol of the UROLE trial is described. 
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2.5 Robotic rectal surgery in the obese and high-risk patients 

This section summarises the key evidence comparing the surgical outcomes of high-risk and obese 

patients receiving robotic versus laparoscopic rectal surgery.   

2.5.1 Introduction 

When comparing the short-term outcomes of robotic versus laparoscopic rectal surgery cases, as 

performed in the ROLARR trial [65], it could be easy to underappreciate the benefits robotic systems 

are reported to offer.  This is because robotic surgery is more likely to confer an advantage in the 

more technically demanding cases, rather than on the whole spectrum of rectal cancer resections 

[36, 38].  For example, improved vision and ergonomics might improve conversion rates in male or 

obese patients but in straightforward female patients with a wide pelvis robotics is less likely to 

have much of an impact.  In relatively straightforward patients experienced minimally invasive 

surgeons are likely to complete the operation without a conversion whether it is performed 

laparoscopically or robotically [36, 38].  In contrast, improved vision and ergonomics might be a 

powerful tool in technically demanding cases, such as males, the obese or those who received neo-

adjuvant radiotherapy [43].  This was also suggested by the ROLARR trial, in which conversion rate 

was higher in male obese patients receiving laparoscopic surgery [28, 65].  Therefore, the clinical 

effectiveness of robotic systems should be scrutinised further in cases which surgeons report 

technically challenging whilst applying the laparoscopic approach.   

Several studies have identified risk factors for worse short-term surgical outcomes in laparoscopic 

rectal surgery [102–107].  These include obesity, male gender, low-lying tumours, previous surgery 

and pre-operative chemoradiotherapy and is reportedly because these factors increase the 

technical difficulty of what is already a technically demanding procedure.  The rigid, fixed end 

instruments of laparoscopic surgery can be difficult to use in this kind of patients, reflecting the 

results of the above studies.  Robotic instruments could provide a solution to this problem, yet 

whether robotic surgery can help improve surgical outcomes in this group of ‘high-risk’ patients is 

largely unknown.  Considering the increasing prevalence of obesity and the fact that the majority 

of patients requiring rectal cancer surgery will have any one the above risk factors, this topic 

warrants further investigation [108, 109]. 

2.5.2 Review of relevant articles 

A comprehensive MEDLINE search applying the following search terms was performed in August 

2017: (“robot*” OR “robotic-assisted” OR “da Vinci”) AND ("laparoscop*”) AND (“rectum” OR 

“rectal” OR “colorectal”) AND ("surgery") AND (“high-risk” AND “obesity” OR "obese" OR “pre-

operative radiotherapy” OR “pre-operative chemoradiotherapy”). 
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2.5.2.1 High-risk patients 

There are few studies comparing robotic versus laparoscopic rectal surgery in patients with risk 

factors attached to them such as obesity, male gender and neoadjuvant chemoradiotherapy.  

However, these studies only consider one or two risk factors and do not define patients as ‘high-

risk’ based on a multitude of factors.  To date, there is only one study that compares the surgical 

outcomes of robotic versus laparoscopic ‘high-risk’ rectal surgery patients [32].   Although this study 

does not have a specific definition for ‘high-risk’ patients, it investigates the outcomes of patients 

from the US Veterans Health Administration population.  This is a predominantly male (97%) and in 

majority over-weight population that has a considerable degree of comorbidity attached to it (89% 

were ASA class 3-4) therefore fitting of the criteria for a high-risk population.  This retrospective-

comparative study only included a small number of robotic cases (13 robotic vs 59 laparoscopic), in 

which a hybrid procedure was performed.  In addition, there were significant differences in baseline 

characteristics between the two study populations (robotic patients had a higher rate of previous 

abdominal surgery, lower tumours, more advanced disease and higher rate of neoadjuvant 

chemoradiotherapy), although these parameters should have favoured the results of the 

laparoscopic arm.  In this study patients in the robotic group took longer to operate on and received 

more abdominoperineal resections.  Additionally, there were no differences demonstrated in blood 

loss, conversion rate, post-operative morbidity, lymph node yield, CRM positivity or specimen 

quality between the two groups.  

There are a few studies comparing the outcomes of patients receiving robotic versus laparoscopic 

surgery for mid-low rectal tumours following neoadjuvant chemoradiotherapy, which could all be 

considered high-risk patients [46, 110, 111].  Saklani et al’s [110] retrospective study included a 

sample size of 138 patients (74 robotic, 64 laparoscopic), had a median follow up of 36 months and 

found no difference in the long-term oncological outcomes between the two groups.  In addition, 

the short-term outcomes, with the exception of operative time which was longer in the robotic 

arm, showed no differences in any of the remaining investigated endpoints (conversion rate, intra-

operative bleeding, length of stay, morbidity, days to first flatus).  Following this study a follow-up 

study was conducted when the median follow up reached 56 months [46].  Again, this study found 

no differences in the 5-year oncological outcomes between the two groups.  Serin et al [111] 

performed a similar study but only included male patients and only investigated the short-term 

outcomes.  This study had a considerably smaller sample size (14 robotic, 65 laparoscopic), reported 

a higher operation time for the robotic group but also found a higher lymph node yield, a longer 

median CRM and distal resection margin (DRM) for the robotic arm.  However, the CRM positivity 

rates were similar between the two groups and there were no differences in terms of morbidity, 
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length of stay and conversion rate.  The results did have a trend towards better outcomes in the 

robotic arm, but the sample size was too small, increasing the probability of a type 2 error.  

Moreover, despite reporting a longer CRM and DRM length distance, these outcomes are not 

necessarily associated with worse oncological long-term outcomes and the actual CRM positivity 

rates were similar between the two groups. 

2.5.2.2 Obese patients 

There are five studies that examine the challenges of obesity in robotic rectal surgery [112–116], 

two of which compare the outcomes of obese patients receiving robotic versus laparoscopic rectal 

surgery [112, 113].   The remaining three studies compared the outcomes of obese versus non-

obese patients receiving robotic rectal surgery [114–116].  Interestingly, all three studies found that 

there were no differences in peri- and post-operative outcomes between the obese and non-obese 

receiving robotic rectal surgery [114–116].  This is in contrast to the role of obesity in laparoscopic 

surgery, where the majority of the evidence seems to support that obesity is a risk factor for worse 

short-term outcomes [117], although several studies have demonstrated equivalent outcomes for 

obese and non-obese patients receiving laparoscopic surgery, including a systematic review [118].  

The two studies comparing the surgical outcomes of obese patients receiving robotic and 

laparoscopic rectal surgery were published in 2016 and are both retrospective in nature [112, 113].  

The first study by Gorgun et al [112] included a sample size of 29 robotic and 27 laparoscopic 

patients and reported no differences in operation time, blood loss, CRM positivity, conversions and 

morbidity.  However, robotic surgery was associated with a quicker return of bowel function and 

shorter hospital stay.  In this study 9 out of the 29 robotic patients were operated on utilising the 

hybrid technique.  Although the laparoscopic operations were performed by four surgeons, the 

robotic ones were completed by two surgeons.  Therefore, the results should be interpreted with 

some caution, since the reporting outcomes could be influenced by the surgical skills of the 

individual operating surgeons.  Shiomi et al [113] included a larger sample size (52 robotic, 30 

laparoscopic) and also reported a shorter length of stay, as well as lower blood loss and 

complication rates for the robotic cohort. 

2.5.3 Conclusions and future direction 

The evidence examining the surgical outcomes of ‘high-risk’ patients receiving robotic rectal surgery 

is limited, with only a handful of studies investigating this topic.  All of the studies are retrospective 

and non-randomised in nature and most of them include small sample sizes.  Nevertheless, there is 

a trend towards better outcomes in the robotic arm (with the exception of operative time) which 

needs to be further investigated to establish effectiveness.  The US Veterans Health Administration 
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study [32] reported similar outcomes between the two groups despite the baseline characteristics 

favouring the laparoscopic arm.  The study by Serin et al [111] had a trend towards better outcomes 

for the robotic arm and the studies investigating the outcomes of the obese patients demonstrated 

some advantages for the robotic cohorts [112, 113]. 

Obesity was not found to lead to worse short-term outcomes in robotic rectal surgery in all three 

studies comparing obese vs non-obese patients.  In addition, data presented from the ROLARR trial 

showed that in male, obese patients with low tumours conversion rates were better in the robotic 

group.  These results indicate that the benefits offered by robotic surgery, might be able to help 

improve the surgical outcomes of technically demanding rectal surgery patients.  Therefore, further 

research of studies including larger sample sizes is required to further investigate whether robotic 

surgery can offer superior surgical outcomes in this demographic of patients. 

2.5.4 The future direction and place within this programme of research 

As part of the research presented in this thesis two studies will be presented in Chapter 5.  The first 

study (study 2.1) will compare the short-term outcomes of high-risk patients receiving robotic 

versus laparoscopic rectal surgery, including data from one institution over a period of two years.  

The second study (study 2.2) will build on this by comparing and focussing on obese patients and 

will include data from various institutions.  Both studies aim to include larger sample sizes than 

those already published and therefore build on the current evidence. 

Even though one of the criteria for the ‘high-risk’ patients is obesity, a study independently 

investigating the outcomes of obese patients is performed considering a) the rapidly rising 

incidence of obesity in the Western world and b) the surge in interest on the role of obesity on 

minimally invasive colorectal surgery over the last few years. 
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2.6 The learning curve of robotic rectal surgery 

Having reported over the last two sections on the evidence that infers potential clinical advantages 

for robotic rectal surgery, this section summarises the key evidence assessing the learning curve of 

robotic rectal surgery.  Focus is placed on studies examining the learning curve of robotic rectal 

surgery and studies examining the effect of prior laparoscopic experience on the learning curve of 

robotic rectal surgery.   

2.6.1 Introduction 

Laparoscopic rectal surgery is known to have a long learning curve, estimated between 30-150 

cases [119–122].  This is largely due to the difficulty of using ergonomically limited instruments in 

the restricted space of the pelvis.  It is hypothesised that robotic instruments are easier to use, since 

they are ergonomically superior and intuitively follow the surgeon’s hands.  However, whether 

robotic rectal surgery is easier to learn when compared to laparoscopic surgery is still a subject of 

debate.  In addition, with the adoption of any new surgical techniques it is important to assess the 

effects on the surgeon’s learning curve [123].  Furthermore, it is largely unknown whether prior 

laparoscopic experience can help reduce the learning curve of robotic rectal surgery.  This could be 

an important factor for surgeons thinking of making the transition from laparoscopic to robotic 

rectal surgery. As such it is important to establish and evaluate the current literature regarding 

learning robotic surgery to delineate actual and perceived difficulties of implementing and using 

robotic systems. 

2.6.2 Review of relevant articles 

A comprehensive MEDLINE search applying the following search terms was performed in August 

2017: (“robot*” OR “robotic-assisted” OR “da Vinci”) AND (“rectum” OR “rectal” OR “colorectal”) 

AND ("surgery") AND (“learning curve”). 

2.6.2.1 Learning curve of robotic rectal surgery 

A comprehensive systematic review examining the learning curve or robotic rectal surgery was 

published in November 2016 as part of this programme of research presented in this thesis [124] 

(appendix 4)1.  Since this review was conducted another three articles have been published that 

meet the search criteria of this review [125–127].  Table 3 presents the main characteristics of the 

relevant studies examining the learning curve of robotic rectal surgery.   

 
1 M. Nasir, S. Panteleimonitis, J. Ahmed, H. Abbas, A. Parvaiz, Learning Curves in Robotic Rectal Cancer 
Surgery : A literature Review, J. Minim. Invasive Surg. Sci. 5 (2016). doi:10.17795/minsurgery-41196.Review. 
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Table 3: Journal articles examining the learning curve of robotic rectal surgery  

 

Author & 
year 

Study type Number of 
patients 

Procedures 
(=n) 

Robotic 
technique 

No. of 
surgeons 

CUSUM 
statistics 
used 

Learning 
curve for 
competency 

No. of phases 
reported 

Bokhari et 
al[128] (2011) 

Retrospective 
case series  

50 AR 25; LAR 
15; APER 6; 
RP 4 
 

Hybrid Single CUSUM of 
surgeon 
console time 

15 3 

Akmal et 
al[129] 
(2012) 

Retrospective 
case series 

80 Cancer only 
LAR 40, CA 
21; APER 19 

Hybrid Single No CUSUM 40 Not reported 

Kim et al[130] 
(2012) 

Prospective 
case series 

62 Cancer only 
APER 1; LAR 
50; Ultra LAR 
10; 
Hartmann’s 1 

Totally 
robotic 

Single  No CUSUM 20 Not reported 

Sng et al[131]  
(2013) 

Retrospective 
case series 

197 Cancer only 
AR 3; LAR 
126; Ultra 
LAR 10; ISR 
45; APER 13 

Totally 
robotic 

Single CUSUM op 
time 

35 3 

Jimenez-
Rodriguez et 
al[132] 
(2013) 

Prospective 
case series 

43 Cancer only 
AR 36; APER 7 

Totally 
robotic 

Three CUSUM op 
time, RA-
CUSUM 

21-23 3 

D’Annibale et 
al[89] (2013) 

Comparative 
prospective 
case series 

50 rob vs 50 
lap 

Cancer only  
100 AR  

Totally 
robotic 

Single CUSUM op 
time 

22 2 

Byrn et 
al[133]  
(2014) 
 

Retrospective 
case series 

85 LAR 29; APR 
21; Other 35 

Totally 
robotic 

Single No CUSUM Not reported Not reported 
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Park et 
al[134]  
(2014) 

Prospective 
case series 

130 Cancer only 
LAR 130 

Hybrid Single CUSUM op 
time, 
RA-CUSUM 

44 3 

Kuo et al[135]  
(2014) 

Comparative 
retrospective 
case series 

36 rob vs 28 
lap 

Cancer only  
ISR 64 

Totally 
robotic 

Single No CUSUM, 
7th-order 
averaging 
method of op 
time 

19 2 

Kim et al[136]  
(2014) 

Prospective 
case series 

167 Cancer only 
AR 167 

Hybrid Single CUSUM op 
time, RA-
CUSUM 

32 3 

Yamaguchi et 
al[137]  

(2015) 

Prospective 
case series 

80 Cancer only 
AR 6; LAR 46; 
ISR 22; APER 
6 

Totally 
robotic 

Single CUSUM op 
time 

25 3 

Melich et 
al[138] 
(2015) 

Comparative 
prospective 
case series 

92 rob vs 106 
lap 

Cancer only  
LAR 92 

Totally 
robotic 

Single CUSUM of 
major 
complication 
& CRM.  
Moving 
average for 
op time 

41 Not reported 

Park et 
al[125] 
(2014) 

Comparative 
retrospective 
case series 

89 rob vs 89 
lap 

Cancer only 
LAR 178 

Hybrid Single CUSUM op 
time 

44 2 

Foo et al[126] 
(2016) 

Retrospective 
case series 

39 LAR 34, 4 
APER, 
Hartman’s 1 

Both hybrid 
and totally 
robotic 

Single CUSUM op 
time 

25 3 

Guend et 
al[127]  
(2017) 

Retrospective 
case series 

418 Colon and 
rectal 
cancers: left 
hemicoloceto
mies, AR’s 
and LAR. 
Exact 
numbers not 
given 

Early cases, 
hybrid, then 
totally robotic 

Five CUSUM op 
time 

25-30 3 

CUSUM: cumulative sum method, RA-CUSUM: risk-adjusted CUSUM, AR: anterior resection, LAR: low anterior resection, RP: rectopexy, CA: colo-anal, 
APER: abdominoperineal excision, ISR: inter-sphincteric resection, TME: total mesorectal excision, CRM: circumferential resection margin 
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A total of 15 studies were identified, all case series and most retrospective in nature.  Four of the 

included studies are comparative case series, comparing the robotic cases with laparoscopic ones.  

The sample size of the included studies is variable, ranging from 39 to 418 cases.   

Significant limitations of the studies include sample populations being relatively small in size.  The 

majority of the studies specify the procedures included in each study with twelve studies only 

including rectal cancer cases.   However, there is great variability between the case mix volumes of 

the different studies.  The hybrid procedure was deployed in 7 of the studies, with two of them 

switching to a totally robotic technique later on the study period.  More significantly, 13 of the 15 

studies only included the outcomes of a single surgeon, with the remaining studies reporting the 

outcomes of three and five surgeons respectively.   

The studies were arguably subject to significant bias, both in terms of study participant selection 

and outcome reporting, considering that most of the participant surgeons were robotic surgery 

enthusiasts [123].  The studies have several differences in key characteristics between them (see 

table 3) and there are several differences in the reported outcomes.  This can be attributed to the 

heterogeneity of the studies design, but one should also consider surgeon performance bias and 

skill.  Considering 13 of the 15 studies only included a single surgeon, the reported learning curve 

of each study could be that of the individual surgeon.  Since the case volume required by any 

particular surgeon to learn any new technique might differ, studies including a far greater number 

of surgeons would be desirable to ascertain the true learning curve of robotic rectal surgery. 

Furthermore, the included studies do not attest to the surgeons’ prior colorectal or laparoscopic 

surgery experience, which could skew results when assessing the learning curve.  Surgeons with 

extensive rectal surgery experience may learn faster than those that do not perform rectal surgery 

on a regular basis [123]. 

In order to understand and critique the presented evidence it is important to understand how 

studies measure the learning curve of robotic rectal surgery.  Learning curves can be determined 

by using different parameters such as operating times, lack of complications, lack of conversions or 

a combination of these.  Typically, operating time has most commonly been used as a proxy to 

assess competency or proficiency.  However, opinions on the appropriate parameter choice differ 

and other parameters rather than operation time are probably as equally important in assessing 

safety and oncological adequacy.  Therefore, it could be argued that studies assessing the learning 

process by applying multiple parameters provide a more thorough assessment of the learning 

curve. 
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Once data on the examined parameters has been collected there are different ways in which data 

analysis can be managed, for example some of the studies simply compare these parameters in 

halves or quartiles [129, 133] (e.g. the operation time of the first 20 cases is compared with that of 

the next 20 cases). However, there are several disadvantages in this method of analysis. Firstly, it 

doesn’t report the number of procedures required for which a surgeon’s outcomes tend to reach a 

certain standard.  Secondly, it does not adequately infer the trend of the reported outcomes.  For 

example, operation time might be better in the latter 20 cases but was operation time ever below 

average or of what is expected?  When did operation time start to improve? When did it reach a 

consistent level?  These are questions that are better answered with the cumulative sum (CUSUM) 

method of analysis [139, 140].  The CUSUM method is an effective way of monitoring performance 

over time and analysing trends [141] and it has been used to assess various colorectal procedures 

[142].  Appendix 5 describes and elaborates on the CUSUM method.   

Eleven of the 15 studies investigating the learning curve of robotic rectal surgery used a CUSUM 

analysis, therefore strengthening the validity of results reporting the learning curve for robotic 

rectal surgery.  All of these studies used operation time as the parameter for the CUSUM analysis  

except one study, which used two parameters, major complications and CRM [138].  The same 

study used a different technique to analyse the learning curve with regards to operation time 

(moving average) [138].  Most of these studies describe the number of phases in the CUSUM 

learning curve indicating a maximum of three learning phases in the included studies.  In general, 

phase 1 is regarded as the early learning phase, which ends when the curve plateaus.  Phase 2, 

described as the competent phase, corresponds to the plateau part of the CUSUM curve and phase 

3 can be described as the expert phase and begins when the plateau ends and the curve starts to 

rise or drop again. Eight of the included studies reported three learning phases and three studies 

only two (see table 3). 

Three studies investigate the learning curve by calculating the risk-adjusted CUSUM (RA-CUSUM), 

in conjunction with operative time.  This allows comparison of actual risk with expected risk and 

includes other surgical outcomes rather than just operative time when assessing the learning curve.  

The advantage of this approach is that rather than simply focusing on operative time the learning 

curve is judged on a multitude of outcomes, arguably giving a more accurate reflection of the 

number of cases required for surgeon competence.  

Of interest is a recent review examining the learning curve of robotic rectal surgery [123]. This 

review included 9 original studies [125, 126, 129, 131, 132, 134, 136–138] and concluded that the 

mean number of cases required for a surgeon to be classed as an expert in robotic rectal surgery 

was 39 patients, although it does not state the formula used to calculate this figure.  Furthermore, 
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this review reports that the mean number of cases to complete phase 1 and therefore achieve 

competency was 29.7 cases. 

The discussed studies applying CUSUM analysis used the mean outcome (usually operative time) of 

all robotic procedures as their target (see Appendix 5 for further clarification of target and CUSUM 

analysis).  These studies do not to consider the surgeons prior surgical experience or what their 

average outcomes were when performing laparoscopic or open surgery.  This could have been 

achieved if the surgeon’s average laparoscopic or open surgical outcomes were used as a target for 

constructing the CUSUM curves. 

The learning curve of robotic rectal surgery is reported to be between 15-44 cases in the studies 

discussed in this review.  This is lower than that of laparoscopic rectal cancer surgery [123].  

However, the reported laparoscopy learning curve ranges from 30-150 cases [119–122], making it 

difficult to draw substantial conclusions.  Only four comparative studies exist examining the 

learning curve of robotic rectal surgery [89, 125, 135, 138], but only two of those actually compare 

the CUSUM learning curves of robotic versus laparoscopic rectal surgery [125, 138].  Of those, one 

study reports a similar learning curve for both approaches [125], while the other reports a 

favourable learning curve for the robotic approach [138].  Therefore, further studies are required if 

we are to establish whether the learning curve of robotic rectal surgery is shorter to that of 

laparoscopic surgery. 

2.6.2.2 Studies investigating the impact of previous laparoscopic rectal surgery experience on the 

learning curve or robotic rectal surgery 

There are only two contemporary studies that examine the effect of prior laparoscopic experience 

on the learning curve of robotic rectal surgery [143, 144].  It should be noted that one study [144] 

was published after the study researching the same topic in this thesis [145] (study 3)1. 

The study published by Kim et al [143] compared the surgical outcomes of two surgeons performing 

robotic rectal surgery, one with extensive (300 cases) prior laparoscopic rectal surgery experience 

and the other with minimal (30 cases) laparoscopic experience.  This retrospective study included 

a large sample size, analysing the data of 100 cases for each surgeon.  The study demonstrated that 

the clinico-pathological outcomes of the two surgeons were similar and in fact average operative 

time was shorter in the surgeon with less laparoscopic experience.  The study concludes that robotic 

surgery can be safely undertaken by a novice laparoscopic surgeon as well as an expert one and 

 
1 M. Odermatt, J. Ahmed, S. Panteleimonitis, J. Khan, A. Parvaiz, Prior experience in laparoscopic rectal 
surgery can minimise the learning curve for robotic rectal resections: a cumulative sum analysis., Surg. 
Endosc. 0 (2017) 0. doi:10.1007/s00464-017-5453-9 
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therefore prior laparoscopic surgery is not necessary.  However, there are several limitations to 

note in this study.   

First of all this study does not use the CUSUM method, the preferred strategy for analysing learning 

curves [123], to assess the learning curves of the two surgeons.  Instead it uses the moving average 

method to compare the operative time learning curves of the two surgeons.  The study reports that 

operative time decreased with a steep slope until 17 cases for the novice surgeon while it remained 

similar throughout the study for the expert surgeon.  The problem with this method is that it does 

not inform us whether the expert surgeon ever had a learning curve since he reached a plateau 

straight away.  A CUSUM analysis might have been better able to answer this question.  

Furthermore, the study simply compares the surgical outcomes of the two surgeons but does not 

analyse them as part of a learning curve.  Therefore, all the study can really conclude is that the 

outcomes of the two surgeons were similar, despite one of them having far more laparoscopic 

experience.  This study rightly concludes that robotic rectal surgery can be safely undertaken by 

surgeons with no vast laparoscopic rectal surgery experience, but it does not answer the question 

of what is the actual effect of extensive prior laparoscopic experience on the learning curve of 

robotic surgery.  In other words, it tells us that prior laparoscopic experience is not necessary in 

order to learn robotic rectal surgery but does not inform us on whether it helps shorten its learning 

curve. 

Furthermore, the study reports that the operative time of the expert surgeon was longer.  However, 

this does not consider the average operative time of the two surgeons when performing 

laparoscopic surgery.  The difference observed could be because the expert surgeon is simply a 

slower surgeon and his operative times would have been longer regardless of surgical approach 

(robotic or laparoscopic).  In this case, it would be better to compare the operative times of the two 

surgeons against their average laparoscopic rectal surgery times, allowing to better assess their 

individual learning curves.  Finally, this is just a single study of two individuals and any results 

reported might not be necessary transferable to the majority of surgeons.  

The second study, by Sian et al [144] reports similar results to the Kim et al study [143] as Sian 

undertook a  retrospective study comparing the short-term outcomes of two surgeons performing 

a case mix of colorectal robotic surgery procedures.  The first surgeon had no prior minimally 

invasive experience while the second one did.  The sample size was a lot smaller in this study (n=30) 

and there is no CUSUM analysis or comparison of learning curves.  So similarly to the Kim et al [143] 

study, this study reports that robotic rectal surgery can be undertaken safely by surgeons with 

minimal previous laparoscopic surgery experience but does not examine the effect of previous 

laparoscopic experience on the learning curve of robotic rectal surgery. 
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2.6.3 Conclusion and future direction 

There is a paucity of evidence assessing the learning curve of robotic rectal surgery to date.  Method 

of assessment, study design and results are inconsistent between the current available studies.  

Nevertheless, current evidence suggests that the learning curve of robotic rectal surgery is probably 

between 15-44 cases and shorter than that of laparoscopic rectal surgery.  Further studies applying 

CUSUM analysis of multiple parameters rather than simply operating time would enable a more 

objective assessment of the learning curve of robotic rectal surgery.  In addition, studies examining 

the learning curves of multiple surgeons would strengthen the validity of their results. 

Little is known of the effect of prior laparoscopic experience on the learning curve of robotic rectal 

surgery.  Two studies [143, 144] have reported that prior laparoscopic experience is not necessary 

before undertaking robotic rectal surgery but there is gap in the evidence as to whether 

laparoscopic experience can help shorten the learning curve of robotic recta surgery.  Considering 

that many expert laparoscopic colorectal surgeons are reluctant to start robotic rectal surgery due 

to the fear of embarking another long learning curve, it is important for both colorectal surgeons 

and services to know whether any of the skills the surgeons have learned are transferable to the 

robotic platform. 

2.6.4 The future direction and place within this programme of research 

As part of the research undertaken for this programme of study and presented in this thesis, study 

3 will examine the robotic rectal surgery learning curves of two surgeons, one with vast laparoscopic 

rectal surgery experience (206 cases) while the other with more limited experience (88 cases).  The 

CUSUM learning curves of operation time and other relevant peri- and post-operative outcome 

variables will be constructed to analyse the learning curves of the two surgeons.  In addition, the 

individual surgeons’ learning curves will be constructed against the outcomes of similar, case-

matched laparoscopic operations performed by each surgeon. 

The aim of this research will be to investigate the learning curve of robotic rectal surgery by applying 

a CUSUM analysis of multiple surgical outcomes. Furthermore, this study aims to investigate the 

effect of prior laparoscopic experience on the robotic rectal surgery learning curve.  No such similar 

study exists in the literature and therefore the proposed research aims to fill in this gap. 
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2.7 da Vinci Xi: Training pathway and new technology assessment for robotic rectal 

surgery with the da Vinci Xi and integrated table motion 

Following the robotic rectal surgery learning curve review, this section examines the studies 

describing the feasibility of the new robotic platform, the da Vinci Xi®, coupled with integrated table 

motion (ITM), the studies comparing the clinical outcomes of the Xi vs Si systems and the studies 

examining a training pathway for robotic rectal surgery. 

2.7.1 Introduction 

As a method of addressing the limitations of laparoscopic surgery, robotic surgical systems were 

developed.  Robotic systems possess several technical advantages over laparoscopic surgery, such 

as 3-D stable operator control camera, tremor filtering and wristed instruments.  However, with 

previous systems (da Vinci S & Si) technical challenges have arguably slowed down its wholesale 

adoption by surgeons.  Besides increased costs, colorectal surgeon’s using robotic systems have 

found the docking process lengthy and complex and complained of persistent arm clashing of the 

robot and the need to undock the robotic cart when moving from one operative quadrant to 

another.  The da Vinci Xi® is the most advanced surgical platform developed by Intuitive Surgical® 

(released in April 2014 1) and is designed with several technological advances to address previous 

platform reported limitations.  In addition, it can be wirelessly connected to the ITM, a table that 

allows patient repositioning without having to undock the robot or remove the instruments.  

Considering this, the new systems feasibility should be demonstrated and its surgical outcomes 

analysed and compared with those of its predecessors in order to investigate whether its 

technological advantages can help further improve clinical outcomes. 

There are only four small-scale (10-54 patients) case series describing robotic rectal surgery with 

this platform and only one study discussing patients operated with the ITM feature.  Furthermore, 

there is limited evidence comparing the da Vinci Xi’s outcomes with that of the previous model, the 

da Vinci Si®.   

A structured training programme is essential for the safe adoption of robotic rectal cancer surgery.  

There is a gap in the literature regarding the discerption of such a training pathway. Therefore, 

 
1 Since 2014 Intuitive Surgical® has released another platform, the da Vinci X® (2017).  This platform has fewer 
capabilities and is technologically inferior to the da Vinci Xi system. However, it is cheaper than the Xi and is 
therefore designed as an intermediate between the da Vinci Si and Xi systems.  For the purpose of this thesis 
we refer to the da Vinci Xi as the latest model, since it is the most advanced system in terms of technological 
capabilities. 
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there is a need to examine such a programme and assess its effectiveness in delivering high quality 

training while ensuring patient safety.  

2.7.2 Review of relevant articles 

A comprehensive MEDLINE search applying the following search terms was performed in August 

2017: (“robot*” OR “robotic-assisted” OR “da Vinci”) AND (“rectum” OR “rectal” OR “colorectal”) 

AND (surgery) AND (“Xi” OR "da Vinci Xi").  

A second search was performed regarding training pathways in robotic rectal surgery in August 

2017: (“robot*” OR “robotic-assisted” OR “da Vinci”) AND (“rectum” OR “rectal” OR “colorectal”) 

AND (training) AND ("pathway" OR "program*" OR “scheme”). 

2.7.2.1 Non-comparative case series for da Vinci Xi 

There are three case series examining the feasibility of the da Vinci Xi® for rectal surgery [146–148] 

and one study describing the feasibility of the da Vinci Xi® coupled with ITM for colorectal surgery 

[149]. The sample size of these studies is small ranging from 10 to 54 patients.  However, the largest 

of these studies by Ngu et al [148] is not specific to rectal cases since 7 out of the 54 (13%) cases 

were colonic resections1 and in the only study that included the use of ITM only 7 out of 10 patients 

had rectal resections [149].  However, we should consider that all four-case series were published 

within two years of the da Vinci Xi® system release.   

All case series describe their operative technique and present their short-term surgical outcomes 

demonstrating the feasibility the da Vinci Xi® system.  However, splenic flexure mobilisation was 

only performed in 5 of the 36 cases in the study by Tamhankar et al [146] and in an unreported 

sample of the patients in the study by Ngu et al [148].  In the majority of centres in the Western 

world splenic flexure mobilisation is routinely performed for procedures involving colo-anal or colo-

rectal anastomoses and this is a significant part of the procedure in terms of time and technical 

complexity [150, 151].  Therefore, the external validity of the results of these two studies needs to 

be considered with caution.   

The limitations of these studies are representative of their design, since they are small scale 

retrospective non-comparative case series.  Larger scale case series focusing on rectal surgery with 

the routine takedown of splenic flexure and including the use of ITM are desired in order to assess 

the feasibility of the da Vinci Xi® with integrated table motion. 

 
1 In this study 21 out of the 54 (39%) cases had pathology that did not involve the rectum.  However, 14 of 
those involved the sigmoid colon and were classed as high anterior resections, probably involving some 
degree of rectal dissection.  Only 7 cases were regarded as pure colonic resections. 
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2.7.2.2 Comparative studies for da Vinci Xi® 

There are four studies comparing the surgical outcomes of patients receiving robotic rectal surgery 

with the da Vinci Xi vs Si system [152–155].  Of those, one is a preliminary study [153] whose data 

is included in a follow up study [152] so is not discussed further in this section.  Table 4 presents 

the main characteristics and key findings of these studies.  It should be noted than none of those 

studies includes the use of the ITM. 

All three studies are retrospective in nature and are essentially comparative case series, although 

the study by Morelli et al [152] performs a case matched comparison to make the two groups as 

comparable as possible.  The studies designs are different in terms of case mix, operative technique 

and indications for surgery, making it hard to compare their results with one-another. All three 

studies report the short-term surgical outcomes of the two robotic platforms.  However, Morelli et 

al [152] goes further by also comparing the urogenital function and quality of life questionnaire 

scores of the da Vinci Xi and Si.  In addition, the studies report whether the procedures completed 

were fully-robotic or hybrid procedures and whether splenic flexure mobilisation was achieved.  

Therefore, splenic flexure mobilisation and fully-robotic procedures are used as markers of success, 

attributing any failure to achieve this to the properties of the platform used.   

However, this method of reporting has a limitation in that procedures might have been performed 

with the hybrid-approach or splenic flexures not mobilised due to other reasons rather than the 

platform deployed.  Hybrid-procedures might have been preferred due to training purposes or 

surgeon choice; therefore, it would have been of more value to know how many procedures were 

initially intended to be fully robotic and then converted to hybrid procedures intra-operatively.  The 

same could be said for splenic flexure mobilisations.  Although most surgeons routinely perform 

complete splenic flexure mobilisations for procedures involving rectal anastomosis this is not 

necessary routine practice and in the Far East splenic flexure mobilisation is rarely performed.  

Furthermore, splenic flexure mobilisation is not routinely performed for APER’s and sigmoid 

colectomies.  Therefore, although undoubtedly the new technological advances of the da Vinci Xi® 

increase the feasibility of the fully-robotic approach, the way these studies have demonstrated this 

is subject to significant bias.  

The sample size of all three studies is small (the maximum number of Xi procedures was 30), making 

analysis hard to detect any small differences in outcomes between the two robotic platforms.  In 

addition, the study by Protyniak et al [155] included 19 sigmoid-colectomies (6 of them in the Xi 

group), therefore reducing the focus on rectal surgery.  Nevertheless, considering the da Vinci Xi® 

only became available in April 2014 the sample sizes of these studies are reasonable.  However, 
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larger sample studies containing a larger number of cases performed with the da Vinci Xi® would 

be desired in order to assess the feasibility of this system. 

Reported peri-operative outcomes show that in two studies operative time was reduced with the 

new platform.  Although this could be partly to the increasing experience of the surgeons, this has 

been mainly described as being due to the new advances of the Xi system, which make docking less 

cumbersome and faster.  There were no other differences demonstrated in the remaining short-

term and functional outcomes between the two systems (with the exception of lymph node yield 

in the study by Ozben et al [154], although this was not significant in multivariate analysis).  Morelli 

et al [152] argues that this is probably because the technological advances of the new platform 

focus on the flexibility and range of motion of the cart and arms - which were the main 

shortcomings of the previous system - and there are no major changes in the instruments or 

camera.  As a result, apart from arm clashing being less of an issue, the precision and accuracy 

offered in local dissection has not changed and therefore no major improvement in short-term or 

functional outcomes is expected.  Nonetheless, arm clashing could still be a pivotal factor in 

performing local dissection accurately and could therefore influence the short-term outcomes. 
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Table 4. Studies comparing the surgical outcomes of the da Vinci Xi and Si robotic platforms 

 

Study and Year Country Study type Sample size Procedures preformed Key findings 

Ozben et al[154] 
(2016) 

Turkey Retrospective 
comparative case 
series 

28 Xi vs 25 Si Cancer cases only 
48 LAR, 5 APR  

Operative time shorter for Xi. 
Higher lymph node yield in Xi. 
Otherwise similar short-term outcomes. 

Protyniak et 
al[155] 
(2017) 

USA Retrospective 
comparative case 
series 

26 Xi vs 44 Si Benign and malignant 
cases 
51 LAR, 19 Sigmoid-
colectomies, 6 
proctocolectomies, 6 APER 

More splenic flexure mobilisations achieved with 
Xi. 
Otherwise similar short-term outcomes. 

Morelli et 
al[152] 
(2017) 

Italy Case matched 
retrospective 
comparative case 
series 

30 Xi vs 30 Si Cancer cases only 
44 AR, 12 ISR, 4 APER 

Shorter docking and operative time for Xi. 
All Xi cases had fully robotic approach with 
complete splenic flexure mobilisation vs 23% of 
cases for Si. 
No differences in the remaining short-term 
outcomes or functional outcomes.  

 

LAR: low anterior resection; APER: abdominoperineal excision; AR: anterior resection, ISR: inter-sphincteric resection 
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2.7.2.3 Robotic colorectal surgery training programme studies  

There is a scarcity of evidence regarding robotic colorectal surgery training pathways and their 

effectiveness, safety and feasibility.  Two studies discuss a training pathway for robotic surgery 

[156, 157], with one specific for colorectal surgery [157].  The study by Winder et al [156] offers a 

comprehensive description of a training programme but includes a mix of general surgical cases 

and does not state how many colorectal or rectal resections were included.  Therefore, the study’s 

conclusions cannot be considered when discussing robotic colorectal surgery training pathways.  In 

addition, this study only reports the number of trainees that sat on the surgeon console for at least 

one case during their general surgical training and does not offer any description of the surgical 

outcomes or competencies achieved during their training. As a result, the overall safety and 

feasibility of such a training programme cannot be established from this study.   

The second study by Bell et al [157] describes a training pathway for robotic colorectal surgery in 

an academic hospital, which has been undertaken by four people.  The surgical outcomes of the 

surgeries performed (n=48) during the training pathway are presented, demonstrating the 

feasibility and safety of the programme.  However, there is no data provided regarding the 

surgeons’ competencies as they progress through the training pathway and therefore their progress 

during the programme cannot be assessed.   Data on surgical outcomes as the surgeons perform 

more cases during the training programme as well as data on certain competencies that need to be 

achieved in order to be able to perform robotic rectal surgery independently is desirable if a training 

pathways effectiveness is to be investigated.  

2.7.3 Conclusions and future direction 

The presented case series describing the feasibility of the da Vinci Xi® demonstrate its safety and 

feasibility for rectal surgery.  However, they include small sample sizes and all studies except one 

do not include the use of the ITM.   

The three studies comparing the da Vinci Xi with the Si system have shown that the new system has 

similar short-term and functional outcomes with possibly a reduced operative time.  Moreover, 

these studies report that the number of fully-robotic procedures and splenic flexure mobilisations 

achieved with the da Vinci Xi® is higher, due its technological advances.  However, these studies 

contain small sample sizes, have differences in terms of study design and do not include the use of 

the integrated table motion.   

There are two studies regarding the training pathway of robotic colorectal surgery that offer a 

detailed account of their training programmes. However, only one of them is specific to colorectal 
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surgery and data regarding the overall surgical outcomes during the training pathway are only 

provided in this study. 

Therefore, larger scale studies assessing the feasibility of the da Vinci Xi® coupled with ITM are 

required, as well as studies examining if the technological advances of the Xi system can lead to 

improved outcomes.  In addition, there is a need for a study investigating the role of a structured 

training programme for robotic rectal surgery which describes the training pathway and the surgical 

outcomes of the training process.  Finally, data on competency assessment throughout the training 

process is needed in order to evaluate the effectiveness of such a programme. 

2.7.4 The future direction and place within this programme of research 

Two studies regarding this topic are presented in Chapter 7.  The first study (study 4.1) will describe 

the training pathway and short-term surgical outcomes of three surgeons in two centres 

undertaking single-docking robotic rectal surgery with the da Vinci Xi® and ITM.  This case series 

will also describe a standardised technique for rectal surgery with the da Vinci Xi® & ITM and a 

description of how this new technique can be safely adopted and taught to surgeons undertaking 

robotic rectal surgery.  The feasibility and safety of this technique will be demonstrated by 

presenting the short-term outcomes of 82 cases.  In addition, in order to investigate the 

effectiveness of such a training programme data from the proctored cases will be compared with 

subsequent unsupervised cases and an account of the surgeons’ competency levels throughout 

their training will be given. 

The second study (study 4.2) will compare the short-term outcomes of 116 rectal resections with 

the da Vinci Xi® with 124 cases performed with the da Vinci Si®.  This is in order to further assess 

the feasibility of the da Vinci Xi® & ITM and investigate whether the technological advances of the 

Xi system can lead to better surgical outcomes. 

Both studies will represent the largest of their kind in terms of sample size and all cases involved 

will include the use of the ITM.  As a result, both studies are unique in their design and address gaps 

in the existing literature. 
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2.8 Chapter Summary 

Despite the technological and theoretical advantages of robotic surgery, there is a paucity of good 

evidence to support clinical advantages over laparoscopic surgery.  Many studies contradict each 

other, with some reporting equivalence while others support superior outcomes for robotic 

surgery.  This is probably due to a multitude of reasons.  For example, there is great variability in 

the robotic surgery experience of the surgeons and theatre staff in the literature which can skew 

the results.  Another reason is that the majority of the studies are underpowered, since the 

differences in the primary outcomes they set to investigate are small, requiring a large sample size 

to exclude a type 2 error.  With the majority of the current evidence based on small sample sized 

studies, it is challenging to infer substantial conclusions.  

The studies conducted for this programme of research and presented in this thesis concentrate on 

the subjects where robotic rectal surgery is more likely to have a profound impact.  By examining 

these subjects, (urogenital function, high-risk patients, learning curve) and investigating the gaps in 

the literature this research aims to demonstrate that the advantages offered by robotic surgery can 

lead to clinical effectiveness in appropriately conducted studies.   

Building on from the learning curve, the research presented in this thesis shall evaluate the 

implementation of a training programme for robotic rectal surgery with the da Vinci Xi® and 

evaluate whether the technological advances of this system can lead to better clinical outcomes. 
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Chapter 3 – Methodology 

3.1 Introduction 

The aim of this chapter is to provide a summary of the methodology used in the studies that inform 

this programme of research.  The methods of each individual study will be described in detail in 

each study’s corresponding section.  Therefore, the focus of this chapter will be to summarise the 

overall methods of the combined studies, justifying the following sections: 1) the studies population 

and participant selection, 2) the peri-operative care of patients involved in the studies, 3) the 

operative technique applied in the studies, 4) the data collection methods and 5) the ethical 

considerations.   

3.2 Study population and participant selection 

3.2.1 Study population 

The population of the studies reported in this thesis include patients that received robotic and 

laparoscopic rectal resection surgery for malignant or benign pathology, relevant to the individual 

study.  Patients receiving robotic surgery formed the experimental arm while patients receiving 

laparoscopic surgery the control.  Only patients receiving rectal resection surgery and therefore 

undergoing TME’s, whether partial or complete, were included.  This involved the following 

procedures: anterior resections, abdominoperineal excisions (APER’s), Hartman’s procedures, 

proctocolectomies and panproctocolectomies.  

Study participants were recruited from the three following centres: 

• Queen Alexandra Hospital, Portsmouth, UK 

• Poole Hospital, Poole, UK 

• Champalimaud Foundation, Lisbon, Portugal 

These sites were chosen because they all had as a common denominator a senior surgeon that 

supervised the implementation of the robotic colorectal surgery programmes.  As a result, all 

surgeons applied a similar surgical approach and similar peri-operative care pathways.  This enabled 

a more standardised approach to care across the sites, thereby strengthening the reliability of the 

research conducted. 

Table 5 provides a summary of the characteristics of each centre.  Patients included in each study 

had surgery performed or closely supervised by five colorectal surgeons, two surgeons from Queen 

Alexandra Hospital (AP, JK), two from Poole Hospital (TQ, MA) and one from the Champalimaud 
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Foundation (NF).  The first surgeon from Queen Alexandra Hospital, surgeon AP, represented the 

senior surgeon who trained the other four surgeons in robotic colorectal surgery.  Training was 

delivered under a structured, supervised training programme for robotic surgery through EARCS 

(European Academy of Robotic Colorectal Surgery), with surgeon AP proctoring all the cases.  Only 

the second surgeon from Queen Alexandra Hospital, surgeon JK, did not receive his training through 

EARCS, but he worked in the same hospital as surgeon AP and was therefore mentored and trained 

by him.  In terms of laparoscopic surgery, all surgeons except one (surgeon MA), were again trained 

by AP.  Surgeons AP, JK and TQ are experienced laparoscopic colorectal surgeons and were trainers 

for the National Training Programme for Laparoscopic Colorectal Surgery in England (LAPCO) [158].   

 

Table 5. Characteristics of centres participating in presented research 

 

The date range in which patients received their surgeries was from October 2006 to May 2018.  In 

each centre data collection began when the surgeons participating in each study started working in 

their respective units, between 2006 and 2012 for the UK centres and 2013 for the Portuguese 

centre.  Dual console robotic systems were introduced in each unit in 2013, 2015 and 2016 

respectively and therefore data on robotic rectal surgery was collected following these dates for 

each corresponding unit (see table 5). 

3.2.2 Participant selection 

All patients were identified from prospectively collated databases with further specific inclusion 

and exclusion criteria for each study being described in each study’s corresponding section. No 

specific selection criteria were used to allocate patients to laparoscopic or robotic surgery.  Patients 

were allocated to individual surgeons operating lists according to the patient’s target breach date 

for their treatment only.  Applied surgical modality was based on equipment and theatre 

availability.  The robotic approach was the preferred approach following the adoption of robotic 

surgery in each unit.  In Portugal, some patients opted for laparoscopic rather than robotic surgery 

Centre Surgeons  Robotic 
console 

Installation of 
robotic system 

Data collection period 
(rob & lap cases) 

Queen Alexandra 
Hospital 

AP 

JK 

Si May 2013 2006-2016 

Poole Hospital TQ 

MA 

Xi & ITM November 2015 2012-2018 

Champalimaud 
Foundation 

NF Xi & ITM May 2016 2013-2018 
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due to insurance cover reasons.   

3.3 Peri-operative care 

All rectal cancer patients were discussed in the multidisciplinary team meeting (MDT) prior to 

initiating any type of treatment and patients with inflammatory bowel disease (IBD) were discussed 

at the IBD MDT prior to having any surgery.  For all diagnosed cancer patients, preoperative staging 

was performed by colonoscopy or CT colonography, computed tomography (CT) of the chest, 

abdomen and pelvis and magnetic resonance imaging (MRI) of the pelvis.  In general, long course 

neoadjuvant chemoradiotherapy was given to patients with high risk for local recurrence 

(threatened circumferential resection margin ≤2mm or T4 in staging MRI).  Neo-adjuvant 

radiotherapy was not used where rectal cancers were considered resectable by TME with an 

anticipated acceptable likelihood of clear margins.  Patients who received neoadjuvant 

chemoradiotherapy underwent restaging scans at 6-8 weeks and surgery was performed at around 

12 weeks following the completion of their treatment. 

All patients undergoing rectal resections had the same bowel preparation, which included two days 

of fibre-free diet and two sachets of Picolax one day prior to surgery.  Mechanical (TED anti- 

embolism stockings and intermittent pneumatic compression devices) and chemical (low-molecular 

weight heparin) thrombo-prophylaxis was given to all patients unless contraindicated. 

Antibiotics were only given routinely on induction of anaesthesia, according to local antibiotic 

policy.  A single shot spinal infiltration containing a mixture of diamorphine and Marcaine was given 

prior to anaesthesia for analgesia, no epidural catheters were used and wounds were infiltrated 

with local anaesthetic. 

Post-operative care was standardised, with patients entering a routine enhanced recovery 

programme described by Kehlet and Wilmore (2002) [159].  After surgery, patients were 

encouraged to drink fluids on the same evening, get out of bed as soon as possible and eat solids 

as soon they felt able to and once oral fluids were tolerated.  Intravenous hydration was removed 

as soon as the patient could tolerate oral fluids, urinary catheters were taken out the morning after 

surgery and analgesia was carried out with oral paracetamol and ibuprofen.  Patients were 

discharged home according to set criteria for discharge.  

3.4 Operative technique 

Since surgeon AP trained all the other surgeons in laparoscopic and robotic colorectal surgery (with 

the exception of surgeon MA in terms of laparoscopic surgery) the surgeons participating in the 

studies for this programme of research applied the same standardised modular approach to 
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surgery.  This way surgical variability is reduced and the reliability of the research conducted is 

strengthened.  However, one should consider that surgeons usually develop slight differences in 

the way they perform their procedures and surgical skill variability is inevitable. 

For laparoscopic surgery a previously described standardised modular approach was used by all 

surgeons (with the exception of surgeon MA ) [160–162].  Medial to lateral colonic mobilisation 

with isolation of the main vessels using clips was applied followed by TME using monopolar 

diathermy [160, 161]. 

Robotic procedures were performed through a single docking fully robotic approach for both 

systems [163–166].  The variance between the Si and Xi system included for the Si performing the 

single docking fully robotic procedure by reconfiguring the robotic arms and changing the port 

positions as surgery transitioned from abdominal to pelvic dissection [164, 165].  The port positions 

for the Si system are detailed in figures 5 [164, 165].  Similar single-docking procedures for the Si 

system have been described [167–170] and these are unlike the hybrid or multiple docking 

procedures previously described in the literature where the colonic dissection is done 

laparoscopically (hybrid procedures) [54, 55, 171] or where the robotic cart has to be undocked and 

re-docked when moving from one anatomical quadrant to another (multiple docking procedures) 

[172]. With the Xi system, a single docking totally robotic approach is possible without having to 

move any of its arms or change any of the ports.  This makes the single docking totally robotic 

approach easier to perform [26]. 

The operative technique for the single docking fully robotic approach with the da Vinci Xi® and ITM 

is described in detail in an journal article published as part of the research for this thesis [166] 

(appendix 6)1.  In addition,  several video-vignettes demonstrating the standardised approach of 

 
1 S. Panteleimonitis, M. Harper, S. Hall, N. Figueiredo, T. Qureshi, A. Parvaiz, Precision in robotic rectal surgery 
using the da Vinci Xi system and integrated table motion, a technical note., J. Robot. Surg. (2017). 
doi:10.1007/s11701-017-0752-7. 
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laparoscopic and robotic rectal surgery have been published as part of this programme of research 

[173–181] 1,2,3,4,5,6,7,8. 

In this section, the operative technique for a low anterior resection performed with the da Vinci Xi® 

and ITM is summarized, based on the corresponding publication [166] (appendix 6). 

3.4.1 Patient positioning & port placement  

Following successful anaesthesia, the patient is placed on a vacuum bean mattress, supine in a 

modified Lloyd Davies position with the arms wrapped besides the body.   

Port positioning is drawn on the patient’s abdomen (following standardised preparation and 

draping) after creating pneumoperitoneum and the robotic ports are inserted under direct vision.  

Ports R1 to R4 are all placed 7cm apart from each other in a straight line on the right side of the 

abdomen oblique to the midline.  A 12mm port is used for R3 or R4 and 8mm for the remaining 

ports.  R4 is placed approximately 2 inches superior and medial to the right anterior superior iliac 

spine.  An assistant 10mm port is placed between and behind ports R3 and R4 for suction / 

irrigation, vessel ligation and retraction.  The umbilical port site used to create pneumoperitoneum 

is closed once the robotic and assistant ports are inserted. Port configuration is demonstrated in 

figure 6.  

 

 
1 S. Panteleimonitis, N. Siddiqi, T. Amjad, N. Figueiredo, A. Parvaiz, Laparoscopic en bloc total mesorectal 
excision post chemoradiotherapy - a video vignette., Colorectal Dis. 19 (2017) 697–698. 
doi:10.1111/codi.13729. 

2 N. Siddiqi, S. Panteleimonits, J. Ahmed, A. Kuzu, a Parvaiz, Role of laparoscopy in multivisceral resection for 
colorectal cancer - a video vignette., Colorectal Dis. 19 (2017) 693–694. doi:10.1111/codi.13744. 

3 S. Panteleimonitis, J. Ahmed, S.G. Popeskou, N. Figueiredo, T. Qureshi, R.J. Heald, et al., Tailored robotic 
abdominoperineal resection with the da Vinci Xi for a re-growth of rectal tumour after complete clinical 
response - a video vignette., Colorectal Dis. 19 (2017) 696–697. doi:10.1111/codi.13725. 

4 S. Panteleimonitis, N. Siddiqi, T. Nasir, J. Ahmed, N. Figueiredo, A. Parvaiz, Robotic lower anterior resection 
for a re-growth following complete clinical response - a video vignette., Colorectal Dis. 19 (2017) 694–695. 
doi:10.1111/codi.13735. 

5 S.-G. Popeskou, S. Panteleimonitis, N. Figueiredo, T. Qureshi, A. Parvaiz, Robotic TME for a T4 rectal cancer 
after radiotherapy - a video vignette., Colorectal Dis. (2017). doi:10.1111/codi.13896. 

6 S.-G. Popeskou, S. Panteleimonitis, N. Figueiredo, T. Qureshi, A. Parvaiz, Robotic vascular ligation, medial to 
lateral dissection and splenic flexure mobilization for rectal cancer - a video vignette., Colorectal Dis. 20 (2018) 
165–166. doi:10.1111/codi.13940. 

7 S.-G. Popeskou, S. Panteleimonitis, D. Christoforidis, N. Figueiredo, A. Parvaiz, Port Placement for 
Laparoscopic Colonic Resections - Video Vignette., Colorectal Dis. (2017). doi:10.1111/codi.13974. 

8 I. Mykoniatis, S. Panteleimonitis, N. Figueiredo, A. Parvaiz, Tailor-made robotic anterior resection and 
hysterectomy - a video vignette., Colorectal Dis. (2018). doi:10.1111/codi.14272. 
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Figure 5. Port positions for robotic rectal surgery with the da Vinci Si.  When switching from 
abdominal to pelvic configuration the robotic arm R2 is moved towards the left iliac fossa and R3 
(abdominal configuration) to where R2 was located.  The R3 port of the abdominal configuration 
becomes an additional 5mm assistant port. ASIS: anterior-superior iliac spine; MCL: mid-clavicular 
line; A: 12mm assistant port; C: camera port; R1, R2, R3: robotic arms [165]. 
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.   

Figure 6. Port positions for robotic rectal surgery with the da Vinci Xi.  In orange are the port 
positions.  The robotic ports are placed in a straight line 6-8 cm between them.  The most superior 
is R1 and the most inferior R4.  In red is a mark placed 4cm from the umbilicus in a straight line 
between the umbilicus and the target area.  The straight line of the robotic ports should not cross 
the red mark. 

 

3.4.2 Robot docking 

Each patient is placed in Trendelenburg position of approximately 22 degrees and right tilt of 7-9 

degrees to allow for exposure of the operative field. Following port placement and before docking 

commences the small bowel, omentum and transverse colon are displaced cranially.  The robotic 

patient cart is set to the left lower abdomen and pelvis anatomy setting and brought towards the 

patient from the patients left side.  Thereafter, a laser guided system displaying a green target is 

projected from the cart’s overhead boom, which is aligned to the camera port (R2).  The camera is 

then inserted in R2, pointed towards the rectosigmoid junction and selected as the target anatomy.  

The cart then automatically positions its boom in an optimised configuration to perform low 

anterior resection surgery.  The remaining robotic arms are docked and the rest of the instruments 

inserted; traditionally with fenestrated bipolar forceps in R1, scissors with monopolar diathermy in 

R3 and Cadiere forceps in R4.  
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3.4.3 Left colonic and splenic flexure mobilisation 

The mesocolon is dissected medial to lateral and the inferior mesenteric artery is isolated and 

ligated 1cm from its origin by applying disposable locking clips (Hem-o-lok®).  Dissection continues 

laterally towards the abdominal wall and superiorly towards the spleen.  The inferior mesenteric 

vein is divided at the lower border of the pancreas.  A previously described standardised three step 

approach is used for splenic flexure mobilisation [151].  Step one involves dissection over the upper 

border of the pancreas aiming to enter the lesser sac.  Step two involves lateral colonic mobilisation 

towards the splenic flexure up to the phrenicocolic ligament.  Before the final step commences the 

ITM is used and the patient is repositioned from the Trendelenburg to the reverse Trendelenburg 

position.  The reverse Trendelenburg helps with the final step of the splenic flexure mobilisation 

particularly in male patients with high body mass index (BMI) as it helps to displace the transverse 

colon downwards which helps to achieve separation of omentum from transverse colon.  In step 

three, the omentum is separated from the transverse colon and the lesser sac is entered from 

above.   

3.4.4 Total mesorectal excision (TME) 

For the TME, each patient is positioned into the Trendelenburg position to move the small bowel 

out of the pelvis.  Dissection commences posteriorly and proceeds in a stepwise manner as 

previously described [161] while great care is maintained during the lateral dissection to protect 

the hypogastric nerve plexus.  During the last 5cm of rectal mobilisation a 30o degree scope looking 

upwards provides an additional view to ensure safe division of the anococcygeal ligament and 

achieve full mobilisation of the rectal tube.  This step combined with the use of the EndoWrist® 

robotic stapler greatly enhances sphincter preservation for low rectal cancers. 

A robotic EndoWrist Stapler 45mm® is attached to arm 3 or 4 (the 12mm port) and used to divide 

the rectum.  The cart is then undocked and the specimen is extracted through a 4-5cm incision using 

a wound protector.  A circular stapler (CDH29mm™) is used to perform the colorectal anastomosis.  

A flexible endoscope is routinely used to check the integrity of the anastomosis.  Finally, a 20mm 

drain is inserted into the pelvis and a defunctioning loop ileostomy is routinely performed for all 

patients with mid- or low- rectal tumours. 

3.4.5 Robotic high anterior resection and abdominoperineal excision  

These procedures are performed in the same stepwise manner as the low anterior resection with 

only small variations.  The high anterior resection is performed for high rectal or rectosigmoid 

tumours (>10cm from anal junction).  Instead of a complete TME, only a partial TME is performed.  

A distance of 5cm from the distal end of the tumour to the staple line is required in order to perform 
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this procedure.  During a partial TME, the mesorectum is dissected either with monopolar 

diathermy or with the EndoWrist® Vessel Sealer™ in order to save time, 5cm from the distal end of 

the tumour.  Circular dissection of the mesorectum to the rectal wall is performed.  Following this 

the rectum is stapled and all following steps are performed as described above with the exception 

of a loop ileostomy, which is usually avoided.  

APERs should be planned in advance following careful consideration of the MRI images.  Steps are 

similar to those of a low anterior resection, but splenic flexure mobilisation is often not necessary 

since no anastomosis is performed.  TME should only be performed up to the level of the tip of the 

coccyx posteriorly, below the seminal vesicles anteriorly and at the level of the erigent pillars 

laterally, in order to avoid coning of the specimen.  Once dissection is completed from above the 

robot is undocked, the proximal bowel is stapled and divided, an end colostomy is fashioned and 

the abdominal wounds are closed.  The patient is then placed in the lithotomy or preferably prone 

position and perineal dissection is commenced.  Perineal dissection is performed around the 

external sphincter so that muscle is included in the specimen.  In case of a locally advanced rectal 

tumour, an extralevator approach is used from below to get a radical resection margin.  Dissection 

continues until it reaches the dissection performed from the top and the specimen is extracted 

from the perineum.  The perineum is closed in layers and a 5mm suction drain is placed. 

3.5 Data collection and outcome assessment 

All data collected was quantitative in nature and collected from the prospectively maintained 

databases.  Databases were maintained by a dedicated research nurse in Queen Alexandra Hospital 

and by members of the colorectal team in the remaining two centres. 

For the purposes of the research reported in this thesis, baseline characteristics and short-term 

surgical outcomes - clinical and pathological - were collected from all participants.  Baseline 

characteristics included: age, BMI, gender, American Society of Anaesthesiologists (ASA) grade, 

diagnosis (malignant vs benign), neoadjuvant radiotherapy for rectal cancer cases, operating 

surgeon, operation performed and T stage (for malignant disease).  Peri-operative data included: 

operative time, estimated blood loss1 and conversion to open (defined as any incision needed to 

either mobilise the colon or rectum or ligate the vessels).  Post-operative clinical data examined 

included: length of stay, morbidity, 30-day readmission, 30-day reoperation, 30-day mortality and 

clinical anastomotic leak (clinical anastomotic leak was defined as the presence of an anastomotic 

 
1 It should be noted that there is no standardised way in measuring estimated blood loss and therefore small 
differences identified between study cohorts could be attributed to the way estimated blood loss is assessed 
rather than a true difference.  
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leak requiring re-intervention either in the form of a pelvic drain insertion [Clavien-Dindo 3a] or 

reoperation [Clavien-Dindo 3b] within 30 days following surgery).  For malignant disease cases 

lymph node yield and CRM clearance data were collected. Inevitably, there are some variations in 

the data collection of the included studies, e.g. for the urogenital studies functional questionnaire 

scores were collected.  These are further detailed in the corresponding section of each study. 

3.6 Ethical considerations 

All recruited patients in each study signed an informed consent form allowing their data to be used 

for retrospective analysis and its publishing.  The requirements for anonymisation of personal 

dataset by the Data Protection Act 1998 were satisfied.  According to the Health Research Authority 

(HRA), with the exception of the UROLE trial, the included studies of this research did not require 

ethical approval due to their status as clinical audits.  Approval to use the data was obtained by the 

institutions audit departments (QAH Robotic Colorectal Surgery audit, audit number 3167; Poole 

Hospital Robotic Colorectal Surgery audit, audit number 3864).  The ethical considerations of the 

UROLE trial are discussed in the corresponding section. 
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Chapter 4 - Urogenital function following 

robotic rectal surgery 

4.1 Introduction 

This chapter presents the research addressing the first aim of this thesis, the urogenital function of 

patients receiving robotic rectal surgery.  The aim of this chapter is to investigate the urogenital 

functional outcomes of robotic rectal surgery and compare them with those of the current gold 

standard, laparoscopic rectal surgery.  This chapter will describe study 1, a multinational, 

multicentre RTC comparing the urogenital outcomes of patients receiving robotic vs laparoscopic 

rectal surgery.  This study, otherwise known as the UROLE trial, is currently in the process of 

entering the recruitment phase.  Therefore, in this thesis the rationale, protocol and study design 

of the UROLE trial will be presented.  

A literature review regarding the urogenital functional outcomes of patients receiving robotic vs 

laparoscopic rectal surgery is given in section 2.4 of this thesis.  In addition, a published systematic 

review submitted for publication in October 2015 summarises the evidence investigating the 

urogenital function of patients receiving robotic rectal surgery [68] (appendix 2)1.  The key findings 

of this review, which included 15 original articles, were that despite the lack of high-level evidence 

regarding the urogenital functional outcomes of robotic rectal surgery, robotic surgery might lead 

to a quicker recovery of male urological and sexual function when compared to laparoscopic 

surgery.  There was only limited evidence investigating female patients and a lack of research 

investigating the urogenital outcomes of male and female patients independently. 

The review recommended that to answer whether robotic rectal cancer surgery truly offers 

superior urogenital outcomes further randomised control trials specifically designed to evaluate 

urogenital function with appropriate short and long term follow up are recommended. In addition, 

urogenital dysfunction should be rigorously assessed through appropriate validated functional 

scores and males should be analysed separately to females.  Considering the systematic reviews 

conclusions, a retrospective comparative observational study was conducted [69].  This study was 

 
1 S. Panteleimonitis, J. Ahmed, M. Harper, A. Parvaiz, Critical analysis of the literature investigating urogenital 
function preservation following robotic rectal cancer surgery, World J. Gastrointest. Surg. 8 (2016) 744. 
doi:10.4240/wjgs.v8.i11.744. 
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published in 2016 (appendix 3) 1 and is discussed in chapter 2, section 2.4.3.  The results and 

recommendations of this study together with the conclusions from the literature review guided the 

design of the UROLE trial.  

 
1 S. Panteleimonitis, J. Ahmed, M. Ramachandra, M. Farooq, M. Harper, A. Parvaiz, Urogenital function in 
robotic vs laparoscopic rectal cancer surgery: a comparative study, Int. J. Colorectal Dis. 32 (2017) 241–248. 
doi:10.1007/s00384-016-2682-7. 
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4.2 Study 1 – The UROLE trial - An international, multicentre, randomised controlled 

trial investigating the urological and sexual function of male patients receiving 

robotic versus laparoscopic rectal surgery. 

In this section the rationale, design, and protocol of the UROLE (Urogenital function in RObotic vs 

Laparoscopic rEctal surgery trial) trial is summarised.  This trial is in the process of entering the 

recruitment phase.  A full copy of the trials protocol is given in appendix 7.  Appendixes 8-10 include 

the patient information sheet, consent form and GP letter.   

4.2.1 Introduction 

4.2.1.1 Background and rationale 

Urological and sexual dysfunction has been identified as a life limiting drawback for patients 

following rectal surgery affecting the quality of life and psychological healing of survivors [79–81], 

with urological  and sexual dysfunction rates quoted between 0-27% and 10-55% respectively [71–

75].  This is principally due to intra-operative pelvic autonomic nerve damage [76–78].  It was hoped 

that better visualisation of the pelvic nerves, such as offered during minimally invasive surgery, 

would improve preservation of these structures and therefore improve urogenital functional 

outcomes.  However, laparoscopy failed to meet that hope [83, 84, 182].  One significant drawback 

of the laparoscopic approach relates to the inherent difficulties of laparoscopic instruments in 

narrow spaces such as the pelvis [33].  Robotic surgery can overcome those difficulties with its 

superior instrumentation [33, 34].  However, whether robotic surgery can help reduce urogenital 

dysfunction is still unproven [14, 68].   

Current evidence examining the urogenital outcomes of robotic rectal surgery is limited.  

Limitations of the latest studies include lack of randomisation, retrospective design and small 

sample size [14, 68].  Nevertheless, there is a reported trend towards quicker recovery of male 

urological and sexual function following robotic rectal cancer surgery when compared to 

laparoscopic surgery [14, 41, 81, 87] and the study in appendix 3 [69], although retrospective in 

nature, demonstrated reduced levels of urogenital dysfunction in male patients following robotic 

surgery [69].  

Large cohorts of patients require rectal surgery every year.  For example, in 2012 there were 14,439 

new cases of rectal cancer diagnosed in the UK alone with 9,092 (63%) of those being male [183], 

most of which required major resection surgery [184].  In addition, ulcerative colitis has an 

incidence of approximately 10 per 100,000 in the UK [185] and up to 30% of those patients 

ultimately require surgery [186].  Considering urogenital dysfunction is such a substantial problem 
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following rectal surgery, further research is required to investigate whether robotic rectal surgery 

can offer superior urogenital outcomes.  Therefore, it is proposed that a prospective, multicentre 

RCT specifically examining the urological and sexual functional outcomes of male patients is 

required to establish the benefit of robotic rectal surgery on urogenital function.   

4.2.1.2 Summary of current evidence 

The current evidence regarding the urogenital functional outcomes of patients receiving robotic 

rectal surgery is detailed in the literature review (section 2.4) and the corresponding published 

literature review (appendix 2 [68]).  In this section we provide a brief summary only. 

As discussed above, there are few studies examining the urogenital outcomes of robotic rectal 

surgery.  The available literature suggests that although there are several limitations in the current 

evidence (such as inconsistency of results, lack of randomisation, retrospective design, and small 

number of cases) robotic surgery could lead to a quicker recovery of urogenital function in male 

patients. 

Recently, two larger scale RCTs comparing robotic vs laparoscopic surgery took place [65, 66].  The 

first one, the ROLARR trial [65], recruited 471 patients (237 robotic, 234 laparoscopic) and had its 

urogenital function data presented in the EAES conference in July 2016. The second one is a South 

Korean RCT of 163 patients (81 robotic, 82 laparoscopic).  While the ROLARR trial found no 

difference in urological or sexual function between the two groups, the South Korean trial 

demonstrated better sexual function 12 months postoperatively for the robotic group [66].  

Although both trials investigated urogenital function, it should be noted that neither of the studies 

focused on urogenital function as one of its primary outcomes and neither of the studies collected 

data in regular post-operative intervals to identify any improvements.  Furthermore, neither of the 

trials applied urodynamic studies to assess urodynamic function.  Although the questionnaires used 

are validated and standardised, they remain subjective in nature.  In contrast, urodynamic studies 

are an objective way of assessing urological function and should be used in conjunction with 

questionnaires to increase the validity of the results [87].  

Considering the above evidence together with the results from the retrospective study we 

published (appendix 3) [69], further RCTs specifically designed to evaluate urogenital function with 

appropriate short and long term follow up are required to evaluate whether robotic rectal surgery 

offers superior urogenital outcomes.  In addition, urodynamic function should be assessed by 

means of validated questionnaires and baseline urodynamic studies.  This manuscript details such 

a study currently under way. 
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4.2.2 Methods 

4.2.2.1 Objectives 

The UROLE trial (Urogenital function in RObotic vs Laparoscopic rEctal surgery trial) is a randomised 

controlled trial designed to test the hypothesis that robotic rectal surgery offers better urological 

and sexual functional outcomes when compared to laparoscopic surgery.  To test this hypothesis 

an international, multicentre, parallel group superiority trial, comparing the urogenital outcomes 

of male patients undergoing robotic vs laparoscopic rectal resection surgery at 3, 6 and 12 months 

using validated measures is proposed. 

Urological and sexual function will be assessed via means of standardised validated questionnaires, 

the International Prostatic Symptoms Score (IPSS) [187] for urological function and the 

International Index of Erectile Function (IIEF) [188] for sexual function.  In addition, urological 

function will be further assessed by performing baseline urodynamic studies.  Data shall be 

collected pre-operatively before randomisation, and post operatively at the following intervals: 3, 

6 and 12 months, establishing whether a) robotic surgery leads to quicker recovery of functional 

outcomes and whether b) robotic surgery results in overall superior urogenital outcomes.  

4.2.2.2 Study design 

The design for this study is an international, multicentre, prospective, randomised, controlled, 

unblinded, parallel group superiority trial of robotic vs laparoscopic rectal surgery.  

Four centres, three from the UK and one from Portugal will participate in this trial initially, with the 

study opening to further sites as and when they fulfil the protocol criteria.  Male patients that 

require elective rectal surgery, fulfil the inclusion criteria and consent to participate in this study 

will undergo pre-operative baseline assessment.  Assessment will take place via validated 

questionnaires and urodynamic studies.  Patients will then be randomised to the experimental 

(robotic) or control (laparoscopic) arm.  Surgery and postoperative care will take place according to 

the surgeon’s and institutions standard practice. Data will be collected again post-operatively at 3, 

6 and 12 months, enabling any change of urological and sexual function from baseline to be 

assessed. 

The planned treatment and follow up phases for the trial will be 12 months each.  Follow up will 

end 12 months after the recruitment of the last patient. 

The primary endpoints of the UROLE trial are: 

1. International Prostatic Symptoms Score (IPSS)[187].  This is a validated standardised 

questionnaire designed to assess male urological function.  
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2. International Index of Erectile Function (IIEF)[188].  This is a validated standardised 

questionnaire designed to assess male sexual function. 

3. Urodynamic studies, compromising of urine flow rate and post micturition residual urine 

volume.   

IPSS and IIEF questionnaires are to be completed by the patients during an outpatient hospital visit.  

During the same appointment patients will receive their urodynamic assessment.  Urodynamic 

studies offer an alternative way of assessing male urological function.  Both urine flow rate and 

residual urine volume are affected by poor bladder contractility or bladder outflow obstruction 

[189], which can be caused by autonomic pelvic nerve damage.  The research nurse of each site will 

run these outpatient clinics, during which he/she will ensure the patients have completed the 

urogenital questionnaires, perform the urodynamic assessment and answer any questions 

regarding the trial.   

In addition to the primary end points baseline demographic data, peri-operative and post-operative 

data will be collected for use in multifactorial analysis to control for potential confounding factors.  

This data will include: gender, BMI, ASA grade, pre-operative chemotherapy, operation type, 

conversion to open (defined as any abdominal incision grater in size than that required for specimen 

retrieval), operative time, blood loss, stoma formation, length of stay, 30-day anastomotic leak, 30-

day abdominal or pelvic abscess, 30-day readmission, 30-day reoperation and adjuvant 

chemoradiotherapy.  This data will be captured retrospectively via standardised proformas through 

analysis of the patients’ notes.  A protocol flowchart summarising the patient pathway is shown in 

figure 7. 

4.2.2.3 Intervention 

The treatment performed on all participants shall be minimally invasive rectal cancer surgery.  This 

will be either in the form of laparoscopic (control group) or robotic (experimental group) surgery.  

Patients characteristics and suitability will be discussed at the local multi-disciplinary team (MDT) 

meeting and recommended minimally invasive surgery by the MDT.  There will be no additional 

treatments or therapies given as part of this trial outside the surgeon’s and institutions standard 

practice.  Surgery and peri-operative care will be performed in accordance with the surgeon’s 

standard practice.  Participating surgeons will be experienced in both robotic and laparoscopic 

surgery.   
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Figure 7. Protocol flowchart of UROLE trial. This chart summarises the trial protocols pathway 

 

4.2.2.4 Patient population and recruitment 

This study will seek to recruit and consent male sexually active adult patients requiring rectal 

resection surgery that are able to consent for the study.  Patients will be identified through the local 

MDT meetings for suitability of inclusion and approach to take part in this study.  All male patients’ 

requiring rectal surgery, fulfilling all of the inclusion criteria and none of the exclusion criteria will 

be asked to participate in this study and shall receive informed consent and appropriate verbal and 
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written information sheets, including right and method of withdrawal from the study.  Due to the 

scope of this study, we aim to only ask participants if they are sexually active and no additional 

specific tests or screening procedures will be required before a participant can enter the study. 

Study participation will be summarised via a CONSORT flow diagram (figure 8).  Reasons for patient 

refusal or ineligibility to participate, loss to follow up and drop outs will be recorded and detailed 

in the findings.   

The inclusion criteria for this study are: 

• Male 

• ≥18 years old 

• Patients with a diagnosis of rectal cancer (≤15 cm from anal verge on MRI staging) 

amenable to curative surgery OR patients with ulcerative colitis having proctectomy and 

ileo-anal pouch 

• Able to provide written informed consent 

• Fit enough to undergo minimally invasive surgery (ASA≤3) 

• Deemed suitable for minimally invasive surgery by local MDT 

• Elective case 

• Sexually active (this includes caressing, foreplay, masturbation and vaginal intercourse) 

The exclusion criteria are: 

• Female 

• Sexually inactive 

• Advanced tumours involving adjacent organs 

• Surgery performed with palliative intent 

• Unplanned/ emergency surgery 
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Figure 8. CONSORT flow diagram 

 

By applying the inclusion and exclusion criteria it is aimed to include all male patients that are going 

to receive elective rectal surgery that are sexually active and able to give consent within the chosen 

study sites.  A conscious choice was made to only enrol elective patients since robotic surgery is not 

available for emergency surgery.  In addition, it would be inappropriate to perform pre-operative 

urodynamic studies and ask patients to fill the functional questionnaires in an emergency setting.   

Only male patients will be included in this study for a variety of important reasons.  Firstly, male 

and female patients cannot be assessed together because the criteria for assessing urological and 

sexual function in males and females differ and therefore their data cannot be combined.  Secondly, 

unlike the male cohort, there is very limited evidence examining female urogenital function after 
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robotic surgery and no study has demonstrated any benefit for this approach in females.  Due to 

this, the sample size of female patients which would be required to show significance in one arm of 

the study or another is unknown.  There is a need for further research and retrospective studies, 

which would be desired before proceeding to an RCT to establish baseline female data.  Finally, 

psychological factors have a much stronger influence on sexual function in females as compared to 

males [80, 93].  As a result, female sexual function is more susceptible to the influence of 

confounding factors, such as whether an ileostomy was formed or not, making it more difficult to 

examine and less useful for our study. 

Patients that receive neoadjuvant treatment will not be excluded from this study, instead being 

asked and consented to participate in this study only once they are clinically suitable for surgery, 

hence after they have completed their neoadjuvant treatment and had their restaging imaging.  

Baseline urogenital function will be assessed after the completion of neoadjuvant treatment and 

thus any recorded deviation from it following surgery is likely to be secondary to the surgery itself.  

In addition, at the end of the study a multifactorial analysis will be performed to control for 

neoadjuvant, as well as adjuvant, treatment administration. 

Patients that take PDE5 inhibitors or other erectile dysfunction treatments will not be excluded 

from the study; as long as patients are sexually active, they will be eligible for this study.  It is not 

anticipated that this will skew the data in any way, since patients that develop sexual dysfunction 

after their surgery despite the intake of erectile dysfunction treatments are likely to have suffered 

significant iatrogenic injury.  Furthermore, patients will be allowed to take erectile dysfunction 

treatments following surgery even if they did not take them before it.  Erectile dysfunction 

treatments can help improve sexual dysfunction but it is our belief that following significant 

iatrogenic injury to the pelvic autonomic nerves erectile dysfunction treatments are unable to 

restore sexual function to baseline levels.  Data on whether patients took any PDE5 inhibitors or 

any other relevant medication will be collected. 

4.2.2.5 Blinding 

This study will be unblinded as blinding of the investigators is not possible due to the nature of the 

interventions.  Patient blinding could be easily breached since patients will be seen by multiple 

health professionals during their follow up period.  In addition, the skin incisions of robotic and 

laparoscopic surgery differ and this would also compromise patient blinding. Nevertheless, to 

reduce any bias secondary to patient knowledge of allocated treatment pre-operative baseline 

urological and sexual function will be assessed prior to randomisation. 
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4.2.2.6 Randomisation 

Stratified randomisation will take place through the use of previously filled opaque concealed 

envelopes.  Stratification will be based on whether patients have received pre-operative 

chemoradiotherapy or not.  An equal number of patients will be randomised for each arm.  

Previously filled opaque concealed envelopes will ensure concealed allocation.  To ensure true 

randomisation envelope sequence will have been generated by a random computer-generated 

number sequence.   

4.2.2.7 Sample size and power calculation 

Obtaining sufficient data to test the hypothesis is crucial.  Park et al [81] performed a power 

calculation based on the results of his study suggesting that for a 2.2 difference in IPSS score and 

4.0 difference in IIEF scores between the study groups and an alpha level of 5% a minimum sample 

size of 30 patients for IPSS and 20 patients for IIEF scores is required in each group to provide 80% 

power.  Furthermore, the study in appendix 3 [69] demonstrated IPSS and IIEF score differences of 

more than 5.0 points between the 2 groups.  Assuming a 3.75 IPSS score and 4.4 IIEF score 

difference and a 0.05 (two-sided) significance level, 35 patients will be required in each group to 

provide 80% power for this trial.   

Based on these calculations, the UROLE trial aims to recruit a total of 70 patients, 35 in each arm.   

4.2.2.8 Statistical analysis 

Data will be analysed using commercial statistical software packages like IBM SPSS (SPSS Inc., 

Chicago, IL, USA).  Categorical data will be analysed using the chi square and Fisher‘s exact tests as 

appropriate.  Continuous data will be analysed using the t-test for parametric data and Mann 

Whitney U test for non-parametric data.  Multifactorial analysis of baseline, peri-operative and 

post-operative data will be performed to control for any confounding factors.   

4.2.2.9 Data monitoring, audit and inspection 

This study will be monitored, audited and inspected by Poole NHS Hospital Trust’s research and 

innovation department to ensure adherence to Good Medical Practice (MRC, 2012) and ICH GCP in 

full.  Furthermore, this study will be compliant with the principles of the Data Protection Act’s 

(1998) requirements. Regulatory authorities can carry out inspections which we would welcome.  

Inspectors will have direct access to confidential and ‘lock and key’ secured study files, patient 

clinical files, associated study records and study document storage areas.  Any electronic data shall 

be backed up and encrypted to a secure and removable hard drive which shall also be secured when 

not in use using the same ‘lock and key’ measures. 
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4.2.2.10 Trial organisation and administration 

This trial was successful in a $50.000 competitive research grant application by Intuitive Surgical®.  

The trial has been registered with ISRCTN and has been NIHR Portfolio adopted.  The trial is 

sponsored by Poole NHS Hospital Trust.  

4.2.2.11 Ethical considerations 

The trial will be conducted in accordance with the recommendations for physicians involved in 

research on human subjects adopted by the 18th world medical assembly, Helsinki 1964 and later 

revisions.  The trial will adhere to the principles of Good Clinical Practice (GCP) in clinical trials (MRC, 

2012) and Research Governance Framework for Health and Social Care (2005 2nd edition).  Ethical 

approval in the UK has been successfully obtained by the NHS Health Research Authority (Research 

Ethics number: 16/EE/0492; Appendix 15).  For non-UK sites, it will be the responsibility of the 

Principal Investigator at each site to obtain local ethical approval. 

We shall gain informed consent for each participant and provide a patient information sheet 

including explicit information regarding the study, what shall be expected of the participants and 

what the study will involve. This shall include relevant contact details for the principal investigator 

and research nurse staff for participants to clarify questions or withdraw from the study at any time 

and without disadvantage. 

4.2.3 Discussion 

Robotic surgery is being increasingly adopted by colorectal surgeons as evident from the increasing 

amount of published studies on the subject [25, 36, 190].  Even though feasibility has been 

demonstrated by multiple studies it is debatable whether robotic rectal surgery offers any 

improvements on outcomes when compared to laparoscopic surgery, with studies reporting 

contradictory results [26, 34, 36, 41, 59, 66, 190].   

Urogenital function is a significant disadvantage to patients following rectal surgery which 

laparoscopy has failed to improve on, affecting quality of life [84].  The technical advances offered 

by robotic systems permit for precise dissection in narrow spaces such as the pelvis, and might 

better help preserve the autonomic nerves during rectal surgery [75].  Whether this translates to 

superior urogenital functional outcomes is yet to be established.  Studies so far either favour the 

robotic approach or have shown equivalence between the two methods [14, 68].  In addition, most 

of the published evidence is based on small scale, retrospective, non-randomised, comparative 

studies [14, 68]. 
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Considering the magnitude of urogenital dysfunction following rectal surgery, and the number of 

patients requiring rectal surgery every year, we owe to rigorously investigate whether robotic 

surgery can help reduce urogenital dysfunction post-surgery, testing our hypothesis.  In order to do 

this a prospective randomised controlled trial focusing on urogenital function is required.  This 

study aims to follow up patients in regular intervals post-operatively in order to ascertain whether 

a) robotic surgery offers superior post-operative urogenital outcomes and b) whether urogenital 

function recovers faster following robotic surgery.  In addition, urological function should be 

assessed by means of standardised validated questionnaires and baseline urodynamic studies, in 

order to make assessment more objective and increase the validity of the results.  The UROLE trial 

is such a study and its results will help clinicians and patients decide whether robotic surgery is 

worth the currently additional costs attached to it. 

 

4.3 Chapter Summary  

This chapter investigates the urogenital function of patients receiving robotic vs laparoscopic rectal 

surgery.  Following the literature reviews conclusions and the results of the comparative 

observational study discussed in section 2.4.3 (appendix 3) [69], the UROLE trial was set up (study 

1).  The UROLE trial addresses all the limitations of the current evidence and is a well-designed RCT 

specifically addressing the urogenital outcomes of patients having robotic vs laparoscopic rectal 

surgery.  Awaiting to start its recruitment phase, its aim is to establish whether robotic surgery can 

improve the urogenital outcomes of rectal surgery patients. 
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Chapter 5 - Robotic rectal surgery in the 

obese and high-risk patients 

5.1 Introduction 

The research conducted in chapter 4 aimed to demonstrate that the robotic platform can confer an 

advantage in clinical outcomes when urogenital function is assessed.  It was hypothesised that the 

technical advances offered by robotic systems permit for precise dissection in the pelvis, therefore 

better helping preserve the autonomic nerves during rectal surgery [75].  The same advances could 

also be pivotal in performing rectal surgery in technically demanding cases, were instruments 

facilitating precise dissection are more desirable.  This has led to the hypothesis that robotic rectal 

surgery can help improve the short-term outcomes of patients with certain high-risk characteristics 

when compared to laparoscopy.  This hypothesis has led to research conducted in this chapter.  

Therefore, chapter 5 presents the research investigating the short-term outcomes of technically 

demanding rectal surgery patients receiving robotic vs laparoscopic surgery.   

Study 2.1 will include all patients that have any one characteristic that defines them as high-risk 

(male, obese, preoperative chemoradiotherapy, tumour <8 cm from anal verge, previous 

abdominal surgery) while study 2.2 focuses on obese patients.  A separate study, focusing on 

obesity was justified considering the prevalence of obesity is increasing in the West and there has 

been an increasing interest in its role on surgical outcomes.  Both studies are retrospective 

comparative observational studies and while the first study involves patients from one centre 

(Queen Alexandra Hospital) the second study includes data from three centres, two from the UK 

and one from Portugal. 

A detailed literature review on this topic is given in section 2.5 of this thesis.  There is very little 

evidence on this topic and most of the studies so far include small sample sizes.  However, there is 

a trend towards improved short-term outcomes in the published robotic groups.  Whether this can 

be demonstrated in the larger sample sized presented studies is to be examined. 
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5.2 Study 2.1 - Robotic versus laparoscopic rectal surgery in high-risk patients 

This study was published in Colorectal Diseases in 2017 [191] 1 .  In this section an edited version of 

the published study is presented in order to fit the thesis structure.  Appendix 11 provides the full 

printed PDF version of the study.   

5.2.1 Introduction 

Despite the reported  benefits of laparoscopic colorectal surgery over open surgery [9, 10, 21, 192–

195],  laparoscopic rectal operations are yet to become the norm with a considerable variation in 

their application rate [196, 197].  This is due to the inherit limitations of laparoscopic instruments, 

which are more pronounced in the space confines of the pelvis.  These limitations are more 

prominent when operating in patients that have certain characteristics that make them technically 

challenging and classify them as ‘high-risk’, for example obese or male patients.   

Robotic instruments are designed to address the limitations of laparoscopic surgery and could 

therefore improve the surgical outcomes in rectal surgery in patients with these characteristics.   In 

fact, recently published studies have suggested that a robotic approach may be more appropriate 

for patients with low and bulky rectal (T3/T4) cancers, high BMI, previous abdominal surgery, male 

gender, or after neo-adjuvant chemo-radiotherapy (NRCT) [43, 57].  The aim of this study is to 

compare the outcomes of robotic and laparoscopic rectal cancer surgery in those aforementioned 

‘high-risk’ patient populations, from which we hope to infer whether the ‘technical difficulties’ that 

the robotic approach addresses translate into better outcome. 

5.2.2 Method 

5.2.2.1 Data collection and Patient selection 

Data related to high-risk patients were compiled from an existing prospectively maintained 

database of all patients undergoing elective rectal surgery in a single institute between May 2013 

and November 2015.  All three surgeons involved performed laparoscopic resections, whilst two of 

them performed robotic resections.  All surgeons have extensive experience in their respective 

surgical technique.  There were no specific selection criteria to assign patients to either laparoscopic 

or robotic group in order to match stratification.  Patients were allocated to individual surgeons 

operating lists according to the patient’s target breach date for their treatment only.   

 
1 J. Ahmed, H. Cao, S. Panteleimonitis, J. Khan, A. Parvaiz, Robotic versus laparoscopic rectal surgery in high-
risk patients., Colorectal Dis. (2017). doi:10.1111/codi.13783. 
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5.2.2.2 High-Risk Patients 

Patients who pose significant technical challenges during pelvic surgery were classified as high-risk 

patients.  This included factors: 

• Male gender 

• Obesity: BMI of ≥ 30 

• Preoperative chemo-radiotherapy 

• Tumour < 8cm from the anal verge 

• Previous open abdominal surgery 

Patients with previous open abdominal surgery, which involved bowel manipulation or resection, 

were included.  These operations included any open bowel resection, appendicectomy and 

hysterectomy.  

5.2.2.3 Outcomes measured   

The following outcomes were compared in the two groups: 

• Volume of blood loss (ml)  

• Conversion rate (to open procedure or robotic to laparoscopic approach) 

• Operative time (min)  

• Post-operative complication requiring surgery  

• Clinical anastomotic leak rate (30-day) – requiring reintervention or reoperation 

• Lymph node yield and resection margin 

• Sphincter preservation rate 

• Length of hospital stay (days) 

• 30-day re-admission and mortality 

5.2.2.4 Surgical technique, pre-operative workup and peri-operative care 

Surgical technique, pre-operative workup and peri-operative care are as described in the methods 

section of the thesis (sections 3.3, 3.4).  All robotic operations were performed using the da Vinci 

Si® using a single-docking approach.  

5.2.2.5 Statistical analysis 

Once collated, cleaned and checked data was analysed using IBM SPSS version 22 (SPSS Inc., 

Chicago, IL, USA).  Non-parametric data was expressed as median with interquartile range and 

parametric data as mean with standard deviation.  Baseline characteristics and surgical outcomes 

were compared using χ2 test or Fishers exact test (applied instead of χ2 if any one observed variable 
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was <5) for categorical variables, Mann-Whitney U test for non-parametric continuous variables 

and t test for parametric continuous variables.  P values of <0.05 were considered statistically 

significant [198].   

A binary logistic regression model was used to assess whether robotic surgery affected conversion 

and sphincter preservation rate.  For multivariate analysis, the following factors were included: age 

group (< 75 vs ≥ 75 years), BMI group (< 30 vs ≥ 30), distance from anal verge (< 8 vs ≥ 8 cm), gender, 

NCRT, previous surgery, T4 tumour.   

Since one of the surgeons only performed laparoscopic resections while the other two performed 

both laparoscopic and robotic operations binary and linear logistic regression analysis models were 

used to assess whether the operating surgeon only performing laparoscopic surgery was an 

independent factor influencing the following outcomes: conversion, length of stay, operation time 

and blood loss. Linear regression was used where the dependent variable was continuous and 

binary regression where the dependent variable was categorical in nature. 

5.2.3 Results 

5.2.3.1 Demographics of both groups 

A total of 184 out of 192 patients fulfilled the criteria for high-risk profile and were included in the 

study. 85 patients were allocated to the laparoscopic group and 99 to the robotic group. Their 

demographic characteristics including the five preoperative criteria for categorizing as high-risk are 

summarized in Table 6.  The baseline profiles of the two groups are comparable without a specific 

selection process.   

 Table 6. Baseline demographic characteristics and risk factors 

 Laparoscopic (n=85) Robotic (n=99) p value 

Age (years, median) 68 (62-74) 69 (63-75) 0.422 

Male 58 (68.2%) 71 (71.7%) 0.607 

BMI 27 (24-31) 27 (24-30) 0.559 

Obese (BMI>30) 26 (30.6%) 25 (25.3%) 0.420 

T4 staging 5 (5.9%) 4 (4.0%) 0.735 

Pre-op RT 19 (22.4%) 27 (27.3%) 0.442 

Previous abdominal 
surgery 

22 (25.9%) 34 (34.3%) 0.214 

Tumour < 8cm 45 (52.9%) 51 (51.5%) 0.847 

Distance from anal verge 
(cm, median) 

7 (5-10) 7 (5-10) 0.711 

RT: radiotherapy 
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The majority of participants only had one or two risk factors, with only 30.3% of the patients in the 

robotic and 34.1% in the laparoscopic group having three risk factors or more. Table 7 details the 

number of risk factors patients from the two groups carried. 

 

Table 7. Number of risk factors for laparoscopic and robotic rectal surgery high-risk patients 

Number of 
risk factors 

Laparoscopic (n=85) Robotic (n=99) p value 

5 risk factors 0 1 (1%) 0.571 

4 risk factors 6 (7.1%) 7 (7.1%) 

3 risk factors 23 (27.1%) 22 (22.2%) 

2 risk factors 33 (38.8%) 48 (48.5%) 

1 risk factor 23 (27.1%) 21 (21.2%) 

    

>3 risk factors 29 (34.1%) 30 (30.3%) 0.581 

 

 

5.2.3.2 Sphincter preservation rate 

Table 8 illustrates the procedures performed in the two groups. In the robotic group 11.1% of the 

rectal resections were APERs, compared to 22.4% in the laparoscopic group (p= 0.040), whereas 

robotic anterior resections made up 85.9% of the rectal resections, compared to 74.1% in the 

laparoscopic group (p=0.045).  A comparable proportion of patients in both groups presented with 

tumours within 8 cm from the anal verge.  A greater percentage of anterior resections may indicate 

that there was a higher sphincter preservation rate within the robotic group, which was assumed 

to be independent of tumour level. Two patients underwent Hartmann procedures due to history 

of incontinence and poor sphincter function. Binary logistic regression analysis showed that robotic 

surgery affected sphincter preservation rate in both univariate (OR 0.429, 95% CI 0.191–0.965; P = 

0.041) and multivariate (OR 0.363, 95% CI 0.139–0.950; P = 0.039) analysis. 

 

 Table 8. Procedures performed in the two groups 

Rectal cancer surgery Laparoscopic (n=85) Robotic (n=99) p value 

Anterior resection 63 (74.1%) 85 (85.9%) 0.045 

Abdominoperineal excision 19 (22.4%) 11 (11.1%) 0.0400 

Hartman’s 0 2 (2%) 0.500 

Panproctocolectomy 3 (3.5%) 1 (1%) 0.337 

 

 



75 

5.2.3.3 Clinical outcomes 

Table 9 summarises the peri-operative, post-operative and oncological outcomes of both groups.  

 Table 9. Perioperative, postoperative and oncological outcomes of the two groups 

 Laparoscopic (n=85) Robotic (n=99) p value 

Operative time (min, median) 270 (220-330) 240 (205-290) 0.013 

Blood loss (ml, median) 100 (10-212.5) 10 (0-12.5) 0.000 

Conversion to open 4 (4.7%) 0 0.044 

Length of stay (days, median) 9 (7-15) 7 (5-13) 0.001 

Anastomotic leak 2/63 (3.2%) 1/85 (1.2%) 0.575 

Postoperative ileus 12 (14.1%) 13 (13.1%) 0.846 

Abdominal collection 5 (5.9%) 8 (8.1%) 0.774 

Wound infection 21 (24.7%) 17 (17.2%) 0.208 

30-day readmission 10 (11.8%) 9 (9.1%) 0.552 

30-day reoperation 4 (4.7%) 4 (4%) 1.000 

30-day mortality 0 0  

Lymph node yield (median) 18 (13-24) 16 (13-23) 0.301 

R0 margin 77/82 (93.9%) 9/98 (92.9%) 0.780 

 

5.2.3.3.1 Peri-operative Outcomes 

The operative time (270 vs 240 min; p=0.013), blood loss (100 vs 10 ml; p<0.001) and conversion 

rate (4.7 vs 0%; p=0.044) were all higher in the laparoscopic group compared to the robotic group.  

Operative time was measured as total procedure time from the skin incision till last stitch.  Median 

docking time was 8 (range 6–28) minutes.  Binary logistic regression analysis showed that robotic 

surgery did not affect conversion rate in multivariate analysis (OR 5.246 95% CI: 0.589 – 46.692; 

p=0.137). 

5.2.3.3.2 Postoperative Outcomes 

Length of stay was longer by two days in the laparoscopic group (9 vs 7 days; p=0.001).  Anastomotic 

leak, 30-day re-admission, 30-day re-operation, wound infection, abdominal collection and post-

operative ileus rates were similar in both groups.  There were no 30-day mortalities in either group 

within our data collection period. 

5.2.3.3.3 Oncological outcomes 

There was no statistical difference in any of the oncological outcomes between the two groups 

(lymph node yield, R0 margin and positive CRM). 

5.2.3.3.4 Regression analysis for operating surgeon 

The operating surgeon doing laparoscopic resections did not affect length of stay in univariate 

(b=2.263, 95% CI: -0.299 – 4.826; p=0.083) or multivariate linear regression analysis (b=2.174, 95% 
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CI: -1.232 – 5.581; p=0.209).  However, operating surgeon was found to be an independent factor 

affecting operation time and estimated blood loss in both univariate and multivariate analysis 

(Operation time: univariate b=71.995, 95% CI: 48.227-95.763, p=0.000; multivariate b=82.863, 95% 

CI: 53.284 – 112.441, p=0.000; Estimated blood loss: univariate b=233.186, 95% CI: 189.091 – 

277.281, p=0.000; multivariate b=217.842, 161.453 – 274.231, p=0.000).  The operating surgeon 

doing laparoscopic surgery did not affect conversion rate in univariate or multivariate logistic 

regression analysis (data not shown). 

 

5.2.4 Discussion 

The key findings in this study are that robotic resection for rectal cancer has a safety profile 

comparable to that of the laparoscopic approach and might provide additional benefits in the high-

risk patient group.  In the investigated study population robotic surgery was associated with a 

statistically significant reduction in conversion rate, blood loss and operative time, as well as a 

higher sphincter preservation rate and shorter length of stay in hospital without any major surgical 

complications. 

In recent years, the increasing adaptation of the robotic approach in various surgical disciplines 

such as head and neck, gynaecological and hepato-biliary surgery is fuelling growing interest in its 

role in clinical practice, although robust data related to the direct comparison between robotic and 

laparoscopic colorectal surgery is still limited.  At first glance, the perceivable advantages offered 

by the robotic approach are mainly operator-focused.  This is reflected in the provision of a stable 

three-dimensional visual field, increased manoeuvrability and stability via the Endowrist® and 

improved dexterity and ergonomics [60].  This study aimed to determine, when applied to the so-

called high-risk patient group, whether these advantages translate into improved short-term 

perioperative outcomes.  

The results from this study indicate that the robotic approach might have additional value in rectal 

and pelvic surgery.  In particular, it demonstrated a decrease in intra-operative blood loss, lower 

conversion rate to open surgery and shorter length of stay compared to the laparoscopic approach, 

which supports the findings of a recent meta-analysis [42].  In a similar study, Fernandez et al [32] 

compared laparoscopic and robotic resections for rectal cancer in a high-risk veteran population.  

The authors showed that the robotic approach is feasible in high-risk patients with no difference in 

blood loss, conversion rates, postoperative morbidity, lymph nodes harvested or margin positivity, 

although the operative time was longer in the robotic group.  In fact, most of the published case 

series or systematic reviews comparing the laparoscopic vs robotic approach have shown that the 
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robotic approach involves equal or, more frequently, longer operative time [13, 57, 61, 199–201] .  

This should be expected to improve with increasing training and practice of the theatre support 

team.  Furthermore, ongoing technical progress means docking time could be reduced through 

integrated table motion and procedures can be completed without undocking.  In contrast, the 

presented study has demonstrated shorter operative time (240 vs 270 min, p=0.013) in the robotic 

group in this high-risk patient population.   

There is growing research to support that the presence of high-risk factors corresponds to increased 

conversion rate, anastomotic dehiscence, prolonged hospital stay among other peri- and post-

operative issues in colorectal surgery [109].  The laparoscopic approach suffers significantly in this 

cohort either due to technical difficulties (i.e. limited view, instrument crowding), or the adverse 

effect related to pneumoperitoneum [202, 203].  In such cases the strength of the robotic approach 

may become particularly evident [43], as demonstrated in this study.  

Limitations of the presented study include: prior extensive experience in minimal access rectal 

surgery which has to be taken into the account whilst investigating robotic surgery outcomes. Both 

surgeons who performed robotic resections underwent structured training and had experience of 

performing over 500 cancer cases laparoscopically.  Furthermore, there was no specific process to 

ensure absolute randomisation or equal stratification during patient selection in this study.  

Patients were assigned to either group purely based on target cancer resection time.  Despite this, 

both robotic and laparoscopic groups presented comparable patient demographics.  A significant 

limitation to the presented study is that while there were two surgeons performing both robotic 

and laparoscopic resections, there was one surgeon only performing laparoscopic resections.  

Further regression analysis showed that operation time and estimated blood loss were influenced 

by the operating surgeon only performing laparoscopic surgery, although this was not the case for 

length of stay or conversion rate.  This implies that the operating surgeon could represent a 

significant confounding factor when assessing operation time and estimated blood loss.  

Considering a difference of one conversion in either group would mean the difference between the 

two groups is statistically non-significant, conclusions regarding the conversion rate should also be 

taken with caution.  

5.2.5 Conclusion 

In the short term, the high-risk group of patients with rectal cancer may benefit from the robotic 

approach.  In this single centre study, the results have reflected the findings of previous studies in 

demonstrating a higher sphincter preservation rate, reduced blood loss, lower conversion rates and 

shorter hospital stay with the robotic approach specific to the high-risk patient group.  
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In comparison to open and laparoscopic techniques, robotic colorectal surgery is still in the early 

stages of development.  With additional surgical experience and equipment advancement, it indeed 

has potential to provide increasing benefits especially in rectal and pelvic surgery.  Although the 

measured outcomes in this study are supportive of the use of robotic rectal surgery, further 

randomised multi-centre studies are needed to confirm these findings. 
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5.3 Study 2.2 – Robotic rectal cancer surgery in obese patients may lead to better 

short-term outcomes when compared to laparoscopy: a comparative propensity 

scored match study. 

The findings of study 2.1 infer that robotic surgery may help improve the short-term outcomes of 

high-risk patients.  However, the effect of individual risk factors on the short-term outcomes is not 

assessed and any sub-group analysis would be unlikely to produce any meaningful results due to 

the limited sample size available.  From the risk factors assessed in study 2.1, obesity is of special 

interest.  This is because unlike the other risk factors, obesity is becoming an increasing factor both 

in terms of its prevalence and its severity [204, 205].  Therefore, the role of obesity warrants further 

investigation, leading to the conduction of the following study.  In order to get a large enough 

sample size data from two more sites was included in this study. 

Study 2.2 was also developed considering the limitations of study 2.1.  A single risk factor was 

chosen rather than a combination of risk factors in order to specifically investigate the effect of 

obesity on short-term outcomes. Moreover, in order to reduce the effect of the operating surgeon 

as a confounding factor only surgeons performing both robotic and laparoscopic resections were 

included.  In addition, data from three centres and two countries was included to increase the 

external validity of the study’s results.  Finally, a regression analysis model was used to assess the 

influence of mode of surgery on morbidity and mortality. 

Study 2.2 was published in the International Journal of Colorectal Disease in 2018 [206] 1.  An edited 

version of the published study is presented in order to fit the thesis structure.  Appendix 12 provides 

a full printed PDF version of the study.   

5.3.1 Introduction 

There is consensus amongst surgeons that obesity increases the technical difficulty of colorectal 

surgery [207, 208].  Obese patients tend to have a thickened and excessive omentum and 

mesentery which restricts the space for instrumental manoeuvre, limits access and vision, distorts 

the surgical planes and can lead to problematic bleeding [114].  With obesity becoming increasingly 

a major hazard to public health worldwide colorectal surgeons are likely to encounter and operate 

on this group of patients in increasing numbers [204, 205].  

 
1 S. Panteleimonitis, O. Pickering, H. Abbas, M. Harper, N. Kandala, N. Figueiredo, T. Qureshi, A. Parvaiz, 
Robotic rectal cancer surgery in obese patients may lead to better short-term outcomes when compared to 
laparoscopy: a comparative propensity scored match study., Int. J. Colorectal Dis. (2018). 
doi:10.1007/s00384-018-3030-x. 
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Laparoscopic rectal surgery is particularly demanding, with studies reporting high conversion rates 

for rectal surgery and two recent multi-centre RCTs (ALaCaRT and ACOSOG Z6051) failing to 

demonstrate that laparoscopic surgery is non-inferior to open surgery [9, 10, 30, 31]. This is because 

existing laparoscopic instruments have a restricted range of movement compared with that of the 

surgeons hand and are difficult to use in confined spaces such as the bony pelvis [33, 209].  These 

limitations are magnified in the obese due to the even greater restriction of available space for 

manoeuvre in this group of patients.    

Robotic surgical systems were designed to overcome the limitations of laparoscopic surgery by 

offering several technical advances [33, 34].  These advantages are particularly attractive in rectal 

surgery and in obese patients, where space is further limited and accurate dissection in narrow 

deep cavities is required.  However, whether robotic rectal surgery in the obese translates to 

superior short-term surgical outcomes is hitherto poorly examined.  At present there are only two 

studies comparing the short term surgical outcomes of obese patients having laparoscopic and 

robotic rectal surgery [112, 113], with both studies including smaller sample sizes.    

The aim of this study is to build upon current evidence by analysing and comparing the short-term 

surgical outcomes of obese patients undergoing robotic and laparoscopic rectal resection surgery.    

5.3.2 Methods 

A retrospective analysis of prospectively maintained databases was conducted for this study.  

Consecutive patients from three centres, two from the UK and one from Portugal, who received 

minimally invasive rectal cancer surgical resections between 2006 and 2017 were identified.  The 

inclusion criteria included all obese patients (defined as patients with a BMI≥ 30) receiving 

laparoscopic or robotic elective rectal resection surgery.  The robotic cases were propensity score 

matched to laparoscopic cases to obtain comparable patients.   

No specific selection criteria were used to allocate patients to laparoscopic or robotic surgery.  

Applied surgical modality was based on equipment and theatre availability.  The robotic approach 

was the preferred approach following the adoption of robotic surgery in each unit.  This was from 

May 2013 (Unit A), November 2015 (Unit B) and May 2016 (Unit C) for each unit respectively.   

Patients included in the study had surgery performed by fully trained laparoscopic and robotic 

colorectal surgeons.  The surgeon from one of the centres (surgeon AP) led a supervised training 

programme involving the remaining surgeons participating in this study, ensuring that the same 

standardised modular approach was used throughout.  Data collection commenced when the 

participating surgeons began working in their respective units, between 2006 and 2012 for the UK 
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centres and 2013 for the Portuguese centre.  In addition, 15 robotic cases performed by surgeon 

AP in other centres as part of demonstrating / proctoring cases were included in the study.   

5.3.2.1 Surgical technique and peri-operative care 

The surgical technique and peri-operative care are as described in the methods section of the thesis 

(sections 3.3, 3.4).  Robotic rectal resections were performed using a single docking fully robotic 

approach [164, 166, 175].  The da Vinci Si® was used in one of the UK centres and the da Vinci Xi® 

coupled with table motion in the remaining two centres. 

5.3.2.2 Statistical analysis 

Once collated, cleaned and checked, data was analysed using IBM SPSS version 24 (SPSS Inc., 

Chicago, IL, USA).  The robotic cases were propensity scored matched to laparoscopic cases.  This is 

a method that ensures an even distribution of confounders between the two groups, consequently 

making the groups as similar as possible in terms of their baseline characteristics [210].   The 

variables used to calculate the propensity score matching were: neoadjuvant radiotherapy (yes vs 

no), ASA grade (I, II vs III, IV) and p T stage (T0-2 vs T3-4).  Propensity scores were calculated via 

logistic regression analysis by applying the Propensity Score Matching function on SPSS version 24 

with the match tolerance set to 0.4.   

In line with medical statistics practice [211], non-parametric data was expressed as median with 

interquartile range and parametric data as mean with standard deviation.  Baseline characteristics 

and surgical outcomes were compared using χ2 test or Fishers exact test (applied instead of χ2 if any 

one observed variable was <5) for categorical variables, Mann-Whitney U test for non-parametric 

continuous variables and t test for parametric continuous variables.  P values of <0.05 were 

considered statistically significant [198].   

Univariate binary logistic regression analysis was performed on all obese patients receiving elective 

minimally invasive rectal surgery to assess whether surgical approach (robotic or laparoscopic) 

affected morbidity and mortality (defined as the presence of any of the following outcomes: 30-day 

reoperation, 30-day readmission, anastomotic leak and 30-day mortality).  Following this, a 

multivariate model was applied where surgical approach was adjusted for all clinically relevant 

variables including age, gender, neoadjuvant radiotherapy, ASA grade (I-II vs III-IV) and p T stage 

(T0-2 vs T3-4).  The constant was included in the analysis model and data is presented as odds ratio, 

95% confidence interval and p value.  Logistic regression models are one of the most frequently 

used statistical method in medical journals in assessing the effect of predictor variables on 

dependent outcomes [92]. 
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5.3.3 Results 

A total of 222 obese patients received elective minimally invasive rectal cancer resection surgery 

(63 robotic, 159 laparoscopic).  The 63 robotic cases were propensity score matched with 61 

laparoscopic cases to reduce the effect of confounding factors in the analysis. 

5.3.3.2 Cohort characteristics 

There were no differences in any of the cohort characteristic data retrieved for the two cohorts as 

table 10 shows.  Patients were matched for ASA grade, neoadjuvant radiotherapy and p T stage.   

5.3.3.3 Peri-operative characteristics and outcomes 

The peri-operative characteristics of the two groups are summarized in table 11.  Median operation 

time was greater in the robotic cohort (260 vs 215 min; p=0.000).  Blood loss and conversion rate 

were similar between the two cohorts.  There were only two conversions to open, both in the 

laparoscopic group.  The first patient had high ventilation pressures and was unable to tolerate the 

Trendelenburg position and pneumoperitoneum meaning an early conversion was undertaken.  

The second patient provided a challenge in access and exposure due to excessive visceral fat. 
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Table 10.  Cohort characteristics 

 Robotic (n=63) Laparoscopic 
(n=61) 

p value 

Mean age ± SD 65.80 ± 11.7 67.25 ± 10.5 0.469t 

Median BMI (IQR) 32 (30-35.7) 32 (30-34) 0.372m 

Gender 

• male 

• female 

 
40 (63.5%) 
23 (36.5%) 

 
41 (67.2%) 
20 (32.8%) 

 
0.663c 

ASA grade 

• I 

• II 

• III 

 
0 
47 (75.8%) 
15 (24.2%) 

 
1 (1.6%) 
43 (70.5%) 
17 (27.9%) 

 

0.523c 

Procedure 

• High anterior 
resection 

• Low anterior 
resection 

• APER 

• Hartman’s 

 
12 (19%) 
42 (66.7%) 
8 (12.7%) 
1 (1.6%) 

 
13 (21.3%) 
37 (60.7%) 
10 (16.4%) 
1 (1.6%) 

 
0.842c 

Neoadjuvant 
radiotherapy 

24 (38.1%) 14 (23%) 0.067c 

p T stage 

• 0 

• 1 

• 2 

• 3 

• 4 

 
5 (7.9%) 
4 (6.3%) 
19 (30.2%) 
33 (52.4%) 
2 (3.2%) 

 
2 (3.3%) 
9 (14.8%) 
21 (34.4%) 
28 (45.9%) 
1 (1.6%) 

 
0.403c 

 

t: t test; m: Mann-Whitney U; c: Chi square; SD: standard deviation; BMI: body mass index; IQR: 

interquartile range; ASA: American Society of Anaesthesiology; APER: abdominoperineal 

resection; p T stage: pathological tumour stage. 

 

Table 11. Peri-operative characteristics and outcomes 

 Robotic (n=63) Laparoscopic (n=61) p value 

Median operative time in 
minutes (IQR) 

260 (214-310) 215 (192.5-252.5) 0.000m 

Median estimated blood 
loss in ml (IQR) 

17.5 (10-20) 10 (0-40) 0.152m 

Conversion to open  0 2 (3.3%) 0.240f 

 

m: Mann-Whitney U; f: Fishers exact test; IQR: interquartile range 
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5.3.3.4 Post-operative clinical and pathological outcomes 

Participant length of stay was shorter (6 vs 8 days; p=0.014) and 30-day readmission rate lower 

(6.3% vs 19.7%; p=0.033) in the robotic surgery arm of this study.  There were no differences in any 

of the remaining post-operative clinical data (30-day reoperation rate, anastomotic leak rate, 30-

day mortality rate) or pathological outcomes (lymph node yield and R0 clearance) between the two 

cohorts as summarised in table 12.   

There were four readmissions in the robotic cohort, these were due to: a patient with a wound 

dehiscence, a patient with a urinary tract infection and two patients with ileus.  In the laparoscopic 

group there were 12 readmissions due to a variety of reasons including: two patients admitted with 

non-specific abdominal pain, a patient with an infected haematoma, four patients with ileus, three 

patients with wound infections, one of which had a wound dehiscence, and two patients with high 

stoma outputs admitted with dehydration.  There were only two reoperations, both in the 

laparoscopic group.  Indications included a patient with a malfunctioning stoma and a patient with 

a wound dehiscence. 

 

Table 12. Post-operative clinical and pathological outcomes 

 Robotic (n=63) Laparoscopic (n=61) p value 

Median length of stay in days 
(IQR) 

6 (5-8) 8 (6-14) 0.014m 

30-day readmission 4 (6.3%) 12 (19.7%) 0.033f 

30-day reoperation 0 2 (3.3%) 0.240f 

30-day mortality 0 0  

Anastomotic leak 1 (1.9%) 0 1.000f 

Mean lymph node yield ± SD 17 (13-23.25) 16 (12-23.5) 0.639m 

R0 clearance 61 (96.8%) 60 (98.4%) 1.000f 

 

m: Mann-Whitney U; c: Chi square; f: Fishers exact test; IQR: interquartile range; SD: standard 

deviation 

 

5.3.3.5 Logistic regression analysis  

Univariate logistic regression analysis of all 222 cases showed that surgical approach did not affect 

morbidity and mortality for the participants in this study, even though this did approach statistical 

significance (p=0.051).  This was still the case in multivariate analysis when other clinically relevant 

factors were adjusted for (age, gender, neoadjuvant radiotherapy, ASA grade, p T stage) as detailed 

in table 13 (p=0.072). 
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Table 13. Univariate and multivariate logistic regression for morbidity and mortality 

 Univariate   Multivariate 

 OR 95% CI 
lower 

95% CI 
upper 

p 
value 

  OR 95% CI 
lower 

95% CI 
upper 

p value 

Approach 
(lap vs rob) 

2.698 0.996 7.305 0.051 2.651 0.917 7.659 0.072 

age 0.978 0.945 1.011 0.188 0.972 0.937 1.008 0.120 

Gender (male 
vs female) 

1.283 0.602 2.736 0.518 1.338 0.614 2.914 0.464 

Neoadjuvant 
RT 

1.722 0.570 5.203 0.335 1.238 0.377 4.071 0.725 

ASA grade   
(I-II vs III-IV) 

0.753 0.343 1.653 0.480 0.635 0.277 1.457 0.284 

p T stage (T0-
2 vs T3-4) 

1.158 0.562 2.386 0.691 1.172 0.559 2.455 0.675 

 

OR: odds ratio; CI: confidence interval; RT: radiotherapy; ASA: American Society of 

Anaesthesiology; p T stage: pathological tumour stage 

 

5.3.4 Discussion 

The effect of robotic rectal cancer surgery in offering superior short-term outcomes in obese 

patients when compared to laparoscopy is largely hitherto unknown.  Several studies indicate that 

obesity is a risk factor for worse short term surgical outcomes in laparoscopic colorectal surgery 

[117, 212, 213].  However, this is still a subject of debate, with numerous studies demonstrating no 

difference in short-term outcomes between laparoscopic obese and non-obese colorectal surgery 

patients [118, 214].  Nevertheless, the role of robotic colorectal surgery in obese patients has only 

been investigated in a handful of studies [112–116], with only two comparing the outcomes of 

obese robotic vs laparoscopic rectal surgery patients [112, 113].  The remaining three studies 

compared the outcomes of obese versus non-obese patients receiving robotic rectal surgery, with 

all three studies demonstrating no difference in short-term outcomes between obese and non-

obese patients [114–116]. 

In the study presented here both the length of stay and 30-day readmission rate were lower in 

patients receiving robotic surgery while operation time was longer.  However, there were no 

differences in any of the remaining short-term surgical outcomes between robotic and laparoscopic 

rectal surgery.  Furthermore, surgical approach, whether robotic or laparoscopic, was not found to 

affect morbidity and mortality.  This study demonstrates that robotic rectal surgery in the obese is 

both safe and feasible with results suggesting a quicker recovery and better short-term readmission 

profile when compared to laparoscopic surgery in obese patients.   
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Obese patients tend to have increased intra-pelvic fat, further restricting access, room for 

maneuver and surgical field visibility. By further restricting the available space in the already narrow 

pelvis, robotic platforms seem ideally suited for this group of patients.  This is supported by the 

results of the ROLARR trial [65].  Considering this in conjunction with the high conversion and CRM 

positive rates in recent multi-centre randomised control trials investigating the role of laparoscopic 

rectal surgery [30, 31], the role of robotic rectal surgery in the obese patients clearly warrants 

further investigation.  

In a similar study to the one presented here, Gorgun et al [112] compared 29 robotic with 27 

laparoscopic obese rectal surgery patients.  In this study there was no statistically significant 

differences in operative time between the two groups, although operative times were longer in 

both cohorts compared to our results (rob vs lap: 329 vs 295 min; p=0.13).  Similarly, Shiomi et al 

[113] compared 52 robotic with 30 laparoscopic obese rectal surgery cases and again found no 

difference in operative time (rob vs lap: 238 vs 252; p=0.39).  In our study, median operative time 

was 45 minutes longer in the robotic group. This may in part, be explained by the inclusion of several 

cases where the surgeons and theatre teams were still in the earlier stages of their learning curve, 

with active training led by the senior surgeon (AP) being undertaken in a number of the included 

cases.  While all consecutive cases are included in the robotic cohort (including all the initial cases 

at each unit), the laparoscopic cases are selected from a much larger pool spreading over a longer 

period.   

Early studies involving robotic rectal surgery demonstrated that a significant contributor to the  

prolonged operation time in robotic surgery was due to the time it took to dock and undock the 

robot, which in part, may have been due to the relative inexperience of the surgeon and theatre 

staff who were still on the early stages of their learning curve [25, 36, 38, 41, 43, 190].  More recent 

studies report equivalent operation times between robotic and laparoscopic rectal surgery [11, 89, 

215, 216] with some even demonstrating shorter operation times for robotic surgery [35, 55, 217, 

218].  Furthermore, the laser target system and improved design of the da Vinci Xi® make docking 

easier and faster and increase the feasibility of the single docking approach.  These features are 

likely to help further reduce robotic rectal surgery operative times [26].   

Furthermore, this study’s results show that the median length of stay was two days shorter and 30-

day readmission rate was lower in the robotic cohort.  This could be secondary to lower post-

operative morbidity.  Morbidity was assessed in this study by analyzing readmission, reoperation 

and anastomotic leak rates.  However, minor post-operative complications were not included 

(Clavien-Dindo 1-2) as these were not reported in the datasets. It is postulated that minor 

complications (Clavien-Dindo 1-2) may be reflected in a prolonged hospital stay, which may explain 
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why length of stay was higher in the laparoscopic group.  In addition, readmission rates tend to be 

higher when length of stay is shorter, since patients that are discharged early are more likely to be 

readmitted with complications that were not picked up during their original hospital stay.  

Considering both length of stay and readmission rate were lower in the robotic group, it is 

reasonable to suggest that this may be due to reduced surgical morbidity.  This is supported by two 

recent studies published by the Cleveland clinic group who reported that length of stay, 

readmission rate and mortality effectively predict complications [219, 220].  Considering mortality 

was equal between the two groups in our study, these studies strengthen our argument that the 

reduced readmission rate and length of stay in the robotic cohort is due to a lower surgical 

morbidity profile. 

It is worth noting that both Gorgun et al [112] and Shiomi et al [113] also demonstrated a reduced 

length of stay in the robotic group when compared to the laparoscopic cohort (Gordun et al: 6 vs 8 

days, p=0.02; Shiomi et al: 7 vs 9 days, p<0.001).  Both studies found that length of stay was shorter 

by two days in the robotic group, with Shiomi et al also demonstrating that blood loss and 

complication rates were lower in the robotic cohort (blood loss: 10.5 vs 34 ml, p=0.002; 

complication rate: 9.6% vs 30%, p=0.04).  Considering the results of these studies in conjunction 

with our results, it is conceivable that robotic rectal surgery in the obese can lead to a quicker 

recovery and reduced morbidity when compared to laparoscopic surgery. 

Notwithstanding operative time, length of stay and readmission rate, there were no other 

differences in the examined short-term outcomes.  Furthermore, in logistic regression analysis 

surgical approach (robotic or laparoscopic) was not found to affect morbidity and mortality.  

However, we should note that the p value neared statistical significance in both univariate and 

multivariate analysis (univariate p=0.051, multivariate p=0.072) when examining whether surgical 

approach affects morbidity and mortality (table 13).  In the absence of a power calculation being 

performed we need to acknowledge the risk of a type 2 error, and therefore the p value might have 

been significant if a higher number of patients were recruited. 

This study’s results support the feasibility and safety of robotic rectal surgery in obese patients.  In 

the robotic group there was no conversion, 30-day mortality or reoperation and the estimated 

blood loss was very low.  Furthermore, regarding short-term pathological results, the lymph node 

yield was acceptable and the CRM margin was negative (R0) in 96.8% of robotic cases, which is 

superior to that reported in the recent laparoscopic rectal surgery trials (ALaCaRT [31]: lap 93%, 

open 97%; ACOSOG Z6051 [30]: lap 87.9%, open 92.3%).  Additionally, there is  perception in the 

surgical community that prolonged operative times are associated with worse short-term outcomes 

[221], especially in obese patients due to the prolonged fixed Trendelenburg position.  However, 
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this was not the case in this study and the results suggest that robotic rectal surgery in the obese 

can lead to similar short-term outcomes and a quicker post-operative recovery regardless of 

operative time. 

The main strengths of this study are that data was collected from three centers from two different 

countries and is contemporary data, rather than data collected as part of a study that possibly 

includes an element of performance bias in surgical trials [64].  In addition, due to the propensity 

score matching, the two cohorts were evenly matched in terms of cohort characteristics, 

strengthening the results.  Additionally, as far as we are aware this study includes the largest sample 

size of its kind.  Acknowledging its limitations, this study is retrospective in nature and does not 

report any functional or long-term data.  Furthermore, all the laparoscopic procedures pre-dated 

the robotic cases and this could introduce an element of bias in the results.  However, this is unlikely 

since the two surgeons with the longest laparoscopic colorectal practice had completed 

laparoscopic colorectal fellowships, were experienced laparoscopic surgeons from the outset of 

their practice and were both trainers for the National Training Programme for Laparoscopic 

Colorectal Surgery (LAPCO) in the UK [158].  Furthermore, the robotic cohort is more likely to be 

affected by the learning curve of the surgeons, since all initial cases are included.  In addition, the 

laparoscopic cases underwent the same standardised enhanced recovery programme which was 

later applied to all the robotic cases.  As a result, by standardising peri-operative care both groups 

are comparable and peri-operative care is unlikely to act as a confounding factor when assessing 

hospital length of stay.  

In summary, robotic rectal surgery in the obese could lead to a quicker recovery and improved 

morbidity profile when compared to laparoscopy, despite being associated with a longer operative 

time.  Larger scale multi-center prospective observational studies are required to further 

investigate this topic.  In addition, urogenital function and long-term oncological data need to be 

included in these studies to illuminate a more holistic comparison.  
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5.4 Chapter Summary 

This chapter investigates whether the technical advantages offered by robotic surgery can be 

translated into superior surgical short-term outcomes in rectal resection surgery when compared 

to laparoscopy in patients considered technically challenging.  The rationale behind conducting 

these studies refers to the inferred technical benefits offered by the robotic system being more 

pronounced in patients that are more difficult to operate on.  Therefore, it is hypothesised that in 

this group of patients it is more likely that a difference in clinical outcomes can be demonstrated. 

Both studies are retrospective comparative studies applying robotic rectal surgery as the 

experimental arm and laparoscopic rectal surgery as the control.  Study 2.1 examines a study 

population classified as ‘high-risk’ according to certain baseline characteristics that are believed to 

make rectal surgery more challenging, while study 2.2 focuses solely on obese patients, who 

themselves pose an additional technical challenge when operated on. 

The results of both studies demonstrate that robotic surgery may lead to improved surgical 

outcomes in this group of patients when compared to laparoscopic surgery.  These studies results 

reinforce the outcomes of previously published smaller sample size studies, suggesting that now 

either RCTs or large scale prospective multicentre observational studies are needed to establish 

these conclusions.   
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Chapter 6 - The learning curve of robotic 

rectal surgery 

6.1 Introduction 

Following on from research studies 1, 2.1 and 2.2 presented in this thesis investigating the possible 

benefits of robotic rectal surgery on clinical outcomes, this chapter focuses on the learning curve 

of robotic rectal surgery.  This topic is of significant importance since laparoscopic colorectal 

surgeons may be reluctant to undertake robotic rectal surgery if they fear that they might have to 

undergo a lengthy learning process from the beginning.  Therefore, it is not only important to 

investigate the learning curve of robotic rectal surgery, but also how it is affected by previous 

laparoscopic rectal surgery experience. 

This chapter will describe study 3, a retrospective study examining the learning curve of two 

surgeons undertaking robotic rectal surgery with varying degrees of previous laparoscopic rectal 

surgery experience.  Hence, this study investigates the number of robotic rectal surgery procedures 

required to reach competency and also examines the effect of preceding laparoscopic experience 

on the learning curve of robotic rectal surgery. 

A literature review on the learning curve of robotic rectal surgery is presented in section 2.6 of the 

thesis.   The key conclusions of this review were that there is a wide variation in the number of 

cases reported to reach competency in robotic rectal surgery, ranging between 15 and 44 cases.  

Nevertheless, the learning curve of robotic rectal surgery seems to be shorter than that of 

laparoscopic surgery.  Furthermore, two studies [143, 144] reported that previous laparoscopic 

rectal surgery is not necessary in order to undertake robotic rectal surgery, but there are no studies 

examining the actual effect of previous laparoscopic rectal surgery experience on the learning curve 

of robotic rectal surgery.  Existing evidence examining the learning curve of robotic rectal surgery 

vastly concentrates on operative time, failing to consider other relevant peri- and post-operative 

surgical outcomes.  Study 3 aims to fill in the gaps in the existing evidence. 
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6.2 Study 3 - Prior experience in laparoscopic rectal surgery can minimise the learning 

curve for robotic rectal resections: a cumulative sum analysis. 

This study was published in Surgical Endoscopy in 2017 [145] (appendix 13)1.  In this section an 

edited version of the published study is presented in order to fit the thesis structure. 

6.2.1 Introduction 

Feasibility, safety and auspicious outcomes of robotic TME have been demonstrated by various 

published case series [11, 36, 58, 89, 222, 223].  Preliminary data from the ROLARR trial has shown 

that robotic TME does not increase the conversion rate, though no statistically significant clinical or 

oncological benefit has been reported so far [67].  Before taking part in the ROLARR trial, surgeons 

had performed an average of 91 laparoscopic versus only 25 robotic resections which could suggest 

that some of the participating surgeons were still in their learning curve for robotic surgery whilst 

already being an expert in laparoscopic rectal surgery during this trial.  In fact, there is sparse data 

available about the robotic learning curve of expert laparoscopic rectal surgeons which might be 

different to that for a rectal surgeon primarily starting with robotic TME without prior laparoscopic 

experience [137].  However, this situation is certainly less likely as in most surgical centres only 

experienced laparoscopic colorectal surgeons adopt the robotic technique.  Hence, the learning 

curve of an expert laparoscopic TME surgeon who starts robotic TME is likely of paramount interest 

for colorectal services, especially as the robotic system theoretically should simplify the operative 

procedure which may result in a favourable learning curve.  The scope of this study is to produce 

illustrative robotic learning curves for two experienced laparoscopic colorectal surgeons using 

cumulative sum (CUSUM) charts, whilst adjusting for confounders. 

6.2.2 Materials and methods 

A retrospective analysis of a prospectively maintained database was carried out.  Laparoscopic and 

robotic TMEs for non-metastatic rectal cancers performed from October 2006 to November 2015 

at the Minimally Invasive Colorectal Unit, Queen Alexandra Hospital, were included in this study.  

Approximately, 250–300 colorectal resections per annum are performed in this unit.  During the 

study period, a dual console four arm robotic system (da Vinci Si®) was introduced and two 

experienced laparoscopic colorectal surgeons (surgeon A and B) who were also trainers for LAPCO 

adopted the robotic method.  Both surgeons had reached a plateau in the learning curve with 

respect to their independent and proficient performance of a laparoscopic colorectal resection, as 

 
1 M. Odermatt, J. Ahmed, S. Panteleimonitis, J. Khan, A. Parvaiz, Prior experience in laparoscopic rectal 
surgery can minimise the learning curve for robotic rectal resections: a cumulative sum analysis., Surg. 
Endosc. 0 (2017) 0. doi:10.1007/s00464-017-5453-9.  
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to LAPCO standards [158].  The laparoscopic experience of surgeon A and B before starting robotics 

consisted of approximately 1500 and 400 colorectal procedures, respectively.  The robotic cases for 

each individual surgeon were consecutive and therefore included the complete learning curve.  A 

full-time research assistant collected all variables of interest in a structured database and validated 

the data, including ensuring consistency with patient notes and checking death records for patients 

lost to follow-up.  For each individual surgeon, the robotic cases were 1:1 propensity score matched 

to his laparoscopic cases to obtain comparable groups of patients, with the laparoscopic cases 

serving as a reference to calculate the proficiency targets for the robotic cases.  The variables used 

to calculate the propensity scores were age, gender, BMI, ASA grade, height of tumour location 

(low, middle or upper rectum) and American Joint Committee on Cancer (AJCC) tumour stage.  

Outcome variables of interest, defining quality indicators, were operation time (minutes), 

conversion rate, lymph node harvest (count), length of hospital stay (days), reoperation rate, the 

presence or absence of major complications (defined as Clavien–Dindo Grade 3a–4b) and 30-

day/in-hospital mortality (Clavien–Dindo grade 5) [224].    

For each surgeon, the mean and standard deviations of the continuous quality indicators were 

calculated for his laparoscopic cases to define the individual baseline proficiency against which the 

robotic cases were compared when performing the CUSUM analysis.  For the binary variables, the 

rate of each outcome for the laparoscopic cases was used as the baseline/ inherent risk, again 

calculated separately for each surgeon.   

Potential sources of bias were addressed by focusing on treatment of non-metastatic rectal cancer 

with curative intent i.e. anterior resection with TME and by the propensity score matching providing 

a comparable laparoscopic group with similar operative and perioperative risk factors to avoid 

selection bias (due to case mix).  The study size evolved from the number of consecutive robotic 

cases of the involved surgeons matched to an equivalent number of non-learning curve 

laparoscopic cases.  Quantitative variables were analysed as such with the exception of tumour 

height from anal verge which was categorised as low (2–5 cm), medium (6–11 cm) or high (12–15 

cm) rectal cancers.  Operating time was defined as the time from incision of the skin until the final 

stitch which also included the docking time in robotic cases.   

6.2.2.2 Operative procedure 

Surgical technique, for both laparoscopic and robotic cases, and peri-operative care was conducted 

as described in the methodology section of this thesis (sections 3.3 & 3.4).   The da Vinci Si® system 

was used for all robotic cases. 
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6.2.2.3 Cumulative sum (CUSUM) charting 

CUSUM curves for each quality indicator of interest were used to monitor the performance of each 

surgeon [225, 226]; the presentation format described by Kestin was used [227]. The x-axis 

represents the consecutive case number and the y-axis represents the CUSUM score. For the binary 

outcomes (X), the CUSUM score is the cumulative sum of Xi − X0 where Xi represents the success (Xi 

= 0) or failure (Xi = 1) of each consecutive procedure.  X0 is the inherent risk of failure of the 

procedure, which in this study has been calculated using each surgeon’s matched laparoscopic 

reference group as a baseline (Fig. 1).  For the continuous quality indicators (T), such as operating 

time, the CUSUM score is the cumulative sum of Ti-(x¯ + k), where Ti is the outcome of each 

successive procedure; k is the tolerable slack from the reference mean (x¯) in the laparoscopic 

group and was defined as a quarter of a standard deviation in order to set tight targets and to 

account for the dispersion of the reference data.  A tolerable shift of half a standard deviation is a 

common rule-of-thumb in industrial processes where, however, the standard deviation is normally 

derived from a larger sample size [228].  The CUSUM curves ascend when the set targets are not 

reached which reflects an ongoing learning process; the curve runs more or less parallel to the x-

axis when the performance is similar to the laparoscopic standards, reflecting no learning process; 

the curve has a downward trend when the performance is more often on target than expected.  

6.2.2.4 Statistical methods 

Propensity scores were calculated via logistic regression analysis.  For the matching process, PS 

Match for SPSS (Version 1.0, by Felix Thoemmes, 2011) [229] was used; underlying R packages 

included MatchIt, RItools, and cem [230–233].   

For the outcomes, categorical variables were compared using a Pearson Chi-square or Fisher’s exact 

test, as appropriate, and continuous variables were compared using the non-parametric, Mann–

Whitney U test. The statistical analyses were performed using SPSS (Statistical Package for Social 

Sciences, Version 20, IBM Corp. Released 2011). 

6.2.3 Results 

A total of 384 (294 laparoscopic and 90 robotic) TMEs met the inclusion criteria.  Surgeon A 

performed 206 (70.1%) of the laparoscopic and 43 (47.8%) of the robotic cases, whilst surgeon B 

performed 88 (29.9%) of the laparoscopic and 47 (52.2%) of the robotic cases during the study 

period.  After propensity score matching, biometric, oncologic and operative baseline 

characteristics of the robotic and matched laparoscopic cases of each surgeon were similar and are 

summarised in Table 14.  Overall, surgeon A treated more low rectal cancers (47% vs. 32%) but less 

cases with neoadjuvant radiotherapy (17% vs. 30%) when compared to surgeon B.  The outcomes 
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of interest, including the quality indicators, are summarised in Table 15.  On an individual level, 

there was no significant difference with respect to operation time, R stage, lymph node harvest, 

length of hospital stay, conversion rate and major complications between the laparoscopic and 

robotic cases for both surgeons.  Only the readmission rate was statistically significantly higher in 

the laparoscopic compared with the robotic group for surgeon B (21% vs. 6%, p = 0.035).  The cut-

off values for robotic on-target performance for the continuous quality indicators, and the expected 

inherent risk for the binary quality indicators, were calculated based upon the laparoscopic 

outcomes and are listed for each quality indicator in Table 16.  The on-target cut-off for operation 

time was considerably higher for surgeon B than for surgeon A (292 vs. 233 min) as was the inherent 

risk for major complications Clavien–Dindo 3b–5 (15% vs. 7%); on the other hand, surgeon B had a 

slightly higher lymph node harvest cut-off (15 vs. 14) and also a shorter hospital stay cut-off (11 vs. 

12 days).  Finally, the CUSUM charts for the quality indicators are shown in Fig. 2.  As the conversion 

rate was zero in the robotic group for both surgeons and only one conversion occurred in the 

laparoscopic group, no CUSUM chart was drawn for this quality indicator.  For similar reasons (i.e. 

due to small numbers of events), mortality was included in the major complications outcome so 

that this constituted a single quality indicator (Clavien–Dindo grade 3b–5). 

For surgeon A who had performed more laparoscopic TMEs (1500 laparoscopic colorectal 

procedures before starting robotics and 206 cases meeting the inclusion criteria during the study) 

before starting robotic TME, the CUSUM curves showed only a short learning process for operation 

time, necessitating seven tutored cases, whilst there was apparently minimal to no learning process 

for the other quality indicators, such as lymph node harvest, length of stay and major complications. 

In fact, the general downward trend for operation time, lymph node harvest and length of stay 

indicates that these quality indicators were more often on rather than off their pre-defined targets.  

For surgeon B who had performed less laparoscopic TMEs beforehand (400 laparoscopic colorectal 

procedures before starting robotics and 88 cases meeting the inclusion criteria during the study), 

the CUSUM curves showed a clear learning process for operation time, length of stay and major 

complications.  However, all of these indicators were ultimately on-target, showing a comparable 

performance to laparoscopy after just 15 robotic procedures.  No evidence of a learning process 

was observed for lymph node harvest.  Other systematic influences explaining the learning curve 

like a sudden change of the assistant could not be found. 
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Table 14. Baseline characteristics of patients who underwent laparoscopic or robotic total 

mesorectal resection by two surgeons after propensity score matching 

 Surgeon A Surgeon B 

Laparoscopic 
(n=43) 

Robotic 
(n=43) 

Laparoscopic 
(n=47) 

Robotic 
(n=47) 

Age [median (min-max)] in 
years 

68 (43-86) 67 (53-92) 67 (44-86) 68 (35-88) 

Gender 

• Male 

• female 

 
29 (67.4%) 
14 (32.6%) 

 
30 (69.8%) 
13 (30.2%) 

 
35 (74.5%) 
12 (25.5%) 

 
34 (72.3%) 
13 (27.7%) 

Body mass index [median 
(min-max)] 

26 (20-43) 27 (21-46) 27 (19-43) 27 (20-41) 

ASA 

• 1 

• 2 

• 3 

 
6 (14%) 
31 (72.1%) 
6 (14%) 

 
4 (9.3%) 
33 (76.7%) 
6 (14%) 

 
12 (25.5%) 
27 (57.4%) 
8 (17%) 

 
7 (14%) 
35 (74.5%) 
5 (10.6%) 

Height of tumour location 

• 0-6 cm (low) 

• 7-11 cm (middle) 

• 12-15 cm (upper) 

 
20 (46.5%) 
18 (41.9%) 
5 (11.6%) 

 
20 (46.5%) 
19 (44.2%) 
4 (9.3%) 

 
16 (34.0%) 
20 (42.6%) 
11 (23.4%) 

 
14 (29.8%) 
25 (53.2%) 
8 (17.2%) 

T stage 

• T0 

• T1 

• T2 

• T3 

• T4 

 
0 
4 (9.3%) 
13 (30.2%) 
24 (55.8%) 
2 (4.7%) 

 
1 (2.3%) 
5 (11.6%) 
15 (34.9%) 
20 (46.5%) 
2 (4.7%) 

 
3 (6.4%) 
6 (12.8%) 
10 (21.3%) 
27 (57.4%) 
1 (2.1%) 

 
4 (8.5%) 
8 (17%) 
17 (36.2%) 
17 (36.2%) 
1 (2.1%) 

Tumour stage 

• Stage 0 

• Stage 1 

• Stage 2 

• Stage 3 

 
0 
10 (23.3%) 
13 (30.2%) 
20 (46.5%) 

 
1 (2.3%) 
13 (30.2%) 
12 (27.9%) 
17 (39.5%) 

 
3 (6.4%) 
15 (31.9%) 
17 (36.2%) 
12 (25.5%) 

 
4 (8.5%) 
20 (42.6%) 
7 (14.9%) 
16 (34%) 

Neoadjuvant radiotherapy 

• None 

• Short course 

• Long course 

 
37 (86%) 
0 
6 (14%) 

 
34 (79.1%) 
2 (4.7%) 
7 (16.3%) 

 
33 (70.2%) 
2 (4.3%) 
12 (25.5%) 

 
33 (70.2%) 
1 (2.1%) 
13 (27.7%) 

Stoma 

• None 

• Ileostomy 

• colostomy 

 
1 (2.3%) 
40 (93%) 
2 (4.6%) 

 
2 (4.7%) 
38 (88.4%) 
3 (7%) 

 
6 (12.8%) 
41 (87.2%) 
0 

 
5 (10.6%) 
40 (85.1%) 
2 (4.3%) 

 

ASA: American Society of Anaesthesiologists 
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Table 15. Short-term outcomes of consecutive learning curve robotic total mesorectal excisions 

compared to non-learning curve conventional laparoscopic resections performed by surgeon A and 

B 

 Surgeon A Surgeon B 

Laparoscopic 
(n=43) 

Robotic 
(n=43) 

p value Laparoscopic 
(n=47) 

Robotic 
(n=47) 

p value 

Operation time 
[median (range)] in 
minutes 

220 (145-
420) 

210 
(140-
340) 

0.198a 290 (160-
420) 

280 
(170-
456) 

0.587a 

R positive 1 (2.3%) 1 (2.3%) 1.000b 4 (8.5%) 1 (2.1%) 0.361b 

Lymph node 
harvest [median 
(range)] 

16 (3-39) 18 (6-
43) 

0.146a 15 (7-32) 15 (0-
35) 

0.982a 

Length of hospital 
stay [median 
(range)] 

6 (3-50) 6 (3-48) 0.838a 8 (2-37) 6 (3-43) 0.436a 

Conversion 0 0  1 (2.1%) 0 1.000b 

Reoperation 3 (7%) 2 (4.7%) 1.000b 2 (4.3%) 1 (2.1%) 1.000b 

Readmission 7 (16.3%) 4 (9.3%) 0.520b 10 (21.3%) 3 (6.4%) 0.035b 

Major 
complications 
(grade 3a-4b) 

3 (7%) 2 (4.7%) 0.408c 6 (12.8%) 3 (6.4%) 0.246c 

Mortality  
(grade 5) 

0 0 1.000b 1 (2.1%) 0 1.000b 

 

a: Mann-Whitney U test; b: Fisher’s exact test; c: Pearson χ2 test 

 

Table 16. Individual on-target cut-off values and inherent risk for continuous and binary quality 

indicators, respectively, for surgeon A and B used for cumulative sum charting, based on 

laparoscopic cases 

 Surgeon A Surgeon B 

Operation time in minutes 
▪ Mean ± standard deviation 
▪ Allowable slack 
▪ On-target cut off a 

 
222 ± 43 
10.6 
233 

 
278 ± 54 
13.4 
292 

Number of harvested lymph nodes 
▪ Mean ± standard deviation 
▪ Allowable slack 
▪ On-target cut off a 

 
16.4 ± 8.5 
2.1 
14 

 
16.6 ± 6.8 
1.7 
15 

Length of stay in days 
▪ Mean ± standard deviation 
▪ Allowable slack 
▪ On-target cut off a 

 
9.3 ± 9.0 
2.2 
12 

 
9.3 ± 6.3 
1.6 
11 

Clavien-Dindo 3b-5 
▪ Inherent risk 

 
7% 

 
14.9% 

 

a: Rounded to whole numbers as clinically applied 
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Figure 9. Cumulative sum (CUSUM) charts for quality indicators for the first consecutive robotic 

total mesorectal excisions performed by surgeon A and B 
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6.2.4 Discussion 

The results of this study suggest that experienced laparoscopic colorectal surgeons may undergo a 

short learning process when changing from laparoscopic to robotic TME.  Furthermore, the number 

of previous laparoscopic TMEs performed may also influence the number of cases needed to reach 

an equivalent performance level in robotic TME.  This is well demonstrated by the CUSUM curves 

running parallel to the x-axis or inflecting downwards after a maximum of only 15 robotic cases, 

whilst the more experienced surgeon (A) had a shorter learning process than the less-experienced 

surgeon (B).  The results also show that the introduction of a robotic system into a specialist 

colorectal unit may only have some marginal effect on case load per time period and short-term 

outcomes.  In case of extensive laparoscopic experience, there may be no apparent learning curve, 

as observed for surgeon A.   

Similar observations have been previously reported for other procedures where skills were 

transferrable to a new technique [234].  CUSUM plots are a widespread tool for sequential quality 

control and learning curve assessment [141] and have already been used to assess various 

colorectal procedures [142].  In a recent study Yamaguchi et al used CUSUM charts to assess the 

learning curve in robotic rectal surgery [137]. This study found that a minimum of 25 robotic 

procedures was reported as necessary to achieve proficiency.  However, Yamaguchi et al included 

a variety of procedures with and without lateral lymph node dissection and for a range of 

indications.  No special measures were taken to account for selection bias (due to case mix) and 

only a single quality indicator, namely ‘operation time’, was used in the CUSUM analysis.  Besides 

this, the level of proficiency in laparoscopic rectal surgery prior to starting with robotics was not 

stated. In contrast, the presented study (study 3) included a defined standard procedure for a 

narrow field of indications, and the proficiency targets were calculated based on non-learning curve 

laparoscopic TMEs which were matched to consecutive robotic cases to minimise selection bias.  

Although operation time is an important indicator for the learning curve, opinions on the 

appropriate choice of quality indicators differ and other indicators are likely equally important to 

assess safety and oncological adequacy.  

For many surgeons, important quality criteria are feasibility, safety and ergonomics.  For the 

hospital management, important quality indicators might include operating time, associated costs 

and marketing effects.  For the patient, postoperative pain, functional outcome, cosmesis and 

disease-free as well as overall survival are of likely most interest.  For all of these quality indicators, 

CUSUM charts can be constructed.  Operation time is often considered an important surrogate for 
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the adoptability and competitiveness of a new technique.  Consequently, to compensate for longer 

operation times, the other benefits of a new technique may need to be substantial.  Although a 

longer operation time is still a common argument against robotic TME [200, 235], the results of this 

study do not support this even when including docking time.  With increased experience of the 

theatre team, the set-up and docking time could be reduced and allowed similar operation times 

as in laparoscopy after only 15 cases.  It is important to mention that this study not only reflects the 

learning curve of the surgeon but also that of the whole team for whom the robotic platform was 

a novelty as well.   

There was no statistically significant difference in the R0 resection rate between the laparoscopic 

and the robotic group.  Although previous evidence has suggested similar circumferential margin 

positivity in open, laparoscopic and robotic TME, this was less clear during the learning curve phase 

[236].  In fact, surgeon B had fewer positive margins in robotic than in laparoscopic TME which is 

not entirely explained by differences of stage, site of tumour and neoadjuvant treatment. This 

result is clinically relevant as it demonstrates non-inferiority of robotic TME even during the 

learning curve. 

Lymph node harvest, often used as a surrogate marker for quality of surgery, was not adversely 

influenced during the learning period as shown in the corresponding CUSUM chart.  However, 

lymph node count as a global quality indicator has been called into question as it does not only 

reflect the surgeon’s effort alone but also pathological retrieval technique and tumour biology [237, 

238]. 

The length of stay in hospital was prolonged in the first 15 cases during the learning curve of 

surgeon B, with a corresponding upward infliction in the CUSUM chart representing procedures not 

on target in this period.  Length of stay may reflect the invasiveness of a lengthy procedure which 

may influence the degree of inflammatory response leading to a prolonged time to recover. 

No perioperative death occurred in the robotic group and major complications were less common 

than in the laparoscopic group which was more apparent for the less-experienced surgeon B.  For 

a new technique to be implemented successfully, it is crucial that quality indicators concerning 

patient safety are in-target as fast as possible.  Due to the relatively static robotic platform, the lack 

of haptic feedback and the tunnel view, there is a potential for specific and severe complications in 

robotic surgery [239].  In particular, the tunnel view may be challenging for inexperienced colorectal 

surgeons who need more integral views to establish pattern recognition as provided in 

conventional laparoscopy.  In this study, there was no conversion to open surgery in the robotic 
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group.  Similarly, a systematic review of short-term outcomes of robotic rectal cancer surgery found 

a lower conversion rate in the robotic than in the laparoscopic group [43].   

Addressing selection bias is important when evaluating a new technique as often straightforward 

cases (females, low BMI, small tumour size, no previous abdominal surgery, no preoperative 

radiotherapy) are chosen initially with the aim to progress to more complex cases with growing 

expertise.  Matching laparoscopic cases to the consecutive robotic cases ensures that the 

corresponding laparoscopic reference cases theoretically could have been operated by robotics at 

the same stage of training.  So, not only the robotic but also the matched laparoscopic cases were 

of increasing complexity and were well suited to define inherent risk and allowable slack. 

Using the methods reported here, CUSUM curves of different surgeons should be compared with 

caution as the robotic performance is only benchmarked against an already achieved personal 

laparoscopic level of proficiency.  If a surgeon had an inconsistent laparoscopic performance, this 

could result in a high allowable slack or inherent risk of quality indicators.  Although being on target 

with reference to their own performance, they might be below standard when compared to other 

surgeons.  On the other hand, a skilled and experienced surgeon who achieves consistent results 

leading to low standard deviations or inherent risks of quality indicators may find it difficult to reach 

a similar level when adopting a new technique.  The applied approach specifically answers the 

question as to whether it is worth changing from the current method, even when it produces good 

results.  To prevent unnecessary harm to the patient, constant monitoring of the learning process 

is mandatory. 

Many expert laparoscopic colorectal surgeons are reluctant to begin operating with robotic TMEs, 

perhaps because they fear that they may have to repeat the learning process with all its negative 

implications. This study, however, provides evidence that the laparoscopic skill and procedural 

knowledge may be transferable to the robotic approach.  The CUSUM charts also suggest that there 

may even be a “stepping down” from a more difficult laparoscopic to a less difficult robotic 

technique.  This means that surgeons who are not able to perform a TME by laparoscopy might be 

able to do so by the robotic approach. 

This study has limitations due to its retrospective nature, low case numbers, small number of 

surgeons included and the lack of quality grading of the specimens by the pathologist.  The small 

number of surgeons included in the study means that the presented outcomes could be secondary 

to the surgeon’s individual pace of learning, rather than the extent of previous laparoscopic 

experience. Furthermore, the model used for this study only allows the assessment of a surgeon’s 

robotic performance in comparison to his own laparoscopic proficiency.  Nevertheless, this study 



101 

suggests that skills attained during laparoscopic TME surgery may be transferable to robotic surgery 

and that the formal learning curve of experienced laparoscopic colorectal surgeons for robotic TME 

may be limited when compared to their individualised laparoscopic proficiency targets. 

 

6.4 Chapter Summary   

This chapter aimed to address the gaps in the literature regarding the learning curve of robotic 

rectal surgery.  Study 3 is presented, which compares the learning curves of two experienced 

laparoscopic surgeons undertaking robotic rectal surgery.  Learning curves are constructed using 

multiple surgical outcomes rather than just focusing on operative time and the surgeons mean 

laparoscopic surgery outcomes are used as the target for the CUSUM curve construction.  This study 

demonstrates that the laparoscopic skills surgeons possess may be transferrable when starting 

robotic rectal surgery and the learning curve might be very limited in experienced laparoscopic 

surgeons.   
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Chapter 7- clinical outcome analysis and 

training programme for robotic rectal 

surgery with the da Vinci Xi 

7.1 Introduction 

Following on from the previous study’s implications and findings regarding the learning curve of 

robotic rectal surgery presented in Chapter 6, this chapter focuses on the research conducted 

specific to the latest robotic platform, the da Vinci Xi®.  Chapter 7 includes two studies.  The first 

study (4.1) builds on the learning process by investigating a structured training pathway for robotic 

rectal surgery with the da Vinci Xi®.  The training programmes feasibility, safety and effectiveness 

are examined.  The second study (4.2) investigates whether the technological advances of the new 

system can offer any advances in short-term outcomes.  This is examined by comparing the short-

term surgical outcomes of robotic rectal surgery with the da Vinci Xi and Si systems.  Finally, in order 

to provide an overview of robotic rectal surgery practice the overall outcomes of 240 robotic rectal 

cancer resections are presented. 

A detailed literature review presenting all the relevant studies is given in the literature review 

chapter in section 2.7 of this thesis, with a summary of this review’s findings given in section 2.7.3. 
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7.2 Study 4.1 - Implementation of robotic rectal surgery training programme: 

importance of standardisation and structured training 

This study was published in Langenbeck’s Archives of Surgery in 2018 [178] 1.  A full PDF version of 

the published report is given in appendix 14.  In this section an edited version of the published study 

is presented in order to fit the thesis structure. 

7.2.1 Introduction 

Although 3D views and angulated instruments with multiple degrees of freedom might infer an 

advantage for patients having robotic rectal surgery, appropriate training and a standardised 

approach remain imperative for improved clinical outcomes.  Currently, various approaches are 

practiced, such as the hybrid, reverse hybrid and single or double docking techniques [38, 52, 54, 

164, 167, 169, 172, 240].  The favoured method is the single docking totally robotic approach, as it 

eliminates the need for repeated docking or undocking of the robot and at the same time preserves 

the advantages of utilising the robot for the entire procedure [38, 164, 168].  This approach was 

feasible with the da Vinci Si® system with a change in port configuration between the stages of 

abdominal and pelvic dissection, as described in previous publications [164, 165].   

The da Vinci Xi® developed by Intuitive Surgical® is the fourth-generation robotic system affording 

several improvements.  Advancements in technology combined with the ability to support new 

integrated technologies such as the ITM enable the surgeon to perform single docking robotic 

surgery without having to change the port configuration.  In addition, a new laser target system, 

reduced camera size to 8mm, redesigned patient cart with new overhead instrument arm 

architecture and thinner, longer arms serve to improve the operative experience of the surgeon 

and the perioperative team.    The ITM system is a unique feature which enables table movement 

while the patient cart is docked enabling easier mobilisation of the splenic flexure due to the head 

end of the table being raised during dissection [152, 155].  This also reduces the time in which the 

patient remains in the steep Trendelenburg position, reducing the risk of adverse peri-operative 

effects such as deep vein thrombosis, ophthalmologic complications and complications secondary 

to increased intracranial pressure and laryngeal oedema [241–243].   

This study describes the experience of the safe implementation and adoption of robotic rectal 

surgery with the da Vinci Xi® and ITM at two centres applying a structured training model and 

standardised approach to rectal surgery.  In addition, the training pathway and short-term clinical 

 
1 S. Panteleimonitis, S. Popeskou, M. Aradaib, M. Harper, J. Ahmed, M. Ahmad, T. Qureshi, N. Figueiredo, A. 
Parvaiz, Implementation of robotic rectal surgery training programme: importance of standardisation and 
structured training., Langenbeck’s Arch. Surg. (2018). doi:10.1007/s00423-018-1690-1. 
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outcomes of the first 82 patients treated using this approach are described.  Furthermore, the 

supervised cases (n=30) performed by the three surgeons are compared with the independently 

performed rectal resections (n=52) performed after completion of their training.  Finally, this study 

examines the Global Assessment Score (GAS) forms of the supervised cases and investigates the 

GAS cumulative sum (CUSUM) graphs for each surgeon.  The study’s aim is to exhibit the feasibility, 

safety and effectiveness of this training pathway and demonstrate the adoption of totally robotic 

single docking rectal surgery with the da Vinci Xi® and ITM. 

7.2.2 Methods 

Data was collected prospectively and stored in a secure, designated database since the start of the 

training programme in November 2015.  During the study period from November 2015 to 

September 2017 eighty-two consecutive patients with a known diagnosis of adenocarcinoma of the 

rectum were operated on in two centres, one in the UK and one in Portugal.  A standardised 

approach of single docking totally robotic rectal resection surgery with the da Vinci Xi® and ITM was 

used [166].  Demographic, clinical and pathological data on all patients operated on was collected 

prospectively and stored in a secure database.  In addition, the time the patients spent in the 

reverse Trendelenburg position during splenic flexure mobilisation for the first twenty cases was 

recorded.  

All procedures were performed by three surgeons under direct supervision of a single trainer 

(surgeon AP).  The trainer (AP) had performed more than 500 laparoscopic rectal resections before 

undertaking robotic colorectal surgery and his robotic colorectal experience included performing 

or teaching over 300 colorectal resections.   Prior to performing surgery with the da Vinci Xi® and 

ITM formal training for the new platform was undertaken.   Transitioning to the new robotic 

platform was straightforward considering the trainer’s experience with the previous system and 

due to the standardisation of operative technique.  All three trainee surgeons had previously 

undertaken formal training in minimally invasive colorectal surgery, with all surgeons having 

performed more than 30 laparoscopic rectal resections each.  None of the surgeons had any prior 

robotic surgery experience.  The first ten cases of each surgeon were performed under the direct 

supervision of the single trainer, while successive cases were performed independently by each 

surgeon.  The baseline characteristics and short-term surgical outcomes of the first 82 patients are 

presented.  In addition, the baseline characteristics and short-term outcomes of the supervised 

cases (30 in total) were compared with the following unsupervised cases (52 cases).  Moreover, this 

study analyses the GAS results of the supervised cases by comparing the GAS form scores of the 

first five cases (cases 1-5) with those of the latter five cases (cases 6-10).  Finally, this study assesses 
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the trainee’s learning curves by presenting the GAS CUSUM charts of each surgeon for each 

component assessed. 

Preoperative assessment, surgical technique and peri-operative care were as described in the 

methodology section of this thesis, sections 3.3 and 3.4. 

The robotic approach was the preferred approach for all patients suitable for minimally invasive 

rectal surgery.  There were no exclusion criteria for robotic surgery that did not apply for 

laparoscopic surgery and applied surgical modality (robotic or laparoscopic) was based on 

equipment and theatre availability. 

7.2.2.2 Training programme 

Before the commencement of the training programme, each surgeon was required to complete the 

online modules for the robotic Xi system.  This included an online assessment and a two-hour 

course on the robotic Xi system.  This was followed by simulation training, for which the surgeon 

was required to achieve simulation competence scores for camera targeting and suturing exercises.  

Following successful completion of both the system and simulation training, each surgeon enrolled 

in the structured programme for teaching and training run by the European Academy of Robotic 

Colorectal Surgery (EARCS) (see https://earcs.pt).  The constituents for the training programme 

include: a) formal case observations during which the surgeon visits a centre of excellence to 

observe at least two robotic rectal resections, b) a trainer led two-day course which involves both 

animal and cadaveric models and c) formal clinical training.  The formal clinical training comprises 

a closely supervised programme during which the trainee performs ten robotic rectal resections. 

This ensures a similar baseline training with equitable access to procedural skill acquisition. 

Each operation is divided into modules similar to those previously described for laparoscopic rectal 

surgery [162].  This makes both training, and de-briefing simpler.  Additionally, video recordings 

from each training cases were used to give direct feedback to the trainees.  Each operation was 

scored in real time by the trainer using a GAS form.  Once the trainees reached a level of 

competence as assessed by the blind video assessment of the EARCS, the surgeons embarked upon 

solo performance of their cases. 

7.2.2.2.2 Global Assessment Score (GAS) form 

 The GAS form used by EARCS contains four modules, each containing several components.  These 

include: 1) Robotic docking, 2) Colonic dissection, 3) TME and 4) Resection and anastomosis.  In 

figure 10 we present the GAS form used by the EARCS faculty, including the components of each 

module.  Each component is scored from 1 to 6 (or not applicable if the step is not performed) with 
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the scores given corresponding to the competence levels presented in the GAS form in figure 10.  

As demonstrated, the higher the score, the higher the competence level for each component. 

7.2.2.3 Statistical analysis 

Data was analysed using IBM SPSS version 24 (SPSS Inc., Chicago, IL, USA).  Non-parametric data 

was expressed as median with interquartile range and parametric data as mean with standard 

deviation.  Baseline characteristics and surgical outcomes were compared using χ2 test or Fishers 

exact test (applied instead of χ2 if any one observed variable was <5) for categorical variables, Mann-

Whitney U test for non-parametric continuous variables and t test for parametric continuous 

variables.  P values of <0.05 were considered statistically significant [198].  Presented data is 

rounded up to whole numbers.   

For purposes of statistical analysis, not applicable GAS form entries were assigned a value equal to 

that of the previous GAS form in the corresponding component.  There were only 10 (out of 390) 

not applicable entries. 

7.2.2.3.2 Cumulative sum charting 

GAS CUSUM curves for each component were charted in order to assess the learning curves of the 

trainee surgeons [225, 226].  This allowed investigation of whether 10 cases were sufficient for each 

surgeon to reach competence in each component. 

For the construction of the GAS CUSUM charts a target score of 5 was used, which is equitable to 

independent and competent performance.  Therefore, the CUSUM score is the cumulative sum of 

the GAS minus 5.  In the CUSUM chart the x-axis represents the consecutive cases and the y-axis 

the CUSUM score.  The CUSUM curves descend when the set target is not reached, which reflects 

an ongoing learning process.  When the curve plateaus or ascends the target is achieved or 

superseded, representing the end of the learning process. 

7.2.3 Results 

Eighty-two consecutive patients who underwent robotic rectal surgery with the da Vinci Xi® system 

between November 2015 and September 2017 were recruited to this study.  Fifty-nine patients 

were operated in the UK centre and 23 at the centre in Portugal. 

7.2.3.2 Baseline characteristics 

The baseline characteristics of all patients operated with the da Vinci Xi® and ITM are shown in 

table 17.  Fifty-one patients were male, thirty-one female.  Median age was 69 (IQR 59-76) and 

median BMI 29 (IQR 24-30).  Twenty-two patients (27%) received neoadjuvant chemoradiotherapy. 
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Figure 10. GAS form used to assess trainees by EARCS 
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Table 17. Baseline Characteristics of study population 

 Total (n=82)  

Sex 

• Male 

• Female 

 
51 (62%) 
31 (38%) 

Median age (IQR)  69 (IQR 59-76) 

Median BMI (IQR) 28 (IQR 24-30) 

ASA grade 

• I 

• II 

• III 

 
6 (7%)  
60 (74%) 
15 (19%) 

Neo adjuvant chemoradiotherapy 22 (27%) 

T stage (MRI) 

• T1 

• T2 

• T3 

• T4 

 
9 (11%) 
18 (23%) 
45 (56%) 
8 (10%) 

 

7.2.3.3 Peri-operative and post-operative outcomes  

The peri- and post- operative characteristics of the patients who underwent robotic rectal surgery 

are shown in table 18.  Seventy-two patients (88%) had anterior resections and ten (12%) had 

APERs.  There were no conversions to open, no anastomotic leaks and no 30-day mortality.  Mean 

operative time was 288 minutes (SD 63), median estimated blood loss 20 ml (IQR 20-20) and length 

of stay 5 days (IQR 4-8).  The median time the patients spent in the reverse Trendelenburg position 

during splenic flexure mobilisation was 30 minutes (IQR 21-35).  Eighty-one (99%) circumferential 

resection margins were R0. 

There were three 30-day readmissions (4%), and five 30-day reoperations (6%).  Readmission 

indications included a patient with a wound infection, a patient with a high output stoma and a 

patient who presented four weeks after her operation with signs of small bowel obstruction; who 

subsequently did not require any surgery and settled with conservative management.    

Reoperation indications included: a patient with small bowel obstruction that required a 

laparoscopic adhesiolysis, a patient with small bowel obstruction at the ileostomy site whose 

ileostomy was reversed, a patient with post-operative intra-abdominal bleeding that was taken to 

theatre for laparoscopy two days post-operatively, a patient with an abscess that had a radiological 

drain inserted and a patient with a chyle leak which was discharging chyle from a pelvic drain.  

Initially the drains’ contents were diagnosed as being Fortisip® (nutrition drink) since the patient 

was taking oral fluids and therefore a peptic perforation was suspected.  The patient underwent a 

diagnostic laparoscopy and no viscus perforation was found, confirming a chyle leak.  
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Table 18. Peri-operative and post-operative outcomes of all cases 

 Total (n=82) 

Procedure: 

• Anterior resection  

• Abdominoperineal excision 

 
72 (88%) 
10 (12%) 

Conversion to open 0 

Mean operative time (SD)  288 (63) 
(n=59) 

Median reverse Trendelenburg time in 
minutes (IQR) 1 

30 (IQR 21-35) 

Median blood loss in ml (IQR) 20 (IQR 20-20) 

Median length of stay in days (IQR)  5 (IQR 4-8) 

30-day readmission 3 (4%) 

30-day reoperation 5 (6%) 

Anastomotic leak 0 

30-day mortality 0 

Lymph node yield 21 (16-30) 

R0 81 (99%) 
 

1First 20 patients only 

 

7.2.3.4 First ten cases of each surgeon (supervised) vs subsequent cases (solo) 

Since there were three surgeons participating in this study there were a total of 30 cases performed 

under the supervision of a single trainer (surgeon AP) using the standardised approach previously 

described [164, 166].  Following the completion of supervised training, a further fifty-two cases 

were performed independently by all three surgeons. 

The baseline characteristics and peri- and post-operative outcomes of these patients are presented 

in tables 19 and 20.  There were no differences in the baseline characteristics or short-term surgical 

outcomes between the two groups with the exception of operative time.  Mean operative time 

improved in the latter cases by 36 minutes (p=0.038).   

7.2.3.5 GAS form scores and GAS CUSUM charts 

The GAS form scores of the first five cases (cases 1-5) and latter five cases (6-10) of each surgeon 

are presented in table 21.  There was a significant improvement (p=0.000) in median scores in the 

latter five cases in all the components assessed in the GAS form.  Moreover, the median scores of 

cases 6-10 demonstrate that 10 supervised cases were sufficient for the surgeons to perform 

robotic rectal surgery independently.  

The GAS CUSUM charts of the robot docking and colonic dissection modules (1 & 2) are presented 

in figure 11 and those of the TME and resection and anastomosis modules (3 & 4) in figure 12.  
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Table 19. Baseline Characteristics of supervised vs independent cases 

 1st 10 cases for each surgeon / 
supervised (n=30)  

Independent cases 
(n=52) 

p value 

Sex 

• Male 

• Female 

 
17 (57%) 
13 (43%) 

 
34 (65%) 
18 (35%) 

 
.433c 

Median age (IQR)  70 (59-78) 69 (59-75) .665m 

Median BMI (IQR) 27 (24-29) 28 (25-30) .558m 

ASA grade 

• I 

• II 

• III 

 
3 (10%) 
19 (66%) 
7 (24%) 

 
3 (6%) 
41 (79%) 
8 (15%) 

 
.418c 

Neo adjuvant 
chemoradiotherapy 

6 (20%) 16 (31%) .289c 

T stage (MRI) 

• T1 

• T2 

• T3 

• T4 

 
6 (20%) 
4 (13%) 
18 (60%) 
2 (7%) 

 
3 (6%) 
14 (28%) 
27 (54%) 
6 (12%) 

 
.126c 

 

c: Chi square; m: Mann-Whitney U  

 

 

Table 20.  Peri-operative and post-operative outcomes of supervised vs independent cases 

 1st 10 cases for each surgeon 
/supervised (n=30)  

Independent cases 
(n=52) 

p value 

Procedure: 

• Anterior resection  

• Abdominoperineal 
excision 

 
27 (90%) 
3 (10%) 

 
45 (87%) 
7 (14%) 

 
.645c 

Conversion to open 0 0  

Mean operative time in 
minutes (SD)  

311 (55) (n=20) 275 (65) (n=39) .038t 

Median blood loss in ml 
(IQR) 

20 (20-20) 20 (20-20) .726m 

Median length of stay in 
days (IQR)  

5 (4-8) 5 (4-8) .942m 

30-day readmission 1 (3%) 2 (4%) 1.000f 

30-day reoperation 2 (7%) 3 (6%) 1.000f 

Anastomotic leak 0 0  

30-day mortality 0 0  

Lymph node yield 22 (17-31) 20 (15-30) .508m 

R0 30 (100%) 51 (98%) 1.000f 

 

c: Chi square; t: t test; m: Mann-Whitney U; f: Fishers exact test 
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Ten cases were enough to reach competence in all the components assessed in the GAS forms, as 

demonstrated by the plateauing or ascending of the CUSUM curves in all the CUSUM charts.  This 

was the case for all three surgeons participating in this study. 

 

Table 21. GAS form analysis of first and latter five cases (cases 1-5 vs 6-10) performed by the three 

participating surgeons 

 Median GAS 
form scores from 
first five cases of 
each trainee 
(n=15) 

Median GAS form 
scores from latter five 
cases of each trainee 
(n=15) 

p value 
(Mann-
Whitney U) 

ROBOT DOCKING    

Laparoscopic access 3 (3-4) 5 (5-6) .000 

Robot positioning 3 (2-4) 5 (5-6) .000 

Docking of robotic arms 3 (2-4) 5 (5-6) .000 

COLONIC DISSECTION    

Transection of vascular pedicle 3 (2-3) 5 (4-5) .000 

Mobilisation of colon 3 (2-3) 5 (4-5) .000 

Splenic flexure mobilisation 2 (2-3) 5 (4-5) .000 

TME    

Posterior plane and upper right 
and left lateral plane 

3 (2-3) 5 (5-5) .000 

Anterior plane 2 (2-3) 5 (4-5) .000 

Lateral dissection 2 (1-3) 5 (4-5) .000 

Low pelvic dissection 2 (2-2) 4 (4-5) .000 

Transection of rectum 3 (2-4) 5 (5-6) .000 

RESECTION AND ANASTOMOSIS    

Exteriorisation/ resection of 
specimen 

4 (3-5) 6 (5-6) .000 

Anastomosis 4 (3-5) 5 (5-6) .000 
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Figure 11. GAS CUSUM charts for modules 1 and 2.  On the right-hand side the GAS CUSUM curves 

of module 1 (robot docking) are shown and on the left hand-side those of module 2 (colonic 

dissection), with each trainee’s CUSUM curves presented in each corresponding chart.  In each chart 

the CUSUM curves of each individual components of each module are illustrated in a different 

colour. 



113 

 

Figure 12. GAS CUSUM charts for modules 3 and 4.  This figure is similar to that of figure 11, but 

for modules 3 (TME) and 4 (resection and anastomosis) instead. 
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7.2.4 Discussion 

Minimally invasive surgery has become the gold standard of care for elective colonic surgery.  

However, its role for rectal resection is still a matter of great interest and debate.  This is reflected 

in at least two recently published RCTs (ACOSOG [30] & ALaCaRT [31]) where the oncological 

equivalence of laparoscopic to open rectal surgery is debated.  This has led colorectal surgeons to 

seek alternative options of minimally invasive surgery for patients with rectal cancer.  Robotic rectal 

surgery is increasingly gaining acceptance amongst colorectal surgeons albeit in its early stages with 

a variety of techniques described in the literature [35, 38, 52, 54, 164, 167, 169, 172, 240]. 

In order to achieve acceptable clinical outcomes using any new technology, there are two 

components for success.  Firstly, competence in using the instruments and equipment available and 

secondly a structured training programme which ensures patient safety and good clinical outcomes.  

Modular approaches to surgery were first described and effectively used to teach endoscopic 

prostatectomy and coronary artery bypass grafting [244, 245].  This method was successfully 

applied at the national training programme for laparoscopic colorectal surgery in England (LAPCO) 

[158].  Furthermore, GAS tools, which were successfully applied in LAPCO, increase assessment 

objectivity and help give constructive feedback.  LAPCO was used successfully as a model for an 

assessment-based training programme, which was successfully applied in this study.   

The success of training colorectal surgeons in England within LAPCO is evident from the increasing 

uptake of laparoscopic colorectal surgery from 10 % to over 50 % since its implementation [5].  The 

long learning curve often associated with learning new technologies and techniques can be 

shortened using the concept of standardisation and the structured training programme.  Currently, 

structured training in robotic rectal surgery with a blind assessment process in the end is being used 

by EARCS to train surgeons in Europe.  The model includes initial system training, case observations, 

a two-day animal model and cadaveric course and supervised training for up to ten cases by the 

faculty.  The progress during the training is mapped by using GAS forms.  Clinical and pathological 

outcome data is collected.  Following the completion of the supervised training, two unedited 

videos performed by the trainees are blindly assessed by the faculty to judge competence.  To date 

blinded video assessment has been shown to be the most consistent and unbiased way to assess a 

surgeon’s competence [158].   

This study has demonstrated that good clinical outcomes for robotic rectal surgery can be achieved 

by such a structured, equitable and available training programme without compromising patient 

safety.   In addition, it is demonstrated that short-term surgical outcomes remain similar when the 

trained surgeons start performing independent cases following the initial ten supervised cases.  
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Finally, by analysing the GAS forms and the GAS CUSUM charts, it is demonstrated that 10 

proctoring cases are probably sufficient for the trainee surgeons to reach a competent level for 

performing robotic single-docking rectal surgery with the Xi and ITM.   

As far as we are aware this is the first study reporting the short-term surgical outcomes of colorectal 

surgeons taking part in a structured robotic rectal surgery training programme with the da Vinci 

Xi®.  Although the feasibility of robotic rectal surgery with the da Vinci Xi® has been confirmed in 

previous published studies [146–149], only one of which includes the use of the ITM [149], the 

sample sizes of these studies are relatively small.  This study presented here is the largest case 

series of robotic rectal surgery with the da Vinci Xi® and is unique in describing the implementation 

of a structured training programme for this approach.  

The training pathway for each trainee was mapped by the use of GAS forms which were filled in 

real time at the end of each case by the trainer.  This tool provided a robust timeline and progress 

map of the trainees during their training pathways.  Analysis of the GAS forms of the three surgeons 

participating in this study demonstrated clear progress in the scores from the first to the latter five 

cases and revealed that by the latter five cases the surgeons achieved median scores reflecting 

independent practice (see table 21).  Furthermore, the GAS CUSUM charts (see figures 11 & 12) 

exhibited a plateau by 10 cases for all the individual components of robotic rectal surgery for all 

three surgeons.  These findings suggest that as long as the formal training pathway for robotic rectal 

surgery is undertaken, 10 proctoring cases are probably sufficient for trainee surgeons to learn how 

to independently perform robotic rectal surgery with the da Vinci Xi®.  It is worth mentioning that 

the trainee surgeons in this study had considerable experience in laparoscopic rectal resections.  

One could argue that this eased their performance and shortened their learning curves in robotic 

surgery.  It would be interesting to see whether surgeons transitioning from open to robotic 

surgery, with limited prior laparoscopic surgery, would have similar learning curves in a robotic 

rectal surgery training programme. 

Examining the short-term surgical outcomes of all 82 cases, the results infer that by standardising 

the technique and applying a modular approach the single docking procedure with the da Vinci Xi® 

and ITM is reproducible, safe and feasible.  However, the operative time in this series could be 

considered relatively high and in fact it was higher than that in the da Vinci Si® series described by 

Ahmed et al [164], a study describing  100 consecutive cases performed by two surgeons, one of 

which is the trainer for this study.  This may be because the three surgeons in the presented study, 

as well as the theatre stuff, are still in the early phase of their respective learning curves.  In the 

literature operative time with the da Vinci Xi® ranges from 237 to 289 minutes [146–149], which is 

similar to the operative time reported in the presented case series.  Considering these are all early 
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studies including small sample sizes it is likely that operative time will decrease as surgeons and 

theatre staff further progress in their learning curves with the robotic systems.  This may be why 

the operative time in this study was shorter in the subsequent, independent cases.  It is worth 

noting that further studies where surgeons switched from the Si to the Xi system report an 

improvement in their operative time [152, 154]. 

The main strengths of this study are its larger sample size, its novelty in terms of describing the 

training pathway for robotic rectal surgery and the fact that data was collected from two centres in 

two countries.  The limitations of this study need to be acknowledged, which mainly lie in the 

retrospective nature of this study and the lack of reporting of any functional data.  Furthermore, 

although the number of supervised cases performed is equal between the participating surgeons 

(10 each), there is a variability in the number of independent cases performed by each surgeon 

after completion of their training.  This could add an element of observation bias when comparing 

the supervised with the unsupervised cases.   

In conclusion, all three trainee surgeons in this study were put through an assessment based 

structured training programme.  It allowed for consistently good outcomes with all three trainees 

having as a common denominator a single trainer using the same standardised training technique. 

This programme is currently run by EARCS across Europe. As the data for a greater number of 

surgeons becomes available it would be interesting to analyse and see if similar conclusions could 

be reached for a larger group of trainees.  
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7.3 Study 4.2 - Improving short-term clinical outcomes with advanced technologies: 

A comparative analysis between Robotic Si and Xi Systems of 240 rectal resections  

The final study presented in this thesis seeks to finalise this programme of research. 

7.3.1 Introduction 

Despite the increasing adoption of laparoscopic colonic surgery over the last 15 years laparoscopic 

rectal surgery uptake has been poor and concerns regarding specimen quality have been 

highlighted in the ACOSOG [30] and ALaCaRT [31] trials.  Robotic systems offer a contemporary 

method of operating which with their superiorly ergonomic, wristed instruments, tremor filtering 

and three-dimensional views address the limitations of laparoscopic surgery when operating in 

confined spaces such as the pelvis [33].  The growing interest in robotic rectal surgery over the last 

few years is evident from the increasing number of research publications on the subject [36, 190].  

However, the worldwide adoption of robotic systems has been arguably slowed down by certain 

technical limitations associated with the previous models (da Vinci S & Si) [166].  These included 

prolonged docking times, arm clashing and difficulties in performing multi-quadrant surgery [152]. 

After taking into consideration feedback given from surgeons from different surgical specialties, 

Intuitive Surgical® introduced the da Vinci Xi® in 2014.  This model included several technological 

advances designed to overcome the limitations of its predecessors.  However, whether this 

improved version offers superior short-term surgical outcomes is understudied.  

For the study reported here, the team of surgeons have been performing robotic rectal surgery 

since May 2013, starting with the da Vinci Si® and then with the da Vinci Xi® and integrated table 

motion (ITM) since November 2015.  The senior surgeon (AP) performing the robotic cases in 

Portsmouth, supervised the adoption of robotic rectal surgery at the units in Poole and Lisbon.  This 

study describes the surgical teams experience of robotic rectal cancer surgery with the two systems 

over the last 5 years by analysing the short-term outcomes of 240 consecutive cases.  In addition, 

it compares the short-term surgical outcomes of the da Vinci Xi® rectal cancer resections with the 

resections performed with the da Vinci Si® in order to investigate whether the technological 

advances offered by the Xi system are translated to superior surgical outcomes.  To date, and as far 

as we are aware, this study represents the largest robotic rectal surgery series in Europe and the 

largest study comparing the outcomes of the patients receiving robotic rectal cancer surgery with 

the two platforms.  
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7.3.2 Methods 

Consecutive cases from three centres, two from the UK (Portsmouth, Poole) and one from Portugal 

(Lisbon), who received robotic rectal cancer resection surgery between May 2013 and May 2018 

were identified from prospectively collated databases.  The inclusion criteria were all elective 

patients deemed fit for minimally invasive surgery receiving robotic rectal surgery for 

adenocarcinoma of the rectum.  Benign cases and colonic cancer patients were excluded.  The 

collective short-term outcomes of all robotic rectal cancer cases are analysed.  Following this, the 

robotic cases performed with the da Vinci Xi vs da Vinci Si systems were examined. 

All patients operated in the first unit (Portsmouth) received surgery with the da Vinci Si®.  Patients 

operated in the remaining two units (Poole and Lisbon) received surgery with the da Vinci Xi® and 

ITM.  No specific criteria were used to allocate patients to robotic surgery in each unit.  Applied 

surgical modality was based on equipment and theatre availability, with the robotic approach being 

preferred following the adoption of robotic surgery in each unit. 

Patients included in the study had surgery performed by five colorectal surgeons.  The surgeon from 

one of the centres (surgeon AP) represented the senior surgeon who trained the remaining three 

surgeons under a supervised training programme.  As a result, all surgeons used the same 

standardised modular approach.       

Study population, surgical technique, peri-operative care and pre-operative workup were as 

described in the methods chapter of this thesis, sections 3.2, 3.3 and 3.4. 

7.3.2.2 Data collection and outcome assessment 

All data was collected from prospectively collated databases with the baseline characteristics and 

short-term surgical outcomes of all elective patients receiving robotic rectal cancer surgery being 

collected and analysed.  Baseline characteristics analysed included age, BMI, gender, ASA grade, 

neoadjuvant radiotherapy, operation performed and pathological T stage.  Peri-operative data 

included operative time, estimated blood loss and conversion to open (defined as any incision 

needed to either mobilise the colon or rectum or ligate the vessels).  Post-operative clinical data 

examined included length of stay, 30-day readmission, 30-day reoperation, 30-day mortality and 

clinical anastomotic leak.  Pathological data examined included lymph node yield and CRM 

clearance.  Unfortunately, operative time was not recorded in the Portuguese centre. 

7.3.2.3 Statistical analysis 

Data was analysed using IBM SPSS version 24 (SPSS Inc., Chicago, IL, USA).  Non-parametric data 

was expressed as median with interquartile range and parametric data as mean with standard 
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deviation.  Baseline characteristics and surgical outcomes were compared using χ2 test or Fishers 

exact test (applied instead of χ2 if any one observed variable was <5) for categorical variables, Mann-

Whitney U test for non-parametric continuous variables and t test for parametric continuous 

variables.  P values of <0.05 were considered statistically significant [198].   

Univariate binary logistic regression analysis was performed on all patients receiving elective 

robotic rectal cancer surgery to assess whether robotic platform (Si or Xi) affected CRM clearance.  

Following this, a multivariate model was applied were platform used was adjusted for all clinically 

relevant variables (age, gender, BMI, ASA grade, p T stage, neoadjuvant radiotherapy).    For the 

purpose of binary logistic regression missing values were replaced with the series mean (10 for ASA, 

3 for T stage, 12 for BMI). 

7.3.3 Results 

A total of 240 patients received robotic rectal cancer surgery (124 Si, 116 Xi).  Baseline 

characteristics and short-term surgical outcomes are summarised in tables 22 and 23.  The majority 

of the cases were male (66.7%), ASA grade 2 (77%) and received anterior resections (86.7%).  Sixty-

six (27.5%) patients received neoadjuvant radiotherapy.  Median operative time was 260 minutes 

and median length of inpatient stay was 6 days.  There were no conversions to open, or 30-day 

mortality. Four clinical anastomotic leaks were documented and R0 clearance rate was 96%.   

7.3.3.2 Si vs Xi system data analysis  

There was a total of 124 and 116 rectal resections performed with the da Vinci Si and Xi systems 

respectively. 

7.3.3.2.1 Baseline characteristics   

There were no differences in any of the baseline characteristics between the two cohorts as 

demonstrated in Table 24.   

7.3.3.2.2 Peri-operative outcomes 

The peri-operative outcomes of the two groups are summarised in table 25.  Median operation time 

was greater in the da Vinci Xi® group (230 vs 300 min, p=0.000).  Estimated blood loss was higher 

in the da Vinci Xi® group (10 vs 20 ml, p=0.000).  There were no conversions to open in either cohort. 

7.3.3.2.3 Post-operative outcomes 

Length of stay was shorter in the da Vinci Xi® group (7 vs 5 days, p=0.010).  There was no difference 

in any of the remaining clinical outcomes between the two groups (30-day readmission, 

reoperation, mortality and anastomotic leak).  In terms of pathological outcomes, lymph node yield 
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(17 vs 21, p=0.000) and R0 clearance rate (92.7% vs 99.1%, p=0.024) were higher in the Xi cohort. 

Table 26 summarises the post-operative outcomes. 

 

Table 22. Baseline characteristics of robotic rectal cancer resections 

 Robotic rectal cancer 
resections (n=240) 

Median age (IQR) 68.9 (60-75) 

Median BMI (IQR) 27 (24-30) 

System 

• Si 

• Xi 

 
124 (51.7%) 
116 (48.3%) 

Centre 

• Portsmouth (Si) 

• Poole (Xi) 

• Lisbon (Xi) 

 
124 (51.7%) 
80 (33.3%) 
36 (15%) 

Gender 

• male 

• female 

 
160 (66.7%) 
80 (33.3%) 

ASA grade 

• I 

• II 

• III 

• IV 

 
17 (7.4%) 
177 (77%) 
35 (15.2%) 
1 (0.4%) 

Procedure 

• Anterior resection 

• APER 

• Hartman’s 

• panproctocolectomy 

 
208 (86.7%) 
29 (12.1%) 
2 (0.8%) 
1 (0.4%) 

Neoadjuvant radiotherapy 66 (27.5%) 

p T stage 

• 0 

• 1 

• 2 

• 3 

• 4 

 
12 (5.1%) 
29 (12.2%) 
77 (32.5%) 
104 (43.9%) 
15 (6.3%) 
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Table 23. Short-term outcomes of robotic rectal cancer resections 

 Robotic rectal cancer 
resections (n=240) 

Median operative time in minutes (IQR) 260 (210-310) 

Median estimated blood loss in ml (IQR) 20 (10-20) 

Conversion to open  0 

Median length of stay in days (IQR) 6 (4-8) 

30-day readmission 19 (7.9%) 

30-day reoperation 12 (5%) 

30-day mortality 0 

Clinical anastomotic leak 4 (1.9%) 

Median lymph node yield (IQR) 18.5 (14-25) 

R0 clearance 230 (95.8%) 

 

 

Table 24.  Baseline characteristics of Si vs Xi system cases  

 Si (n=124) Xi (n=116) p value 

Median age (IQR) 68 (62-75.5) 69 (60-76.75) 0.115m 

Median BMI (IQR) 27 (24-30) 27.75 (24-30.95) 0.221m 

Gender 

• male 

• female 

 
86 (69.4%) 
38 (30.6%) 

 
74 (63.8%) 
42 (36.2%) 

 
0.361c 

ASA grade 

• I 

• II 

• III 

• IV 

 
10 (8.5%) 
93 (78.8%) 
15 (12.7%) 
0 

 
7 (6.3%) 
84 (75%) 
20 (17.9%) 
1 (0.9%) 

 
0.467c 

Procedure 

• Anterior resection 

• APER 

• Hartman’s 

• panproctocolectomy 

 
109 (87.9%) 
12 (9.7%) 
2 (1.6%) 
1 (0.8%) 

 
99 (85.3%) 
17 (14.7%) 
0 
0 

 
0.253c 

Neoadjuvant radiotherapy 30 (24.2%) 36 (31%) 0.236c 

p T stage 

• 0 

• 1 

• 2 

• 3 

• 4 

 
5 (4%) 
18 (14.5%) 
45 (36.3%) 
51 (41.1%) 
5 (4%) 

 
7 (6.2%) 
11 (9.7%) 
32 (28.3%) 
53 (46.9%) 
10 (8.8%) 

 
0.246c 

 

m: Mann-Whitney U; c: Chi square 
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Table 25. Peri-operative outcomes of Si vs Xi system cases 

 Si (n=124) Xi (n=116) p value 

Median operative time in 
minutes (IQR) 

230 (203.5-300) 300 (240-330) 0.000m 

Median estimated blood loss 
in ml (IQR) 

10 (0-20) 20 (20-20) 0.000m 

Conversion to open  0 0  

 

m: Mann-Whitney U 

 

 

Table 26. Post-operative clinical and pathological outcomes of Si vs Xi system cases 

 Si (n=124) Xi (n=116) p 
value 

Median length of stay in days 
(IQR) 

7 (5-12) 5 (3-8) 0.010m 

30-day readmission 10 (8.1%) 9 (7.8%) 0.930c 

30-day reoperation 4 (3.2%) 8 (6.9%) 0.242f 

30-day mortality 0 0  

Anastomotic leak 4 (3.6%) 0 0.123f 

Median lymph node yield 
(IQR) 

17 (13-23) 21 (16.25-27) 0.000m 

R0 clearance 115 (92.7%) 115 (99.1%) 0.020f 

 

m: Mann-Whitney U; f: Fishers exact test 

 

 

7.3.3.2.4 Logistic regression analysis for CRM clearance 

Univariate logistic regression analysis infers that robotic platforms have an impact on CRM, with 

the Xi system associated with a lower risk of achieving a R1 resection (OR: 0.111 [95% CI: 0.014-

0.891], p=0.039).  This was still the case in multivariate analysis (OR: 0.092 [95% CI: 0.011-0.764], 

p=0.027) when other clinically relevant factors were adjusted for (age, gender, BMI, neoadjuvant 

radiotherapy, ASA grade, T stage), as demonstrated in table 27.  
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Table 27. Univariate and multivariate logistic regression for CRM of robotic rectal cancer 

resections (n=240). OR represents the odds ratio of performing a R1 resection. 

  Univariate  Multivariate 

 OR 95% CI 
lower 

95% CI 
upper 

p 
value 

OR 95% CI 
lower 

95% CI 
upper 

p 
value 

Platform  
(Xi vs Si) 

.111 .014 .891 .039 .092 .011 .764 .027 

age 1.030 .966 1.099 .362 1.020 .944 1.102 .613 

Gender (male 
vs female) 

.484 .136 1.723 .263 .436 .116 1.636 .219 

BMI .952 .809 1.121 .556 .947 .792 1.132 .550 

Neoadjuvant 
RT 

1.806 .493 6.617 .372 2.056 .525 8.048 .301 

ASA grade 
 (I-II vs III) 

.694 .141 3.408 .653 .719 .118 4.373 .720 

p T stage  
(T0-2 vs T3-4) 

.407 .103 1.612 .200 .339 .081 1.423 .140 

 

OR: odds ratio; CI: confidence interval 

 

7.3.4 Discussion 

Laparoscopy has revolutionised colonic surgery but its adoption has been much less successful for 

rectal cancer surgery.  Since the advent of robotic systems their use has become increasingly 

popular for rectal cancer surgery.  In the United states laparoscopic rectal resection has plateaued 

at 19%, only increasing by 2% from 2009 to 2014 [155].  During the same period, robotic rectal 

resections have increased from 1% to 13% [155].  This could be attributed to the inherent 

limitations of laparoscopic instruments when operating in narrow spaces such as the pelvis, which 

were highlighted in two large multi-centre RCTs (ACOSOG Z6051 [30] & ALaCaRT [31]) comparing 

laparoscopic to open rectal resections.  In both studies the oncological equivalence of laparoscopic 

to open rectal surgery is debated, raising suspicion regarding the safety of laparoscopic rectal 

surgery.  Robotic systems were designed to address these limitations and may provide the solution 

to minimally invasive surgery for rectal cancer resections. 

In this study the data of 240 robotic rectal cancer cases over a period of 5 years is presented.  By 

applying a standardised, modular approach to surgery, fully robotic single docking robotic surgery 

was performed with good short-term surgical outcomes.  The absence of any conversions 

(conversion rate was 11.3% and 9% in the ACOSOG Z6051 [30] & ALaCaRT [31] trials respectively) 

and relatively low number of clinical anastomotic leaks, 30-day readmissions and reoperations is 

testimony to the successful implementation of the robotic rectal surgery programme in the three 

units participating in this study.  In addition, the R0 resection rate was 96%, in contrast to 88% and 
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93% in the ACOSOG Z6051 [30] & ALaCaRT [31] trials.  This data shows that robotic rectal surgery is 

safe and could be used as an alternative to laparoscopic rectal surgery.   

To date there have been multiple studies comparing the short-term outcomes of laparoscopic vs 

robotic rectal studies with contradictory results. The majority of the evidence consists of small scale 

retrospective comparative studies but more recently the results of the ROLARR trial were published, 

a multi-centre RCT comparing robotic and laparoscopic rectal resection which found no difference 

in the short-term outcomes of the two arms [65].  However, this trial was performed when robotic 

rectal surgery was in its infancy and the da Vinci Xi® was unlikely to be used in any of the trial’s 

centres considering recruitment ended in September 2014.  Furthermore, the robotic surgery 

experience of the surgeons participating in this trial is questionable with a mean of only 8.2 robotic 

cases per centre, which over a recruitment period of 3.5-years is considerably low [246].  In the 

ROLARR trial conversion rate was 12.2% for the laparoscopic and 8.1% for the robotic cohorts 

(p=0.16), which is considerably higher than the conversion rate observed in the presented study 

and may be explained in part, by the limitations in the ROLARR study discussed above.   

Despite the increasing adoption of robotic rectal cancer surgery, the da Vinci Si® system presented 

several technical limitations that were recognised by surgeons performing robotic rectal resections.  

These mainly entailed a difficult and complex docking process, repeated arm clashing and 

difficulties in performing multi-quadrant surgery.  The issue of multi-quadrant surgery with the da 

Vinci Si® has been addressed by colorectal surgeons by a variety of methods, leading to multiple 

robotic rectal resection techniques, such as the hybrid approach and dual docking approach.  In 

Portsmouth single docking fully robotic surgery with the da Vinci Si® was performed but this 

required changing the port configuration and flipping the robotic arms between the stages of 

abdominal and pelvic dissection [164].  The da Vinci Xi® has a redesigned patient cart with new 

overhead instrument arm architecture coupled with a laser target system making docking much 

easier, quicker and enabling multi-quadrant surgery without having to reposition the patient cart 

or change the port configuration.  Furthermore, the da Vinci Xi® comes with thinner longer arms 

equipped with newly designed joints that offer a greater range of freedom of motion therefore 

reducing arm clashing.  The ITM allows for the table to be moved while the patient cart is docked, 

facilitating robust splenic flexure mobilisation since the patient can be moved from the head down 

to the head up position without undocking the robot, displacing the transverse colon downwards 

and therefore assisting in separating the omentum from the transverse colon.   

Another major contribution has been the introduction of the robotic stapler for intracorporal 

division of the rectal tube following resection. The versatile design of this equipment with fully 

wristed manipulations performed from the surgeon console greatly facilitates low rectal tube 
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division and improves sphincter preservation rates.  These technological advances have made the 

da Vinci Xi® an even more attractive tool for robotic rectal surgery, facilitating robotic splenic 

flexure mobilisation and the single docking fully robotic approach.  This has led to two studies 

comparing the da Vinci Si and Xi systems by assessing the number of splenic flexure mobilisations 

and fully robotic single-docking approaches performed with each system [152, 155].  Both studies 

concluded that there were more splenic flexure mobilisations performed in the da Vinci Xi® cohort’s 

and Morelli et al [152] also reported a higher number of fully robotic procedures (100% vs 23%) for 

the Xi system. 

Using splenic flexure mobilisations and fully-robotic procedures as reported outcomes and markers 

of success present a significant limitation.  Procedures may have been performed with the hybrid-

approach or splenic flexures not mobilised for reasons other than the platform deployed, such as 

training purposes, clinical need or surgeon choice.  It would be of greater value to know the 

conversion rates to a hybrid approach in procedures intended to be completed by a fully robotic 

approach or the rate of unsuccessful but attempted splenic flexure mobilisations, which would 

provide a better evaluation of limitations of the robotic system.  In the presented study’s cohort, 

the fully-robotic approach was applied for all cases and splenic flexure mobilisation was completed 

routinely in all resections requiring a colorectal or coloanal anastomosis.   

In comparing the short-term surgical outcomes of the da Vinci Si and Xi it was observed that 

operative time and estimated blood loss was higher for the Xi group (see table 25) but length of 

stay, lymph node yield and CRM favoured the Xi group (see table 26).  The increased operative time 

is in direct contrast to what one would expect when considering the technological advances of the 

Xi system.  The observed difference in operative time could be attributed to the fact that the Xi 

cases include twenty training cases with the remaining (n=60) performed by surgeons in the early 

stages of their robotic surgery experience or simply due to differences in the surgeons’ pace of 

operating.  Previous studies indicate there has been a steady improvement in operative time in Xi 

series as time progresses and further research may indicate that operative time will continue to 

improve with the Xi system.  In addition, two published reports demonstrated reduced operative 

times when their units switched from the Si to the Xi systems [152, 154].  Although this could be 

partly attributed to the increasing robotic surgery expertise of the centres it is reasonable to say 

that the technological improvements in the da Vinci Xi® provides a platform to reduce the operative 

time of rectal cancer resections.  Considering there is great variability in operating pace between 

different surgeons, a direct comparison of the same surgeons performing an equal number of cases 

with both robotic platforms (Si and Xi) would better investigate whether there is a true difference 

in operating time between the two platforms. 
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Considering estimated blood loss, the observed difference between the two systems is of no clinical 

significance (10 vs 20 ml) and is more likely to be attributed to the way estimated blood loss is 

measured in each unit rather than any real difference.  However, it is worth noting is that estimated 

blood loss was minimal in both systems, which is in agreement with other published reports that 

demonstrate an improved blood loss in robotic vs laparoscopic rectal cancer surgery [25, 26, 36].   

Median length of stay was shorter in the da Vinci Xi® cohort with results inferring that a reduction 

in length of stay could be attributed to a reduction in post-operative morbidity.  This is supported 

by two recent studies published by the Cleveland clinic group who reported that length of stay, 

readmission rate and mortality effectively predict complications [219, 220].  Considering there were 

no differences in readmission and mortality rates, the lower length of stay observed in the da Vinci 

Xi® arm could be attributed to a lower post-operative morbidity profile.  However, differences in 

the enhanced recovery protocols between the units of this study are likely to influence the 

observed differences in length of stay.  Examining the relevant published literature, from the three 

studies comparing the surgical outcomes of da Vinci Si and Xi rectal resections [152, 154, 155], one 

study demonstrated a shorter length of stay in the Si group (5.1 vs 6.2 days; p=0.001) [154], one 

study reported a shorter length of stay in the Xi group (although this did not reach statistical 

significance: 8 vs 6.5 days; p=0.077) [152], and one study found no difference at all (5.7 vs 6.0 days) 

[155]. 

Lymph node yield and R0 clearance were higher in the Xi group (see table 26).  A higher lymph node 

yield was also found in the Xi group in the study reported by Ozben et al [154], although this was 

not the case in multivariate analysis.  Anastomotic leak, 30-day readmission, reoperation and 

mortality rates did not differ between the two groups.  As discussed by Morelli et al [152], this 

might be because the limitations of the Si system mainly involve the docking process and multi-

quadrant surgery.  Considering there are no significant changes in the instruments or visual field, 

the precision offered during local dissection is similar and therefore no major change in short-term 

outcomes is expected.  However, it could be argued that the new console was designed to minimise 

arm clashing, which apart from being cumbersome, could potentially hinder the precise dissection 

of the mesorectum when operating in the deep pelvis.  This could in theory explain the observed 

difference in R0 resection rates between the two groups, which is confirmed in univariate and 

multivariate regression analysis in this study population. 

The advances in the Xi system have undoubtedly made single-docking fully robotic rectal surgery 

more attainable and are likely to obliterate the need for hybrid or dual docking procedures.  

Colorectal surgeons report finding the da Vinci Xi® to be a more forgiving, user-friendly console that 
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is easier to learn when compared to the Si.  However, whether this translates to improved short-

term outcomes is yet to be established.   

The main strengths of this study are that data was collected form three centres from two countries 

and is contemporary data, rather than data collected as part of a trial that inevitably includes an 

element of performance bias in surgical trials [63, 64].  Further strengths are that this study, as far 

as is known, is the largest of its kind and includes the largest European case series of single docking 

fully robotic rectal cancer resections. 

Limitations include the retrospective nature of the study and the fact that minor post-operative 

complications were not recorded (Clavien-Dindo 1-2).  This is because minor complication data is 

harder to accurately record and can be easily missed.  Although it is acknowledged this might 

introduce observational bias, it is demonstrated from previous studies that readmission rate, length 

of stay and mortality can predict surgical morbidity, without the need to collect data for all 

complications [219, 220].  Considering further limitations, the surgeons operating with the Si 

system had a significantly larger minimally invasive colorectal surgery experience and therefore 

data presented is likely to be affected by the learning curves of the surgeons participating in this 

study.  Finally, differences in the chronological order of the collected data between the two groups 

(May 2013 to February 2016 for the Si system vs November 2015 to May 2018 for the Xi system) 

presents significant observational bias in this study and differences in outcomes could be 

confounded by advances in peri-operative management. 

In conclusion, single docking fully robotic rectal cancer surgery is safe and effective and can lead to 

good short-term surgical outcomes, making it a good alternative option to laparoscopic rectal 

cancer surgery.  The new system’s technological advances facilitate better intraoperative control of 

operative fields, which in turn may result in better short-term outcomes, but further larger scale 

observational studies are required if we are to reach such a conclusion.   
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7.4 Chapter Summary 

This chapter examines the feasibility and effectiveness of a structured training pathway for robotic 

rectal surgery, compares the short-term outcomes of robotic rectal surgery with the da Vinci Xi vs 

Si systems and presents the overall short-term outcomes of a large series of robotic rectal surgery.  

Study 4.1 describes the implementation of a robotic rectal surgery training programme with the da 

Vinci Xi® and demonstrates its safety and feasibility by presenting the short-term surgical outcomes 

of the cases performed.  Furthermore, the programme’s effectiveness is demonstrated since a) the 

short-term surgical outcomes remain similar when the trained surgeons start performing 

independent cases following the initial ten supervised cases and b) GAS form and GAS CUSUM chart 

analysis demonstrates that 10 proctoring cases are probably sufficient for the trainee surgeons to 

be able to operate competently and independently.  

Study 4.2 analyses the data of 240 robotic rectal resections and by presenting the largest European 

robotic rectal surgery series to date adds to the current body of evidence demonstrating the safety 

and feasibility of this mode of surgery.  In addition, by comparing the surgical outcomes of the da 

Vinci Si and Xi it shows that the newer systems technological advances might help further improve 

surgical outcomes.  
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Chapter 8 - Thesis discussion 

 

In this chapter an overall discussion of the research performed as part of this thesis is given.   

Considering all seven studies described in chapters 4 to 7 have their own individual discussion, the 

aim of chapter 8 is to draw together this programme of research, illustrate key findings that add to 

known knowledge and provide an overall summary of the key discussion points of the research 

performed.   

8.1 Thesis aims 

The aim of this thesis was to explore gaps in the literature regarding the use of robotic surgical 

systems for rectal surgery.  In particular, this programme of research began by trying to address the 

decisive question the healthcare providers, investors and clinicians have regarding robotic rectal 

surgery: ‘Should we invest in this new technology’? [247, 248].  For a new technology to become 

widely accepted and its funding to be approved certain questions need to be addressed.  First of 

all, we need to know whether this new technology offers any benefits to its patients over the 

current standard practice.  Hospital trusts will only be willing to invest in robotic surgery if it can 

help improve patient outcomes.  This will indirectly save money to public funded trusts by reducing 

the expenditure associated with poorer clinical outcomes and will increase the commercial value 

of privately funded trusts by offering means of operating that incur direct benefits to its patients.  

Chapters 4 and 5 explore whether the technical advantages of robotic rectal surgery can offer any 

clinical advantages over the current gold standard, laparoscopic rectal surgery.   

Once this question is addressed, hospital trusts will want to know how easy it is for surgeons to 

learn how to use this new technology.  This is because colorectal surgeons might feel hesitant to 

start learning how to perform robotic rectal surgery if the learning process is too long and expert 

laparoscopic surgeons might be reluctant to start with robotic TMEs if they fear that they may have 

to repeat the learning process from the beginning.  Buying a robotic system that is not utilised 

would provide a bad investment so hospital trusts and surgeons will want to know: ‘How easy is it 

to learn robotic rectal surgery?’ ‘Does previous laparoscopic experience count for anything?’ and 

‘How will surgeons be trained?’  Therefore, it is essential to examine the learning curve of robotic 

rectal surgery and the effect of previous laparoscopic surgery experience on it, as conducted in 

chapter 6 of this thesis.  Furthermore, to initiate a robotic rectal surgery programme a structured 

training pathway that puts patient safety at its foremost is required.  This will ensure that the 
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surgeons are adequately trained on how to safely perform robotic rectal surgery while not 

compromising on patient outcomes during the learning process.  Such a programme is described in 

chapter 7, study 4.1.  

With the emergence of the latest robotic platform, the da Vinci Xi®, it is important to investigate 

the feasibility and safety of this latest technology as well whether the increased capital investment 

required to acquire this system is justified.  In order to answer this question, there is a need to 

investigate whether the technological advances of the latest robotic system can lead to improved 

surgical outcomes.  These points are addressed in chapter 7, study 4.2. 

In summary, chapters 4 and 5 are asking the question: ‘Is robotic rectal surgery worth it?’ a question 

multiple studies have tried to answer [247, 248].  Chapter 6 addresses the questions around the 

learning curve of robotic rectal surgery while Chapter 7 examines the feasibility, safety and 

effectiveness of a structured training programme for robotic rectal surgery (study 4.1) and 

investigates whether the technological advances of the da Vinci Xi® can lead to improved clinical 

outcomes (study 4.2). 

8.2 Summary of key findings  

The overall conclusion of this thesis’s research is that robotic rectal surgery is a mode of surgery 

that in the hands of experienced minimally invasive colorectal surgeons may incur clinical benefits 

to its patients and might be easier to learn than laparoscopic surgery with previous laparoscopic 

surgery training shortening the learning process.  In addition, with the application of a structured 

training programme robotic rectal surgery can be taught safely and effectively in a timely manner 

and the da Vinci Xi® offers certain technological advances that might help further improve patient 

outcomes.   

Chapter 4 focuses on the urological and sexual functional outcomes of patients receiving robotic 

rectal surgery.  The conclusions of the literature review form the basis of the UROLE trial (study 1).  

This trial, which is in the process of entering the recruitment phase, aims to provide level 1 evidence 

[249] and establish the urogenital benefits offered by robotic rectal surgery. 

The studies of chapter 5 demonstrate that robotic rectal surgery could potentially lead to improved 

post-operative clinical outcomes compared to laparoscopy when applied in patients that are 

considered technically challenging.  In particular, study 2.1 revealed that robotic rectal cancer 

surgery might be associated with a reduction in blood loss and operative time, as well as a higher 

sphincter preservation rate, lower conversion rate and shorter hospital length of stay in ‘high-risk’ 

patients.  The results from study 2.2 suggest that robotic rectal surgery in the obese could help 
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reduce hospital length of stay as well as 30-day readmission rate, suggesting a quicker post-

operative recovery and improved morbidity profile when compared to laparoscopy. 

The research presented in chapter 6 suggests that experienced laparoscopic colorectal surgeons 

may undergo a short learning process when changing from laparoscopic to robotic rectal surgery 

and skills attained during laparoscopic TME surgery are transferable to robotic surgery.  Therefore, 

the number of robotic TMEs required to perform in order to reach an equivalent performance level 

to that of laparoscopic TME might be limited for experienced laparoscopic colorectal surgeons. 

Chapter 7 reports the studies specific to the da Vinci Xi®.  Study 4.1 describes a structured training 

programme for robotic rectal resection surgery with the da Vinci Xi® and demonstrates that good 

clinical outcomes for robotic rectal surgery can be achieved by such a programme without 

compromising patient safety.  In addition, it demonstrates that short-term surgical outcomes 

remain similar after the completion of the training programme when surgeons start performing 

rectal resections independently.  Finally, GAS form analysis reveals that 10 cases are probably 

sufficient for the trainee surgeons to reach a competent level for performing robotic single-docking 

rectal surgery with the Xi and ITM.  Study 4.2 analyses the clinical outcomes of the two robotic 

systems (Xi vs Si) and concludes that the Xi system with ITM might lead to improved clinical and 

oncological short-term outcomes such as length of stay, lymph node yield and R0 clearance.  In 

addition, study 4.2 also presents the clinical outcomes of 240 robotic rectal cancer resections and 

reaches the conclusion that single docking fully robotic rectal cancer surgery is safe and effective 

and can lead to good short-term surgical outcomes, making it a good alternative option to 

laparoscopic rectal cancer surgery. 

The conclusions of the presented research suggest that robotic rectal surgery might present several 

clinical benefits, is relatively easy to learn for experienced laparoscopic colorectal surgeons and can 

be safely and effectively taught through a structured training programme.  In addition, the da Vinci 

Xi® might help further improve patient outcomes.  Therefore, acknowledging the researches 

limitations, this thesis concludes that robotic rectal surgery may be worth the involved investment 

when taught under a structured training scheme. 

8.3 Limitations and strengths of this programme of research 

The limitations of this programme of research and the studies within are mainly secondary to the 

retrospective nature of the featured studies.  With the exception of the UROLE trial, the studies of 

this thesis are retrospective and non-randomised in nature.  Even though retrospective studies 

confer certain advantages, they are open to selection and observation bias [250, 251].  Case 

selection and data interpretation might be influenced by confounding factors that are not 
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accounted for and data collection influenced by the studies goals.  However, although 

retrospective, data for all studies was collected from prospectively maintained databases 

minimising observation bias, and all consecutive patients were included to minimise selection bias.   

Retrospective studies follow up is often limited and data that could be relevant to the study’s 

conclusions is often absent [250, 251] .  Such examples are the lack of follow up in terms of 

functional outcomes and the lack of reporting of minor post-operative complications (Clavien-

Dindo 1-2) when reporting surgical morbidity in the included retrospective studies.  In the studies 

presented, morbidity was assessed by analyzing parameters such as length of stay, readmission, 

reoperation, mortality and anastomotic leak rates.  Even though minor complications were not 

recorded, it is accepted as demonstrated from previous studies that readmission rate, length of 

stay and mortality can predict surgical morbidity, without the need to collect data for all 

complications [219, 220].  However, it is recognizable that complications may arise that have 

significant consequences on the patient’s quality of life without necessary leading to a prolonged 

hospital stay or increased readmission rate. 

Due to their retrospective nature the presented studies lack power calculations and therefore their 

conclusions are subject to type 2 error.  As a result, it needs to be considered that whenever no 

statistical difference is identified in any particular outcome measured between the experimental 

and control arm, a true outcome difference might have been demonstrated if a larger sample size 

was present.  However, it should be noted that most of the studies of this thesis include larger 

sample sizes compared to those of the previously reported research, reducing the chance of a type 

2 error compared to the previously published literature. 

Another limitation is that in most of the reported research the laparoscopic procedures pre-dated 

the robotic cases and this could introduce an element of bias, which however is unavoidable.  

Similarly, there are chronological order differences in data collection when comparing the da Vinci 

Si and Xi resections in study 4.2.  As a result, outcome differences reported could be confounded 

by other factors such as overall surgical experience or advancements in peri-operative care 

throughout time.  However, considering the extensive laparoscopic experience of the participating 

surgeons and the fact that post-operative care was standardised these factors are unlikely to play 

a major role. 

The main strengths of the reported studies of this thesis are that data is contemporary, rather than 

data collected as part of a study that possibly includes an element of performance bias in surgical 

trials [63, 64].  This is because surgeons, and often patients, cannot be blinded and it is difficult to 
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account for the learning curve of investigated new methods and the inherit variability of both 

surgeon skill and surgical practice. 

Despite their limitations, retrospective studies are cheap and quick to execute [63, 64, 250, 251].  

This allows for important conclusions to be reached that can appropriately guide future research 

without spending a huge amount of money, time and effort.  An example is how  the retrospective 

study published on urogenital function [69] (appendix 3) formed the basis for the UROLE trial.   

The presented studies included large sample sizes when compared to that of previously published 

reports, adding a significant contribution to the current evidence base.   Moreover, it is worth noting 

that with the exception of studies 2.1 and 3, data was collected from multiple centres from different 

countries, increasing the external validity of the reported research.  Finally, it is important to 

mention that the participating surgeons largely received their minimally invasive training from the 

same trainer, who was also one of the participating surgeons.  As a consequence, the participating 

surgeons applied the same standardised operative technique and peri-operative care pathway in 

all of their patients, reducing surgical variability and therefore observation bias in the research of 

this thesis. 

8.4 Contribution to the subject area 

Affording its limitations, the findings of this programme of research show that robotic rectal surgery 

may be a venture worth undertaking for hospital trusts and clinicians looking for a contemporary 

method of performing rectal resection surgery.  Not only does robotic rectal surgery offer certain 

clinical advantages over laparoscopic surgery, but it is probably easier to learn than laparoscopy 

and the learning curve is lower for those with previous laparoscopic colorectal surgery experience.  

In addition, robotic rectal surgery can be safely and effectively taught through a structured training 

pathway.   

Considering the limitations of laparoscopic surgery for rectal resections, these findings make a 

significant contribution for those wishing to consider robotic surgery as an alternative method of 

operating.  The evidence provided in this thesis is especially important when considering the 

published results of the ROLARR trial [65].  The ROLARR trial is the largest RCT to date investigating 

the short-term outcomes of robotic vs laparoscopic rectal surgery.  It demonstrated no difference 

in the surgical outcomes examined between the two arms and concluded that robotic rectal surgery 

does not confer an advantage in rectal cancer resection while being more expensive.  As a result, 

the ROLARR trial is often quoted as a reason not to implement robotic rectal surgery by clinicians 

and trusts reluctant to adopt its practice.  Despite being an RCT and therefore by definition 

providing level 1 evidence [249], the ROLARR trial possesses several limitations that need to be 
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considered.  First of all, the trial was conducted at the early stages of robotic rectal surgery where 

a great number of the resections were performed with the hybrid approach and therefore not 

taking full advantage of the robotic systems advances.  This also makes the cost-analysis unreliable 

since hybrid procedures require the use of both laparoscopic and robotic instruments.  

Furthermore, resections were performed by surgeons considered experienced laparoscopic 

surgeons but with questionable robotic surgery experience who had not received any formal 

robotic colorectal surgery training.  In addition, a mean of only 8.2 robotic cases per centre were 

performed, which over a recruitment period of 3.5-years is considerably low and cannot be 

considered sufficient to draw any substantial conclusions about robotic rectal surgery practice 

[246].  The limitations of the ROLARR trial are emphasised in this section because it is important 

not to be dismissive of all other evidence simply because it does not come from a multicentre RCT.   

Decision making should not be solely based on the results of one trial and therefore, other more 

recent evidence should be considered when deciding whether to adopt a robotic rectal surgical 

practice.  The evidence provided by this thesis, despite its limitations, includes data from a large 

cohort of patients from three different hospitals from two different countries and is worth 

acknowledgement if considering a contemporary method of minimally invasive rectal resection 

surgery.   

In summary, this thesis makes a significant contribution to the body of evidence regarding robotic 

rectal surgery and can aid the decision making of healthcare providers considering the adoption of 

robotic rectal surgery.  

8.5 Future suggestions for research 

The results of the presented studies need to be confirmed by either larger scale multicentre 

observational studies or RCTs.  The UROLE trial aims to further explore the conclusions from the 

retrospective study in appendix 3 [69] but similar larger scale studies are needed to reiterate the 

conclusions of the remaining studies of this thesis.  Currently data on a large number of robotic 

rectal resections across Europe is being collected by EARCS and its analysis would be of huge value 

in further investigating the topics examined in this thesis and seeing if similar conclusions could be 

reached.    If combined with data available from the ESCP (European Society of Coloproctology) on 

laparoscopic-TME surgery, large scale multicentre comparative studies can be conducted that 

would offer a considerable contribution to the available body of evidence.  Furthermore, studies 

comparing robotic rectal surgery with TaTME (trans-anal TME), another contemporary method of 

operating for rectal cancer, are desired in order to assess which new method is more cost-effective. 
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Finally, once the available data on robotic surgery is matured, oncological studies assessing the 

long-term outcomes of robotic rectal surgery should be conducted.  This would allow us to assess 

in greater detail whether the technical advances of robotic surgery can help improve the long-term 

oncological outcomes of rectal cancer patients. 
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Appendix 2 - Critical analysis of the 

literature investigating urogenital 
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Appendix 3 - Urogenital function in 

robotic vs laparoscopic rectal cancer 

surgery: a comparative study 
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Appendix 4 - Learning Curves in Robotic 

Rectal Cancer Surgery : A literature 

Review 
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Appendix 5 – CUSUM method 
 

CUSUM method 

CUSUM is the cumulative difference between outcome achieved and outcome desired.  The desired 

outcome, which we refer as the target, is commonly the mean outcome of all procedures 

performed in a particular case series.  However, it can represent other outcomes, such as a national 

average or the average of doing the same procedure with the technique that is considered the gold 

standard.   

Let’s say for example, a surgeon’s operation time for a new procedure is 200, 150 and 100min for 

the first three cases.  If we use the mean as our target, which is 150 min, the difference between 

operation time and mean operative time is 50, 0 and -50 min for each case.  As a result, the CUSUM 

will be 50, 50 and 0.  However, instead of using the mean operative time as the target, we can use 

the average operation time of doing this procedure with the already established method, which 

let’s say for example is 130 min.  In this case the difference between operation time and target time 

would be 70, 20 and -30 min and CUSUM 70, 90 and 60.   

Regardless of method used to calculate CUSUM, it is the trends in the CUSUM chart that gives us 

information on performance trend and tells us at which point a certain performance level has been 

consistently reached.  Depending on how they are structured, a change in the curve slope tells us 

that outcomes are greater or lesser than the target and a horizontal curve tells us that the outcomes 

achieved are in par with the target.  Furthermore, the steepness of the curve indicates the 

difference between the outcome measure and target, the steeper the slope the greater the 

difference between the outcome measure and the target.   

In CUSUM learning curves we look for the point in which the curve reaches a plateau, i.e. the 

surgeon’s outcomes are in par with the target.  When a plateau is reached, we can say that the 

learning curve has been achieved (e.g. after 20 cases the surgeon reached the learning curve for 

procedure A).  For example, in the figure bellow the curve reaches a plateau at the 20th procedure. 
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Example of CUSUM learning curve 

Ref: http://lapco.nhs.uk/learning-curve.php 
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Appendix 6 - Precision in robotic rectal 

surgery using the da Vinci Xi system and 

integrated table motion, a technical note 
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Appendix 7 – UROLE trial protocol 
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Appendix 8 – UROLE patient information 

sheet 
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Appendix 9 – UROLE consent form 
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Appendix 10 – UROLE GP letter 
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Appendix 11 - Robotic versus 

laparoscopic rectal surgery in high-risk 

patients 
 

 



243 



244 



245 



246 



247 



248 



249 



250 

 

  



251 

Appendix 12 - Robotic rectal cancer 

surgery in obese patients may lead to 

better short-term outcomes when 

compared to laparoscopy: a comparative 

propensity scored match study 
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Appendix 13 - Prior experience in 

laparoscopic rectal surgery can minimise 

the learning curve for robotic rectal 

resections: a cumulative sum analysis 
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Appendix 14 - Implementation of robotic 

rectal surgery training programme: 

importance of standardisation and 

structured training 
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Appendix 15 – UROLE trial ethics and HRA 

approval documentation 
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Appendix 16 – URP16 form 
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